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THE COVER DESIGN

Bach year e endeavor to find 2 plctux‘c which has interest for both
the physicist and non-physicist, and wl ht be classed as somewhat wnique
5 e st

This year we have used the same cover picture as we did last year; viz.,
the high pressure gas cylinders which store the nitrogen and carbon dioxide mix-
ture used for insulating the high potential terminals of the two Van de Graaff
machines.

The arck tect of our  Dullding nanaged to turn the kuotty problen of
where to put the s into an architectural conversation piece. They form
A o e e s RO Graaff building and have aroused
considerable local interest and curiosity. A faculty wife £rom Madrid, whose
English is minimal but delightful, is convinced they ave gigantic candles

The reader can best appreciate the design by opening both front and back
covers. The visitor can best cbserve the towers by lying on the grass and gazing
at the yellow-colored tanks against a blue sky background.

There are several reasons why we did not change the cover design. First,
it was our
RS T e departed; third, we rather liked the design any-
way.




INTRODUCTION

The research and technical work described in this report was performed at
the Nuclear Physics Laboratory of the University of Washington during the year
ending April 15, 1971. It was directed and executed by faculty and graduate
students fron the Departments of Physics and Chemistry, by the staff of the Lab-
oratory, and by visitor growps from both within and outside the University comu-
nity.

The principal facilities of the Laboratory are a three-stage Model-F
tandem Van de Graaff accelerator, constructed by the High Voltage Engineering
Company and completed in 1967, and a convencmnal cyclotron —- the "Sixty-Inch'--
constructed by laboratory personnel, and completed in 1952. The three-stage

Van de Graaff aceelerator profuces & direct eurrent bean of protons with energies
variable up to 24.6 MeV. It is also used for deuteron, alpha particle, and heavy
don acceleration. The cyclotron accelerates protons,  deuterons, and alpha par-
ticles to essentially fixed energies of 11, 22, and 4 MeV, respectively.

Financial support for the laboratory and for operations conducted with
the Van de Graaff accelerator is provided by the Atomic Energy Commission under
Contract A.T.(45-1)-1388, Program "A", and the State of Washington. Cyclotron
operations are supported by State funds and by financial assistance from outside

Of the Van de Graaff accelerator, a portion of the associated equipmcnt, and
approximately one half the construction costs of the laboratory building. The
remainder of the building funds came from state sources. The State also provided
considerable financial assistance for the initial construction of the cyclotron
and building facilities.

The research in the Laboratory involves a wide range of current problems
in the study of nuclear structure, nuclear reactions, related nuclear studies
such as beta decay, and nuclear medicine. Within the limitations imposed by
facilities and time, we encourage individuals and growps to pursue any avenue of
research appropriate to the facilities we have available.

Each individual report is intended to describe the status of experiments
or developments which in some cases are incomplete. Although many are continua-
tions of work described in earlier Annual Reports, an effort has been made to
insure that enough background material is included so that the raison d'etre of
the work is clear to the reader. The appearance of specific numerical results
and conclusions here does not constitute publication, and should not be quoted
without permission of the investigators. All names are listed in alphabetical
order.

Most of the reports have been written by graduate students and a
chiefly their responsibility. We regard this chore as important in e
ing. The act of writing encourages ome to focus upon cbjectives, and the com-
pleted sum of reports provides excellent intra-laboratory communication. e
therefore feel that our Annual Report is of value both internally and extemally.
The editors have expressed no value judgments, and therefore we've chosen in
this introduction to not single out any particular portions of the report.




Again this year, in recognition of the logic that all good experimental
work must begin with good equipment, we have inverted our former subject order
by placing the instrumentation sections at the beginning. However, it should
not be construed that order denotes importance or even always logic. For ex-
ample, the high regand we hold for our staff is not reflected in the fact that
our group picture, an imovation begun last year, appears at the end of the
report.

Section 14 of this report contains brief
of research projects conducted at the Sixty-Inch Cyclotron by groups from outside
the Laboratory. These visitor groups, which come from other organizations within
the University, from other universities and colleges, and from industrial organi-
zations, have provided the material contained in this section, and we appreciate
their contributions. Because of the obvious benefits of this work bo
Laboratory, and to the scientific community in general, such groups will continue
to be welconed here to the fullest extent possible within the limitations of

time, maintenance, and safety.

descriptions of a wide variet
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1. ACCELERATOR DEVELOPMENT

il Van de Graaff Accelerator Improvements and

Laboratory Staff

is year saw the first acceleration of polarized proton and deuteron

beans with our Van de Graaff. The polarized ion source, which is described in
detail in Secs. 2.1,2.2 and 2.3 of this report, was installed on the machine
last September, 1970 and began producing beams shortly thereafter. Difficulties
were encountered in obtaining adequate reliability in control systems, in ob-
taining stable operation, and in matching source optics to the requirements of
the accelerator. These problems have for the most part been overcome, and the
source has recently been used to take experimental data (see Sec. 6.7)

In addition to the ion source installation, and to improvements listed in
Secs. 1,2, and 3 of this report, the following are among the improvements that
have been made this year:
The punping system on the direct ion source has been revised to give
lower back streaning.
The direct extraction source gas | handllng
to permit easier operation with
The gas handling system for the Li exchange source has been revised
to make it easier to operate and more reli

a

ystem has been modified

A larger pump for evacuating the accelerator tank has been ingtalled.

a.

A removable aperture was added in front of the 90° magnet to permit
experimenters to reduce the accelerator emittance if desi

A new corona head drive mechanism was installed to permit tandem

operation at low voltages.
Statistics of Van de Graaff operations are given in Table 1.1-1. The
tank was opened 14 times and the injector twice during the period of this report
With the exception of a belt replacement in February, naintenance in the tank

was of a minor nature




Table 1. Statistics of Van de Graaff Operation from April 16, 1970 to
April 15, 1971 R R
Time (Hrs) Per Cen
i Division of time among activities
mal oper: 6261 7
cheduled Hai 399 5
820 9
1280 15
Total® 8760 100.
o Division of bean-on time among particles
a. Two-stage operation
protons, 83 1
1027 18
a7 3
510 9
870 15
654 1
191 3
385 &
Total 409k 7n
b. Three-stage operation
Protons 999 {7
Deuterons 708 o
Total 1707 29
BEA TIME sl 100

c. This is the

Includes all time accelerator was under control of an experinente
Includes time the accelerator is idle
r o

£ hour:

on account of these activities.
s in one year.

H. Fauska,

of phase with termin

nal Ripple R

The Terminal Ripple Remove
slits and transnit it to the terminal of the accelerator where it is ampli

Fied to kilovolt level and applied to the stripper in such a manner as to

mover

Roth, F.H. S

fluctuatio

chmidt, W.G. Weitkamp
r is designed to sense a signal from the tandem

e out




Last year it was reported’ that a microwave link, using a klystron trans-
mitter outsids the tank and a giode at the terminal, vas used to convey inforua-
tion to the terminal. This system had several problems. The microwave diode
LR s e fron sparks and alao the Kiystron wes unstable
and difficult to keep tuned. e reasons a Light coupled system was plan-
ned.

s year such a systen has been developed using a gallium ax‘senxde ot
enitting diode at the tank base and a light sensitive phototransistor
terminal. Very inexpensive diodes are now on the market which can be i
2 anps continuously with a light output of 18 mw. Such quantity of light is
available that the diode was driven with an analog signal rather than the much
more complicated analog-to-digital converter.

To couple the diode to transistor, a PVC jacketed fiber optics bundle was
tried. A 25 foot length was successfully tested in the injector stage to a ter-
minal voltage of 6.5 MV for several weeks. However, a second 25 foot length was
installed in the tandem section and after a week at 8.5 MV with considerable
sparking the glass fiber bundle splintered. A lens system has been substituted
for the fiber optics although it is not clear that fiber optics canmot be made
to operate in this environment. The lems coupled system, which has been in ser-
vice several months, seems very reliable and satisfactory. Tests using a signal
generator to modulate the diode have shown that the beam on the inage slits
also modulated, with no apprecizble phase shift, to a frequency of about 1000 Hz.

We are presently working on a system to drive the corona from the generat-
ing voltmeter to stabilize the terminal to within range of the light sys
Tests of the entire system are due to begin shortly.

1. Nuclear Physics Laboratory Annual Report, University of Washington (1970),
u

1.3 Beam Transport Calculations
3.D. Larson* and H. Willenberg
method was found to expand the standard, linear beam-transport matrix

by an additional row and colum to permit first-order beam transit time calcula-
tions. Elapsed-time coefficients were derived for the common transport elements

anipulations so that spatial and

The method preserves all traditional m
temporal calculations occur simultaneously.

Work was begun on the problem of finding the phase space ellipse of larges
area which survives the passage of an arbitrary ellipse through a defining aper-
ture. A solution based on this initial effort has since been found for the s
metric aperture and this work is being continued under another comtract.

The bean transport progran OPTIC II was adapted to operate on the CDC 6400




computer. This progran was then modified, using procedures outlined above, to
perform calculations of beam transit times and time disper:

made of the time spread contributed to pulsed beams of

3= they psss theough the analyzing and bean switching magnets.
into the tandem ler From the megative fon sources as also examined.

Brookhaven National Laboratory, Upton, New York.

1.4 Cyclotron Improvements and Operations

Laborat:

vy S

Cyclotron maintenance during the period of this report was routine; no
najor problems were encountered and no major improvements were begun.

Statistics on cyclotron sycxations are given in Table 1.4-1. Total normal
operating time is dom sonewhst from pest. years, a trend that will be reversed in
the near future when the recently funded 1BF Production F!‘ojecl and the Fast Neu-
tron Cancer Therapy Program begin uul)zlm: cyclotron time.




Cyclotron Time from April 16, 1970 to April 15, 1971

i Per Cent
14 Division of time among activities®
Normal operation 55
Scheduled maintenance 6
Unscheduled maintenance 5
Unrequested time u
Total® 100
2. Division of beam-on time among particles
Alpha part: 1065 80
Deuterons 256 19
Protons 13 i
Total 1334 100
3 Division of normal operation time among users
University of Washington Nuclear Physics Laboratory 1306 53
University of Washington Department of Nuclear Medicine
(Fast Neutron Activation Analysis) 908 a7
(18F Production) 7 2
University of Washington Physics Department 74 9
Atomics International 63 3
University of Washington Department of Fisheries 17 1
Western Hashington State College s 1
Oregon State University 12 -
Total 2u42 100
a.  These categories are defined in the same way as those in Table 1.1
b.

This equals 52 5-day weeks of 17 hours per day.




2. ION SOURCE DEVELOPMENT

2.1  Operation of the Lamb-Shift Polarized Ion Source

. Fauska, E. Preikschat, G.W. Roth, and W.G. Weitkamp

celerator and prelimin
bee

3 i

Optica bekch

R o
Bperture 4

e i

‘Spin-fip sdenot Avnclec vaive

i baom focissng

b /

ecel-decst
ocusing suciode

Fig. 2.1-1. (A) Cross sectional view of the polarized ion source, (B) the source
configuration used during initial tests, and (C) the configuration presently used

to inject beam into the tandem.



The operational principle of this
type of source has already been aeEot
ed in a number of papers. The
struction of the source has been discus-

sed to some extent in previous Amnual
Renox“s.“ S

This repos
tails which have

will cover some de-
proven important for
£ the source, and
those factors which might still be limit-
ing the bea intensity and polarization.
nal

and Fig. 2.1-1C the beam optics as pre-
sently installed.

 ocmisama oo e g Ao
type is used as a source of H* or

b ol o e
iun exchange cell. A fraction of the
neutral beam is left in the metastable
25; state. The beam is subsequently
polarized by inducing, in a magnetic
field, the electron metastables with
electron spin anti-parallel to decay to
the ground state via the short-lived
2Py state. The remaining metastables
aré then selectively charge exchanged
in the argon exchange cell (see Sec.
of this report).

2.3

The output from the duap]asmatren
once optimized is very stable. The

current is typically 6-8A and the tota
output 10-30 mA. The extraction geometry
was varied to optimize the beam output
(see Fig. 2.1-2). The on-axis alignment
was found to have the most significant
effect on the source output. For this
Teason two manual adjustments allow for
moving the whole duoplasmatron relative
to the magnetic lens, and the bottle
relative to the extraction aperture.The
latter adjustment can be made while ob-
serving the heating pattern produced by
the arc on the extraction plate aperture
through a glass filament holder.

The third of the three types of

Va*operture)
o+ ouTPUT

EXTRACTION
GEOMETRY

O% OUTPUT (rlotive uni

The b

Fig. 2.1-2. eam intensity shown as
a function of the distance between the
magnetic lens and the duoplasmatron (in
inches) .

T =tioe c
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el
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Cesium cell  Ticanol)=180° €

Fig.

2.1-3. Various cesium
canal geometries used.

exchange




ere is no e

esium exchange canals shown in is presently used.
dence of buildup of contaminants inside the canal as was the case with the first
design. cesiun densities are also more reproducible. This is attributed to
e larger volume to surface x: the canal, which reduces surface effects

s buildup of excess cesium or contaminants.

in F

ean output was analyzed behind the cesium canal and, is sho 2
cesium temperature. For deuterium the d*,d™ components
nperature of 165°C. This approximately corresponds to the
ch is measured using
The dy*,dy  components were down by at
pared to the primary components. Figure 2.1-4 also shous
the neutral bean output when first heating the cell and then cooling it.
n nt was made with the first canal geometry. The effect was not seen wi
the third geometry.

urs at a lowe: un temperature,
e e e e fpive

q il
3 g E
¥ o
3
Z
ol g
£ U ey
ool E
e
c

. Beam output (using deuterium)Pig. 2.1-5. Beam output measured behind
a the argon cell as a functi f cesium
cell temperature.

function of cesiun cell temperature.




rise to an apprecisble density of the Sl Do 0 S
the beam path, causing additional charge exchange reactions which increase the
e e (s e problem we have
ordered a better diffusion pump with a pumping speed of 2500 %/sec instead of
the present 500 #/sec.

The argon exchange cell has a 1" diameter and is 3" long.
of a number of stainless steel tubes of 1/8" diameter.
transparency of about 70%.
taminants.

It is made up
The array has an optical
The argon cell can also be heated to drive off con-
A pair of Helmholtz coils provide a s 1 field at the argon

cell for strong field ionization as needed for vector poldf‘lzatlon

Initial source tests indicated a beam instability, which was attributed
to the formation of an insulating layer on many of the conductors, in particular
the quenching plates. The problem was eliminated by gridding and baffling the
plates. Any charge building up on the top surface of the grid is effectively

drained away by the large electric field gradients present near small diameter
wires.

This same technique was also used to cover defining aperture 5 and the
electrodes of the Wien filter, all of which are hit by charged beam. This made
the beam more stable and has reduced service requirements.

achieve maximum polarization the source utilizes the Sona® cross-
scheme, which doubles the vector polarization for both protons and deuterons and
increases the tensor polavization from -.33 to -1.0. To avoid depolarization
the crossing time of the atoms must be fast enough so that the electron spin
cannot follow the reversal of the magnetic field. In addition care must be taken
to minimize the transverse magnetic field components. The transverse magnetic
field H, associated with any magnetic field gradient H, is given

where r is the distance off axis.

In our case Hy
defining aperture is equal to 0

.9 g/em and the radius of the

0.6 cm .27 gauss at the rim of the
aperture. The magnetic field at the sudden c!'o sing region has to satisfy the
inequality 3

wH
sl e
14 G-cm i
K
i.e., in our case  .021 G/cm << Hj << 33 G/cm for protons
and  .014 G/em << H, << 53 G/cm for deuterons.

Both of these conditions are well satisfied by choosing Hy ~ 1 G/am.

Other developments have shown’ that the two solenoidal magnetic fields can be
magnetically shielded and also that the field gradient in the crossing region
can be as large as 1.9 G/cm without reducing polarization.

This means that the distance between the two solenoids can be reduced




ing the beam transmission by a factor

5 cn, effectively increas

from 60 cm to 25
ofél

Because of the requirement of small transverse magnetic fields mentioned
above, care has been taken to eliminate the earth's field in the crossover re-
gion. The resulting tensor polarization, however, measured as a function of
this compensating field did not show a strong peak as expected for complete com-
pensation of the earth's field. This can be attributed to a number of factors,
the most inportant being the inferior pumi ing speed of the diffusion pumps pre-
sently used. The largest temsor polariz measured via the T(d,n)"e reaction
was 787 £ .020 of that theoretically expocted, discounting the 204 unpolarized
background contribution. The maximum net tensor polarization measured previous
with the source configuration shown in Fig. 2.1-1B was -.763 * .027.

The argon exchange cell is followed by the two spin precessing elements,
the Wien filter and the spin flip solenoid.

The Wien filter, consisting of a crossed electric and magnetic field, is
preceded and followed by aperture lenses (see Fig. 2.1-1C). The lenses are ad-
ted to bring the beam to a focus within the Wien Filter, in onder to mini
mize effects. The magnetic field is shielded to increase the
field gradient at the end of the filter and natch it to the gradient of the ele
The electric field plates are shaped to provide a uniform field
across the filter and the necessary falloff at the ends. The transmission of the

s nearly 1005 for the polarized beam. No attempt has as yet been made
ce the cylindrical lens effect of the filter.

The spin £lip solenoid produces a spin precession around the bean axis
Sec. 2.2 Of this report). A 1/4" aperture is mounted behind the solenoid.
polarized component of the beam is brought to a second focus at that point
thereby substantially reducing the unpolarized beam which has a larger emittan
the unpolarized beam then makes up about 16% to 25% of the total (polarized an
unpolarized) bean, i.e., the quenching ratio

Table 2.1-1. Polarized ion source beam currents.
Deuteron beam Proton bean (singly
(doubly quenched) quenched with zero

field crossing

Largest beans measured during original

source tests,using source configurationB 300 nA 150 nA

Typical beams measured after installing

source at tandem, using configuration C 150 nA 80 nA

Typical beams measured at low energy end

of tandem 100 nA 30-60 nA
20-60 nA 10-25 nA

Typical beams obtained on target




Table ? 1 1 shows the bean inten-

T
e we are sUJ] trying Expected rtn oloiztion
to match the optics of the source to ol

No unpoloized background-
o e o
e

ties encountered earlier have been eli- LR ]
minated by shielding the glass of the o R
acceleration tube and gridding the aper- p

ture plates and electrodes. For the
case of a proton beam it is clear that
a single (or double) accelerating gap
folloved by a strong Einzel lens is pre- 2| +Dota taken on March 21, 971 |
ferable to the present multi-gap accel- 0 Dala faken en Aprl 7, 1971
erating tube. | I

© 9
The polarization of a proton beam 8/gauss)

Fig. 2.1-6. Measured polarization as a
function of magnetic field in the ioni-
zation region compared to expected pol-
arization assuning various background
contributions.

tion of the strong field in the argon
cell. The expected polarization values
are also shown assuming different back-
ground contributions. The proton polar-
zation was measured to be .701 .00k assuning a polarization asymetry for this
particular scattering geometry and target of 1.00. The polarization remained
constant to within three standard deviations over a period of two days. Even
though the source was overhauled and cleaned between two sets of measurements,
the source output has remained relatively constant at about 10 nA of proton beam.
on target with 70% polarization. Higher beam currents have now been obtained.

The source performance should be substantially improved by using higher
quality diffusion pumps and by improving the geometry of the sudden zero crossing
region and the source optics. Even without these changes the present performance
is sufficient for many types of experiments.

1. W. Haeberli, Ann. Rev. Nucl. Sci. 17, 373 (1967).

2. A. Cesati, F. Cristofori, L. Milazzo-Colli and P.G. Sona, Progr. Nucl.
Phys. 10, 119 (1969).

3 G.” Michel, K. Corrigan, H. Meiner, R.M. Prior, and S.E. Darden, Nucl.
Instr. and Meth., 78, 261 (1970).

y Nuclear Physics Laboratory Annual Report, University of Washington (1969),

56.

5 Nuclear Physics Laboratory Annual Report, University of Washington (1970),
P

6. P. G “Sona, Energia Nucleare 14, 295 (1967).

7. V. Bechtold, H. Briickmam, D. Finken, and L. Friedrich, Z. Physik 231, 98
(1970).




Pre
e Polarized Ton

Polarized
ion source

30° Magnet

L-45°
To position § in two different
as to be pre/‘essed

L-I5°

consisting of

Bending magnet

around a vert axis,
field for precession around the beam

90° Analyzing
magnef

axis. As the so does mot contain R-30°
any ferromagnetic naterial, the magnetic
Field is acourately reproducible. The Heas®

spin can Lipped merely by reversing
e e e i

or the purpose of describing the
scattering of polarized protons
terons we are using the Madis
tions, where 2 is along the incide

long Kj x Ko, where
on of the scattered bean, and x, y, and 2 make up a right
em. The spin orientation is given by angles § and ¢. 6
and Ky, ¢ is the angle between the spin projected onto the
%-y plane and the y-axis.

Fig. 2.2-1. Various beam lines commo
used.

Before the spin is precessed by the various deflection magnets of the ac-
celerator the quantization axis § lies along the beam axis. The amount of spin
precession 1y proportional to the angle through which the beam is

The
15 20783 fon the proton and 0,657 for EBRM L B ne 2.0-1
nets through which the beam mist pass in traversing the ac
and the various bean lines commonly used. Table 2.2-1 gives the angle B, between
§ and the beam axis, for the different target locations.

12
The Wien filter and spin flip solenoid were calibrated using the C(p,p)
reaction, for which the asymmetries have already been previously measuredl a

12




between § and the beam axis for various target

The ang;
locations.

L-15° R-30° 50
Beam  (spectrometer) (60" Sc. Chamber) (24" Sc. Chamber) (10" Beam Line)
Proton 4150 138.63° -165.53°
Deuteron 36.40° 47.13° 149,280

ies. The cross section for a polarized beam of spin 1/2 par-

various proton ener;
ticles is given by

1(0,6) = I()[1 + (P, sin § cos $)A(0)],

where P_ is the polarization of the beam and Ay is the analyzing power of the
icufar reaction.

At 7.99 MeV and a lab angle of 70° the asymmetry Ay is given as 1.03 .05
and the cross sestion as 37.1 mb/ster. The measurements Were made in the 24"
scattering chamber with two dﬂtac'ors mounted
y-z plane with all the detectors at
e S determine the periodicity of P, sin §.
The measured polarization is shom in Fig. 2.2-2 plotted against the eleftrode
voltage of the Wien filter. At 4l g
through 90°.

R mmsmmes beam
g the

The Wien filter is h)ghly velocity.
is reduced by half when changing the electric field by .2 volts while
magnetic field constant. TheWien filter can thus be accurately set Rt
a given voltage to the electrodes and adjusting the magnetic field for optimum
transmission.

LT 520 \voms

ization plotted as a Fig. 2.2-3. Polarization plotted as a
ilter setting. function of spin £lip solenoid setting.

Fig. 2.2-2. Pola
function of Wien

13




solenoid was calibrated with the left-right detectors. At
of 41.5 volts the spin is normal to the beam axis. In

on is plotted against the supply voltage of the
sine-curve corresponds to a spin aligment along
is maintained constant to minimize

the y-axis. The temperature of the soleno
. ‘temperature drift in the voltage reading.

These results can readily be generalized for the case of a deuteron bean
s the proton beam. In that case the fields
e anount as the

of the same velocity
r of 6.518 to precess the deuteron spin the sa

2.3 Investigation of Alternative Exchange Gases for the Production of Negative

Tons_in Lamb-Shift Polarized Ton Sources

G. Cramer, E. Preikschat, and W. Trautmann

e yield and net polarization from a Lamb-shift type polarized ion sour
ally on two atomic cross sections, the cross section for el

rogen or deuterium atoms in the metastable 2§ state to form

depend quite c;
tron capture by h
negative ions (which should be large) and the similar capture cross section
ground-state atoms (which should be small). Donnally and Sawyer! have measured
these cross sections with 600 eV protons for a variety of exchange gases and
have found argon to be clearly superior to others studied, both in having a large
ion for metastables and in having a small cross section for ground
in Fig

cross sec
state atoms. Their results, expressed as cross section ratios, are shown

2.3-1.

However, no gases were studied in this work which had ionization poten
grea 8 V) with the exception of helium (26.46 eV),
and a clear trend vas found in the data for increasing 25/gs cross se
with increasing ionization potential. Moreover, the Karlsruhe group? peported
an effective cross section for the resonant ionization of the metastable atoms
by iodine which is twice as large as the effective resonant electron capture

cross section in argon, demonstrating that higher cross sections are possible.

herefore, measurements with metastable deuterium atoms from the UW Lamb-
shift polarized jon source were undertaken to investigate the effectiveness of
oxchange gases with ionization potentials larger than that of argon. Table 2.3-1
gives a fairly comlete list of possible exchange gases, in order of increasing
onization potential, as obtained from the tables of Kiser.3 The gases selec
tion were air (ionization potential essentially that of nitro-
gen, or 15.51 Py (15.7 eV), Ar (15.68 eV), SiFy (17.8 eV), SFg (19.3 eV),
Ne (21.47 eV), and He (26.46 eV).

There are two criteria for resonant electron capture from a given exchange
(a) the collision time d/v must be comparable to the transition time Q/h.

gas:

i



(Teuerkios
-

03

ot
o wn
suaue o
wu )
()
witod i W
08 RovzIOT

saodep pue seses 3O STETIUSIO UOTIPZTUOT

s s o
s s Yo
oz %

ea

e

oo

et
osseT o
et 0

0
"o
s ot
s
s "
Wi

“T-8°Z OTM®L



[ T T ol T T T T T
b4 + Donnally ond Sawyer (600 eV Protons)

© Present Work (Peak yield deuterons) —|

8Ro +
°
I - 4] A SiE
: o
/Ia & &, S

L | L L L L L L o2

3 20
lonization Potential (eV)

g i0 of cross sections for electron capture of 25 me
o ground state hydrogen and deuteriun atons as a function of io
The absolute values of the ratios in the present work are norma

Donnally and Sawyerl for argon to allow for differences in experimental
geometry. The present work used deuteriun atoms, with energies adjusted to Ef
peak yield, while those of Donnally and Sawyerl used 600 eV protons. However
previous work has shown no important differences betyeen proton and deuteron
yields at the same velocities.5

i.e., dQ/vh = 1, where d is the atomic diameter, v is the veloci
ing ions in the center-of-mass system, Q is the absolute value of th
Q-value, and h is Planck's constant. This is called the Massey cri
(b) The cross-over point of the atomic pseudo-potentials occurs at an inte
action radius whi m of the atomic radii

h is smaller than tl

Both of these conditions can usually be met by tuning the energy
deuterium atoms to the appropriate value. Therefore, each exchange gas was
tested over a range of deuteron acceleration potentials, and the peak yield
used. Figure 2.3-1 shows the results of the present measurements. Since the
ratio of 25, 1ds depends to some extent on the geometry of the source, our
results are nomalized to the proton measurements of Donnally and Sawyer for
ease of comparison. Previous work® has shown that protons and deuterons o
same velocity give essentially the same yields

ose tested.

It is seen that argon is clearly the best exchange ga:
source

Thus we are sa that the performance of a Lamb-shift pularuec ion
cannot be improved by using a different exchange gas.

8
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1 B. Donnally and W. Sawyer, Proc. Sym. Polarisation Phenomena,

Karleruhe, (Ed. by P. Huber and H. Schopper, Birkhauser, Basel, 1966)
2nd Edition, p. 71.

2.  Private comunication

3. R. Kiser, Tables of Ion Potentials, AEC Document TID-6142, Kansas State
University.

4. N.F. Mott and H.S.W. Massey, The Theory of Atomic Collisions,(Clarendon
Press, Oxford, 1933).
5 B.L. Donnally and W

Sawyer, Phys. Rev. Letters 15, 439 (1965).

2.4 The e Recirculating System

D.L. Johnson and W.G. Weitkamp

The expense of isotopically pure ‘He combined with its routine use as an

accelerated particle require that a method for salvaging it be incorporated into
the ion source. A recirculating system si to that at Stanford University
has been built and partially tested. The system takes the gas pumped from the
ion source box and passes it through a LNp cooled Zeoli: i

gas is mostly SHe and is available for re-use by the ion source.

2.5  The Lithium Negative Ion Source
J.G. Cramer and W.R. Wharton
During the last year the lithium negative ion source’ has progressed from
he developnent stage to becom & general yoritiorse for our Laboratory, not only
supplying an bear but_also replacing the old potassium-exchange
source? as the regular o  and source for our Laboratory.
& Y

The major breakthrough in development of the source came in placing an
Zinzel lens after the exchange canal So that the most intense part of the energy
tribution of ions emerging from the camal could be selected and focused into
the tandem accelerator. This modification of the source has resulted in beam
outputs 4-10 times what can be cbtained without the Einzel lems. The result
that the source provides maximm °Li and a beams larger than required in any cur-
rent experiment. No attempt has been made to measure the maximum beam outputs,
a]zhough we have easily obtained 1.2 ya of analyzed °Li*** and 2.5 ya of analyzed

For maximm beam output, the temperature of the lithium cell must be
aromnd 600°C. At such high temperatures for prolonged periods (5 days to a week)
the source begins having stability problems, the electrodes become coated with a
thick layer of lithium, and the cell empties fairly rapidly. However, the lower
bean requirements of the experimenter have allowed us to run the source as low as
320°C, The result has been a mch more dependable source, and up to three weeks
of operation without filling the lithium cell.

Our major problem has been the deterioration of electrical insulators. e

17




insulators to support the exchange canal, the extraction electrods
Einzel lenses. These insulators are unglazed alumina cylinders3 with

long. Each insulator is protected from electron bombardment

apping stainless steel cylindrical shields. T
orting the new Einzel lens have cracked and broken down on thre
needed to be replaced. The same problem has arisen tw
to one of the insulators supporting the extraction electrode. The other insu
tors have sur thout incident. There is reason to suspect that some o
the insulators being bonbarded by ions passing through a horizontal gap be
Plans are now being made to correct this situs-

After

1 weeks of operation, the performance of the source begins to
The lithium cell must run at higher temperatures for the same b
the insulators start to break down, making it necessary to take the
an, and reassemble it. At the present rate, the source is b
a year. To aid in aligning the source during reassembly,
mount has been made which mounts a telescope to the optical
source. This makes ible the alignment of all electrodes, the
, and the extraction cone to within a few mils of the center
In turn, the position of the optical bench in the source
been set for proper alignment.

sour

ics Laboratory Annual Report, University of Washington (

sics Laboratory Annual Report, University of Washington (1967)

) Superior Steatite and Cerar
N.J. 07631,

ic Corp., 83-91 West Forest Ave., Englewood,

Terminal Ton Source

H. Fauska, C. Linder,

. Orth, 6. Roth, and W. Weitkamp

A preliminary design has been completed for a source of negative ions

igh voltage terminal of the injector. The source will be
inal ion source recently installed at the Brookhaven National
The source is expected to increase the energy, intensity, and var-
iety of beams available from the accelerator and should produce swbstantial
savings in operating expenses for the injector.

I J.D. Benjamin et al., Proc. IEEE, to be published.




INSTRUMENTATION FOR RESEARCH

eumat; get_Transport Syster

Interest in making accurate branching ratio measurements for several
life (200 ms -- several minutes) has inspired the con-
m. The rabbit has been installed between the 0°

ing station in cave II, Targets are mounted on
the end of a 3/8" square x 1" long balsa wood plug and blown through the shield-
Sl E B e T el e [ e e section. The
rabbi y detectors. The 5 foot thick

s intended for use with Ge(Li) gama-ra
ghleldmg wall between the c
the detector from fast neutron damage.

The target is returned to the bombardment station (Fig. 3.1-1) by suc-
tion from a vacuum cleaner and stops against two metal pegs which straddle the
target. The beam entrance and exit windows ave .25 mil Havar foil and a 1/8"
tantalun aperture is mounted in front of the entrance window. Using a ballast
bottle and throttle valve in the pressurized air line provides for a strong

To Counting, To Compressed
Station in
Cave 2

Balsa Wood
Carrier

Pressure

Sadare Aluminum Tube Regulator

4" Diameter Beam Lire

Faraday
Cup

Air
Ballost
Bottle

Fig. 3.1-1. Schematic diagram of the bombardment station. This assembly is
mounted on the end of the 0° beam line which enters cave I near the wall between
caves I and II.




e target approaches the counting station and ¢
to fill the space behind it, the accelerat
This technique makes it possible to run

initial accelerat
air in the ballas
falls off and becomes a
with a short extraction
damage to the balsa wood when it i
tube is open and the balsa wood target carrier stops against a padded piece of
aluminun approximately 1/4" from the end of the tube.

Arrival of the tavget at the
tion of the it beam between a light emi
phototransistor is part of a trigger circ
the electronics on begin the collection of data.

he solenoid valves to the suction and pressure lines are opened and
closed automatically under the control of a repeat cycle cam timer. The open
and close times alves are continuously variable and the length of the
complete cycle is variable in discrete steps over a wide range.

The system is capable of carrying almost any type of small target. -
i o and 1oN have already been made. At this writing only the 1S
(adenine vacuun evaporated onto a 6 mil tantalum backing epoxied to the
2 wo ier) has actually been used in an_experiment. In thi

sec half-1ife) was produced reaction 15N(d,p)L°N and the
o 180 was detected with a Ge(Li

by the
of 16y ¢

The extraction time of the target from bombardment station to counting
ctation is typically 200 ms. The square tube is 22 feet in lemgth but this
tance could be shortened to less than 12 feet by moving the counting station
closer to the wall of the cave.

2723 A New Scattering Chamber for Neutron Time of Flight Studies

J.R. Calarco

A new scattering chamber was designed and built for use on the right
hand 45° beam line for the purpose of studying reactions involving neutrons in
the final state. Previous experiments had been conducted using a spherical
aluninum chamber 10 inches in diameter with a wall thickness of about 60 mils.
This chamber was ideal for studying neutron singles spectra. However, for cer-
tain experiments involving a coincidence between the neutron and a charged par-
the final state, there were some serious shortcomings.

ticle i

1. Although a movable arm was provided imside the chamber, it required
special detector mounts for its use

2. The small size of the chamber prevented the detector from being
placed at a distance of more than about 3 inches from the target. This limited
the use of double apertures in front of the detector.

20




u.
y

ment mechanism. Because th
p around the tube, the cha

6.

tors and targets difficult.

chant
to

3.2-1.

4 particle

The dete:
set to

The mos

The small size and the spherical geometry made access to the detec-
ible to gain entry only by removing the
and exit connections

A view of the chan

neutron detector.

hanging m

rg detector inside
except by using a transit or, empirically, by searchi

It was poss
r from the beam line and working through the entranc
beam tube.

e
ank) .

m was the lack o
> was held onto

also free to rotate about the
between the targ
er and the neutron counter outs

sui
he beam line by

e hemispherical side

y about 1° and

able azimuthal al




ing chamber was designed to alleviate all the diffi
. The basic geometry is hemispher:
neutron detector and cylindrical on the opposite side.
maintained a wall thickness of about 60 mils. The di
to 16 inches. Access to the chamber was made possible by
renoving the end plate o lindrical side. Detectors are supported on a
ng standard Laboratory mounts with the vertical support
it is done by observing markings on
Angles can be set to 0.1°; absolute accuracy h:
experimentally. The target mount is a standard 5 position
ignment is done using a bubble level mounted directly on the
ch can be cbserved from above through a viewing port.
the azimuthal angle (and the reaction plane) can be defined to +1/2°.

hin to neutr

1 and 3.2-2 show two views of the finished chamber.
ispherical side being viewed by the neutron detector.
rior looking through the cylindrical side with the end p
» mount is on the circular table.

Fig. 3.2-2. The chamber interior as seen through the cylindrical side with the
end plate removed. The target ladder and rotating table are clearly visible.
detector stand and the bubble level are mounted on the table.
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Gamma_Counter Carriage for Out-of-P

ane Particle-Ganma Angular Correla-

tion Measurements

J. Eenmaa

For the purpose of measuring o
10.7 and 10.8
and shielding assembly was designed and fabricated for use on

lations (described in Secs.
comnter carriage,

plane part:
this repor

Fig. 3.3-1.

assembly.

(1) 24-in. scattering chamber

(2)  Chamber 1id

(3) Vacuum seal

(4)  Aluminum window

(5) | Target source of gamma ratistion
(6) L

(1) Lead pl

A S
, a new 1id,

corre-

Cross sectional view of out-of-plane gama-counter carriage and

Support bracket
Lead shielding
Carriage rail
Clam

Steel roller-bearing track
g ngs
Gamma-

detector assembly




chanber. Figure 3.3-1 shois
standard 14d for the 2U-inch

The new aluminum
tervals arous

he chamber and thus support

Ahc carriage can be rotated azimuthally a about the axis of the chan
g6 which vun on a circunferential steel track along the rim of
i ket which supports the gamma counter on the rails o

ed polar angle with respect to the chamber axis. The c
so designed
gle of the support bracket. The gamma counter could
e betseen O and 45 JdPJ‘CLa.

that this angle c’)u]A readily be changed merely by ch
s be £

he gamma counter thro
rhe center of

arget enter
5 num hemispherical window
ispherical section is Jocated at the center of the targe
g the s b t)mough s
.125 inch thick lead p!
absorb low ener; gy gamna rays

sama counter is aligned by removing the aluminum wi
ment rod through the lead aperture of the gamma counter
radial and yaw movement So that the rod points at
centen of the target at all times when the carriage is rotated azimuthally
e ie OF the chamber. The lead aperture of the shield is removable so
the acceptance angle of the detector may be changed as necessary,

perture subtends a geometric half
rees horizontally

an alignm
‘the counter for lateral,

ngle of 5.5 degrees vertically and

The gama counter itself, a 4 x 5 in. NaI(Ti) crystal coupled
4522 photomultiplier tube is surrounded by about one inch of lead shi
all sides.

abrication

were prepared

Approxinately 120 specifically requested target foils
over the last fiscal year. In addition to this numerous thin foils
stector cover foils were prepared as needed. The tandem Van

n carbon foils was replaced 9 ti

for use as

degrader;
Graaff foil stripper wheel containing 39 t

k. | 7
< the fact that self-supporting 'Li and Li
abricated and used successfully with

Of particular interest i
foils as thin as 150 pg/cm’ were
oxidation.




3
i

J. Heagney and D. Ol

targets

have ced by a progedure sinilar to describ
a cra

d onto heated 0.5 mil

The apparatus (F:
ks (1-4), a fixture
L 0
. The cold t
i s L
mvvnﬂ pump oil. Teflon stopcocks were used so that grease wo
attacked by the methyl iodide; how
cted with glass stopcocks.

be required,
increased the

grease is
Lok slightly over that ex;

Methyl iodide crack

Fig.
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teflon sleeve (5), frozen, and purped on. It w
passing t h valve 1 whi
carefully controlled temperature distillation was n

ick freezing with liquid nitrogen and quick heating

1s were cleaned in acetone, alcohol and distilled
ey were then clamped in a spring-loaded holder (
when heated. The holder had insulated vacu
current. The current was applied
thus improving the reproducibility in hea

ariven vaniac,

was evacuated to about 20 mtorr and isolated by valve 3.
ethyl iodide was heated until the pressure rea
on the gauge) and then the foil was heated. The co
r"eﬁ],ond to a dull red gloi. After
and the foil allowed to cool. The

to air with valve 4. In this way

T
odide was wasted and several cycles weve performed using only 0.5 rl

ulting enriched carbon foils were very thin (about 10 ue/c
nade them very difficult to £loat and to pick up self-suppo
However, by picking the foils up onto mo
£5ils, the enriched foils became ver

wilar, Ph.D. Thesis, University of Maryland, I
iched Methyl Iodide available from Isotopes,

'ﬂestwoctzv

New Jersey.
A" mickel foils available £rom Chromium Corp. of America,

exbury, Conn.
z e RS
3.6 Design and Construction of Electronic Equipment

i, Fauska, K.H. Lee, R.E. Stowell, and N.G. Ward

L.H. Dunning,

projects are discussed in Secs. 3.7 and 3.8 of

Major electroni
s completed during the last year include:

dditional projer

report .

a. A saturable reactor regulating system for the 0-260 kv polart

source power supply was constructed and installed.

and constructed
A

A constant-current pover supply was designed
coil compensating for the earth's field at the polarized ion source
supply was constructed for vertical deflection magnets used in the polarized
source.

g
5




and constructed to
the generating voltmeter

c. A current-sensing reference circuit was des
prnv;ﬂe control of the corona needle current source from
tandem Van de Graaff

te to monitor the ion beam

Provision was provided at the computer s
nal to the scaling

a
current and to have an audio signal whose rate is propor
the beam current.

n vacuum

e. Six voltage-sensitive preamplifiers capable of ope
the position-sensitive proport: FA o M

were constructed for use w.
magnetic spectrometer.

£. An 8-channel computer gatmg logic driver with a variable delay
feature was designed and constructed

An automatic filament regulator for baking coated filaments for ti
direct extraction source was designed and constructed.

A sensing device was designed and comstructed to actuate the count-
ing room electronics upon the arrival of a rabbit carrying a radioactive target.

i. Design and construction of a low voltage detector bias supply with
a meter capable of sensing leakage currents of 0-100 nanoamperes or 0-1 micro-
amperes was completed.

j. A thermistor-sensed controller for the cell heater of the polarized
ion source was constructed.

k. A high input impedance differential amplifier system was designed
and constructed to provide a faster ratio-response of the Van de Graaff acceler-
ator slit amplifiers.

e control and

1. A 0-10,000 volt supply was constructed to provide
focusing of the polarized ion source beam

insure move resistance to breakdown from high voltage tramsients,
six power supplies on the polarized ion source were modified.

Electronic items purchased during the last year include:

1 TENNELEC TC 137 preamplifier
2 ORTEC #u453 discriminators

1 ORTEC 4451 amplifier

5  TENNELEC 203BLR amplifiers
il ORTEC #444 biased amplifier
2

2

1

2

ORTEC #125 preamplifiers
ORTEC #437A time to pulse height converters
Tektronix #7704 oscilioscope

AEC module povwer bins




ion Monitor

. Fauska

osigned around the Quad. 2 inpu
ma. meter with sele
t sensitivity of
One \ntvgx‘at&v‘ circuit prov
The time-shaped pulse gates on a
usual charge pump. The pump co
due to the voltage bulldyp scross network.
twork provides a time constant to averag

rate circuit is

it provides a shaped audio signal whi
oviding attenuatio

integrated ci
dio system by a transistor attenuator p

M TUBE

ANGE

1550 V.AC.

PNP transistors 2N3638
NPN tronsistors 2N3440
Integrated cicuits SN7400 N

Schematic of Laboratory Radiation Monitor
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with the meter deflection.

inversel;

0 a Zener diode. Provision is made
The transistor divider reduces the loading effects of the

ated Potentials Using Fiber Optics

3.8 Signal Sensing at

G.W. Rotl
ment in the Laboratory op:
nexpensive and versat

The number of ion sources and other equi
high voltage has made it desirable to have an
s of transmitting signals across large potential differences.
galliun avsenide diodes and light sensitive transistors coupled by fiber optics
dles has been developed which is inexpensive and very versatile.

5

A system u

The system is entirely analog and linear. A smll signal is sensed
across a shunt and fed into one input Of an inexpensive operational amp
The other input is used as an offset making it easy to accommodate diff
shunt signals and still keep the diode biased to conduction. The amp
put drives a gallium arsenide diode. Thus a signal across the shunt produces a
proportionate light output. The light is coupled to a phototransi:
one length of .062" diameter fiber optics. The transistor drives one input
of a second operational amplifier with the other input again used as an offset.
The output of this operational amplifier drives a meter at ground potential. Fig-
ure 3.8-1 shows a complete unit with channels plugged into place and a spave
channel.

be minimized. The
ontain the diodes and
A well regu-
a

Since the system is entirely linear, drifts must
small aluminum cylinders at each end of the light pipes
transistors and hold them in rigid alignment with the light pipes.
lated supply and solid state operational amplifier reduce electrical
about 2% of full scale meter reading. An oscilloscope can be clipped across the
neter at ground potential to cbserve the a.c. ripple on source power supplies or
to note sparking or plasma oscillations in the source. Plug-in channels can be
send contorl signals up to the ion source also. Cost per chann

reversed to
about $5 plus meter.

ct extraction
V)

At present a unit is operating at about 60 kV in the dir
ion source and units are being built for the injector meutral ion source (27
and polarized ion source (90 kV).
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is detected through an ins
o gl strument whose response-function may be represented



D(E)

so that the recorded signal is the con-
volution of the two function:

1(E) = !NIO(:') D(E - E')dE'

1 B!
= ——Ru(+i
i i 26

Here w(z) is the complex error function.

).

The practical questions that must
usually be answered following the deter-
ation of I(E) are:

is the form of I(E) outside
of reliable cbservation?;

(1)
the region

What

) What
(iii) What

the area under the peak

outside the part that has been reliably
determined?

Question No. (i) is answered di-
rectly by s ntere<tmg e
sent specimen results
S5 thsa of the Rl width
This is done in Fig. 3.9-1.

cal
o) o I(L)

tion No. (ii)
extract T from the observed I(E);
it is acuf

Fig. 3.9-1. it-Wigner of width I is
viewed through a Gaussian of FWHM R. The
figure gives the full width W(f) of the
resultant signal at a fraction f of its
peak height. The f-values are the num-
bers at the right-hand ends of the lines.
The dashed lines at the lower left are
the Gaussian asymptotes (I » 0)3 the
sloping dashed lines are the Breit-
Wigner asymptotes (R + 0).

at a given fraction £ of its peak height.

is of great practical concern since one must know how to
if T >> R the problem is slight but if T & U

The answer to this question is conveniently given in terms of the width

) that w

fron the FWhM W(0.5),

r, = [4(0.5)

il

uld be de duced by a q_admmc subtraction of the FWHM R of the Gaussian
I(E,

Aan

The true width T of the Breit-Wigner is then given by

where £ is given in Fig. 3.9-2.
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Here

) =

which is given in Table 3.9-2.

Table 3.9-2

function J(x) For small x

e
160 - 5 %70

er than 1% up to x =

0.20. For large x, L(x) =~ /%% this approximation is still in error by

5 does not a of 1% until x = 12.5.

eve an accuracy

® -J(x) i -1G) *
0.1 0.00638 16 3.u54 1
0.2 0.02569 1.7 4.417 2
0.3 0.05848 1.8 3
0.4 0.1057 1.9 y
0.5 0.1688 2.0 5
0.6 0.2497 2.2 6
0.7 2.4 7 L
0.8 0.14764 2.6 8 7.09
0.9 0.6305 9 5.58
1.0 0.8197 3.0 10 4.50
1.1 1.052 3.2 1
1.2 12
1.3 3.6 13
u 3.8 14
ks 4.0 15
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imation is useful for computing the lescape fraction"
ussion of Question No.(iii). We have:
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to earlier as accurate to better than 1%

This is the approximation referred
tabulation of the exact values in Table

own value outside the range of

evaluated in deta:

se two approximations has been
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4. DETECTOR SYSTEMS

4.1  Purchase of Ge(Li) Detectors
R.H. Heffner, R.E. Marrs, J. Pedersen, P.A. Russo, and D.H. Wilkinson

aumng the past year the laboratory has purchased two Ge(Li) gamma-ray
detectors. Sce detector was supplied by Princeton Gama-Tech. It has
2.41 keV (rww) resolution and 7.2% relative efficiency at 1.33 MeV. The good
efficiency of this detector makes it especially valuable for detection of high
Resolution at 7 MeV is approximately 7 keV (FWHM).

energy gamma-rays.

smaller volume detector was purchased from Canberra. This 20cc coaxial
cr,stal resolves 1.33 MeV lines to 2.7 keV (FWHM). The efficiency is approx
tely 3%. The time resolution capabilities of this detector have been shown to
be better than 6 nsec (FWHN) with constant fraction techniques.

4.2 silicon Detectors

Kellenbarger

For the past year we have nade our lithiun-drifted silicon detectors with
silicon purchased from Nucleonic Products Co., (NPC), Canoga Park, Califor:
This is zero etch pit density silicon and comes in ingots with diameters of 20
3 We have made detectors up to 4 mm thick (as thick as we need) and
are not etching mesas or wells, cutting grooves, or double

0 mn? avea. Ve
these procedures

drifting to make shelf structures. With the proper silicon,
do not seem necessary for us.

Detectors from the first two NPC ingots we used drifted slowly. About
three weeks at 125°C for a 3 mm detector was required in our Berkeley air ovens.
Therefore we tried drifting in FC-43, originally used by Miller, Pate, an
Wagner.l At the same temperature, our detectors drift in about half the time in
FC-43 as in air. If a temperature of about 140°C is used at the begimning of
drifting and gradually decreased during the process, the detectors drift
about one-fourth the time requmed in air. Detectors drifted in air and in FC-43
seem to perform equally ws

NPC now classifies its silicon as to rate of drifting, but we do not have
enough experience with the faster drifting silicon to comment on it.

When using Monsanto silicon, we found it necessary to "redrift" detectors
(app 500 volts reverse bias for 15 hours at 80°C) about every month i

order to maintain the mnoise at a satisfactory level.
with or without reverse bias, the noise would gradually

redrifting was needed. With the NPC silicon, redrifting is no longer necessary,
nor does it seem to have any beneficial effect.

We have continued to make surface barrier fission fragment detectors as
mentioned last year,2 except that we now apply a narrow band of p:
around the edge of the face ('p' side) of the detector after etching. The epoxy,
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applied with a plastic applicator wh

fe of 2-3 minutes,
on the detector. The applicator ha

g the applicator. i i D
rated gold layer lies on top of the ring of epoxy.
e current and less moise have resulted.

edge of the evap:
with lower rever

ate, and S. Wagner, IEEE Trans. Nucl. Sci. N5-10,
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(Li) Counter for the Detection of X-Rays

Craner, S. Kellenbarger, and C. Wilson

The success of the program of construction of lithiu drifted silicon
counters for the detection of charged particlesl has prompted the extension ot
the fabrication of Si(Li) detectors for X-ray detection.

2.9 mm detector with an active area of 180 mm2 which had been prepared origind
selected because of its thickness and low noise

hat larger in area than is desirable f

acteristics. This detector was some
optimum resolution because of its larger capacitance, but no equivalent d

available at that time.

maller area was

The detector was mounted in a copper housing inside a laboratory
ted right-angle cryostat which has originally been constructed to house 2
detector.2 The entrance window of the cryostat was modified so that X-ra
entering the detector need only pass through a curved 0.7 mil aluminum entres
window. The cryostat was evacuated, the molecular sieve material was actis
y external heating, and the detector was cooled by immersing the lower end
the cryostat in liquid nitrogen. r one accident in which the thin alu
entrance window was perforated, an amular lucite cylinder was constructed ¢
slip over the end of the cryostat and protect the window from damage-

Various tests have been made with the detector using a variety of ¥
and low energy gamma ray sources. Resolution seems to depend strongly of
preamplifier and amplifier used. The best resolution so far has been obtaly
with a Tennelec TC137 preamplifier and TC203BLR amplifier, with the time ¢
latter set for four microseconds. With these devices,
Ba, as produced by a 139Ba source and a 137Cs source, respec

ie Ky X-vay has an energy of 30.97 keV, the ¥qp &
63 keV, and Kg X-rays an average energy of about 35.1 keV. Tor,
the corresponding energies ave: Ko = 32.19 keV, Kgp = 31.82 ke, and ¥; = ©
e e fun hos baom et o Htlireys = 00
in Fig. %.3-1.
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amma_Counter

esired to determine the cross-section for the reaction i(p,:
methods. C is a positron emitter (half life of 20.3 nit
the measurement of the activity by the well known meth

n gamma rays in coincidence.

counter" was built consisting of two 8" x 3" NaI(T%) cr
180° geometry, the activated target (or calibration source)
the two gamma counters in an absorber sandwich sufficient
on of the positron near the target. The device was bu
inside the 60" scattering chambers, that is, with
ght when the holders are placed on the scattering cha

arms.

For activities with relatively long half lives, as encountered i
experiment, it was thought that most efficient use of beam time would
by counting the targets outside the scattering chamber. Therefore, a
arm was machined to serve as an optical bench giving a proper and reproducl
alignment for the crystals. An adjustable stand (for fine centering of the
source on the crystal axis) clamps between the crystals and holds a stai
five-target target ladder. A hole burned in a thin polyethylene target, r
in the ladder at the time of bombardment, together with a pointer device,
one to center the bombarded avea (usually a spot about 3/32" in diameter)
counter axis to * 1/32". If the crystals are about 11" apart, this reduces
geometric contribution to the error in the efficiency to less than 2. A
selection device allows one to select and position with precision the ta
the ladder to be counted, If targets are placed on alternate positions
ladder, and appropriate lead shielding is used, several targets can be s
ively counted without removing them from the original target ladder.

1. See Section 7.1 of this Report.

4.5 A High Resolution Nal Detector for High Energy Gamma Rays

1. Halpern, D.L. Johnson, and D.F. Measday*

Several gamma ray experiments in the past have used a 3¢" x S
crystal as the central detector inside an 8¢" x 12" Nal anti-coincidence &7
The resolution of this system for high energy gamma rays has been very

5 MeV gamna rays its resolution was about 12% whereas Drakel at Los AL
chieved better than 7% with a similar system. It was verified that the ¢¢¥
crystal was the likely cause of poor resolution and that amew crystal ciid
have superior resolution if it were manufactured according to certain T
specificationsl that take into account the deep penetration of high en

A new 39" x 6" NaI crystal was purchased from the Bicron Corpord
funds available to Dr. David F. Measday of the University of British
The performance specifications were as follows:
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a) Pulse height and resolu

n shall be uniform within 1% when measured
along_the side of the crystal with a well collimated low energy gamma source
(eg. 22Na). The resolution uniformity means that,
lies within the range of 8.5 to 7
an inch of either end.
b) The extrapolated resolution at
Less tﬁ; 3% yhen measyped on the front face with
s, °*Mn and 297Bi. ; obtained by plo

) gl st lipste o 2
than 98.

r example, the resolution
.5% everywhere along the length except within

infinite ener

ould be equal to or
low enev y sources such as
ng R2 vs 1/Ey).

should be equal to or less

All specifications were met except that the ex;ray)la(ed resolution at
nfinite energy was slightly high at ~3.65%. The 19/Cs resolution was 8.50%.
When tested with 15.11 MeV gama rays the detector-annulus systen gave a resolu-
tion as good as 6.0%. The resolution was dependent upon the colli

is shown below.

as

Diameter of Gamma Illumination
n Back Face of Crystal

15 Mev
A3/ 6.0%
~l1/2 6.4%
23" 7.9%

t s felt that the resolution is Linited at present b
annulus detector to intercept all secondary gamm
from pair events and

e inability of the
rays. Annihilation quanta
compton events are not detected by the annulus when they
travel back towards the target direction (see Figure 4

appears on the low energy side of the gamma ray resp
that are not rejected by the annulus.

S0 (¥ Hiitat ano e
nse function due to events

A plug of scintillating plastic placed in front of th detector
and used a8 part of the anmulus should improve the best resolution to better
than 5%,

University of British Columbia,
Vancouver,
1

al
D. Drake, private commmication.
2,

Bicron Corporation, 12345 Kinsman ~Secondary 4--rays that miss the annulus

Road, Newbury, Ohio 44065
ANNULUS

tion geometry.




Gamna Detector for U

Studies

and F.

evellen Schmidt

ed the
e

has requi
a detector

ovide integration

scattering cha
) Be des
data collection efficiency.
5) Use plastic or liquid
tillators.

he reason for criterion 1 is ex
in Sec. 10.1 of this report. Cr
5 reduces the cost of the scinti
and provides desirable fast t:
characteristics .

terion

It vas decided to use a scintil-
lator of sufficient size to perform the
integration directly. Due to the geo-
metrical restrictions imposed by the

scattering chamber, a scintillator
the shape of a tapered annulus was
chosen to make the calculation of solid
angle corrections reasonably straight-
forward.

the scattering chamber restri
dictated a polar angle acceptance from
25° to 40°. Acco y
was fabricated nm NE1021 plastic
scintillator and coupled to a five inch
photomultiplier tube (an RCA 4522).
Several tests were performed which,
along with lculations
involvin

pected co

some simple
detector efficiency and ex-
ing rates, indicated that

y a small annulus

Profon
Detector

Fig. 4.6-1. The cordinate s
in particle-gama correlation
The beam is along the x-axis.

Fig. 4.6-2. Octupole Radiation

10



a design g a larger volume s:
would be advantageous.

intillator and multiple photomultiplier tubes

A NE102 scintillator in the shape of a tapered annulus having a polar
angle acceptanc inches was
purchased from Nuclear Enterprises Inc. Eight RCA 8575 2" photomultiplier tubes
used in the gn were also purchased.

for the photomultipliers have been designed and built. The
schematic diagram for the tube bases is shom in Fig. 4.6-3 while the physical
appearance is illustrated in Fig. 4.6-4. It was felt desirable to make each tube
base independent of the othars o allow thei use in other experiments.

lied by

The design of the voltage divider was based on inforpation sup
0K er

RCA and designs C, J. Calarco,? and J. Tesmer et al.’ A split p
supply system was used to allow a high divider string current for the last few
dynodes in order to help minimize gain shifts due to count rate changes and yet
keep the rest of the divider string current low to minimize heat problems. The
split supply system also allows greater flexibility in selecting the gains and
rise times at the various outputs when the base is used with diffevent scintil-
lators.

Three outputs are provided. The ninth dynode is to be used as the energy
signal, the twelfth dynode for fast coincidence requirements between tubes, and
the anode as a standard fast timing signal.

pacing of the eight
otomiltipliers when they are in place on the scintillator. As shown in Fig.
i.6-4, magnetic shielding is provided by two concentric tubes separated by
several layers of teflon tape. The outer tube is netic alloy’ and the inner
tube, which is also used as an electrostatic shield, is conetic alloy." The
inner tube is connected to the cathode potential by means of a small printed
board jack inserted in the blank space of the standard tube socket
supplied by RCA (see Fig. 4.6-4).

s Ly et of the photomultiplier tubes and tube bases have been
completed. A 2" x 2" NEL02 scintillator, a 50co source, a negative voltage of
600 VDC and a positive voltage of 1060 VIC were used. The average rise
tine for the eight assemblies was 3.0 nsec and average anode pulse b
was 10 volts. A rapid change in counting rate from 2500 cps to 45,000 cps
produced a maximum gain shift of v2%.

One of the problems with using a plastic scintillator is the lack of reso-
lution for gamma rays. This is a problem because a reference peak of known
energy is needed to determine discriminator settings, check for gain shifts, and
to determine the product feu [fraction of gama spectrun observed, times the
detection efficiency for the gamma ray energy of interest times the effective
solid anglel.

elnoeSlicolthele et uiser [avatest st o such a reference peak
and, at the same time, provide a convenient measure of the system dead time
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Fig. 4.6-3. Schematic diagram of tube base for RCA 8575 photomultiplier tube:
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hotomultiplier. A refers to printed circuit

Fig. 4.6-4. Tube base for
ion to external electrostatic shield.

board jack used to make conne
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during an experiment: As indicated in Fig. 4.6-5, we will use a gallium arsenide
light epitting diodeS to illuninate one end of a multiple branch fiber optics
undle.> One branch of the bundle will be coupled to each photomultiplier tube
by means of a light pi {c1om, | one) s il ol S pIR Epsa - For
to allos monitoring of the light pulser independent

single light source system »
nize possible problems of varia
temperature effects, etc.

9

The rest of the housing is designed to keep the interior light-tight
while allowing sufficient air circulation to cool the tube bases addition
to what is shown in Fig. 4.6-5, there will be another chassis containing the
pulser electronics, the "master' voltage divider, and the summing electronics.

The pulser electronics will be designed to provide a pulse to the diode
on the order of 3-5 nsec wide when triggered by an outside signal. The "master"

age divider is designed to be supplied high voltage by two positive and one
negat)ve voltage supplies [each supply having a 20 ma capacityl. The divider
will then supply voltage to each of the eight tube bases with provision for ad-
justing each of the positive and negative voltages over a 500 volt range. The
suming electronics will provide one energy signal and one fast timing signal
to the counting room electronics as well as demanding a suitable coincidence re-
quirenent between adjacent tubes before allowing an output.

The design of the entire system, with the exceptions of the pulser and
suming electronics, is complete. The fabrication of the system is now in
progress and hopefully system tests will begin in early June.

1. Obtained from Nuclear Enterprises, Inc., San Carlos, California.

2, J. calarco, Ph.D. Thesis, University of Illinois, 1969 (unpublished).

3. Nuclear Physics Laboratory Annual Report, University of Washington
(1970), p. 32.

[ Obtained fron Perfectian Hica, Hegnetic sme)c Division, Bensenville, I

5. Obtained from Monsanto Co., Caldw

6 Obtained from Don Corning Corp. , V)dla‘;d “Michigan.

4.7 Heavy Ton Identification Using a AE-E Telescope

Hasinoff, K.G. Nair, and W. Wharton

The possibility of identifying heavy ions in the mass range 12 to 24
using a single telescope arrangement was investigated. A transmission detector
of thickness 11y and an 87u thick detector were placed at a distance of 7.5"
from the target. A circular aperture of diameter 0.125" was used
Azinuthal angular acceptance of about 1°. 16
0 MeV to 68.0 MeV provided tie incident beam. Targets of “°C,,

of approxinate thicknesses varying from 50ug/cn’ to 75ug/cm? were used
oalam heavy ion recoils and reaction products.

Tidoe
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The channel number is taken from a pro]ect'cn of the ID spectrum shown in

Fig. 4.7-1a on the ID-axis. In the region from 12C to 2Ne this plot is clearly
linear and provides a check on our mass Taeatiticatton.
16, Figure 4.7-2 shows the energy spectrum of 15 ions from the reaction °OTi +
°0 + Sly + 15N at Flab = 50,0 MeV and 81ah = 30°. ’[he rumbexx. from 1 to 4 de-

ate the reaction products 154 + 51v(g.s.), 51y(1.609 15:: + 5ly(2.u408
and 2.545) + 91v(3.28) respectively. This a‘nl,;rment is in agreement
with that of Lemaire et al.3

, The energy spectrun of 0 ions , which vesults when a 75
ug/en’ thick carbon target is bombarded by 120 vev oxygen ions, is shown in Fig.
4.7-3. The numbers 2, 3 and 4 designate the reaction products 160(g.s.) + 12¢
(g.s.), 100(g.s.) + 12c(u4.44), and 160(6.05) + 12c(g.s.). Number 1 is probably
Bge to a contaminant and kinematically fits the reaction products 160(g.s.)

Si(g.s.).

15N ions from a 50

£ particular interest was the energy distribution of
n that it

vg/en’ hiTk Tk tanges produced by 800 NeV incident crygen ions,
corroborated the results of the single proton transfer reaction* cbtained without
identification techniques, even though the statistics in the present case were

poor.

e par-

Because of the success of this investigation, it is proposed
ticle identification techniques in addition to the currently used singles count-
ing method in the studies of nucleon and multi-nucleon transfer reaction induced
by heavy ions, especially mear the Coulomb barrier.

a L.C. Northcliffe and R.F. Schilling, Nuclear Data Tables, Sec. A, 7, 233
(1970)
2 Section 5.9 of this report.
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Identification of “He Particles from the a2
| asurement of Energy Loss and Time of Flight

J.G.

Cramer

. Baker, J.R. Calarco, and

e continued our effo study two-neutron pickup using t
Even targets of very light nuclei are expected to p
£ e ions compared with those of alpha particles.

ntification of OHe ions very difficult. Under these circumst
ave tumed to le particle identification method
end measurements of this type to lower outgoing part. o
s determination of "single" particle identification and ma

h 42 MeV alpha particles from the
AE-E

A Be target was bombarded
cyclotron. Reaction products were detected in a
onsisting of a 35u totally depleted silicon (AE) detector ar
lithium drifted silicon (E) detector. A timimg signal derived from the
to start a time-to-amplitude comverter (TAC). A signal derivel
otron served to stop the TAC. The two ene:
gnal were sent to the SDS 930 computer.

tificat determine ing th + A)P - (E)P technique. Partic:
derived fron the relation (E + AE - Eg)(To - T)2 where Eg and To were adj
igital parameters. CRT oscilloscope displays of either particle
or mass, or the product of particle identification and mass vs total e
available as 64 x 64 channel

the oscillator of the cyc
and the time-of-flight si
e

®

The time resolution was improved compared to the previous rur
culties vere encountered in the mass determination caused by the incident I
particle beanm being extracted from more tham one cyclotron orbit. o
a transit time different of approximately 2 nsec through

tem. For the flight path used satellite groups of elasti
i ss spe

curs there i
transport sy
stic alphas appeared in approximately the same region of the ma:
that anticipated for mass A = 6 particles. Some success was achi
the magnitude of these groups by restricting the size of the beam as it
from the cyclotron but adequate mass identification was not obtained.

serimental study of the («,’He) reaction on light nuclei
od was successfully employed has
our two thinnest available transm
has been V854, permitting the redundant identification of °He io
energies greater than about 13-14 MeV. The recent acquisition of two
detectors with thicknesses of 11 and 21 microns should make possible
double particle identification with a three-counter telescope at BHe
low as 7-8 MeV. An on-line program has been written' to perform thi:
particle identification. Furthermore, it will now be possible to perfor
proved particle identification by insisting on consistency between tim

information and redundant ti pe. NN

an e her
dowble particle identification meth ecer

reported.3 The total thickness

the
u M

ation with a three-counter telesco
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ysics Laboratory Annual Report, University of Washington (1970),

1. Nuclear P
p. 106.

21 Goulding, D.A. Landis, J. Cerny, and R IEEE Transactions on
Nuclear Science, NS-13, No. 3, 514 (1366).

3. J.M. Arnold, and R.W. Bercaw, Bull. Am. Phys. Soc. 15, 630 (1970).

Y Section 5.6 of this report.

4.9 A Single-Wire Position-Sensitive Proportional Counter for Magnetic

Spectrograph Read:

M.P. Baker, J.R. Calarco, N.S. Chant, J.G. Cramer, and S. Hendrickson

e proportional counter of the type described by Bor-

A position-sensiti
kowski and Koppl has been constructed for use in the focal plame of the UW 90.6
o » hy nge Magnetic Sp graph.2 The spectrograph, which
has a specific energy dispersion dE/EAS of about 4.9 x 107* mm~1 is well matched

a readout device of this type, in that the anticipated position resolution of
the counter is approximately equivalent to the expected energy resolution of the
spectrograph. In particular, a 1.0 mm position resolution corresponds to 4.9 keV
energy resolution at 10 MeV.

The detector has an active length of 197 mm and an active height of about
10 m, the latter limited by a defining aperture in the spectrograph focal plane.
The proportional counter is mcunted on a track which follows the curvature of the
focal plane, and the counter can be positioned anywhere along this track unde
external control. The entire track assembly can also be displaced back and forth
externally to locate the focal plane empirically and to compensate for kinematic
broadening effects when light targets are used.? In practice, the proportional
comter has been positioned with its center approximately on the 90° position of
the focal plane and the magnetic field varied rather than the counter position.
In this configuration the counter spans an energy region of about 5%
energy of particles detected at the 90° position of the focal plane.
comter is semsitive to about the top 1 MeV region of a 10 MeV particle spectrun.

The position-sensitive detector consists of an imner assembly which does
the actual counting and an outer pressure vessel which separates the approximately
1 atm of counter gas from the surrounding vacuum. The imer counter assembly is
Shown in Fig. 4.9-1. It consists of a 1/8" thick rectangular lucite frame sup-
porting the position sensing element, a pyrolytic carbon-coated fused silica
fiber 0.02 mm in diameter.’ The end-to-end resistance of the fiber is about 1.5
megohns. The frame has a wire contact at each end to which the fiber is attached
with conductive epoxy.* One of the wire contacts is under spring tension pro-
duced by a small leaf spring on the outside of the frame, so that the fiber is
under continuous tension and is maintained in a taut position. The fiber is in
close proximity on both sides to a pair of aluminized mylar electrodes which are
formed by wrapping a sheet of aluninized mylar around one end of the frame and
securing it in a tightly stretched position with presswre sensitive tape.® The
mylar electrode and both ends of the center fiber are comnected electrically to
spring clips imbedded in the lucite frame which permit rapid comnection and
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Fig. 4.9-1. Assembly Drawing of Inner Counter Assembly

cenent of counter assemblies. Counter gas consisting of 90% argon and 1!
methane is injected directly into the counter assembly through 2 small hole
drilled in one edge of the lucite frame. Gas exits around the edges of the =
electrode and through another hole at the opposite end of the frame. The
tive ce fiber and mylar electrodes form a distributed RC transmission
which filters out the high-frequency components of the counter pulse, p
a variation in rise-time of the pulse which depends on the horizontal po:
Of the event.

An assembly drawing of the complete counter is shown in Fig. 4.9-2.
pressure vessel is constructed in a fairly modular form for flexlb,A
of modification. It has removable plates on the front, back, top,
The front plate foms the entrance window, which is a cylindrical surface w
about 2 3 cm radius of curvature with Havard foil 6.4 microns in thicknes
mented” to the aluninum plate. The window structure is comstructed so that
window is as close to the counter assembly as possible, consistent wi e
insulation to about 2 kilovolts, to minimize energy loss of particles in p
through the gas outside the counter.

The top plate holds the feed~through BNC connectors which make
connections between the counter and the external electronics, and the Suppor
brackets for the immer counter assembly. The center feed-through connector
mounted on a removable circular plate so that it can be replaced by a high—

feed-through connector if bias voltages in excess of about 1.5 kilovolts ar
Wires fron the three connectors slip into the spring clips on the counter
to provide positive electrical comnections.

The bottom plate provides the two comnections for the gas handli
One connection brings the counter gas into the pressure vessel through a co
tube which extends to near the top of the imer cavity. A thin plastic tub
about § cn long, which has been drawn out to a nozzle at each end, is
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Fig. 4.9-2. Assembly Drawing of Complete Counter.

into the copper tubing. The other end of this tube is press-fitted into the hole
in the side of the counter frame, thus insuring that fresh counter gas passes
irst through the inner counter before flowing out to the rest of the inner
cavity. A second connection in the bottom plate conducts the gas out to an ex-
rmal gas trap where the gas is bubbled through diffusion-pump oil and into the
The inside of the counter is thus maintained at atmosphereic pres-

rate at which bubbles are
of counter gain has

s

osphere .
sure and the flow rate is adjusted by observing the
forned. The flow of gas is essential, for pronounced loss
been observed when the gas flow has been interrupted for 15 minutes or

brought out to pre-

All three of the counter's electrical connections ave
amplifiers. The aluminized mylar electrode of the imer counter assembly is con-
nected to an ORTEC 190A charge-sensitive preamplifier (or a similar preamp suit-
le for solid-state detectors), and the negative bias voltage required by the
comter is suppiied through the normal bias connection of the preamplifier. The
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s preamplifier is the 'energy" sig

inciden rged particle in the
pends only weakly (e 5%) o the posi
signal is very useful in determining partic
against background.

signal vhich is produced by
portional to the energy

incident particle.
in discrininating

special volta

both ends of the center fiber are congected to
type described by Koap,a and the
signals. These preamplifiers

th the temperature conpensation scheme empl
g

this D.C.

This problen is aggravated when s
u ect adjustments cannot be

the spectrograp
ob We have not,

where heat dissipation

uration. Significant loss in s
when the voltage sensitive p
even 20 cm of RG 114/U low

£rom the counter

£ the two voltage sensitive pream
uce bipolar output signals. These
lyzers which operate in the cross-over
signal which reflects the variation in rise
s ining signals after suitable delays and
the stop and start signals of a time-to-amplitude converter.
og signal whose pulse height is proportional
the

, except
~sensitive preamplifiers,
the en s of the
counter consists of st «mdard nuclear
electronics.

source and in conjuncti
ot spestraaREi ForthasejtosEoil
deved that the differences in
e, entrance angle, and miltiple
ering make resolution tests with
the source of questionable value. There-
fore, the source measurements were used
arily for linearity and end-effect
tests, while resolution measurements
were rate primavily with the spectro=

4.9-3 shows the best reso-

Position spectra
frequencies of 21.2396 Miz
Miz for elastic scattering
protons on gold at 60°.
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on obtained so far. Protons with an energy of 9.0 MeV were elastically
scattered from a thin gold target and detected with the spectrograph positi
an angle of 60°. The magnetic field of the spectrograph was changed unt:
elastic particle grovp vas striking the counter appmmmﬂy at its center.
Then two measurenents of the elastic group were m the spectrograph s
ncies of 21.2396 and 21.2451 Miiz.
x 1074 which,

shift of 1.20 mm peaks. The peaks are
arated by 32 channels, and the FWHM of Eh e e
ing a position resolution of 0.62 mm This corresponds to an energy
eeclution of 2.7 eV FWHM at 9.0 MoV incldent proton energy.

measurement was made with the magnet slits set to 50-50 mils vertical
and 50-50 mils horizontal, which corresponds to a solid angle of 1.32 x 1075
steradians. The resolution was observed to worsen by about a factor of three
when the horizontal opening was increased by a factor of 10 to 500-500 mils or

32 x 10~% steradians. This measurement was made when the Van de Graaff ac
rator was extremely stable and the terminal ripple was less than 1 kilovolt.
ce that time, a new belt has been installed in the machine and the terminal
ripple is considerably worse. This may account for the somewhat poorer energy
resolution (greater than 7 keV) which has been measured in subsequent runs, al-
other factors are also involved.

At least one counter assembly produced markedly poorer position resolution,
and this was observable even with the alpha source. This counter was a "hurryup"
job and the conductive epoxy curing time was speeded up by placing the counter
assembly under a heat lamp. It is believed that the heating of the quartz fiber
versely affected its perfornance.

The gain of the counter as a function of bias voltage was investigated.
results of these measurements are shown in Fig. 4.9-4. Here it is apparent
that the gain is roughly an exponential function of voltage which rises with a
slope of 246 volts per factor of 10 in gain. Since the difference in energy loss
in the counter between protons and alphas of the same energy is roughly a factor
of ten, this represents the amount, about 250 volts, by which ge
Ve e e b S R it par-
ticle.

We will now enumerate the various difficulties which have been encountered

1 using the counter:

(a) Pressure Windoss - The design of the comter is such that the rupture
a pressure window in vacum has disastrous consequences for the inner counter
assembly. Essentially, the whole counter is disemboweled into the vacuum syster
On the first of several occasions on which this has occurred, oil from the gas
rap was sucked back into the counter, reducing the counter which had just pro-
uced 0.6 mm position resolution to a frothy, oily mess. It is recommended that
ressure windows be tested at 1} atmospheres before they are used with a counter
Js>emblj, and that a double trap arrangement be used so that oil cannot be su
into the counter.




- As mentioned above,
ve preamplifiers have
_problems which are

Proportional Counter
Gain vs Bias

prc lem to some extent, wit

tion that the alance of the preamp

ren ornJy by making small var- Vi) 26 Vot
B Z

voltage wh
the preamp output. If the D.C.  Rel
level is allowed to remain badly out of
balance for a prolonged period the input
usually destroyed. Another pre-
amp difficulty has been encomtered at
bias voltages above about 900 volts,
where the counter has been cbserved to

have infrequent but violent voltage 7 H
breakdowns. Such sparks are well corme-
lated with the loss of input FET's.
protective i
preamp is under consideration to allevi-
ate this prob
i 5 w0

560
Bias Potential

(c) Shaping Amplifiers - The
choice of shaping amplifiers is quite
important to the operation of the coun-
, both in the resolution and the dy-
ge Of the device. The varia-
tion of risetimes produced by the coun- . s
ter is large comared fo the tine cone Fig: 4:9-4. Comter gaines a

of bias voltage.

amplitude variations in the ampli:
output of up to 12 %o one frem one and of the counter to the other.
menon is illustrated in Fig. where we see oscilloscope traces of a
outputs. Here ve see the variation in crossover point and amplitude for
ends of the counter for an active filter amplifier with a 6 microsecon
stant (below) and a DDL amplifier with a 1 microsecond time conmstant (ab
the upper part of each trace is shown the energy signal for compa
trating its lack of variation with position. The time scale on
part of the figure is 0.5 usec/cm and the lower, 5.0 ysec/cm. The
tude variations of 15 different amplifier configurations have been studie
are illustrated in Fig. 4.9-6. We see that there is a general trend towar
amplitude variations with long time constants, as would be expected
restrict the dynamic range of the output pulses to a value consistent w
lig’r‘c operation of the timing single channel analyzers, it is necessar:

amplifiers with long time constants. This, consequently, restricts the
rate at which the counter can be operated.

e

We have investigated the use of a center wire with a smaller res
e this problem, and find that the amplitude variations are indeed r:
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4.9-6. Amplitude vs time varia-

tions for various amplifier types.

g. 4.9-5. Oscilloscope traces of amp-

lifier output showing amplitude and time
riations

12D DDL (.7 ys) amplifier (top) and ORTEC
452 active filter (6 us) amplifier (bot-
tom

but the resolution is degraded at the same time.

(@) ound - Ve have Found that the cowter has a considerable b
- | ground count te attributable to radiation from the Faraday cup, presumably
neutrons.

is background is randonly distributed i
position, orms spurious "peaks" at particular
of the counter, presumably regions where breakdown is most likely to oceur

s a serious problem, and can greatly limit the utility of the counter if it can-
not be corrected.

Thus

ar, the only effective remedies have been to restrict measurements
relatively low energy protons, and to use massive shielding between the coun-
s er and the Faraday cup. of these solutions is satisfa

ry, and others
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intend to investigate
hich contain
plis COp, and

Teplace th
un to reduce the neutron sensitiv-
the counter. 1 eliminate
he ility of neutron-produced

knock-on prol() s triggering the counten.

have the additional
allowing the determination

naking pos-
semections for the aber-

in resolution and

£ scattered background.

is vould, however, essentially double
ectronic complexity of

he detec-

nearities
counter have been
d, as shown in Fig. 4.9-7. Heve,
per part of the figure, we see
tion spectrun measured with an
source positioned at 1 cm intervals
along the length of the counter. MWe see
that the position linearity degenerates
or the first and 3cm Of the Fig. 4.9-7.

counte

Linearity

s length. By adding an RC ter- counter, showing and ef:

mination network consisting of a 50 pf tom) and without (top) RC

or and 100K resistor to ground,

part of Fig. 4.9-7,

These effects are also a function of amplifier

interaction has not been properly investigated as yet.

We intend to continue these investigations, and to construct cou
of the focal plane can be covered.

which are longer so that mos

end of the counter, we have reduced these effects, as

(1970) bid.,Rev. Sci. Instr. 39, 1515 (1968).

and Meth. 14, 263 (1961).
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5.1  Computer System Expan:

N. Chen

y, J. George, B. Lewellen, and F. Weiss

The computer expansion project began in late 1969 and described in last
year's Annual Report has progressed to a point where all major units of the se
d computer system are on hand. The tasks remaining to be performed in order
to bring the additional system up to an operational level include wnit checkout
n progi‘e\s] and system integration. Due to the time required to design and
r drun hardware, those units will not be included in this
initial ope: el. They are expected to be available several months after
T DR ot

The final dual computer system configuration (Fig. 5.1-2) will vary con-
siderably from that which was originally proposed (Fig. 5.1-1). As can be seen
in Fig. 5.1-1, the original proposal required the tWo computers to share most of
the peripherals and compete for their use. A somewhat complicated scheme was
devised to ease this problem. Fortunately this scheme is no longer necessary,
due to our purchase of a line printer, tio nagnetic tape units, and a teletype.
These units are practically identical to their counterparts in the existing
systen and should present no interfacing problems when they are tied into the new
systen.

A 250K word drum and a 16K word core memory have also been added. It
expected that the software system will be stored on the 250K word drum, allowing
the original 500K word drum to be used as general purpose storage. The 16K word
core memory will n in the new computer, improving its
computing power and software compatibility with the existing computer.

t is believed the changes and additions described above will allow the
+two machines to operate more independently of one another and improve th
overall computing capability.

e pieces of hardware mentioned previously, i.e., the line
printer, £ msgnetic tape tnits, teletype, 250K word drun, and 6K word core

memory were purchased from Xerox Data Systems. The laboratory also obtained the
following from XDS: A wired 930 Arithmetic/Control unit backplane, 930 control
Console, TMCC "W"' Buffer, power supplies, cabinets, and cabling —- all to be use
in the new computer, and " two Potter tape decks for spares support. ALL Of this

conductors and other circuit components for the additional computer's circuit
modules was less than originally anticipated.

The 450 circuit modules required for the expansion have been fabricated
and checked out. Fabrication included artwork layout, etching, timing, com-
ponent mounting (over 70,000 individual pieces), and flow soldering. Each
bas been satisfactorily exercised in a test el We were fortunate to hav

g
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Fig. 5.1-2. Final System. (Shaded wits
are the original system.)




1003 yield on the modules that reached the component mounting stage. That is,
each module that had components mounted on it has gone satisfactorily throug
the subsequent fabrication and test steps and is now ready for use in the system.

on of the card reading hardware for th

Construction of the handler porf
additional computer has been completed.

5.2  Lifetime Analysis Progra
R. E. Marrs

An existing single parameter data collection program has been augwen\:ed
e which multiscales selected peaks or sections of a spectrum.
where one or more detectors record
radioactivity previously induced in a target. Typically, gamma-rays are counted
by a Ge(Li) detector and the spectrum is displayed on one of the computer CRT's.
The digit switches are then used to indicate which lines in the spectrum are to
be multiscaled in order to cbtain half-life information. The experimenter types
1 the number of successive time bins and the size (time) of each bin. The com-
puter then copies the data accumulated in successive time intervals into adjacent
segnents of the data array. The original cumulative spectrum is preserved
intact.

Existing portions of the program plot the data and perform a least-squares
Gaussian £it to the peak areas. Thus, in addition to a full spectrum, the pro-
gram effectively gives the experimenter the number of counts accumulated in a
peak per unit time vs time. As many as 50 peaks of any width, including the en-
tire spectrum, may be multiscaled. The only restriction is that the size of the
original spectrum plus the space required for multiscaling must fit into 8192
words of core.

he program is expected to be used when half-lives as short as a few hun-
dred milliseconds are involved and when a target is alternately bombarded and
counted over an extended period of time. For this reason the prog s bee
written so that a "ready" pulse from the experiment re-initializes the multi
scaling. The computer stops the data collection after the last multiscaling
interval and waits for the next "ready” pulse. It is expected that this program
will be used with the recently constructed pneumatic target port systen.

Final testing of the program is now in progress.

i See Sec. 3.




ion and Analysis Program for Single Para

data collection program’ containing the light

ified to provide space for more data storage
kground subtraction. The use of the ligh allows the
specify those channels which define a peak and its background
i interrupt basis while the data is being ected.
hest priorities the interrupt li:
y the computer does not introduce any dea
determined by the ADC conversion time plus
ss each event.

st

on of the program contains 6144 words of data s
£rom wp to 6 ADC's. All spectra are assumed to be of the
be up to 4096 channels. The digit switches are used to s
is currently being displayed on the CRT scope and the
parameters are to be entered or whose area is to be displayed. The data
sum, the peak area corrected for SR e e
For ADC dead t:
scope along with t

ities.

tical emors of the above quan

A linear background has been assumed mainly for simplicity in pro
since the anal ne is written in SYMBOL, not FORIRAN. This is
for spectra but if a quadratic background is needed (e.g., to £it
on background in a Ge(Li) spectrum) is cousd easily be added as a

subroutine to be called from the output subroutime. Six point
fine a peak and its background region as indicated in Fig. 5.3-1.

The regi

between p and 2 between points § and 6 are averaged
and then a straight line is drawn under the peak. The light pen is used to e
these points as start and end chamnels of the various regions; low backgrou
high background, or peak region. The use of arbitrary background regions
each peak allows the experimenter to obtain his final results as soon as
is completed except in the case where the peaks overlap. The agreement b

Fig. 5.3-1. Points used in defining the peak and background regions .
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nalysis and a post-run hand analysis is much better than 1% pro-

this on-line
ear background is used in both analyses.

vided that a

is program has been used to measure excitation funcucns and e
distr-ibuuonp 4 reactions 4048ca(160,160)405 L'gl.a ana 'R e,
order to simplify the changing of the 6 light pen points for s peak, a hg\n
pen mode was added which increments all 6 points by a constant which is specified
by a digit switch. As many as 6 detectors were used simultaneously and the re-
duction in data analysis time was found to be considerable.

Nuclear Physics Laboratory Annual Report, University of Washington
(1970), p. 45.

5.4 A New Reaction Kinematics Program for the SDS 930 Computer

M. Hasinoff and H. Swanson

contains the mass excesses

A new 2-body reaction kinematics program
of all the known nuclides in its mass library has been developed for the Labora-
tory's SDS 930 computer. Thus rather than specifying the masses for the reac-
tion of interest (to 5 or 6 significant figures if keV accuracy is desired) one
simply inputs the reaction itself, in conventional nuclear physics notation such

U238(D,P)U239  or  U238(D,P)

e program decodes the reaction title, deternines the Z and A values for
the four masses involved and computes the Q value for the reaction. This program
is essentially the same as one written by S.L. Tabor and B.A. Watsonl for the
s d PDP 9 computer except for the subroutine which decodes the reaction
title. This subroutine had to be rewritten since the binary storage of alpha-
numeric characters was not the same for the two machines.

cified. Except for

As indicated above, the recoil particle need not be
each par-

pe
the forms A,D,N,P, and T, which are recognized as standard particles,
ticle must be specified by its chemical symbol and its mass number.

o caleulating the energies of the reagtion products (1sing
ncludes

In additi
the nonrelativistic formulas given in Nuclear Data Tables?) this
an optional energy-loss correction for the passage of the scattered parmxes
through one or more foils before it enters the detector. This option is parti-
cularly useful when one is interested in stopping a heavy projectile in a foil
glEgea) silmaic of thedatectorand observing only the lighter reaction products
which can pass through the foil. The foil is entered and decoded in the same
fashion as the reaction elements. This energy-loss routine makes use of the
effective charge formula for a particle moving through matter given by Booth and

Grant:3




e )

1- exp(- 24.78x + 24764 - 131x°),

energy of moving ion in MeV/amu.
t to the program is via the card reader or the teletype. The progra
cludes the lab angle, center-of-mass angle, energy, observed e
kinematic broadening and solid angle ratio for both the outgoing part
the recoil nucleus.

output i

S.L. Tabor and B.A
Structure , Memo #29.
o1 Nuclear Data Tal Part 3, p. 161.
ooth and 1.5, Grant, Nuil, Phys. 63, ke (1965).

Watson, Stanford Computer for Analysis of Nu

5.5  An On-Line Program for Collecting Particle-Gamma Correlation Data Us
Three AE-E Detector Arrays

D.M. Patterson

A three-parameter on-line particle identification program has been writ
to accomodate data collection from three AE-E detector arrays for particle-ga
correlation experiments. The program is written for the Laboratory's SDS 930
i mBiteslin thel Sneessen 1y Tanguage, SYMBONSHMNT = \ma s piogion features ave
a) 4E E-ADC, and TAC-ADC inputs, b) AE routing to accomnodate
R array inputs, c) computer-calculated particle identification (I
value using an exponential look-up table, d) three 512 chamel energy spectra,
selected by ID value and the occurrence of a TAC-ADC conversion, and a 256 chan-
nel TAC and ID spectra for each 8E-E detector array, e) recording of selected raw
event data on magnetic tape, f) on-line analysis of data using a light pen and
live CRT data display, and g) two-parameter storage cpera\:)on to aid in the
selection of the optimn ID exponent, digital ID discrininator, and energy base
level valu

The

program was written to be as general as possible without sacrificing
speed within the limitations imposed by the size of the comuter memory storage.
Data storage required about 8000 words of memory. This did not leave enough room
for a progran with all of the desired features, so the program was broken up into

four logical sections and was operated as a CHAINL program. In ti
operation, programs are recorded on magnetic tape in a self-loading
tively loaded into the computer under program control. The

n this case were a) data collection, b) end-of-run output, c) pre-run

calibration and 1D setup, and d) off-line data handling and data reduction

i is program was written for the SHe spin-flip experiments,” the
peration will be based on its use in collecting




The program accepts data from three ADC's operated in a multiparameter
for the ADC's vere: AE 512 channels; E 1024

mode. The maximum conversion sizes

channels; and TAC 256 chamnels. For an event to be considered valid, both a

AE-ADC and E-ADC conversion had to be present. If a TAC-ADC conversion was also
is, a particle-ganma coincidence

present, the event was considered gated (that

event). The digital AE and E values were added to obtain the total energy and a

digital base level was subtracted from this value. Events with total emergy less
that the lowest digital base level were not stored in the data spectra, but they
ith a processed energy value greater than 511 were a

event varied from

The

were scaled. Events
in channel zero. The computer time requived to process ea
about 123 psec up to about 233 usec depending upon the nature of the event.
processing time for each uwngated event (no TAC) was about 182 usec

The AE-ADC could be externally routed so that data could be accepted from
uw to three independent 0E-E detector arrays. ihen multiple arrays were used,
the various analog signals were mixed externally before being sent to the ADC's.

route bits to determine which detector array the

The program then used
data was from and stored it accordingly.

falBrp e selateien e function (AE + E) for each valid event
with mcn energy (AE + E) above the lowest digital Fnergy base level. A pre-
viously calculated la.b]e of N*, where N is the channel number, was used to mini.
mize the time required for the calculation. A 384 word lookup table was found
sufficient for this purpose. The value of x (usually about 1.73) was selected
so that the function was approximately constant for each particle type. The
result of this calculation, the ID value, was used in conjunction with digital
ID discriminator values to determine where the event was to be stored. There
were three ID discriminator values for each AE-E array. Events with an ID value
below the lowest ID discriminator were only scaled.

Three 512 channel arrays were available for data storage for each AE-E
detector array. In the %He spin-flip experiment these were ungated Ste, gated
3e, and ungated “He energy (AE + E) spectra. The *He and ‘He arrays were al-
lowed to have different digital energy base levels In practice the maximun
value of AE + E was somewhat greater than 1024; thus the energy base level had
the same effect as a biased amplifier with a gain of 2. A 256 channel time (TAC)
and ID spectra were also stored for each AE-E detector array. Since the infor-
hese arrays was used strictly for monitoring purposes, it was stored

mation

on an available-time basis.

A program option allowed selected events to be stored on magnetic tape in
This was facilitated by using two 128 word buffers for event data
After one buffervas filled, event da(a was stored in the other buffer

tape write program® was written
i

raw form.
storage.
while the first buffer was written on tape.
Such that it could operate at a lower priority than the ADC fata acquisition.
Thus the tape write could proceed concurrently with data acquisition without
introducing any noticeable dead time. In the e spin-flip experiments, all
gated events with AE + E above the lovest emergy base level and ID above the

lowest ID discriminator were stored on tape. ALl events with ID above the high-
est ID discriminator and AE + E above the lowest energy base level were also

stored on tape. The event information written on tape was the AE-ADC conversion
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(includ:

the route bits), E-

conversion, and TAC-ADC conversion.

Frelininary on-line data analysis was possible using a light pen and 1i
CRT data display.® The 11gnt pen was used to specify peak start and end chan-
nels, peaks for peclel caleulations, sidfesleneiliic regions for expanded dis-
play. In this way fhp calculations were set up so that the experimenter
could easily monitor the spin-flip probability and its statistical error as the
data was being collected.

To facilitate the establishment of proper operating constants, a two-
parameter &E + E vs ID data collection mode was also incorporated into the pro-
gram. 1In this mode data were collected from each AE-E detector array in

data vere displayed in a 64 x 64 array. Thus one could visually check
flatness of the ID lines for the various particle types and adjust the ID expo-
nent accordingly. After the ID exponent was established, the light pen v
to specify the ID discriminator values and energy base levels. Thus the ex
menter could easily select the optimum operating constants by eye.

p. 165,

2. Sec. 10. i of this report.

3. Nuclear Physics Laboratory Amual Report, University of Hashington a

4. P

B Nuclear Phy ics Laboratory Annual Report, University of Washington (1969),
p. 2.

5.6 A Data Collection Program Using a Three-Counter Telescope for Redu
Particle Identification
J. 6. Cramer
A dsta collsction progras has bsen written to penfom particle identifica-

tion using tuo transnission dstectors (41 and f) and ane dstactor in

detected particle cones to rest (E). With a counter telescope of this type,

three separate particle-identification criteria can be established by using

e C o fintris (i daoEi Fsatios leoeiv alEe quantities (A, + E),(8) + Ap,E),
and (8,,E). The present program employs the first two of these three criteria

to provide redundant particle identification, and also uses the ratio of the par-
ticle identification parameters thereby generated to require consistency betwee
them. This permits stricter determination of particle type, as required in ex-
periments where complete separation of particle groups is needed.

Basically, the program employs the structure of the Braithwaite Derandom-
izing Buffer program described in last year's Annual Report.l It forms three
quantities, Ep = ) + 8 + E,IDy = (E)SXP - (8 + E)°*P, and ID, = (EDS*P -
(E)2P, yhere exp Is an arbitrary exponent, approximately 1.73. ~The exponentia-
tions are accomplished by means of a 2048 word s which is generated
before the data collection operation is begun. The program permits data collec-
tion in four two-parameter modes, I vs LT,IDQ vs Ep,IDy/ID; vs Er, and ID) vs
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D,, so that gains, exponents, and digital windows can be set appropriately. The
program also provides for data accumulation in a single parameter mode, with
four 1024 channel spectra selected by four digital windows set on the average of
D, and ID,.

It also permits printout of the one or two parameter arrays accumulated
in the data collection phase of the program and collection and reanalysis of
data on magnetic tape in an event-by-event format. Provisions are also made for
correct identification of particles which do not penetrate the second transmis-
sion detector (A,) and for expansion of the program to telescopes of four or
nore detectors for super-redundant identification.

Nuclear Physics Laboratory Annual Report, University of Washington (1970),
p. 4.

5.7 A Modified DWBA Program to Calculate the Sub-Coulomb Nucleon Tunnelin
Cross Sections

K.G. Nair

A program called TRANSFER, which calculates stripping and pickup cross
sections below the Coulomb barrier, is being written and tested. The theory is
primarily based on the semi-quantal approximation for neutron tunneling proposed
by Trautmann and Alder.l Briefly, this involves the simplification of the DWBA
integral by approximating the external wave functions by Coulomb wave functions
instead of the ordinary distorted radial wave functions obtained by solving the
Schrodinger equation with optical potentials. In a more restricted version of
the theory, when the incident energy is very much below the barrier, the radial
wave functions can be replaced by their WKB approximations.

Prelininary testing of the program reproduces the essential features of
sub-Coulonb transfer processes, e.g., strong backward peaking in the angular
distributions and the increased probability of transfer for processes which in-
volves better matching of the Coulomb parameter in the incident and exit chan-
nels. Modifications of this program under consideration are a) extension to
proton transfer, b) generalization to multi-nucleon transfer, and c) inclusion
of nuclear distortion as a correction factor for incident energies close to the
Coulomb barrier.

18 D. Trautmann and K. Alder, Helv. Phys. Acta, 43, 363 (1970).

5.8 Kinematics for Two- and Three-Body Final States

W.J. Braithwait
Although two-body reactions occur within a plane, it is convenient to

specify all momentum vectors using three-dimensional rectangular coordinates.
Such a formulation permits different orientations of the beam or the detected
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outgoing pamwn

0 be more easily described.

Use of the rectangy

nates to deser:
kinematic calculaf
i

Cresults in greater Speeé o

of the two-body kinematics proble
Eg,Po (total laboratory energy and
cle), and A),A, (masses of the two outgoin
lation

) - Ay

Conservation of

2

2 and equating on P’ in the above,

B
SEp e,

s 4 bl ) A ‘
B with G = 5(B,° - By" + A - 2

last expression and collecting terms results in the

equation for ive zero, one, or two solutions
rs (P and Pp) are hen & hebad id o branch =

"THOBOD" has been written to solve t
cctangular componeits of the S-maenta are
subrout.

cular 3-body reaction, the kinematics can be
ics subroutine "TWOBOD" if the kinematic variabl
for two of the three outgoing particles (f1,8,) and
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be reduced to two-body ? - f ) =8B, + B, and ( )

left hand side of each expressioft is h wn,zas w1l as the aibect
PHHOBOD" ey be used to carcelate Ty and B using (7
"effective" total momentun and enerfy in VEE Taboratdey.

The FORTRAN program for relativistic 3-body reaction
ritten which calls "TWOBOD" and provides a table

This approach to 3-body kinematics has been found to be particularly use-
ful in Monte Carlo calculations where finite geometry effects are calculated.

Now at Department of Physics, Princeton

proved Calculation of Parti

ignals of a scope.

i.R. Wharton and H. Wieman

01d methods
energy signals of a_telesc

for calculating particle identification from the AE and E
pe have been found unsatisfactory for short-range par-
ticles such as 12¢,19N, and 160 ions.l This paper examines ways to improve cal-
culation particle identity and presents a new formula which allows fas

accurate computation of the range-energy relationship for particles.

For long-range particles (p,d,t,%He, and ‘He between 10-100 MeV)
range-energy relationship is well described by a power law

R = a(E)* @)

vhere %~ 1.73 independent of particle, and
a is a constant strongly dependent upon the type of particle.

tion to identify particles detected by a

om Eq. (1) , one can calculate a fi
E detector telescope.

e+ B - ()= t/a (1a)

where = particle identity

t = thickness of AE detector.

Present programs in our laboratory calculate the PID using Eq. (1a) by referring
to a table which stores the values (I)X, where I is an integer. Events are
separated into separate energy spectra according to the PID value irregardless
of the energy. Therefore it is important that the PID be independent of energy
for each particle.

The problem for short range particles is (1) is invalid because
the constant a an PID become energy dependen Figure 5 gives an
example of the failure of Eq. (1) to reproduce the range energy relationship for
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16, 4
0. In order to cor
an equation has

accurate

ect the situation
been formulated to more
£it the range-energy rela- 8
tionship for short-range particles:

a(e + 0¥ () &
g 696
Where a,b, and x are constants. S aeven
or all ios so far tested, Ea. B
(2) gives excellent fits <o the range- =

e 5.9-1 pre- 4]
of b and x for the best
fits to the range-energy relationship?

R i

20 30 40
E (MeV)

. 5.9-1, The range-energy rel

e data 'n’’ shl.p for 160 is given by the dot

(.05 mg/cn?)? fits using to different func
forms ave label:

A x2 <1 indicates hould be a:cepta.ble for good particle i
The table shows that al (1), (with b = 0), vere unaccept
whereas all fits using rq, (2) were acceptable.

From Eq. (2), one can cbtain a particle identification functi
PID = (AE + E + b)* - (B + b)* = t/a. (2a)

he new constant b will cause no increase in memory requirements
culation time (Dead time). The constant b will simply be incorporate

new table giving (I %

energy the part

Front side of

quation (7a) has not been tested during an on-line experiment,
by using nificant improvements were made in the particle ident
tion spectrum of —én 15N, and 12c from an earlier experiment in which an
detector was used. However, in order to make the PID energy independe:
separate particles, very large values of the constant b had to be used. _
ponent x was chosen from Table 5.9-1, but the constant b was 36 Nev for 160,
MeV for 15N, and 18 MeV for 12c. No reason could be found why these value
should be over twice as large as the values given for b in Table 5.9-1.

Often during an experiment it is necessary to look at two d
ticles sim

er

ent
ltaneously. This requives using different values for b and x i
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Table 5.9-

ion

1. Results of fits to range-energy relationships for various parti

b
(MeV)

240

8

11.916

x

1.779
1.692
1.795
1.596
1.807
1.521
1.758
1.349
1.781
1.352
1.764
1.326
1.735
1.290
1.696
1.257
1.523
1.11

Qi
ali

2an

66.5 2.8
0.058 5.6 -
8.2 5.6 -
6.3 -

44,9 6.3 -
0.064 9.9 -
66.3 9.9 -
0.022 15)-
3.2 15 - 6
17.5 -

7.5

20 -

20 -

20 -

20 -

20

20

35
35

(2a) t

here Cp,po

o

o make the PID for each particle independent of energy.

is a constant depending on

is a constant.

PID

PID =

is shown that the constant b increases
To simulate this s
q. (2 iterative procedure has been applied to
the spectrun of 160 bh and 12¢, namely:

PID + Cp

(BE + E + B -

pCAE

ous cl

d the exponent x decreas
.

cles.




ta2
d

PID for 2%,
being jritten where C will




6. AND SCATTERIN

G WITH LIGHT NUCLEI

1 Nucleon-Nucleon Final State Interactions in the Reactions 3e(d, tp)p

W.J. Braithw

ite, D.R. Brown, J.R. Calarco, J.M. Cameron, R. Heff
Jacebs, and

A nunber of measurements

have been made recently to determine the

-nucleon scattering parameters (the scattering leng effect
range) using the interaction of the two nucleons of interest in three-body fi
tate reactions. The results obtained by Boyd et al.l by Bruckmamn et al.2 and

in their studies of p-p and p-n final state interactions in n the
+ n have shown that these processes are describable i

ns of parameters obtained from the low energy s
leons in question.

scattering of the two free nu-

A comparison of p-p,p-n, and n-n scattering parameters would yield i
ation on the charge independence of the iclsc nutlec forosdlEinos dires

attering experiments are not feasible at pre only means of d
the n-n scattering length ay, appears to be. Lhrohsh the annlyr"‘ of fin,
eractions of two neutro

mmining
state

The most accurate measurement of an, to date is that determined from the
Y + 0 + n reaction,* this case there is little interaction between

the photon and the outgoing neutrons. These results have yielded a value of

& = -18.82 £ 1,53

Van Oers and Slaus® have discussed the deternination of a, From final
state interactions when

ere are three strongly interacting particles pres:

by using a comparison procedure. They propose that measurements be made of the
P, p-n

kinematical situations. In this case agreement of &
priate free parameters would imply that the value of
correspond to the free n-n scattering length.

and apy with the appro-
ann SO obt:

The reaction n + d +p + n + n has been studied by Ze:
Suhe.®  Since the ptd studies have yielded correct value
this reaction

hould g)"s a good vellis for ann-

determined to be -16.47

In order to test charge independence to better than 1% in AV/V where
resents the two-nucleon potential, one needs to know the value of ay, to be
r than about 1 F.5 revious measurements of an, suffer from poor st
ics due to the use of tensity beams.

We have cbserved t

ucleon-nucleon

ctions




d+%e>trptp Q= -Lu0

d+%e>%e+p+n Q=-2.2% .

0+ ¢ e Q= 2.2 3

d+t>%e+n+n Q= -2.98. 3
£
2

have the advantage that they involve readily availabl
They are complicated by the possible interacti
the outgoing nucleons. There may be additiona
erent and interfering reaction mechanisms in
interactions. However it is hoped that a set o
to minimize these effects so that the p-p and
t using known values of &, and apn. Then
3 could be cbtained with good statistics.

The react
three

on d + %Me + ¢ + p + p was studied with deuterons of
age Van de Graaff. The %He was enclosed in a cylindric
about 23" high by 1}" diameter at a pressure of 1 atm.

were detected by two two-counter telescopes. Particle ident
done on both arms using an on-line L
up table technique. Coin
vere displayed three dimensionally
nunber of events versus Ey versus Ep.
True events are distributed along a kine

gas cell
ton:

this region.
projected onto the Ej axis
jection is shom in Pig. 6.
such that the relative momen
a minimum occurs due to Coulomb

Number of Counts

sion.
either
to the
strong
viates

eV and the number of events
phase space arguments.
o Similan e o+’
ig. 6.1-1. Projection of dt’Hest+p+p are shown in Fig. 6.1-2. In this
axis . Minimum occurs where kpp, a JHe and p were detected in co e

the velative monentum Detween tha twoE | Gt angles ehosen T cbecrve o
protons, goes to zero, due to Coulombre-state interaction. The data in

deviates to either side of the enhancement were proje.
ave observed. the Ej, axis. The maximum enhancement

7



T T T T T T T ;3 S
d+t ) n
200k d+ %How Ho+p+n b
E, =2300Mev Be37°
(| Ay Job el e
ool e e {alinl
H ol il t +
I di £
: ; ‘5 pleel ® e e
— LR T A
Ep (MeV) Relative Time -of - Flight (nsec)

Fig. 6.1-2. Projection of d+’fie tietpr Fig. 6.1-3. Projection of d+t>Herntn

n onto Ey axis showing p-n final state onto neutron time-of-flight axis. The

interactfon enhancement. peak occurs at the correct kinematic
conditions for knp = 0 and corresponds
to an n-n interaction.

there is no Coulomb interaction in this case.

ocours for E such that Eyy =
The reaction d + t + He + n + n has been studied at Eg = 23 MeV using
targets of tritiated titanjum on platinum backings; the targets were supplied by
ORNL. 1In this reaction a ‘e and a meutron are detected in coincidence. The
neutron energy is determined by time-of-flight relative to the SHe. Events were
displayed versus E3y, and neutron time-of-flight. The portion of the kinematic
locus in the region Of the n-n final state enhancement was projected onto
time-of-flight axis. Fig. 6.1-3 shows the emhancement cbserved.

el beng i S R final state interactions using
the theory 218 which treats the interaction of the two out:
going nuclnurw SR eaendent of the d the prinary reaction pro-
cess. Fits to date are unsatisfactory, but it is not yet clear whether this
due to computational errors on some furdamental interference effect on the inter—
action process.

Some experimental difficulties have been encountered in studying the d +
t+ 3He + n + n reaction. These xnc]ude primarily the problem of defining a
reaction plane between the target, e counter inside the chamber, and the
neutron counter placed about 80" outside the chamber. A new chamber has been
designed and built to minimize these problems and is discussed in Sec. 3.2 of
this report.

L D.P. Boyd, P.F. Donovan, and J.F. Mollenaver, Phys. Rev. 188, 1544 (1969).

a H. Brtickmann, W. Kluge, H. Matthdy, L. Schinzler, and K. Wick, Phys. Let-
ters 308, 460 (1969).

3 A. Niiler, C. Joseph, V. Valkovic, W. von Witsch, and G.C. Phillips, Phys
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A Search for the Second 2" T

J.M. Cameron, N.S. Chant, and

e coupling shell model

and %Be for states which look like an alp
et These results give T
The first two (the ground state and 1.
no consistent evidence for e:
gher excited states using a variety o

nucleon stri pping only insofer as these states mix with the ground o
cited state. wo reactions, the two-nucleon stripping pro
sens to small admixtures.

ese reactions are selective for the ground and first excited states
lowest order in L-S coupling these have the 2 p shell nucleons in S =
configurations whereas the three higher states are S L

two-nucleon stripping, the two nucleons are most likely tra“farver :
urations. In one nucleon pickup £rom
TLi less 1 p shell nucleon. The 3 p she], et
n a pure configuration which is
ny pair of mucleons. Thus

see

These reactions then provide a sensitive experimental probe
ients in the wave functions and, therefore, of the residual nuc
action potential. ng different exchange mixtures in |
T Ivants i fERREH e woks radicERURY MR spa

tions 115 e Shemi T Lette T 1

Consequently, investigations continue in search of high
nass 6 nuclei. The reason for the particular choice of SHe is twofo
all three nuclei are unbound to three body breakup belod t
i £ the final states are restricted to T = 1 nuclei
the phase space background is reduced by elimination of the
breakup. Second, of the two T = 1 nuclei, 6He and 0Be, the corre:
are expected to be somewhat more narrow in SHe because the energy
breakup is less; e e g.s. of 6He is stable (except to B decay)

wever,




- of “Be has a decay width of 100 keV, and v
s 100 keV wide, that of ®Be ha
should be more easily

the first excited state of
MeV. Thus any higher states
ervable in GHe than in either SLi or Che.

Previous work reported from this Laboratory’ utilized the 42 MeV alpha

he cyclotron to bombard tritiated targets in the hope that the reac

n would proceed via the transfer of two nucleons from the target to the pro-

1 cross-section should be backward peaked

direction of the incident triton). Forward peaki

imply a strong contribution from triton stripping from the incident alpha
icle.

check

The earlier work did not include angular distribution S
these there was h: due to (a,p)
reactions on the backing material Tiand Pt. In separate runs, it was con
that the bulk of this background (about 75-90%) was due to the lighter contami-
TR S R L SR R B e

T(a,p) ®He T(u p) B
F Eqe42 MoV o Mev 2l g
L 00 75° o™ 75° &

NUMBER OF COUNTS
NUMBER OF COUNTS

f
|

%% T W Wo 0 7o 5
CHANNEL NUMBER CHANNEL NUMBER

Proton spectrun from (a,p) Fig. 6.2-2. Srosian o s Gl
d titanium ( mg/cm?) on a angle as in Fig. 6.2-1,but wi

platinum (22 ms/m?) backi ng. Since the erbium (vl mg/cm’ ) on & 2 mg/en? Pt back~
ound state is particle stable all io of peak to backgroun

those protons under the ground state and ground state is improved by a factor of
at higher energies are from Ti or Pt. 20 over Fig. 6.2-1
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reactions exhibit a 1/A character where A is the mass number.

New targets vere cbtained £rom ORNL, consisting of about 1 mg/en’ of
erbiun on a platinum backing (about 2 mg/cn®). The erbium was then tritiated to
a concentration of about one tritium atom per erbium atom. These targets were
obtained in the hope that the erbium would provide lower backgrownd than titan-
jum. The tritiated titanium target was about 0.5 mg/cm? titanium (tritiated to

a 1:1 concentration) on a 2 mg/cm? platinum backing. The results of a comparison
run are shown in Figs. 6.2-1 and 6.2-2. It is apparent that the erbium target
gives much less background for a given amount of tritium. Since the ground state
of SHe is particle stable the background under the ground state is therefore d
for the comparison. In this region the background is reduced by a factor of
about twenty.

o o investigation of the angular distribution of protons fron the “He(a,p)
He reaction has proceeded with the tritiated erbium target. Eo = 42 MeV gives
18 MeV in the center of mass. The results are shown in Figs. 6.2-3 and 6.2-4
Fon the ground and first excited states of CHe respectively. The cross section
has been plotted versus 8¢ p. in ysten in which the triton is the i

particle (i.e., as in the JHe(t,p)®He reaction).

Those protons leaving CHe in the first excited state are strongly forward
peaked in the direction of the incident triton indicating a two-neutron transfer
Srom the triton to the alpha to be the doninant process. There appears to be
ome possible modulation of the angular distribution but move detailed measure-
ments ave required to determine whether it is real. The errors shom ave statis
‘ical only; additional possible systematic errors are due to contaminant peaks
2nd background subtraction. The main contaminant problem with the new backings
{5 that due to hydrogen in the target. This makes measurements difficult around
110-130° in the c.m. systen used to display the data.

The ground state angular distribution in Fig. 6.2-3 shows some rather
striking structure. The peaking in the forward hemisphere (near 60°) indicates
again a two-neutron transfer mechanism. There is evidence for a very strong
peaking in the direction of the incident alpha particle (back angles in our dis-
play). The evidence is uncertain, however, due to alpha scattering on hydrogen
contaminants which obliterates the spectrum around 120°. At angles backward of

20° two peaks are cbserved, one of which seems to be kinematically consistent
with the ground state and the other with the hydrogen scattering peak. A
tional work is needed to verify the backward peaking.

If this backward peaking can be deponstrated, it would indicate that the
ground state looks very much like a JH - °H cluster while the first excited state
has a character much more like an alpha plus two nucleons. Implications for the
second 2 T = 1 state, however, ave based on data on the first 2' state which
suggests that investigation of the reaction via the two-nucleon transfer mechanism
is the most logical approach.
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Fig. 6.2-3. Ground state angular dis- Fig. 6.2 Angular distribution of
tribution shows a peak at around 60°, protons leaving Se .80 MeV state.

but data at back center of mass angles
indicate a strong backward peaking (dir-
ection of incident alpha) although these
points are questionable due to contami-
nants.

It is clearly forward peaked in direc-
tion of incident triton (0° c.m.).
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ity of the 5.3 NeV State in °Li

M. Baker, J.R. Calarco, J.G. Cramer, D. Oberg, W. Wharton, and D.H.
i1kinson

There has been a great_deal of interest recently in the isospd
conserving reactions 12c(d,a)108% (1.74 MeV, 0f; T = 1) and 160(d, o)
0f; T = 1).1 Noble has suggested? that the direct nature of
ons and the compound-nuclear nature of the excitation functi
these reactions might be explained by a two-step process comsisting of
eaction followed by a (6Li,) stripping reaction. Here the bLi is
ed 2% states. The claim is that both of these
inental information can be explained by t
ng between the SLi (4.57 MeV, 2 3T
an intermediate stage in the reaction

vy pieces of ex]

assumes 5% isospil
(5.36 ¥eV, 2¥;T = 1) states at

In an effort to test this b ave made preliminary me:
of the 9Be(p,ad)He reaction us
Son three-stage Van de Graaff accelerator. The target was a self-suppor
foil 215 yg/cm K obtained from ORNL. The alpha particles and deuteror
were detected in coincidence using AE-E detector telescopes. The alpha c
Gonsisted of a 35u thick totally depleted silicon (AE) detector and a 3 m
ithiumdrifted silicon (E) detector. The deuteron counter was composed
tector and a 3 mn thick E detector.

25u thick 0B

ignals were derived from each AE detector and used
e delay) stop a time-to-amplitude converter.
gnals and the relative time signal satisfied a slo

rement were sent to the SDS 930 on-line computer for process
Each of the five analog signals was converted to a channel number in a 2048
nel digital array. Each event was stored in a buffer and subsequently wr
magnetic tape. Particle identification was performed for both telescopes by
computer using the (E + AE)® — (£)® method. Digital windows were set arow
particles of interest in each identification spectrum and around the time pea
B the relative time spectrum. Alpha-deuteron coincidences were then di
on a CRT oscilloscope as a 6l x 64 channel Eq versus Eq array.

The basic objective of the experiment was to determine the degree of
ixing between the two 2* states in °Li by producing the T = 1 member o:
: and measuring the fraction of that state which decays into >
Forbidden, T = 0 (a + d) channel. The allowed particle decay of the
is to the three-particle final state o + p +n. The 9Be(p,a)PLi reaction w
chosen as the primary reaction because previous measurenments3 have shown
fhis peaction populates the 5.36 MeV (T = 1) state quite strongly and
MeV (T = 0) state only weakly. In order to insure the observation of dec
the T = 0 channel, deuterons must be detected in coincidence with the
alpha particles. Alpha decay of the intermediate state can ocour through

the T=0 orT =1

The earlier measirementsiof thelMHEENEIRE
that the amgular distribution is strongly forward-peaked and that the ex
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function is reasonably flat. Thus the
alpha counter was placed at a laborato
angle of 20° in order to enhance the
and 22 VeV incident protons S 8 =
minimize the target thick-
on alpha energy resolution.
If it is assumed that the do(‘ay of the
O (&- 36 MeV) stats

the coordinate em
(5.36 MeV) is at rest,
alpha-deuteron coincidence counting rate
will be oqla;ned if the deuteron detec-

T T

p+9Be—~ o+ o +d
Ep=22 MeV

07, 6, =

E, (MeV)

nucleus. With the alpha counter at 20°
the deuteron counter was located at a
laboratory angle of -135.8°.

t was necessar 9 5
particle identification in the back- E, (Mev)
angle counter due

alpha decay
The expected

6.3-1. Klreﬁat)c loci' for the
,a,d)"He and SBe(p,a,ap)2He reac—
s for 4y = 20°, ap - ~135.69, and
22 MeV.

6.3-1. The points at whicl

ments above the three-body pha‘yﬂ space
background due to seqi lecays of
BLi% are anticipated are vng)ra(ed with the appropriate excitation energies on
both kinematic loci. At this pair of angles it is quite clear that particle
identification in the back counter is desirable in order that the interpretation
of the experimental results in what would be the rann of intersection of the

‘5

two kinematic loci can be unambij S is ult in general to separate
nematic loc G e o e perpendicular to the Eq)
R e Eq).
The experimental results for a-d coincidences at 84 = 20° and 0y = -135.8°

are illustrated in Fig. 6.3-2. The part of the kinematic locus for which data
was collected is shom in the lower part of the diagram along thh the expected
positions of enhancements due to possible deuteron decays. The events.
from the kinematic locus projected onto the alpha and Eleaty Pt oy
shown at the top and right of the diagram respectively. The number of deuterons
observed in coincidence corresponding to the decay of the (2.18 MeV,13%;T= O
is 4% higher than that expected from a measurement of the singles cross section
obtained with the same geometry. This numbe: n derived mh the assump-
tion that the state decays isotropically in the system where the
and a phase-space contribution has been subtracted.

In Fig. 6.3-2 the cross section shows a swstantial decline for alpha
energies less than 16.5 MeV. For the energy region below the 2.18 MeV state in
the projection onto the alpha energy axis in Fig. 6.3-2, phase-space calcula-

hase-
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Fig.

t
ing a

fact that b
telesc
noise i
decreases.

state.
strengths of

rom c
deuteron energy axes for the coincidence data obtained at 0 =

ns*indicate the continum to be essentially flat. The drop-off with decreas-
a energy (in
crease in efficiency

pe had a high noise level. As the deutéron energy increases the offect

With the uncertainty about the shape
cleuls ro seetiinlie i Inm el demmn decays from the ©

102
COUNTS

Projections

the 3-body kinematic locus onto the algha and

135.

ncreasing deuteron energy) was probably due to a AR
in the AE detector in the deuteron telescope. e the
detector telescopes were cooled, the S0l e

the AE detect

r becones more impo

nt since ti

energy deposited

phase-space continy

However, one can gain som considering
the 4.57 and 5,96 MeV staces in the singles and in the coincidence
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n to the 4.57 MeV state
is at most .06 times as large as that to the 5.36 MeV state in the singles spec-
trum. n the coincidence spectrum, the contribution from the 5.36 MeV state
appears to be at most equal to that of the 4.57 MeV state. This leads to the:
preliminary estimate that the 5.36 MeV state decays via the T = 0 channel at
most about 7% Of the time. In making this estimate, we have ignored the ques-
tion of the efficiency of the deuteron telescope and the possibility that the
substate populations of the two states might be different. Also, we have as-
sumed that 7 MeV state always decays to o + d. This need not be the case
since a+ p + n is energetically allowed and does not violate isospin conserva-

are in a relative triplet-even state. In order
precise measurement of the isospin mixing further experimental
at other pairs of angles and with a more reliable AE detector
telescope.

spectra. The cross section for the Be(p, 0)®

. Jénecke, T.F. Yang, W.S.
(1971).
Nuh)e,

ray, and R.M. Polichar, Phys. Rev. C3, 79

s. Rev. Letters 473 (1969)
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6.4 tic Proton Scattering on °Li and ‘N to Study the Spin-Isospin

pendent Interaction

M. Baker, W.J. Braithwaite, J.G. Cramer, and E. Preikschat

e microscopic description of inelastic scattering requires a knowledge
of the fective lﬂ\E'd‘LYO!‘ before useful spectroscopic information can be ex-
tracted. SLi(p,p') reaction leading to the 3.56 MeV state with J7 = 0% and

T = 1 has been used~ to study the spin-isospin dependent interaction, Since the
ground state of OLi is 1* and T = 0, the reaction involves a change in both spin
and isospin. A recent study of this reaction at proton energies of 24 MeV in-
cluded an analysis which assumed that it was dominated by the central spin-
isospin exchange interaction.

Recent calculations,? however, indicate that a tensor force may also be
important in this reaction. By including a tensor component in the spin-isospin
exchange interaction, satisfactory fits were obtained for forward a

s.

Nore definitive experiments of this type could be done with polarized pro-

ce the spin exchange B is expected to produce sizable polarization

asymmetries. 3 polarized ion source has therefore provided

IR R e e e e e e

16 <N G

N is similar to °Li insofar as both are odd-odd nuclei with J 5

0 ground states. They also have low lying excited states with 0 and ’1‘ 1,
also be used in such a study.

his prelininary experiment both ° 149 vere bombarded with un-
polabicen pEREESERE SR S D S R s
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Fig.
2311
i with

studi 4-1 shows the un-
nornalized angular distribution for
(p,p') 3.562 MeV. Figure 6.4-2 shous
he angular distribution for the co
ponding T = 1 level in l%(p,p') at

an incident energy o

11 MeV a 1
WeV. The analysis in the latter case
nade difficult because the peak of in-
terest almost overlaps with the peak

produced by elastic profons excit

11y
the detector.

crude ex.
for 1M(p,p) and 14N

Figure 6.4-3 shows a
ation function
(p,p') 2.311 MeV at lab angles of 50°
0° and over an energy range from
17.5 MeV. Even though the elas-
on excitation function
varies smoothly, the inelastic excita-

1 shows large
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; 4
an experinent on 1% would be d

eus contributions in this range of
our polarized source.

e that a similar polarized b
nterpret becaus
arding energies available u

1} Phys. Letters 278, 570 (1968).

2 Crawley, S.M. Austin, H. Benenson, and V.A. Madsen, to be published.
a: Madsen (private commmication).

6.5

Oberg, and W. Wharton

Previous studies ™ of the

n concentrated on

%Be(p,a) reaction have be

ghose alpha groups populating the ground and first ex:
study of this resction for he

at 3.56 MeV (0 Y

an

1

A nunber of attempts'*?®
1 states in the mass 6 nucle:
been found, however, for their existel
claimed to have found them®>” others

nce. Altl rh some experimenters have
have not seen them using the same reactions.

Theoretical investigations of
have indicated that they are excited
ing reac r as they
this mixing is small and the states are essentially as
then the excitation will also be weak.

redicted :,v LS tcupl:ng,

v this reason the ?Be(p,a)°Li reaction appeared to be a
use in this sear The previous measurements3 of the >n;¢lar dist:
the ground and first excited states indicated that sever
were contributing comparably including H pickup by the prot knockout,
compound nucleus formation, SHe stripping from 9B Whereas
the higher lying T = 1 states are excited by one and two nucleon transfer only if
they mix with the lower ones, they might easily be populated through some of the
mechanisms used to account for %Be(p,a).

kely tool to
ributions £
ion mechanisms

3

Furthermore, if the compound nuclear mechanism contributes significantly,
hen one should observe resonanc the excitation function for the T = 1
states whenever the center of mass energy corresponds to T = 1 resonances in the
105 system. If such resonances can be excited then one might search for their
decay to alpha plus higher lying T = 1 states in °Li.

xcitation functions were obtained for
MeV (3*,T = 0), 3.56 MeV (0¥,T = 1), and

he ground state (1,7 = 0),2.18
36 MeV (2* ) states for incident
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protons of 12.0 to 22.4 MeV using two
and three stage operation of the Van de
Graaff. A typical spectrum is shown in
Fig. 6.5-1 for 17.25 MeV bombarding en-
targets vere 215 ygn/en? self
supporlu.z 9Be foils obtained from ORNL.
Alphas were detected using a two counter
telescope employing a 35 ym silicon sur-
face barrier detector for the AE counter
and a laboratory built lithium drifted
licon detector for . Particle
identification was performed on line in
the SDS 930 computer using a lookup table
technique.

NUMBER OF COUNTS

The excitation functions are shown
in Figs. 6.5-2 - 6.5-5, ALl were ob-
tained at a laboratory angle of 20°.

#ngular distributions vere taken at
13.6 MeV, 14.5 MeV, 16.0 MeV, and 22.5
MeV. The excitation finctions for the

ground and first excited states decrease
rather smoothly with increasing incident
energy and show some broad structure.

The broad structure might possibly be
explained by a shift in the angular d
tribution peaks with increasing incident Fig.
energy. However the present angular

to test this. The 3.56 MeV excitation
uncnm shows a strong resonance at E,

pass through the

quirement that the al;
he fact that the exci
A typical angular distribution is shown in F
but the same gemeral

a minimum.

cleus £

.

It would be interesting to study the resonance at 13.25 MeV with nnep
Tange of angles in order to test this hypothesis.
ndication of a possible resonance at 17.75 MeV which warrants fusther

resolution for a
also weak
investigation.

(p,0)°Li for E,
distribution data is not complete enough in the laborathry.
peak from 12¢(p,a).

1 negative parity’resonances
h then can decay to the ground state by dipole emission.
tion function does not show evidence for this resonance.
th that this state cannot be seen below &

tation functions were stumed at 20° in the laboratory.

features were cbserved at other emergies.
5.36 MeV cross section is near a maximum while the 3.56 MeV cross section
This indicates that the 5.36 MeV state is probably being populated
by dlrect mechanism, while the 3.56 MeV state is sensitive to the compound nu-

To date we have seen no evidence in any of the spectra indica

Be(p) °Li
T Esiesmev
8,220° (lab)
ooof— o ]
oo} A
i 400 600
CCHANNEL NUMBER
6.5-1. Alpha spectrun

17.25
e

TLi( }-e R

o) and perhaps dlso

in
The 5.3 MeV excita-
This could be due to

13.0 MeV because
unter. More likely it is due to

6.5-63 this was taken at 22.0 Me
At thi
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e broad structure

Lar distvibution acco
cre.
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the 3.56 MeV state.
is seen at Ep = 13.25 MeV which &
1(3Hey) and Be(p,y) work.
is evidence for a possible reson
MeV but a repeat run with £
resolution is required.
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G reaction it was
Ml ot sy el il
cleus in coincidence with the 6Li nu-
cleus observed in the telescope, other-

because of the large continuum background
in the ®Li energy spectrum. Therefore a
25u or 100u Li) transmission detector 10%]
was placed at the correct angle to de-
tect the recoil OLi} s5. Another detec-
tor was placed behind the recoil detector
to reject all particles which pass
first detector. Fast signals
rec ~detector and the AE
detector of the telescope were fed into
the start and stop inputs of a TAC.
SCA window was liberally set (50 nsec
TAC output. Another SCA
liberally set on the energy
detector. Slow

NUMBER OF COUNTS
5

logic signal and the 4E and E energy sig-
nals were each fed i e

Shown in Fig. 6,6-1. A window was aet

to include the CHe peak in the P.I. b e
Spectrun, and an energy spectrun was Te- e
corded for events inside the HANNEL NUMBER
window (3in 1. Another window was set

to include th k in the P.I.D.
and m events falling within

. 6.6-1. A typical
tion spectrum at @), = 27°. At more
foruard angles the OHe
cone stronger, improving the peak to
valley ratio.

Bins, Bin 4 if the e
and Bin 3 if the coincidence ADC did mot
fire. The results from a typical run

are shown igs. 6 i 1
elastic
“or and is also used to determine absolute cross section s
section for elastic scattering has been ancuwnely measured.

ce the absolute cross

It was -obviously necessary that there be a high c
ally all events fron the OLi(%L1,°Li] 56)°Li3 56 reaction go into
instead of 3. In other wordg, for each Li nucleus recorded in the
e corresponding recoil BLi must be detected by the recoil detector
d true incidence signal sent to (he computer.
idence efficiency is made before and after cach L1 (6
shed by moving the recoil detex

56 measure-

is accompl h'respect to




20 gint

=)
2 Bin4
3
s
&
8
3
30,000]

Bin3
w000 4
sp00f- :
5 T
CHANNEL NUMBER
Fig. 6.6-2. Energy spectra cc*‘re<pond—
ing to the run shown in Fig. 6
Bin 1: includes P.I.D. channels 69-87
Bin 4: P.I.D. chamnels 137-
coincidences

Bin 3: 137-163 without coincidences

larger angular range (usually about 5°).
lar distribution, different shapes and s:

example, when the telescope is at forward

suchithes haEEG Tha Loy spread is
.80 case the vertical angular

angular snread for the corresponding recoil nuclei

easuring the coinci-
scat-

the telescope a
dence efficiency
tering. We have found
dence efficienc
geonetry and many elaborate w‘:medures
e been developed to assure a high
the same tine a rea-
T

for the elastic

is
rate so
is 95%. This corresponds to a
lated efficiency for the °Li(®Li,
.56)0Li% :
e 6Li
has a worse efficiency is because it i
essentially a 4-body final state reac-
Before reaching the detectors,
8Li%, 56 nuclei photon decay
direction and nosentun.

2 where the

We have restricted the
e of

oss section drx
the measured elastic effi-
ing our calculat

tion.
wish to LPpend upon
e cor-

rocedures to assure a high

ent of the beam colli-

maters, target holder, and detectors is
checked to within a few mils with the
use of an optical telescope. A small

aperture is used in front of the tele-
scope so that all particles detected
fron the target have a small angular
prees (always less than 1° full spread).
in front of the

coincidence detectos
of particles from the target over a

To measure different parts of the angu-
izes for the apertures are used.

4° and
spread is kept low becaus:

the vertical
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ber can become large as the tele-
scope is moved forward in angle. o~

1o 1 *He +°8e
F L% g + L%
 Nagatan ot ol

(rvadians)? ()

°Li recoil and
target

ckne!

Ly Li
£ = recoil energy in Mev. :
Leiey cross sections have been
account for identical par
inal state.

verified to within
y doing angular cor-
the elast ring.

are never exposed to air. .
ath and t tering chamber in
If the target oxidizes it uF\l]LJu et = Wihherped Earget
58

asurements are mad
tal alignment and verify that the target

The partially completed

nter of mass angular distributions
ts of Nagatani et al.3 The ©
to accomt for the fact

seeing. tions should be symmetr

1St i e o NS
tobe 49%. It is planned
ency to verify the differcnce hetween the fo




cross sec
attempt will

More data poin so be taken at the backward angles. An
be made shortly to fit the angular distributions.

Mottelson, Nuclear Structure, Vol. 1 (W.A. Benjamin, Inc.,

il A. Bohr and

i n Proceedings of the Conference on Nuclear Isospin, Ed.
demic Press, New York, 1969); E. Rose and P.D.

8 Beardsvorth, and P.S. Assimako-

u. arameter ieman revised the
sati s(y our coincidence requirements

5. Siemssen, to be publi

6. Marion, in ar Data Part

iences National Research Council, Washingtom,D.C.,
6.7 igation of Isospin Forbidden T = 3/2 in Light Nuclei

Polarized Proton Beam

reikschat, G. Roth, and W.G. Weitkamp

zed ion source tests® a polarized proton beam of 5-20

recent pol.
obtained on target. This m
ion functions rela

ns the beam is intense enough to measure
vely quickly and simply.

u
nA has been
polarization excit

functions in de-

ization excitation
ow resonances. We have chosen
I8 17p a0

ve investigated the use of pola
termining the presence and properties of narr
several rhidden 3/2 resonances in
investigation.

The measurement of the polarization asymmetry across the resonance is of
interest since, in the case of a 0 get, it allows a unique detes mmatwonl 4
e state. This is particularly useful when dealing with the iso-
because one is in effect investigating
other members of the isospin multiplet,
The level s tzucture, of theae mucled 48 not

On the other hand, in cases where the spin of the parent state is known,
nation of the resonance spin through the shape of the polar

function can provide strong evidence for identifying a given narrow
o or example, the ground state analog of
135 and 130 in 13N should have J" = 3/27, the ground state analog of /N and 17Ne
in 17F should have J" = 1/27, while any T = 2 ground state analog ina Ty = 0
nucleus, being eve have J" = 0f, thus providing distinctive signa-
tures for the identi these resonances.

iveness of a

The aim of the present experiment is to establish the effec
polarized proton beam in the stuly of narrow resonances. Natural carbon and Ni0,
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Fig. 6.7-1. Excitation function of *

targets were used to stuly three e
resonances, the 15.068 MeV level in
and the 11.196 MeV and the 14.312 Me
levels in 17F. The measurements were
nade with two left-right detector sys-
ems at lab angles of 145° and 165

Figures 6.7-1 and 6.7-; ¢ Show the differential cross sections and the polariza-
tion asymietries for two of the resonances. The
bebocfmdistondini ot el et and are not shown

i
(p.pg) across the T = 3/2 analog reso-
nance in 13N. The differential cross
sections and the polarization asym
tries A, are shown at lab angles oF 1650 1
and 145%.

3

Although the *2C(p,py) resonance shows up more strongly at 165° than at

9







7

NUCLEAR

TROPHYSICS

7.1 Excitation Functions for “N(p,a)c and MN(p,24)"Be

D. Bodansky, J. Cameron, W. Jacobs, and P.A. Russo
2w il b1
The reactions p,a) C and .,(n ,2)"Be are of interest in_connection
with the origin and El e, T Li, Be, and B (113 and
are formed as decay products of 1lc i Be). These elements are not £
the main sequence of stellar evolution. Rather, they are produced by relatively
Migh energy procesees (aemetines Googely called (lspallation peactions) dnstead
of low energy processes (thermonuclear reactions). Stellar nucle
these Light elenents could take place by the action Wi i e rgy proton and
alpha bombardment of the elemen e stellar surface.! Or, possibly
rays and the material
of the interstellar medium. The reactions of protons on nitrogen have the
Shnesholds, by about 12 MeV, for peoductiss of Ehese l\ﬁ;ht c\mm in igger
tions of protons and the most ebundant target nuclei: 12 20ye

1

d in

ynthesis of

xcitation functions 1N(p,@*'c and MN(p,20)"Be are being stud
by activation methods Targets for the investigation of both of these react
have been made of adenine (CgHgls) evaporated onto pure aluminum backings.
has been found that an additional thin film of polystyrene (dissolved in benzine)
sprayed on the target inhibi g, ensuring
that the activity produced n stays localized near the beam spot.
However, the targets are still susceptible to deterioration (e.g., thickness
change) by the bean, so that the proton elastic scattering peak
monitored during bonbardment in order to determine the average
This determination requires a knowledge of the absolute cross section for scat-
tering of protons by nitrogen. Measurements of this cross section were made
using a gas target over an incident proton energy range of 6 to 24 MeV, at appro-
priate monitoring angles . rmalization check was made by measuring the cross
section (which is known very accurately) for the scatfering o s by hydro-
gen using the same gas target geometry. The 1N(p,p)L*N elastic cross sections
were thus ed absolutely to +3%, enabling one to extract the product of
beam flux and nitrogen thickness in the adenine targets to #5%.

etern

The reaction “N(p,24) Be has been studied over an incident proton energy
range of 13 to 24 MeV. The 473 keV gamna radiation (half life of 53.6 days) was
counted with a 3 x 3" NaI(Tg) crystal. No discernable long lived contaminant
radiations were observed. The cross section rises rapidly from t reshold (11.5
MeV) to k at a.bou( ?0 MeV. The peak cross section i . This re-
sult is in agreement ar measurements carried out at \,my,

b e J"n(p,u“” (Q = ;2.92 "e‘l) has been studied over an &
proton energy range of 6 to 23 MeV. a ron emitter of half life 20 3
minutes. There is a readily separable 13 aJ:vat” (half 1ife = 10 minutes) pro-
duced he reaction 1“mp,e>1 N (Q = -8.33 MeV) and, to a much lesser emn(,
12c(p,w13u @-=+ At high energies, the reaction 12c(p,d)1lc (

-16.5 MeV) produces t must be accounted for and subtracted on the
basis of separate carbon target bombardments. No other background activities

%




amber and

The targets were activ
target lock for counting

60" scattering

borbardment ar

n coipcidence, was
i

were enco

d by Shrivastava
which the cros:
is approximately

er data runs are bein reactions.

hatzman, Ann

oyle, Nature 226, 727 (1970).

Phys. Rev. 169, 842 (1968).

mberlin, W. Jacobs, ( and D. Oberg

ses of the production of the light elements (Li, Be, and B) in
nterstellar mediu i that the important
tangets are the most sbundant nuclei, Ne. For events in-
volving the low energy tail (below, say, v th ic ray or flare spec-
trun, the only megber of this quartet
large y.

very different from the two

1
owledge of the 1oC to the assessment o
B e P duction. Although the avail-

se abundances, it
ght elene
is desirab.

not possible to
ion, and the determ:




Exploration of the '%(p,a) %8 reaction has assumed particular interest
because of the suggestion by Reeves, Fowler, and Hoyle that most of the 1ight
element production takes place in the interstellar medium.? They
out that the observed solar system 1B/105 ratic of 4 can be understood from
reactions at high energies. Assuming 1" to be the only contributor at low
energies, they conclude that the galactic cosmic ray spectrum cannot be Sharply
peaked at low energies because a large low energy flux would produce 11B through
the (p,0)11C reaction and raise the 113/198 patio above 4
however, neglects the possible role of the 13¢(p,a)108 reaction
which may act to reduce the 118/10B ratio. In view of the fact that the direct
observational determination of the galactic cosmic ray spectrum at low energies
is obscured by poorly understood modulation effects of the solar wind, indirect
evidence concerning the shape of the unmodulated spectrum is of great intere:
and clarification of the contribution of 13 is important.

further point

This argumen
at low energies

A second specific interest in °C reactions is related to the abunda
of Li. There are some indications that stars which confain extremely high
amounts of Li also contain abnormally high amounts of 19¢.% It is difficult to
ide the Li isotopes in these stellar spectra, but if one isotope predoni-
nates, it may be possible to make an identification.® High yields from the

reaction would suggest the desirability of looking for possible cor-
relations between 1% and OLi in stellar spectra, as a further step in establish-
ing the detailed mechanisms of Li production.

Experimental studies of the 2°¢(p,0)'% and %(p,20)5Li reactions have
been started using protons from the tandem Van de Graaff accelerator. To permit
particle identification by time-of-flight techniques, the beam was pulsed and
bunched with the klystron buncher system.® Bunches as narrow as 0.7 nsec have
been nade possible by use of the direct extraction ion source.l0 The 13¢ tar-
gets vere prepared in this laboratory by the cracking of 13C-enriched methyl
iodide. 11

The measurements of cross sections are being carried out using both
counter and coincidence techniques. In the single counter mea:

ticles are detected

followed by a 2mn lithium drifted detector used to reject,
protons which pass through the first detector. A1l particles wh
first detector, in particular the “He, ®Li, and 10B nuclei, are identified by
mass and energy from time-of-flight and pulse height information using an ET
data collection program in the on-line SDS 930 computer. The time-of-flight
measurement was done with constant fraction timing,l? wnich gave acceptable
time resolution at energies as low as 500 keV (well below the energies at which
time-pickoff systemsl3 were found to be effective).

The observed °Li and 1% yields directly give the cross sections of
{pterest. However, for many angles and excitation energies the energy of the
"8 nuclei is too low for clean measurements, and the relevant cross seotions
can be more readily determined from the alpha particle groups corresponding to

10 ion. The yields to bound states of 108 (g.s.,0.72,

the 108 recoil nuclei in ques
1.74, 2.15, and 3.59 MeV) can in principle be studied using just the alpha par-
ticles. However, for the 3.59-MeV state, the alpha particles are masked by
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alphas fror
as

.‘) ’B reaction. To measure the cross section
tates, runs have been carried out
looked at in coincidence with alpha pa

quote e cross sections, because the data
7 d because there have been some anomalies in the
13 target thickness. For OLi production at incident proton
eV and 15 MeV, the total yield is strongly peaked in the forward
bulk of the °Li spectrun. The SLi spectru
ture, although a distinct peak corresponding to the (5Li,
s observed; the c AR oy 1o TR
tion is rather flat. In studies of 10B production, most
a An:my of 15 MeV, it is found that the
05 ground state, but that there are appreciable
bound states as well as to an unbound state, or states,
the T = 1 state at 5. It appears unlikely
£ 195 nake a najor contribution, because no'othen
to the threshold for proton emission at 6.59 MeV.

tota
yields

Plans for the future

ng measurements at

completion of exist
15 M

incident p of and the extension of measurements
to other energi

10 See Sec. 7.1 of this report.
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8. B-DECAY AND ELECTRON

8.1 p-Decay of %i ana %8

D.E. Alburger* and D.H. Wilkinson

In the comparison of the f-decay of mirror pairs such as i
empirically found that the ratio (F£)*/(ft)” is not unity but, usu:
by 15% or so.l In the model of nuclear B-decay which \rcah the ph

single-nucleon decay in the impulse approximation a B* asymmetry in Gamon

decay may be expected of magnitude:

e 4 e
COE/(E)T] — L mi ‘gv/gh‘g“ o )

where g

is the induced tensor coupling cons

data are interpreted via the above expression we find g, ~

As an alternative to the above "fundamental! explanations of
asymmetry avises because the nuclear wave

metry we have the possibility that the

Ffunctions of the mirror pair differ sufficiently, contrary to the d
charge independence; this is a "trivial" explanation. An experiment has been
performed to separate one of the "fundamental" explanations, that of the induced

es. BLi and 8B decay to the very
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8.7  Parameterization of Relativistic Electron

Wave Fun

R. E. Marrs and D.H. Wilkinson

is usual to discuss allowed nuclear beta-decay through use of the Fermi
function:
F@W) = 201 + Ir(2y + T2 (2pR2T-D ToZW/pe, iazifp) |2
which effectively evaluates at the nuclear radius R
generated by a point charge but without regand for their curvature (d Broglie
wave length effect). For the most accurate work such as the evaluation of Fermi
fransitions and the comparison of mirror Gamow-Teller transitions. it ie necessary
§0, Beperate the wave functions in a finite muclean charge distribution of weeer.
istic" type and to allw for the de Broglie curvatuse, i.e., use the higher terms
in the expansion of the hypergeometric function. (It is aico necessary to allow

for the variation of the electron, and neutpin nctions through the nu-
clear volume).

3 = 1/2 wave fun

tion:

These questions have recently been discussed’ and the corrections to F(z,i
Presented in a parameterized form that makes their use in computation canvenient
and that also has advantages for analytical work., These parameterizationsl effect
gorrections to F(Z,H) in the usual sense of continuing.to refer the electmon nese
functions to the muclear surface. This procedure arises historically becaune o
Point-charge wave functions diverge at the origin. However, wave Fuctioie
erated in the field of a finite charge distribution are finite ot
it may be argued that their evaluation at the origin is preferable fo shesr eumi-
ation at the nuclear surface. The most recent and extensive mumerieal tabuis.
tlon of relativistic electron wave functions generated by finite charge Siotrivu-
tions? indeed refer to the origin. We are exploring methods of parameterizing
these data as was done earlier! for the less-extensive tabulations refereing fo
the nuclear surface. It is our intention to discover parameterizations thos will
suffice for all ranges of W that may be of eventual interest, iie., up to W a 50
guch as may be found far from the stability line throughout the periofic table.
o yie Dot yet clear whether the best solution will be a conpletely sa hoo para:
meterization or one guided by the theoretical expectation that is availanle om
the lowest powers of oZ and WR.

gen-
the origin and

b} D.

- Wilkinson, Nucl. Phys. A158, 476 (1970).

2 H. Behrens and J. Jinecke, Landorf Bomatein Tables, Group I, Vol. 4
(Springer, Berlin, Heidelberg, New York, 1969) .,
8.8 Dowle Electron

ir Creation

D

Alburger* and D.H. Wilkinson

Normal electron pair creation by a photon in the Coulomb Field of

a nu-
cleus is apurely electromagnetic process that goes by diagrams such as
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so that in the ER linit we have the prediction:

i s

Reg il GO T

i

which contains the expected factor of a 2.

Higher order processes are of some interest and promise to become move

intcr‘eating We have therefore undertaken a measurement, although not in the
limit, in an attempt to determine R at 6.13 MeV.

When a Ge(Li) counter is irradiated by gamma-rays of high enough energ
one sees a "full energy" peak and, due to pair creation

the crystal of one or bot
e

followed by escape frcn
on quanta, "one escape" and "two pe"
If the double pair crsdt\on process takes place we shall also see "three
escape' and "four escape” peaks. [These will also arise from successive
order processes, for example pair creation followed by bremsstrahlung from one of
the electrons and a further pair creation so that if an experimental effect is
seen the successive lower order processes must be elimin before observation
of the true double creation process may be claimed. This nrob‘cr’l does not arise
if only a limit is clained.] We have used a 15 cc Ge(Li) counte: ated
gamma radiation of 6.13 MeV from the reaction 1%F(p,x)160 at the Brookhavan N
ional Laboratory Van de Graaff and have established a present 1i
3

Rii-#e) 5iiT0%
exp

th annihila

=

at-

This is about 50 times greater than the Heitler! estimate of o™t
some 8 tines less than the above

6 MeV) of Lipatov-Frolov-Serbo.

but is still
ER estimate (which camnot be very reliable at

Broomaven National Laboratory, Upton, New Yord

eitler, Quantun 7haoyy of Radiation, 3rd Edition (Oxford University
I‘ress, Oxford), p.

2l L.N. Lipatov and G.V. }rolov JETP Letters 10, 254 (1969)(corrected by
V.6. Serbo).

31 V.G. Serbo, JETP Letters 12, 39 (1970).




9. REACTIONS AND SCATTERING A > 16

9.1  Comparison of the (d,t) and (d,’tie) Reactions on 2Mg at 21 Me

M. Baker, J.R. Calarco, N.S. Chant, J.G. Cramer, D.L. Johnson, and H.
an

ct reactions which proceed from a given initial state to analog final
states serve as an experimental test of the charge independence of nuclear forces.
men ve been performed using light nuclei as targets where tritons
ions were detected simultanecusly and the cross sections to

i This technique is advantageous in that the
cxoss. Sectl sl desginot zaulie) e Istegilnation o8 (feveds miciBie

Sangona 1y sepavatd toER AR Riss teronakerd
Often ntensity of deuterons and alpha pdrtic\e» i
much higher than that of the particles of interest.

For these direct reactions the differential cross sections are related in
e following way:

Iu)?
do/aa(t) 3
(3 2%
aa("re) 3, My |
e
If the peactions proceed by the direct transfer of a single nucleon (i.e., (d,t)

and (d,%e)) and if the nuclear states involved in the transition have "pure'
sospin and the interaction conserves isospin, the theoretical ratio of the am-
Frv given by:

where T, is the isospin of the target.

Harris® has recently pointed out that t o of the
differential cross sections is more complicat ia iePerta toons daneV bro o Lacnt
transfer reactions (i.e., (p,t) and (p,%He)) to analog final states of the same
isospin as the target. The reason is basically that if one considers other than

0 targets there are two total-isos mnels through which the reaction
nay proceed. For the deuteron-induced reactions there is only one.

3, & 1 . g

In the (p,t)=(p, He) measurement of Hardy et al.” there is one experi-
mental ratio of cross sections which is different from the theoretically expected
value by more than one standard deviation. Using a' 26Mg target they obtained an

17




T

experimental ratio of 2.50 + .30 where the theoretical value was 1.86. This re-
sult could be merely a statistical fluctuation. If this is not the case, the

result either yields information about the forn of the isoscalar nuclear inter-
action or implies some degree of isospin mon-conservation in the reaction.

In an attempt to minimize the number of possible explanations for this
exceptional result we have perforned an experiment which leads to the same final
states but can proceed via only one isospin channel. The theoretically pred

result is therefore independent of the form of the isoscalar interaction

e have measured differential cross sections for the 2 Mg(d,t) *Mg#(9.517;
1) and 254g(d,3He)24Na(g.s.) reactions at laboratory angles between 10 and

sl e T R B s
de Graaff accelerator. The tangsts were comstructed by evaporating isotopically

enriched 25Mg(99.2%) onto a m yg/cm? 12C backing to a thickness o! approximately
75 - 125 pg/cm?

The reaction products were detected by a AE-E telescope consisting of a
50y thick totally depleted silicon (AE) detector and a 2 mm thick lithium-
drifted silicon (E) detector. el e e e fed
to the SDS-930 on-line computer where particle identification was determined
numerically. Windows were established in the identification spectru
1024 channel energy spectra for deuterons, tritons, He's
could be collected similtaneously. The s i
proportional to the incident beam flux was split and sent through attenuators to
the preamplifiers of the AE and E counters. The relative sizes of the attenua-
tors wers chosen so that the amlified sigsls from the pulser wouls simulats

E)P was less than that for Je's

but greater than that for tritons.

The particle identification spec-
trum obtained with the telescope at a
laboratory angle of 40° is shown in Fig.
9.1-1. A line has been drawn through

-3
®
a
2
&
5
o
&
®
@
B
o
S
°
5
&
S
%
5
3

trend of the closely spaced data points.
The deuteron-triton and 3He-a separation
is quite good, especially in view of the
fact that the intensities of the particles
of interest are approximately a factor of
ten smaller than the adjacent particles
in each case. The e bin in the iden-
tification spectrun was chosen to in-
clude the pulser "particle". The pulse d
heights for the similated E and AE sig-

nals were chosen so that the pulser CHANNEL NUMBER
events did not fall in a region of inter-
est in the °He energy spectrum.

3

3

COUNTS /CHANNEL

Fig. 9.1-1. Particle identification spec-
trun obtained at a laboratory angle of

118
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Fig. 9.1-2. Triton energy spectrun cbtained at a laboratory angle of 40°
energy spectra obtained at a laboratory angle of 40°
are shown in Figs. 9.1-2 and 9.1-3 respectively. Lines have been dram through
the data points in the region of the B clarify the flgues.
Peaks resulting from reactions on the 12C ants ave evident

the spectra and the known states* in Z“Mg and 2“ua wmcr are clearly pepulated
by these reactions are labeled with their excitation energies. There is one peak
which appears in all the 3He energy spectra whose origin is not certain.
dation of this group with angle is consistent with that of a state
2%a at an excitation energy of 2.90 »xev There is no evidence for "feedthrough"
of an alpha group in energy regio Also, the Q values for the (d,3He) re-
action on the other isotopes of Mg which were present in the iy wget are such that
a very large cross section to what is now an unknown state in 25Na or 23::5 would
be required to produce There is the possibil. Ly otiges
tecting 3He ions from other contaminants in this mass region, e.g., 2a or 27AJ
This is being carefully considered but the chances seem remote that this is the

A more complete survey of the recent literature is in progress.

51 MeV state in **Na is populated quite el
erest because this state is not populated
26Mg(d,a) reaction.5 It i

ato oaul e ot alned | rcm iz Hata

The triton and %

case.
0

The recently discovered”
by this_reaction. This is of some in
by the 23a(d,p) reaction® but is cbserved
hoped that an angular distribution for this st

19
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COUNTS/CHANNEL
§
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?

i 444 398 2 28l 4
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250 300 350 %00 750
CHANNEL NUMBER
Fig. 9.1-3. “He energy spectrun obtained at a laboratory angle of 40°.

and spectroscopic

ation extracted. There is evidence for the analog of
this 1.51 MeV state in some of ~ne triton energy spectra obtained although the
statistics are poor. ation could be useful as since the Alberta
group’ was unable to hnd th)s st ate in 23a(d,n).

Angular distributions have been extrasted from our energy spectra for the
reactions which lead to the 2'a ground state and its analog in 2'Mg. The differ-
ential cross sections for both veactlen; are plotted as a function
mass angle in Fig. 9.1-4. ffe

over center-of-mass angles
is only that due to counting statistics.

nter

84 £ 0.010 where the uncertainty
The theoretical calculation yields:

aojanca, ) | 5

~— ZE—— = 0.415,
as/aa(a,’e)  Kope e 1




P L 17 ) Thus, our result is consistent wz.th the

© Mg d,°He) 2*Na Hardy measurement, in that we ore
o 000 xBugan **mgtesn) than the predicted nurber of uutons.
0 B otwe ] Tis would seen to imply that the excep-
sz F S tional case in the Hardy data is neither
I Wit e a statistical fluctuation nor caused by
Hi * P ] some peculiarity in the form of the
g PR isoscalar interaction but more generally
3 . 1 is a result of some degree of isospin
S Bt nonconservation in the reaction

owever, one must consider both

or his data (i.e., 15-459)

£ % = we cbtain the value 0.447 £ 0.010. Thus,
= numerically demonstrate what is

obvious from consideration of Fig.9.1-4;

Fig. 9.1, cross wpons
for ’the 7Jug(d 3 e>7“uz(g s.) and 25y
g

(d,t 0.517 MeV) reactions.

1
range should we perform the integration of the differential cross section?

The
obvious amswer is that the angular range should be that for which the best theo-

retical results can be obtained. Hardy et al. claimed that the expression ke/Kgy,
would reproduce the DiBA part of the integrated cross section ratio over their
angular range of integration to better than 5%, Since the center-of-mass energy
in our experiment is only 19-13 HeV we do not feel that ki/kgy  is sufficiently
accurate for analyzing our results.

can be re-
Using optical model para-
ferential cross sections

reliable DiBA calculations can be made, the ratio ky/kgy

placed by the ratio of integrated DiBA cross sections.

meters fron the Literature calculation of these d
s been attempted using the program DWUCK. So far, the results have been highly

éependent on the choice of optical model parameters for the outgoing particles.

It is hoped that a suitable choice of optical model parameters can be made and a

reliable region of angular integration deternined.

1 J.C. Hardy, H. Brunnader, and Joseph Cerny, Phys. Rev. Letters 22, 1439
(1969).
24 M. Gaillard, R. Bouché, L. Feuvrais, P. Gaillard, A. Guichard, M. Gusakow,

J.L. Leonhardt, and J.R. Pizzi, Nucl. Phys. A119, 161 (1968).
Samuel M. Harris, Phys. Rev. CI, 362 (1970).
M. Endt and C. Van Der Leun, Nucl. Phys. A205, 1 (1967).
R. Jahr, J.AH. Pfleger, and H. Zell, Phys. Letters 255, 113 (1%7).
E V.N. Zabegai, A.E. Melemevskii, O.F. Nemets, and V.N. Nemykin, Sov.
Nucl. Phys. 11, 155 (1970).




S.M. Tang, B.D. Sowerby, and D.M. Sheppard, Nucl. Phys. 4125, 289 (1969).
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8. C.M. Perey and F.G. Perey, Phys. Rev. 152, 923 (1966)
9. R.N. Glover and A.D.W. Jones, Nucl. Phys. &1, 268 (1966).

Phys. A132, 629 (1969).

10.  J.M. Joyce, R.W. Zurniihle, and C.M. Fou, Nucl.

9.2  Search for Negative Parity States of *?sc via the %k(®Li,t)*%sc Reaction

J.R. Calarco, J.G. Cramer, R.H. Heffner, K.G. Nair, and W.R. Wharton

39,6 . W b i o
he IO o) 2ol g v 188 Sris o) f0s bt tns) wata studied et 183
oratory energies of 26 and 32 MeV and laboratory angles of 25° and 35°. The cross
sections were found to be discouragingly small, with o upper linit for the
ferential cross section to any state of “2Sc set at 2 ub/sr. For states Aem

3 MeV excitation in *2Sc the upper limit is 0.8 ub/sr.

e purpose of this experiment was to search for negative parity states of
42sc, The 33Scy) nucleus is interesting because it is near the magic number 20
for both protons and neutrons. The low lying negative parity states are described
in shell model notation as 3 particle-1 hole states

(3 particles in the 3p-1f
shell and one vacancy in the 2s-1d shell), 5 particle-3 hole states, etc.
No negative parity states have been identified in2Sc although the 130-
baric analogs of the negative parity T = 1 states have been seen in The
ppobable reason that these negative parity states have not been menufxcd in
2Sc is that few reactions favor formation of these states. We have chosen the
reaction 99K(BLi,t)*’Sc in the belief that this reaction, if it is a direct three
nucleon transfer reaction, will populate the negative parity states of “2Sc much

more strongly than the positive parity states. This will be true )f the three
ame major

reagtion should preferably populate the positive parity b partxc)e 1 hole states
c. ed we found clearly identifiable peaks as large as 7 yb/sr in the
energy spectrum which were at the correct energies to be identified with known
positive parity states of 43Sc. However, the resolution was about 120 keV and
more work would be necessary to make unique identification of the peaks.
e experiment was carried out using a AE-E telescope to xdennfy tritons
The sohd angle of acceptance of the detector was 2.2 x 10-%
The target was KI on a ug/cmz 12¢ backing. Target thickness was neasumd f-pom
Coulomb scattering of sm from iodine. Because of the low cross sectioms we
obtained all our data with a thick 320 jig/cn? KI target which caused an energy
loss of 120 keV in the OLi*** beam at 32 MeV. This coupled with kinematic broad-

ening of around 70
use. Although our Li.
get, we found that the target rapidly degenerated with beans > 300 namp.
the elastic scattering of SLi from 1271 caused a high count rate of saturated
pulses in the AE detector which spread out and shifted the I.D. spectrum, and to
a lesser extent the energy spectra. Because of these problems, we found the ex-
periment unfeasible at this time. If later it is possible to use the spectro-
graph with an enlarged acceptance angle, the experiment may be resuned

and deutercns4
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. Crawley, and W. Benenson, Bull. Amer. Phys. Soc. 14, 1222
Sherr, private communication.

i R. Sherr,
(1969); R.

2, Section 2.5 of this repo:
9.3 Analog States in “°sr Observed with the Reaction °'Rb(p,po)"'Rb
M. Hasinoff, K.G. Nair, and J.E. Spence

Additional measurements of the proton elastic scattering excitation func-
tions for 87Rb have been made. (The earlier workl has been reported in the Stan-
ford Nuclear Physics Laboratory Amnual Report.)

In the present experiment we have measured the pg yield at 8c.p, = 90°,
1259, 140°, and 165° over the energy regions 5.0 to 6.1 HeV and 7.3 f0 8.3 Me v
Uaing 87RbNO, targets of thickness 50 and 150 yg/cm? respectively. The latter
region was previously studied only in steps of 100 keV and the states seen in
the (p,Yp) and (p,y}) reactions? on 87Rb were not observed. Since the proton
partial widths must be known in order to extract the gamma decay widths for these
levels we have undertaken these measuremen(s Another interest is the extension
of the generalized optical potential model,’ which has successfully described the
885y + p system, by applying it to the neighboring systems of 89Y + p and
b

Figure 9.3-1 shows the data obtained for this reaction. The 4 lowest

levels are produced by the coupling of the ds/p proton single particle orbital
to the (p3/p)~1 ground state configuration of °’Rb which gives 17,27,3", and 4~

ates. The analo e B8Rb ground state at E, = 5.09 MeV is knom to be a 2
e e R e = T ) AR o oant e i ordering
27,37,47, and 1_ for this quartet. The levels between 5.9 MeV and 7.3 MeV
more numerous than one would expect from coupling the s1/> and dg/2 single e
ticle proton orbitals to the pa/s-L proton hole and thus it appears that these
single particles states are fragnented by coupling to other open chamnels such as
core excnannns All states observed in the (p,Yo),(p,Y;) or (d,p)* reactions

Ex( 7.3+ 8.3 MeV) are seen in the (p,pg)

between Ex(88Rb) = 2.1 > 3.1 MeV (E,

channel
The analysis of these data to obtain the resonance pavameters is in prog-

ress.

* Physics Department, Stanford University.

s Nuclear Physics Laboratory Annual Report, Stanford University (July 1970),
p. 58.

2 M. Hasinoff, Ph.D. Thesis, Stanford University, 1970.

&l J.E. Spencer, P Cosman, H.A. Enge, and A.K. Kerman, Phys. Rev. C3, 1173
(1971).

u. J.A. Rapaport, M.N. Rao, R.L. Robinson, and J.L.C. Ford, Jr., Bull. Am.

Phys. Soc. 14, 1201 (1969).
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Fig

9.3-1. Yield curves for the B7l«b(p.pu)s7kb reaction at 8, = 90°,125°,
140, and 165°. i

9.4

Search for the Isospin Allowed Neutron Decay of the T

Dipole

Resonance in “0Zr Using the Reaction *¥(p,n,)®zn,

J

Calarco,

Hasinoff, and H. Wieman

Several (p,y) experiments'?? have recently observed a splitting of the
giant dipole resonance into two main components which ictedd to have dif-
erent isospin quantum numbers. However D,Y) experiments do not determine
‘the isospin of the cbserved levels since both T> and T levels can decay to the

gmund state (T = <) by El radiatio

Isospin selection rules prohibit the T,

by neutron emission unless such decays lead to the analog

States in the residual nucleus.

uo“ such an alloved neutvon decay channel is available for the strong
since the lovest T, = 11/2 level in 892Zr lies 8.0

te or 19.96 eV above the 90Zr grownd state. Al-

can decay to this analog state in 8n (hereafter

umgv o T, and T\ levels
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referred to as -
states to the more
observation of a res

), isospin and phase space Eactors favor the decay of the Tc
umerous T, = 9/2 levels of 89Zr. Thus it was felt that the
ce in the yield curve for the reaction ¥(p,; np) 897y at
12 dipactly imply To s state. Such a resonance in
could also explain the width? of the 20.8 MeV state in
ed to the 20 MeV state in “5:‘ where such np decay is energetically

(f\c nj chann

forbidden.

The (p,np) reaction has both a direct amplitude and a compound nuclear
ates of the conpound muclear amplitude have been made by Ander-—

on at Ej = 15 MeV they obtained a con
ude equal to the direct amplitude. In the case of the reac-
they found the compound nuclear amplitude to be only 10% of
at Ep = 18.5 MeV. Hovever an extrapolation fo lower ener-
14 increase the Gompound nuclear contribution to at least 20-30%. A
similar value is expected for the 89Y(p,ny)892rp reaction.

g
g
228
ok
£
§i:

NEUTRON ENERGY (MeV)

06 o7 0809 o 12 15 20 2530 40 €080
R e e e
89 89
2500 Y(p.n) " Zr g
Ep=I30MeV
- o
] 8, =80
Z 2000 ]
=
<
5]
< 1s00-
>
)
=
5
O 1000
o

L | L \

300
CHANNEL NUMBER

Fig. 9.4-1. Neutron time of flight spectrun from the reacti (p,n)8%r meas-
ured at g = 60°. The grow labeled oy corregponds to AL
analog of the 89Y ground state at 8.0 MeV in 8
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_ Contributions from states with other spins are expected to further reduce
the 17 resonance effect in the (p,ns) channel since this reaction does not selec-
tively pick out the 1~ states (unlike the (p,yg) reaction). However it is hoped
that a resonance will still be observable in this reaction chamnel.

Figis BUe1 shovs| o meutron pimelon €l hgE measured at 1 a1,
and Ej = 13.0 MeV. The detector was a 5" x 1" NE 1iquid scintillator with a
fon discrimi Pulse shape discrimination was used
to reject most of the gamma rays. The time resolution cbtained for the gama
peak was 1.3 nsec. The mp group shows up at channel 297 which corresponds to
Ep = 1.16 + 0.06 MeV. The target was a rolled 89Y foil v 1 mg/cm? thick. This
produced a large gamna ray background due to the large forward angle scattering.

Preliminary results do not indicate any np Tesonance at Ep = 12.8 MeV.
However we plan to repeat the experiment at several different angles using a
thinner target (~ 100 pg/cm?). An angular distribution will also be measured to
determine the angle which maximizes the contribution of the compound nuclear

amplitude.
il M. Hasinoff, G.A. Fisher, H.M. Kuan, and S.S. Hanna, Phys. Letters 3B,
337 (1969).
2l E.M. Diener, P. Paul and J.F. Amamn, Bull. Am. Phys. Soc. 15, 593 (1970).
3. S. Fallieros, B. Goulard, and R.M. Venter, Phys, Letters 19, 398 (1965).
4. J.D. Anderson and A.K. Kerman, in Nuclear Isospin, Ed. by J.D. Anderson
7.

(Acadenic Press, Inc., New York, 1969), p. 2

9.5 Excitation of the P}/, Py/ps ad £/, Iscbaric Analog Ststes in 89,

Using the (Pfie,a) Reac

Brown, J.R. Calarco, I. Halpern, and R. Heffner

D.
The investigation of neutron pickup from deep lying single particle states
reveals that the (%ie,a) reaction on %u smmgly excites the isobaric analogs
of the low lying proton hole states in 8.1 In previous work this reaction was
used to excite the py/p and py/, analog states.? Our investigation shows that
the f5/, analog state’ is also excited.

The de;c")pmon of the expexunenta' setup is given elsewhere and is sun-
marized here.l A 1 mg/cm? 90zr target was bombarded with 16 MeV JHe particles
from the Unlvers)(y of Washington tandem Van de Graaff accelerator and a particles
were detected in a counter telescope at 70° with respect to the incident beam
direction. The alpha particle energy spectrum is shown in Fig. 9.5-1. The low
1ying single hole states are clearly seen followed by a 5 MeV region with no
dominant structure. excitation energies of 8.15 MeV, 9.62 MeV, and 9.82 UeV
sgates identified as the analog states are strongly excited and the peaks due to
target contamination are also seen.

e pl/z and p3/, analog states vere previously identified at excitation
energies and 9.60 + .08 MeV in good agreement with the two lowest analog
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Fig. 9.5-1, Alpha particle energy spectrun for the “*zr(’fe,q) resction induced
The spectrun is plotted as a function of the excitation
energy in the residual 89Zr system. At low excitation energies the peaks are due
to pickup from low lying single particle states. At high energies the proton
hole malog states are excited. The low energy alphas were truncated by an elec-
tronic cutoff

state peaks seen here.” Using the_energy difference between the pj/, and f5/p
states in 89, the analog to the £5/2 state is then predicted to lie at an excita
tion energy of 9.89 MeV. Thus the state excited here lies within 70 keV of the
predicted location of the f3/; analog state and on this basis we nake its identi-
Eication. ' The Colowb separation energy calculsted from these states using the

892589y pinding energies is AE, ©73 + .03 MeV which is in good agreement
with the yalye 1155 & .15 eV Sbtained by Anderson et al. fron the (p,n) resc-
tion on 89Y.3 (It should be noted that identification of the i-value of a state
£rom an angular distribution is not possible at this energy because all f2-values
give the same backvard peaked Coulomb stripping pattern.)
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e pickup of neutrons leading to iscbaric analog studies is interesting.
ave the neutron spectroscopic factors thus obtained and the

Th
because one can comp:
states to see how well they fit the calculated

spectroscopic factors from the T_
sum rule limits:

ZS'r< =V T AT
i
I =may

mber of neutrons in the 2,3 State of the target, my 5 is
T, Both the T, and"T ,tates

where v 3 is the m
nunber of protons in that state and T = (N - 2)/2 =
are excited here by the same reaction.

The Spcctroscop)c e calculated using the usual
bound state wave func or the form factors in a DWBA calculation. The cal-
e S o e e M e
‘troscopic factor. To obtain the spectroscopic factors for the T, analog states

it is necessary to take the T dependence of the target wave function i
5,6 This couples the parent neutron states to the proton analog states
through a T +  tern in the bound state potential. It is then necessary to

17e o paiz ofl coupled equamns to obtain the analog wave functions. The com-
puter code NE tten by T. Tamura is being used to solve the coupled equa-
tions and the so]u‘)ms W11 be usad 1o calculate the spectroscople Factors for

the T, states.

account.

g

Nuclear Physics Laboratory Annual Report, University of Washington (1970),

L]
. 109,

24 C.M. Fou, R.W. Zurmuhle, and J.M. Joyce, Phys. Rev. 155, 1248 (1967).

al J.D. Anderson, C. Wong, and J.W. McClure, Phys. Rev. 138, B615 (1965).

4. J.B. French and M.H. Macfarlane, Nucl. Phys. 26, 168 (1961).

5t R. Stock and T. Tamura, Phys. Letters 22, 304 (1966)

6. R. Stock, R. Bock, P. David, H.H. Duhm, and T. Tamura, Nucl. Phys. 4104,
136 (1967).

7 1. Tamura, private commmnication.

9.6  Evidence for Pickup of Neutrons from Deep Lying Single Particle States

in 2%%eb obtained Using the (’fie,a) Reaction

D.R. Brown, J.R. Calarco, I. Halpern, and R. Heffner

The large positive Q value of the (*fie,a) reaction (typically ~ 13 MeV in
heavier nuclei) may make it useful for studying nucleon pickup from deeply lying
single particle states. The spectrum of a particles emitted at 70° in a bombard-
ment of 298P by 24 MeV 3He particles is shown in Fig. 9.6-1. The data here have
been plotted with a resolution of about 200 keV in order to smooth out statistical

Fluctuations to sone degree.




Ths vary, stroogly excited atstes
at lov excitation are the he/ps L1/,
¥ and i single neuteon held geats:

It is seen that there is a large weskly

3

going  particle is being hindered by
the Coulomb barrier. The general shap
of this broad spectrun is more or less
consistent with what one would expect
from neutron pickup in the 3s-2d shell.
That is, if one calculates the pickup
cross-sections from single particle
states in this shell with a standard

NUMBER OF COUNTS

well both the magnitude and general

Fig. 9.6-1. o particle energy spectrun shape of the bump.l Unfortunately we
from the 208pb(3e,a)207Pb reaction. The cannot be very definite about the widths
points represen Lhe summation of the  of these implied deeper hole states. For
counts in five chamnels. The peaks example ,_we show the expected location
i e e lymg amgle of the hyy/p state which lies at the top
hole states in A eV the of the s-d-g neutron shell, and although
3He elastic fcec\mough peak is seen. there is a very slight suggestion of
The predicted location of the hjj/p some excess yield in this neighborhood,
state is also indicated. ne can extract meither a total strength

nor a width for the assuned hyy s, line.
There is also evidence for a peak around 30.5 MeV which falls in the ntdéEe of
the expected shell gap. In part this may be due to splitting of the hg /o due to
weak coupling with the (£5,p x 4*)g-/; state,? but this mixing cannot account for
the total width of this structure.

Some of the strength in this bump may not be due to single-hole strength
at all. One suspects that there are contributions from multiple interactions
in the nucleus by the passing projectile, giving rise to 2 particle-1 hole
SREiie We would Like t d some criteria to help us determine the rela-
tive importance of miltiple interactions in the excitation of higher states in
Givect meactions, but so far we have been unsuccessful.

il Nuclear Physics Laboratory Annual Report, University of Washington (1970),

p. 109.
o8 S.M. Smith, P.G. Roos, C. Moazed, and A.M. Berstein, preprint.




Re-examination of Elastic Scattering of Alpha Particles from Isotopes

J.5. Blair, K. Ebisawa, and W.Q. Sumer

Previous alpha scattering experiments on 2C°b and 2°%Bi at this labora-
toryl and recent elastic alpha scattering experiments below the Coulomb barrier
at the University of Minnesota? have prompted a re-measurement of the elastic
scattering from several isotopes of Pb and Bi. Using tight geometry and re-
quiring beam-energy stability, precise comparisons can be made between the cross
sections of the various isotopes. 42 MeV alpha elastic scattering from 20%4pb,
206pp,, 208pp, and 20981 was measured from 16° to 60° in half and full degree
steps. The extracted cross sections ave quite similar and are presently being
analyzed. It is hoped that this data will yield information on the optical poten-
tial near the nuclear surface and perhaps information on nuclear radii.

it J. Alster, Phys. Rev. 141, 1138 (1966).
pil J.S. Lilley, private commication

9.8  Evidence for “He and
¥ Hea

Li Production in High Energy o Particle Bombardment

D.R. Brown, J.R. Calarco, I. Halpem, and R. Heffner

The thesis work of G. Chemevert of this laboratory® has raised a number of
interesting questions about the interaction of high energy heliun ions with
Heaviexmiclel,  Ons of Chenstert!s moge piszling nesuts is the broad stmuctize
seen in the spectra of outgoing a particles when o particles are used as
dent projectiles. These spectra are fownd to exhibit a broad plateau extending
from a residual excitation of 9 MeV to an excitation of 25 MeV (at 65 MeV inci-
dent energy) or 31 MeV (at 90 MeV incident energy). Relevant portions of &
cal spectra, observed at various angles, are shown in Fig. 9.8-1. In corres e
ing studies he 3He,3He' reaction, the spectra were also found to rise up
sharply at ~ 9 MeV excitation, but with He they fell off quite rapidly and con-
tinuously from this point, showing no back edge at 25-30 MeV as in the “He spec-
tra.

Attempts to explain the structure and angular distribution of the plateau
have been made in terms of a nucleon-knockout model and in terms of a model in-
volving the excitation of nuclear surface oscillations. So far neither of these
models has been able to account for the observations. It has recently been sug-
gested to us2 that part of what one sees in (a,a') spectra may come from (a,SHe)
or (a,%Li) reactions, i.e., from pickup reactions where the emerging particle
sepapates 1ntd 2 nucleon pinz a partlcle som after leaving the nucleus (t1/p v
10 )

There are some simple kinematic features of such pickup/breakup reactions
that one can compare with the observed spectra. Let Eg be the kinetic energy of
the A = 5 emerging particle and let Eg be the resonance energy of this particle's
Mground" state. The laboratory energy of an o particle sent off at 6 to the
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ion direction (g beir i
e b bl )M 18 298pp(a,a') E;pc=65 MeV

original er

26 + 2/0.16 BB, cos

lab ( R“0
15°
If the bre isotropic in the c.m. = 3
systen , if di/d cos 6 = constant, 2
it follows that dN/dEyap is constant 14k 3
From 2
G
to S
max =2 0F
By = (VOUBE + JOL2EL) 2
S

and zero outside this range. The spec- gl
trum is therefore a plateau of width,

= W/OLTBEE,.
For “He, Eg v 1MeV and for an incident
energy of 65 MeV, Ey should be about 55
MeV if the o particle is pi up the
ost loosely bound neutrons. With these
i EPIR is 39 MeV which corresponds
very closely to the location of the "higl
residual excitation" edge of the observed
spectrun. The width of the observed

spectrun is however about 50% greater o
than the value of § given above. It is SRR Ia0 50 €0 7
our present view that the observed pla- Ecm(@)  (MeV)

teaus arise from superpositions of two
e pickip/breakup ’rechan)w\

nomal inelactin seattening. This view Tig. 9.8-1. Alpha spectra cbserved at a
is supported by the cbservation (Fig. number of angles in the bombardment of
9.8-2) that if one subtracts the pickup/ 208pb with 65 MeV a particles. The por-
breakup spectrun in a self-consistent on of the spectrun corresponding to
way the observed spectrun, the e excitation of discrete low-lying

ual spectrun looks very mich like the 30° data.
that seen in the (3e,3He') reaction.
That is, it seems as though "nornal" inelastic scatteri
SHe and ‘e b at the UHe,'He' reaction shows the addi
arising from e instability of the pickup product
the “e! spectra is more consistently carried out
rather than a °Li intermediate (where Eg is about twice as large) and it leads
one to suspect that the (a,SHe) reaction is rather more probable than (a,5Li).

g is rather similar for




)

To test and confirm the above ideas

=
= we are presently working on two co:
=4 dence measurenents to be performed
€ the 42 MeV a beam of our cyclotron:
w2 208, 5 0
e o+ 2% 5 7 4 (%e)s®pb + a + 1
¥ e ! @
Projectile energy loss (MeV) o
208 207
o+ 2% 5 2 4 (PL1)™ 10 + a4 p.
@)
Fig. 9.8-2. The mesa-portion of the
particle spectrun (heavy lin 229 In these reactions, the final a particle
for the bombardment of 208Pb with 90 MeV is emitted within a few degrees
o particles. This spectrum has been de- original direction of the A = 5

composed into two portions. That at the produ The nucleons are er
left (shown dotted) is attributed to nu- a rather narrow cone, (6 v 22° for the
cleon pickup followed by breaup of the “He pickup), most of then appearing near
outgoing particles. The remainder of  the surface of this
the spectrum (dashed) resembles in shape is therefore very e Lo
and magnitude that observed in 3He,3He' tection of these events. The a particles
at comparable energies. are detected by a solid state counter
telescope and the neutrons by an NE 213
scintillator viewed by an RCA 4522 photomultiplier. e have succeeded in reduc-
ing the photon and neutron background in this detector to reasonable levels and
are ready to look for coincident events arising from the pickup/breakup reaction.

to look for the breakup products of “Li, here at
energy is higher. At
o g collaborated
particles

We are also preparing

Berkeley we will be working again with Dr.
the original investigation of inelastic scatterings
with large energy loss.

Thesis, University of Washington, 1

Gary M. Chenevert, Ph
(unpublished).

2 H. Morinaga, private commnication.
3l G.M. Chenevert, N.S. Chant, I. Halpern
(to be published).
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10. AN

R CORRELATIONS

10.1  Measurement of the Sub

tate Cross

ons_in the Inelastic Scattering of

Protons_from ' C;

,37)

J. Eenmaa, T. Lewellen, D. Patters

hnidt, and J. Tesmer

During

the past year we have undertaken a series of experiment:
the substate cross sections of the 3.73 MeV 3° state of “Oca.
periments utilized an incident proton energy of 20.3 MeV.

s to measure
ALl of these ex-

The experinents involve measurement of the (
i

was measured by detect:
e

,p'y) angular correlation
» geometries. In each case, the cor-
the inelastically scattered protons
The protons were detected with a
liquid-nitrogen (L) The detectors were 3 mm Si(Li)
with defining apertures subtending a full angle of 2° in-plame and a half angle
OF 3° out-of-plane. They were placed at 10° intervals on a brass block which
was attached to a iy dewar. The block alloys the L to circulate behind each

detector, The dewar and LNj supply system is described elsewhere.

Gamma rays wers detected by a 5" x 4" NaI(T%) crystal coupled to an RCA
14522 photomultiplier.? Fast timing signals were derived from gton detec-
tors with direct coupled fast preamplifiers built at the laboratory.® The coin-
cidence events were detected with dard fast-slow circuit. Tim

tude converters (TACs) were used to detect the fast coincidences. T
spectra from the
energy y-rays with energle; over
the coincidence pesks in the gated time spectra were typically 2
The fast-slow coincidence resolving time (peak base width) was
data were taken on-line with Five time an.
each containing 256 channels, were collected in the computer by a program that
also calculates and c)sﬁlays the correlation values and the

during data collec

In general, the correlation fun
(see Fig. 10.1-1) has the

tion (referred to z axis along Kinc X Kf

W(o 0,0

(3)

) cosles, - 6511

The parameters By, By, and By are rather complicated expressions involving
reduced rotation matrices and off-diagonal terms of the density matrix. However,
the leading tern has a somewhat s

pler form

PSe(8y) + C)

81080 + Cp(8))8,(8) + Cy(6,)S5(e )
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one can deterni
the substate cross

fons are

For a gamma detector

roton lar aper e
Detector (1) becomes
LA i e +as, + (2)

erms include the appro

8y to take into
account solid angle subtended
es. by the y detector. Our y detector has a
. Consider-
patterns
cceptance angle,
st majority of events detected
should be fron the m substat
When the aj are calculated, this
fact the case, and one ca

g. 10.1-1. The coordinate system use
in particle-gamna correlation stu
The beam is along the x-axis.

axis

Although
to the case of
2t states,’ the

ed to a 0
cts that only the even substates are
populated by spin-flip processes. Thus

Fig. 10.1-2. Octupole radiation patterns.in the reaction plane, the correlation

ction retains a terms of Eq.(1).
However, if measurements at a number of
y angles (6,) are taken for each proton angle, a least-squares fitting program
a'reasonably accurage value for A, as well as for the other pavameters
have an equation of the form




)

where e solid angle co

tion condition that

the normaliz

(5)

So * St S, + 8y

can yield a nunber for an equation of the general

, §,, and Sy,

£}

b

ystem (termed the mid-plane

this measurement, a new gamna de:
nt, i1t and is descril

range of 25°-40°
in order to
integrate over ¢

4oCa (p.p) =
E,=203MV ]

B 8k

o7 Pt oo Sacon 4
i L L g n Y - - -
b
Ty e o PROTON ANGLE (o.m)
Fig. 10.1-3. Elastic Cross Section Fig. 1C.1-4. Ine Section




substate
l)D prrl‘c ility P

The series of measurements will thus enable us
cross sections oy, o e and 03, as well as the spin-f
S * Sy, and the in-plané correlation parameters Bj, By, B3, §
These quantities should provide a stringent test of the
applied to a 3 state, and will supplement conclusions recently arrived at as a
result of similar measurements for 2t states.

lastic and
on agrees

The experimental progran began wi measurenents of the
Hdl e et G
quite well with data published by Schaeffer.

We generated a preliminary set of of 1 model para: to fit the

elastic cross section data with the opti cal model ssarch code OPTINL.8 No

Gompt has yet been pade to fit the ssymetry data published by Blair et al.9
d 10,

(Figs. 10.1-5 a e , our optical paramete
labeled set 2, ic data quite well but differ in phase from the
diction g el i published by Schaeffer, labeled set 1. le
10. sts the two sets of parameters and Fig. 10.1-5 shows the elastic polari-

zation px‘ed) ctio

e predictions of the inelastic cross section and asymmetry (Figs.10.1-4

&nd 10,176 ers'tin ezl clof preliminery DA caloulationa made vich the code
i. Sherifl0 and include the full Thomas form of the s orbit potential.

I\ga n, sets 1 are the predictions based on Schaeffer's parameters, sets

based on our paraneter: ither set does particularly better than the other in

4 *Ca(p,p)*°Ca | 4 4Ca(p,p)*Ca
E,52.03 MeV 37,373 MeV.
L E;=203 MeV.

ELASTIC POLARIZATION
INELASTIC ASYMMETRY

8o %% o w0
PROTON ANGLE (c.m)

10.1-6. Inelastic asymmetry




40
Ca + p elasti

Optical model parameters for scattering.
Set 1 Schaeffer's parameters
Set 2 Parameters generated by OPTIML

one considers set 2, the prediction a
shape
ata.

mined

zation of

HeaEtired and Ythe data adjusted according!

means exhaus:
all the data collecti

correlation measurements have also been completed. For ea

the inelastic cross section.

Figure

0.1-4 also shows the d

In fact, the fit is quite good if the
the dis:

n involves the produ
a detector, Current

e

It should also be noted that the DiBA calculations done to
e and consider: 1 be done on calcu
on and final analysis is complete.

ion function measurem

In addition to the z-axis correlat 2
roton alee, at

least twelve gamma angles have been measured. The data has been analyzed for

the values of the correlation function, but

he least squares fitting technique

has not yet been applied. As soon as the calibration of the gamma detector is

done, the in-plane data analys:

construction. The measurements will hopef
year.

PSR comrara

use the new mid-plane detector now under

illy be complete by September of this

The last set of me.

Nuclear Physi Annual Report, University of Washington (1966),
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method

The general

where the matrix

where T(p uM) is
the spin projectio
ton, respectively.

of pyyr. These el
theories, as, for
pro g a very s

£ the z-axi
Bohr theorenm s
£1ip process.
for W at o

The
0.

(o,

p- 45.
5 F.H. Schmidt, R.E. Browm, J.B. Gerhart, and W.A. Kolasins
52, 353 (1964).
6.  J.R. Tesmer, Ph.D. Thesis, University of Washington, 1971 (unpt
7 R. Schaeffer, Nucl. Phys. 4132, 18 (1969).
8. D. Zovstadt, Problem OPTIM1, Report Cyc-6835, University of Colorado,
Boulder, Colorado.
9. A.G. al., Phys. Rev. 1, 4 (1970).
10.  H. Sherif, Ph.D. Thesis, University of Washington, 1968 (unpublished).
24, 60
102 2mg, i, ®ni, *Po(p,p'y) Proton S
J. Eenmaa, T. Lewellen, D.
The z-axis proton-gama angular correlations in the
first 2t states of 24Mg (1.37 MeV), 6ONi (1.33 MeV), B4Ni ( .34

V), an
(154 MeV) have been measured at an incident proton energy of 20.0 MeV.
is similar to that described in earlier reports and publications

tered particles and 5uhsequen‘ de-excitation gar

may be expressed as

n between inelastically

express or the angular correla

a rays can be written as
T out My
o Pt M
Nyiy describes the de-excitation of the 2” state, while o,
oy = L TCungOTEGugu M)
uihe
the amplitule for exciting the state |24y, and , and u are

ns of the incident proton and the inelastically teréd pro-
Measuren f W can thus be used to de ermine lhe elemen ts

ements may, in

example, by ollective mdell DVBA (coneidered herein),

tringent test of these theories.

ofio) conent o 118 parpencienon o/ e wenct ion pRAEVEY
ted

e z-axis
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24, g
20.0 MeV _|

—A

catter-
e 2% state as a
currently being
included in a later

whole.

ties for
nent peak (130 5 at
There is also some s
angles.

splay a promi-
¥ gty

peak (a15%) at n

Also shown in
optical model cal
tic scattering and collective model DWB,

spin-orbit potential
in the interaction potential.

REl SN ol oo
meters were investigated fo:
Tent. There parameters are Pt
Table 10.2-1. The first set, labeled A,
are derived from the ”s(andard”
model of Becchetti and Gre

ig. 10.2-1. 2*Mg elastic and inelastic
%8 to the differential scatrening croes ecEidis,
elastic scattering data, although there o) partial cross section, and spin-flip
are some deviations at the backward probabilities. 82 0.49,
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10.2-1. Optical K

Set WD as s R 2
Mg A 49.30 170 6.80 1.17 750 .50 .750 1.25 27.3
46.23 5.50 3.4 1.19 715 .387 125 | 1.8
L 52.10 7.60 117 1.32 1.01 .750 .560 .7 6.2
275 6.46 1.18 1.27 .984 .710 .582 .670 1.25
oy

600 .750 1.25 14.0

ing the optical model
scattering data. In all
Hiowever, e

mu, and di

£it to the elast

lead tter fits for the inelastic scattering
polarization data was used in the parameter search
could be considered somewhat questionable.

The inelastic scattering predictions shown
the parameters of set A.
ported if gy is made Sige: oun'ey
strength of AUsy with respect to the whole perturba
ures show the effect of this variation
fferential cross se

tions of the total
ferential cross sections, and the spin-flip probabil
general features of . The s
is strongly suggestive of the increased strength of
tentia is feature is mot so obviou:

total inelastic scattering diffe
tribut other, non-

_£1ip data, in particular,

these include con-
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5.  D.L. Hendrie, C. , and J. Thirion, P
1188 (1969)
H. erif, Ph.D. 8 (upublished).
H. Sherif and J.S. o (1968).




8. D. Becchetti and G.W. Greenlees, Phys. Rev. 182, 1190 (1969).
9. J. Eenmaa, F.H. Schmidt, and J.R. Tesmer, Phys. Rev. 288, 321 (1 58) ..
10.  J. Raynal, Proceedings of the 3rd International Symposium on Polarization
Phenomena of Nucleons, Quebec, 1969, p. 75.
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10.3  *Fe(p,p'y) Angular Correlation at 19.6 MeV
T.K. Lewellen, R.E. Marrs, D.M. Patterson, P.A. Russo, F
nd J.R. Tesmer
The in-plane and z-axis (spin-flip) correlations for the z* (1.409
MeV) of °%Fe have been measured. The z-axis correlation measurer as been

s was to further examine

The differences have

asurer:
Fe and %8y

previously reported.l The purpose of these
aifferences betwee

been observed by Glashausser et al.2 in the inelastic asymmetries for the 2%
S

Hendrie ot al.3 have measured the z-axis correlations of both
56Fe at 19.6 MeV and found few differences. The DWBA Lo]lerLule mode
tions predict the inelastic asymetries for nuclei sud SFe and >0
well but do not agree with the forward-angle asymmetry datd for S¥Fe.
relation measurements were undertaken in hopes of clarifying this si

tes Fe and
lcula-
i very

#n_angular correlation measurement, whether in-plane or z-axis, consists
cally scattered protons (exciting the 2F
xcitation y-rays as a function of the angle
between their directions of propagation. A calibrated y detector was used to
obtain absolute corpelation valies. The experimental arvangement has been de-
scribed previous

ere combined to yield the substate
ilar to

The z-axis and in-plane correlatio
probabilities and sibstate cross sections. These results are very
those for 12 and S8&Ni.

The in-plane parameters, however, have proven to be more sting than

expected. The in-plane correlation function can be written as

(e, = 5/1610a + B sin2(p - e,) + C sin’Ce - €)]

form

where parameters A,3,C,¢; and cp are dstersined by the neasurement. In thi
-flip amplitudes while C and €] are

Barameter A depends on all the amplitudes.

We have found that parameter A is very sensitive to the fom of the spin-
dependent coupling potential, Mgy, used in the collective model caleulations.
Paraneter A, the spin- flip pro\,rbxllty, 5], and the inelastic asymetry data’ are
shown in Fig. 10.3-1 along with the collective model predictions.

3A collective model calculations were made with the code of Sherif
rogram allows the form of AUgo to be varied. In particular,
m of the coupling potential can be used. In addition, the
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o4y & strength (or deformation) of Ugy can be
O Spyngy) varied.
196 MeV
o3| predictions were made with
| Alyan optical parameters of Bec-
A | 7
| chetti and Greenlees.’ Two forms of
02| ere used. One forn, labeled "OR"
1s™%imi1ar to that propossd by Fricke
et al.® The other form, labeled "FT",
is the full-Thomas forn. The deforma-
tion paramster, B0, is used to change
the strength of AU, : een
aa tonary to set fgy = By, the Sectrant
central optical L pocentian.
o4
S
o2
nvenient ne increas-
Pha
osf
Two conclusions can be drawn from
5. o4 he comparison of the predictions to the
3 1
£ o2
2
Z oof
02|
<
—o4|
~os| 1 known fact that spin flip is mainly
pin-dependent distortions
tic channels

ncrease in g,

An dn s been sug-
gested by several author

as a means of
ions for data
Recently, Ray-

60
PROTON ANGLE (c.m)

Fig. 10.3-1. a) The parameter A for the
in-plane correlation function; b) the  microscopic description, has shown that
spin-flip probability, S1, as determined AU, for S“Fe should have fgy increased.
by z-axis correlation measurements; c Sy

the inelastic asymetry. The curves are ter A for
drawn for various DWBA collective model ter fit by The £ull-Thonea forme Hov-

calculations. ever, the differences in the asymmetry
fits between wp; and 581 are resolved
only if g, for Sire.




The remaining in-plane parameters for °'Fe are fairly insensitive to
Uso and are very similar to those of S8Ni.
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10.4  2ug®hete'y) Spin Flip at 24.0 Hev

.K. Lewellen, R. Marrs, D.M. Patterson, and

J.G. Cramer, J. Eenmaa,
J.R. Tesmer

3ie-gamma angular correlation for scattering of
excited (1.368 MeV,2t) state has been
is to investigate the spin-dependence
h of the He spin- awie
del and DW

The z-axis ( £1ip)t
214.0 MeV o 2ig exciting T i
measured. The purmoss OF this m
of the 3He-nucleus interaction and Yo extrace the strengt
potential depth. The latter is of particular interest for optical
collective model calculations.

2

The spin-flip probability is measured by detecting the inelas
tered 3He particles in coincidence with de-excitation gamma-rays emitt: en-
dicular o the reaction plane. The 3He particles were detected with an array of
three ME-E detector telescopes. The def
about 2.5° wide by about 4.5° high (full a
20° spart. The gama-rays vere detected uith a
uyst.n coupled to an RCA 4522 photomuli .2

P
lead-shielded 5" x 4" NaI(T2)

A lead collimator with a geo-
etric half-angle of acceptance of 9° was placed in front Of the NaI(T2) crystal

of the gamma-ray detector for 1.368 MeV ganma rays has

The absolute efficienc
Fast timing signals
and

been experimentally determined to an accurac
were derived from the E detectors with
£rom the saturated anode pulse of the photomiLtiplier tube. The coincidence
r with a standard fast-slow coincidence circuit using a
to-amplitude converter (TAC) to det coincidences. The OE, E,
AC analog signals were sent to ADC's of the SDS 930 computer system. The 4E
signals were gated by events which deposited more than about 1.5 MeV in
B e tove of o AB-E relescope. This signal was also used to gate the TAC

un




The data were collected using a
permitted collection of partic

cen detected an
on-Lline particle identi-

#Mg(*He. 3He)
£:24.0 Mev

Set3 -
Q=-1368 MeV
2%




The post-run analysis was carried out by reconstructing the time spectra
events in a selected energy and particle type region. The numbe
dence events were determined by comparing the number of counts
region with those in a flat time background region.
established by suming the gated time spectra for a series
width at the base of the gated time peak was apnxm»ura(e y 11 nsec.
fast coincidence resolving

when the gated time spectra is used. This is Capm_AaJJy true if
r than the inelastic cross sectim, as it is for most
Sngles between 80° and 165° in this experiment.

Fig. 10.4-2. 2%ug spin-£lip cross
section and spin-flip probability.
82 = 0.34 and Bgo = 2.04 unless
noted otherwise.

| SPIN FLIP PROBABILITY
24Mg (e He' Mg (136) I
oal 280 Mev

% s T
*He ANGLE (c.m.)




-f1ip probability are show in Figs.

e error due to counting statistics is indicated for all

rrovs larger than the size of the dots. ALl cross sections we

consistently improved the optical model

is correction is comparable to the wn-
t the inelastic cross

s prescribed by the Blair

The spin-flip probability was cal-

certainty
PR
phase rule for strongly absorbed particle
culated assuming equal populations of the m = 0, +2, substates for the
gamma detector solid angle correction. The uncertai by these sub-
states is about $0.02 for each point. The spin-flip data has not been corrected
for the effects of the finite particle detector solid angle.

Pred

ns are shown for three slightly different sets of optical model
pavameters (see Table 10.4-1). The parameters of Set 1 and Set 3 ere optimized
by fitting the elastic scattering cross section using the optical medel search
'IN-I (CYC-6835) obtained from the University of Colorado. The start-
-rs for Set 1 were those obtained by Baugh® for 29 MeV 3He scattering
During the search, T, Vso, and re were held fixed and a
re alloved to vary. The parameters of Set 2 are the same as Set 1
with the except o additional search was performed. Parameter Set 3
was obta Tgo» g0, and T Fixed. search was performed with
e the search program shoved a definite

R the effect on the elastic
t was found that better fits could be obtained for the forward
angle data nine back angle data points were excluded. The optimum para-
meters for this case produced deeper oscillations at forward angles; but they
also raised the back angle prediction by about a factor of two. The form of the
optical potential used was:

parameters w

U() = V(@) - VER La,) - HECRLR 8 + G

where £(r,R,a) = [1+ exp((r - R)/a)] ™" and Ry =

The DWBA collective model calculations were performed w:
m written by H. Sherif® which uses a deformed sp

th a computer pro-
gra
full Thomas form, i.e.,

dependent potential of the

@/ )? v, § Th@ x /i,

where p(¥) is the nuclear matter demsity function. One of the options Of Sherif's
code allows one to choose different deformation parameters for the central and
spin-orbit parts of the interaction. That is, Bgo/B can be different from one.
Shown in Fig. 10.4-1 and 10.4-2 are predictions with two spin-orbit strengths
and two values of ADEF = Bg./8. The main contribution to the back angle spin-
£1ip probability peak comes from the distorted waves (ADEF = 0). As ADEF is
increased, the height of the back angle peak decreases. Thus the value Of V
implied by matching the height of the back angle spin-flip probability peak 8-
pends to some extent on the value of ADEF. In order to produce structure in the
more forward angle spin-£1ip probability predictions, it appears that a value of

w7




Table 10.4-1. Optical Nodel Parameters for 2'Mg + “He at 24.0 MeV
Set v a W iy S r
° 2 im0l ndienc
il iiaka s Hiintas' W gl iates Wil | (0 a8 Y5 ' 1.621%/0.507 1 1150
2 152.8 1.5 0.7s4 18.87 1,70 0.883 3.0 1.62 0.507 1.3
3 150,018 0.732 17.65 1.7 0.918 9.0 1.10 0.718 1.3

ADEF around six is required. This is also seen to produce a better £it to the
spin-flip cross section between 70° and 140°. The effect of using different
spin-orb ometry parameters is demonstrated by parameter Set 3. This set pro-
duces the be t to the imelastic cross section at forward angles. However,
the forward angle spin-Flip cross section prediction has much less strusture th
the data. Tt should also be moted that while Set 2 and Set 3 produce about the
same height for the back angle epinc£1ip probar peak, the back angle Spin-
£1ip cross section predictions differ by Vhat would apouwnt €0 0.5 HeV in the
spin-orbit potential.

dicate Lhﬁt the spin-ombit potential
lusion aj

he results of ‘hcre caleulations i
for 24,0 eV BHe on 2 between 2.0 e -
ahbna He| g LT e ~£1ip meagurenent on 1307 and_ e eraseic polariza-
tion measurements on 12C at 31.6 MeV,® and 18 and 20 MeV.® The lover limit of
2.0 MeV is slightly ubove o quer‘ linit suggested by e elastic polarization
measurenents on 12¢ at 40 MeV.lV There are strong indications that the streng
of the %He spin-orbit iialiest 1l in DWBA collective calculations should be
Tl that implied b m
ha: reached by Sherif
g the me flip probability and elastic pclar)z tion predictions (not

ensitive, if

and 7

compar
shown), it app
R0t more sencitive, to the strength of the
elastic polarization. More calculations are planned to investigate the above

_ Brown, J.B. CGerhart, and W.A, Kolasinski, Nucl. Phys.

1
20 s Laboratory Annual Report, University of Washington (1970),
30
. )
5. e T Phys. A131, K17 (1369).
6. erif, Ph.D. Thesis, University of Washington, 1968 (upublished).
e DIM. Pattrson and 7., Cramam, Phys. Letters 2B, 373 (1%8).
8. England, R.G. Hareis, L.H. Watson, D.H. Worledge, and J.E. Evans,
» 476 (1969).
9. < y Joyce, E.J. Ludwin, and R.L. Walter, Phys.
970).
10.  R.L. Hutson, S. Hayakawa, W, chab e, J.J. Kraushaar, B.W. Ridley, and E.T.
Boschitz, Phys. Letters 278, 153 R
11.  0.R. Tesmer, Ph.D. Thesis, University of Washington, 1971 (unpublished).
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Jisgss
the Reaction >°N

He') at 22.5 MeV

ramer, J. Eenmaa, Tesmer

Patterson, and J

ave been made of the z-axis (spin-flip) JHe-gama angular
r 22.5 el e partigles are inelastically seattered by S8y
e purpose of this sperinent ves
e spin-flip
al model

Measurenme

descri

to 165°, but unfor-
a are 50% or greater due to the small
for this There is evidence for a peak around
i pepbet 1y feipetvesniDROD 2id |00 LT ber o ndle
section is a factor of 10 to 20 smaller than that measured

1 errors of t

ﬂ,m
Mg at 24

Exploratory DiBA collective model calculations have been performed using
of optical model parameters. One set used a real potential
the other set a real potential depth of 149 HeV.3 The
g the 180 MeV p predict a maxi-
n-flip p!u.,mn])(:/ s
7.0

two dif
depth of 18
calculation:

mun_ sp:

parameter set wi
Both of these val istent wi
although the 180 MeV set is preferred.

e Flip probability of .005.

al results reported here,

the

the low spin-flip cross section, it is estimated that at least
72 hours of beam tine would be required to cbtain 10% a back angle
Bib1s i otalenth o
ive statements about the

Yavin, Phys
Letters 15,

168

10.6  *2c(a,a'y) Out-of-Plane ation Measurement

. Eenmaa, T.K. Lewellen, D.M.

Patterson, F. idt, and J.R. Tesm

n-plane angular correlation measurements for the reaction 2C(a,a’y)ick
(.44, 2 ) have been performed 22.750 MeV, and have been reported
on earlier. These data yield the substate amplitudes a9, 232, a2, and the
relative phase G (sﬂe Sec. 10.7 of this report). h ate

on, the de-excitation radiation from the m = 0
plane and the relative phase &y = € -

cannot be extracted from the in-plane data alone. On the other hand, if a
of 6y other than 7/2 is chosen for the angle of measurement, the parameter Sy

g

1




in
plane contains all the parameters, dg, a;p, a-2, 82, 8o In practic
avameters are mixed in such a way as to make Such an analysis extremely
difficult. If, however, the correlation function is measured both in the reac-
tion plane and at some angle to the plane, the parameters, ag, as, 6, can be
deternined from the reaction plane data and used to analyze the more complex
data measured outside the plane. The procedure that ome might follow for such
an analysis has been given by Cramer and Eidson.

since the correlation function measured out-of-
, however.

In order to perform the out-of-plane measurement, to complenent the in-
plane measurements of Hayward, a gamma-ray detector carriage and assi
shielding was designed and fabricated so as to allow the positioning of
ay detector at 8y = 40°, measured fron the polar angle. This equipn
was designed for ue in the 24 inch diameter general purpose scattering

It is described in detail in Sec.

The out-of-plane correlation measurements were then pe
particle scattering angles between 15° and 165°. At each alpt
ing angle, correlations were measured at from 8 to 15 azimuthal gamma-ray angles
(4y) between 0° and 180°. In some cases, as a check on the geometrical alignment
of 'the equipment, measurements

bean, .., at ¢, = §y + 160° The incident beam energy was 22
target was a self-supporting 200 ug/cn? c fo. The combined in-plane and
CEtCof-piana. data are cumeeatly betng maiysed Folloning the procedure. outlined
in Ref. 4.

i Nuclear Physics Laboratory Annual Report, University of Washington (1968),
e

2. Nuclear Physics Laboratory Annual Report, University of Washington (1969),

EH Ph.D. Thesis, University of Washington, 1969 (unpublished).

4. J.G. Cramer and W.W. Eidson, Nucl. Phys. 55, 593 (1964)

20.7  %Nio,a'y)*®Ni*(1.45 MeV) Angular Correlation Measuver

Hev

Eenmaa, T.K. Lewellen, D.M. H. Schmidt, and J.R. Tesmer

Absolute measurements of angular correlations between inelastically scat-
rered alpha particles and de-excitation gamma rays in the reaction SONi(a,a'y)
SByi# (1,45 MeV,2t) have been performed at an incident alpha particle energy of
23.25. Initial in-plane measurements and the description of the experimental
procedure have been reported earlier.l Since then, the in-plane measureme
have been extended to cover the complete angular range from ¢q: = 30° (lab) to
a1 = 170° (1ab). Out-of-plane measurements, at Oy = 40°, have also been per—
formed for ¢q1 = 35° (lab) to ¢q1 = 82.5° ( The procedure
for the out-of-plane measurements is descr:

ese data is currently in e The following discussion
the in-plane correlation daf

will refer only t




function

tered alpha par-
2 nucleus and tl i

ina

can

Hoptt. | .
for the excitation of the m'th substates of the 2" state,’ an:

the

enables one

b , which a
can be removed only by
neasurement. >4

respond to a
ns nucleus. These poten-
these potentials give about the same

inside tl

Table 1
Set

1 20.7

2 43.8

3

4

5 29.3

6 162.8

quality fits to the elastic

lowest real potential depth
responds to about kx

tions were perforned £
figures are those for
mediate between these




Ni(ot,e0)
E4=2325 MeV.

%
$alem)

Fig. 10.7-1. Elastic scattering differ- Fig. 10.7-2. Inelas
ential cross section, and optical model ferential cross section, and collective
predictions. model DWBA predictions.

scattering

res 10.7-1 and 10.7-2 show the data and predictions for the elastic
erential scattering cross sections. While the predictions of

tions of Set 1, for the inelastic scattering, are definitely superior at the
backward angles. The remaining figures (10.7-3 - 10.7-5) show the angular cor-
relation data and the corresponding DWBA predictions.

The data, as well as the fits, for the phase angle, 82,
oscillate about the adiabatic phase angle (shown by the diagonal line), and pass
the adisbatic phase angles at the maxima of the inelastic dif
These oscillations becone more marked as one goes toward the
Again Set 1 is superior in that the data do not exhibit the
dicted by Set 6. Figure 10.7- shows the substate popula-
+ a_,2 and the corresponding Substate cross-sections.
the paptial cross sections are much more B
total inelastic oss-section. Again Set 1 seems to give the better
f£it, both with regard to magnitudes and phases. Figyre 10.7-5 shows the meas-
ured magnitude of the nuclear polarization, Py, = ay;
show the predicted polarization with the correct sign.
gives us the magnitudes but not the sign of the polarization and
Fits are shown in the lower half of the figure. Again, Set 1 seems to give the
fits cross-section is so loi,

a polarization
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10.8 Status of the 10.3 MeV '’C State Experiment

Bodansky, D. Chamberlin, W. Trautnann, and D. Wilkinson

made of the level structure of ~-C

Although numerous studies have been
cal approaches

energy, full agreement bet

being 10.3 ¢ 0.3 MeV and
parity assigament could be limited to O

Of the Wigner sun rule, OF seems to be more probable. However, if one were to
assure that this state belongs to the rotational ba he deformed 7.66 MeV

et o il T 2% state. is assumption would also explain the

large w: as a result of the strong d« 5,

the spin of e )» 3 MeV state has been Lep,axe.., using alpha-alpha angular 1

correlation methods.
12 nuele
particle beam. Th scattered alpha: les

D was held at 20°(1ab) and
ticle detector was varied in angle from 25° to 150°(lab).




excluded by kinematic

BBe breakup are also observed

ki

fngular distributions for the second alpha par
£rom the coincidence spectra, and plotted for excitation ener
width from 9. 5 MeV. A major problen for the analysis results from
also contain events scattered

nce spec

alpha particle is observed in the detector for the second par

the other detector. These 'reversed

spectra and obscure a large part of the real correlation
5-1

- state is clearly reproduced,in agreenent
and the
£ these tails leaves
Therefore,
obtained from these

comparable in he
the observation of the 10.3 state has

Further investigations are plamned to determine whether the broad
state can still be seen near 9 MeV excitation energy, where the 9.6-Me
should rapidly enough so that the tail of the 10.3
could become predominant.

d K. Wildermuth, Nucl. 21, 196 (1960).
Bl K. Wildermuth and W. NeClure, in Springer Tracts in Modem Phys
er-Verlag, Berlin, 1966).

(1958).

1953 (1963).
, 401 (1966).

Letters 5, 170 (19 3)
Journal of Nucl. Phys. 4, 227 (1967).




2/, 16 sesall

D. Bodansky, D. Chamb

order to study f er te: (in the region
of 15 to 16 Me V) uhich were found in the szuh\ o)2'g reaction}
ided to include m a-a angular correlations.
Mg were expected imarily by alpha partic:

b S itha harticls can &
parity of the Z“Mg states which h
Ne(0Y)

fon of the First alpha particle at 0°, a 44 ng/em’ gold

of ti
as well as

the incident about 48
nuclei. The second alpha
particle u ected in coin st, over a (laboratory) angular
interval from 12° to 33°. Kinematic bands were obseryed
the ground and first excited states £ 20
becane
out by the Yale group.? In view of the
antial progress already made at Yale, and
seemed umise to pursue this progrs

While this work was
milar work
approach, the

pro-

ol s Laboratory Annual Report, University of Washington (1970),
24 . Maurenzig, L. Chua, R. 2 parker, W.H. Sachs,
R. Stokstad, R. Wieland, and D.A. Bromley, Phys. Rev. Letters
396 (197
11.2  Two-Neutron Transfer Reactions in £ the Coulomb Barrier

Using_the Reaction (*%0,1%

M. Hasinoff, M. Lau, K.G. Nair, J v

ersen, and W. Reisdor

o-nucleon transfer cross sections are known to be strongly
structure dependent and allow th itive tests of current
In the past, ucleon transfer reac-

(t,p) reactions. The present availabilif heavy ion
Graaff accelerators makes it possible to investigate
by heavier projectiles. A program was initiated wi
for two-neutron transfer studies. The success of on
using heavy fon beans with energies in the vicinity of the Coulosb barrier
us to confine ourselves in this preliminary study to this energy region.

leads.

Several advantages are expected from this type of study:
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a) restriction to energies in the vicin-
i the Coulomb barrier will allow
the use of theoretical techniques well
established in Coulomb excitation studies
and recently® applied to nucleon transfer
reactions as well. It is hoped that the
influence of nuclear rick‘s on the in-
coming and outgoing waves small enough
low a simplified treatment such as
described in Ref. 3, thus circumventing
existing difficulties of optical models
in heavy ion scattering.” The relatively
large values (v 50) of the Coulomb para-
meter 2)Zpe%/v justify the use of semi-
classical approxinations fon the particle 5
trajectories as a orientational
step in the data mnalysis; b) in rela-
tion with the above it is hoped that
reliable spectroscopic factors will be Fig. 11.2-1. Energy spectrum
obtained in these studies; c) a certain obtained with 180 (60 Mev)
number of potentially interesting pheno- 140ce.
to heavy ion scauer;ng

YIELD

CHANNEL

t 1750
incident on

two-nucleon
whereas in the for-
mer projectile the s-part in the intrinsic two-nucleon wave function is doninant,
it is conceivable that in some heavier projectiles significa of

a2 = 2)-parts have to be taken into acc
function, This should yield extended infornation on two-nucleon correlations
in nuclei. A second prospect has been point
strong enhancenent of two-nucleon transfer
pairing vibrations.

ount for the intrinsic two-nucleon wave

this ch dily seen: The reactior
transfer of a two-nucleon system between t

140
We have started our study choosing L a; arget. he advantages
i i 5 %g )lNQCe involves the

two c]osed neutron shell cores (N =8
and 82) and consequently substantial simplifications for the theoretical inter-
pretation are expected. Another favorable factor is the near cgu])) ty an
value of the two- eut«on binding energiés for both cores (Byy(L 12.19 b
Bon(Mce) = 12.65 e

a first experiment a set of six surface barrier detectors were ar-
ranged at backward angles ranging from 175° to 150° relative to the beam axis.
A natural Ce target of 120 pg/en® on 90 yg/cm? Ni was exposed to a well colli-
mated 180 beam (v 200 nA). An energy spectrum obtained at 175° and at incident
energies of 60 MeV (laboratory system) is shown in Fig.
peaks can be identified through kinematic relationships
A rel: at VC!X large crose-section for tws
2%) state of 142Ce was observed.
reacti ons are confined to backward angles. At 175° the cross-section for Plastl

und to be (86 £ 2)% of the Rutherford cross-section. The ratio
of the elastic versus the two-neutron transfer cross-section is 109 + 7 and 192
17 (at 175°) first 2% (Q = -0.19 MeV) and the ground state (Q = +0.46 MeV)
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ility for the excitation of the 2' state

rong

ility of a two-step process (Coulomb excitation

sa). A surprisingly large one-neutron transfer

cross-section to the ground state of 14lce was also observed. It is comparable
o

ks N.K. Glendemning, Phy . 187, B102 (1965); I.S. Towner and J.C. Hardy,
A hys Y B

28 7.B. Goldfarb Heavy Ions, ed. by R.Bock
and W.R. Hering (North ., Austerdam, 1970),, p. Lis.

a4 - Trautnam and K. Alder, Helv. hota 43, 365 (1070).

u. n Nuclear Reactions s, ed. by

avy I R. Bo
Amsterdam, 1970), p. 27;

(North-Holland P

us 1

Measurements of ' Ca + ~°0 and Excitation Functions

Vandenbosch, and

M. Hasinoff, T. Lewellen,

ed a series of ex s to study the elastic excitation

on calciun TR ST motivation
ideas proposed’ to explain ke

18 + 1% as compared to + 1%

. It vas suggested e

We have init
Te3

functions of 1
for these ex
i e
ould be successfully extended to other sys
tical angular he 1-dependent potential proposed by Chatwin
et al.%5 could be estimated from consideration of only the direct reaction chan-
nels expected to be strongly coupled to the el Calculations based
on the relative Q-values he inelastic and guone- \rnnrfcx‘ chamels predict
that there will be stronger i-dependence for *OCa than

dfFfavencas expectsd avg not nessly & Lucgs as batween the elastic seattavings
of 180+ Lo and 1o 4 185,

The experimental setup consisted of i-detector array with six 100
thick surface barrier detectors arranged at the lab mgles of 30°,60°,70°,80°,
90°, and_100°. The target thicknesses were 31 ug/cm? 10ca and 97 ug/em® 48Ca’on
15 ug/en? carbon backings. Excitation func

MeV to 45.0 MeV ca and 5
intervals were varied from 1.0 MeV
The absolute excitation functions £ Ca are shown in Figs. 11.3-1
and 11.3-2. Corpections were nade for the energy loss in the target

small anount of "Ca impurity (15.78) in the 49Ca target. The cont
in the figures are only ide the eye. In Fig. 11.3-1, the dashed line con-
necting the open squares is an interpolated excitation function taken from the
40ca results to correspond to the center of mass angle of 119.2°. It is evident
from these two excitation functions at 6 = 119.2°, that the strong absorption

g on the energy region.
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Fig. 11.3-2. Elastic excitation functions of *’Ca +




3 . g
radius” o: Ca is larger than that of L
D g E\asnc Bngux ribution " ]
Ejgp=35.0 MeV'
We have also measured elastic

2-dspendent optical model parameters |
standard optical model porameters

stributions for 46ca + 160 at
35.0 MeV_ from0yap, = 20° to 1000
Oca + 160 at

nd 38.4 eV, The la 1 )

S TR g 1
angular distribution is shown in Fig. i 1
11.3-3. The lines are calculated curves e E
using the optical model code LOP.1 The % ol

dashed line corresponds to a standard
optical model fit v

0.67 F. The continuous line is calcu-
lated using an L-dependent potential _

s o oF mulaung
with the same

A Fig. 11.3-3. Elastic angular distribu-
we tried to look for the Seene e SIS R
ure expected on the 1ab
pendent optical model
region of 37.0 Ejap = 42.0 MeV at extreme back
-~ "For this purpose, ve
6.13" from

ick at a distance of
our regular hick surface barrier
ar intervals on

In addition,
ick planar detec
to cover the ba
onsisted of all i

hese g,ca‘,«; obtained from the
these vere alpha-

nd 48ca apec(r= at dif:
e S R and were originating
from the carbon back the present experimental setup we
were unable to identify the 1% elastic peaks from "Oca and “BCa at back angles.

ents are planned to reduce the excessive contributions to
om carbon by gs. In addi-
table combination of a thin transnission detector (e.g.,lli - 20u

er detector (e.g., 100 thick) behind it, will be
clude the longer range alpha particles.

Further experis

Y

it R.W. Shaw, Jr., Ph.D. Thesis, University of Washington, 1970 (unpublished).
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2. RMH. Siemssen, J.V. Maer, A.

ger, and D. Bromley,

ters, 19, %9 (1
i s 5, 1218 (1954).
4. . Eberhard, R.A. LaSalle,
Hering (North-F
5. Chatwin, J.S. and D. Robson, ib
11.4  An Investigation of the Nucleon Transfer Reactions Induced in

3.8

noff, K.G. Nair, W. Reisdorf, and W. Wharton

The importance of transfer rea

ons induced by heavy below the
v as a tool for the extraction of relatively accur:

has been stressed in recent years by Buttle and G

e spectroscopic
T

m. (MeV)
59 449 538 62.8 77
LS[T T e T Bl
149ce 4 '°0
Elastic Excitation Functions
* Bgp=170°

Fig. 11.4-1. Elastic excitation functions of ' Ce + ‘%
are only intended to guide the eye




quently , been an incre.
g with the work reported amett and

work we tried to s
eV 160 jons in 1%
s well as sp
continuation of

S

same as in the
neously used
ngular intervals of 10° each and an

of incident energy is shown in

NUMBER OF COUNTS
» 3
L

N
o

Pig. 1l4-2. Energy spectrun of all th y ions stopped in the detector at
01ab = 170°. The ar ns of peaks
commapaiAing ok reactitns vhich lazva tha residua) mualef L e Staten

shown near the appropriate peaks.

u
A

ws indic

163




|
|
!

Fig. 11.4-1. The transfer cross sections decrease rapidly with incident energy
and to get reasonable yields the incident energy has to be high. However, to
‘take advantage of the formalisms of sub: inci

Coulomb transfer theories, the in
energy has to be below the Coulomb barrier. It was decided on the bas
curves that Ejah = 60.0 MeV is the optimm incident energy to study the transfer
reactions.

A1l energetically alloved heavy ion reaction products were stopped i
detectors and counted. ypical energy spectrum at 61y 0° is shown i

ng
tering of of energies 40.0 MeV, 45.0 MeV, 52.2 MeV,
MeV. All the neaks in the spectra were identif: \k‘d from kinematics using
energy calibration after proper corrections for the emergy loss in the target
were appllcd he elastic ncak and the inelastic peak due to the first excited
sta 1800e (1,506 MeV, J" = 2%) were easily identified at angles. In
)Uo'], Bl L, -1 T el el oo pnd Lug Ko e fou e pro-
ducts of 170(g.s.) + 139Ce(g.s.), ToN(g.s.) + T*1Pr(g.s.), N(g.s.) + L4p;
(1.114 MeV), and 1%N(g.s.) + l“rr(l 65 MeV). Angular distributions for m last
three reactions were measured and the results are shown in Fig. 11.4-3. The

The strong backward peaking charac-

o
el s e el Angular Distributons, #9Ce (0, ") “pr

arbitrary. Clearly this is a crude ap- P e 1 euid
proxwut)ur\ in our canely since the ¢ Tl | Mo gl B

e 3,6, and 1 for
the '1i’r(g 24 Pr(1.114 MeV) and
1pr(1.65 MeV) states respectively.
However, the shapes of the angular dis-
tributions ave not expected to depend as

Fro—y

)
Ty o 3

),1‘]

Strongly on the value of the t-transfer e |

familiar stripping and {

reactions above the Coulomb bar-
e

rier. The continuous line in the
(g.s.) angular distribution is ca.
lated using the Di
correct i-transfer of 3. Again
normalization is arbitrary. I
of the calculated curves in all thes WO BOWO Ho 180100 KO
cases are in reasonable agreement W

Bem

Fig. 11.4-3. Angular distributions of
the prot Vr‘)pr)u)s reactions. The ex-
planations of the uous and da,hcd
gl ovt, The'h
ssignments are from angu)ar‘ ‘momentum
considerations and the J7 assignments

information.

Therefore, a program is being
writtend specifically for heavy ion in-
duced nucleon transfer below the Coulom
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uantitative information regarding the reaction
copic factors, etc., can be cbtained using this code

-J.B. Goldfarb, Nucl. Phys. 78, 409 (1966)
Alder, Helv. Phys. Acta, 43, 363 (1970).
ips and A.R. Barnett, in Nuclear Reactions Induced by nnauy
Bock and W.R. Hering (North-Holland Publishing Co
).

Nuclear Physics Laboratory Annual sity of Washington (1970)
108.
Lemmer, Nucl. Phys. 39, 680 (1
5.7 of this report.

oupled Chamnels Analysis of Heavy Ton Elastic Scattering

Vandenbosch

an investigation of the elastic scattering of

d that the 90° excitation function
of 160 off 16

reported
or this reaction is
The former systen

t the “mkmb gross structur
much smaller
Forenfss

re exhibited in the latter case, and
at higher energies. suggested? t

b the two systens could be

of the relative ease for direct reaction

qualitatively understood on the basis
channels to carry away

mentun associated with a grazing collision in the elast:

analysis shoved that the Q value differences between i

1L e D it of g1
1% put n the case of 18 + 18
hibited the

pled chamnels in the case of
he direct-reaction chamnels are
elastic cross section would be expected to be unusually large.
Looked at fron the point of view of the optical model, it is primarily
the size of the imaginary potential which determines the magnitude of the elas
the imaginary potential is determined by
e size of W

nel, as well as by in hich eventually
resilt in compound mucleus fornati to studying
the effect of competing dire on the elastic cross section is
that of coupled chamels.® At the p!‘eseuv tine one anly knows how to properly
reat inelastic exci this appr The coupled channels approach
has been quite successful in describing sc cattering of light particles from
either vi deformed nuclei. It has also been applied to
the elv_suc and )nelas(u‘_ scattering of heavy ions at high energy.’ The nuclear
potential, assumed to the nuclear shape, is expanded in terms of deforma-
tion parameters. If only the real part of the potential is assumed to be de-
formed, the coupling is said to be real, and if the imaginary part of the pote
tial is also deformed the cowpling is called complex. It has been suggested® that
only real coupling need be considered if all of the important direct-reaction
channels are treated explicitly in the coupled-channels calculation. It is.

ainais,
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perhaps appropriate at this point to
B 3 "0("0/%0) Eleste, Ex

ch il e et the appropri-
ateness of such a description for the
interactio heavy ions.
not at all clear that such a
scription adequately desc
the imortant degrass of frcedes U
on the
is model
explore the effects on the
elastic channel, and hopefully the de-

—— Mo coping
© B, ReB, R3F Reol Couping

8 ReB, L3 Complex
"Couping

nel will depend primarily on the amount
of flux removed from the elas

and less semsitively on the exact form
of the form factor of interaction, as- o
suming that the overall strength of the

coupling has been chosen to reproduce
observed inelastic cross sections.

We first describe some sample
coupled channels calculations performed T80
to explore the effects of various para- cm. Angle (deq)
meters on the elastic cross sections.

The geometry of the potential used in
these calculations is essentially that

arison of coupled-

b er et al.® optical i Bl AL ¢
i i o FIt  Chamels calculations of ela:
0. Figure 11.5-1 comares el o o bt
e e B g gt tie
model calculation (no coupling)

suming large defornation parameters for (oo 22Tl ol
both the 27 and § states with the elas- -P1n€ 72 B e !
arm e S T e e state s SeNoRRe TRtion SnsESiE
cal potential in the absence of coupling.

The Séfect of coupling with this potential is to damp the oscillatory structure
in the angular distribution, with more of the structure washed out if complex
Pather than real cowpling is assumed. There is also some shift &

tions in this example, The relative effects of in

2+ and 3" states in 150 as compared fo 180 is shown in Fig. 11.5-2.
values are taken from the e t

terature*s? or, in the case of the 2V
Foom an amalysis of 10 + 180 inelastic scattering. The structure is more
strongly damped

in 18 due to the less negative Q value and the larger deforma-
tion of the 2* state.

a5 compared to 190 somewhat weahens tha direc
The alpha transfer channels, which are mot included in this caleu
pected to play a dominant role for the high partial waves for 18,

useful way to illustrate various effects on the different partial waves
is to plo( the S matrix elements in the tomp,\ex planey. T
element for the tth D)‘“txal wave is definedby S =

phase shift. In Fig. 11.5-3 we plot the S matrix elements for the sample calcu-
B e thown in Fig. 11.5-2. One can see that the stronger cowpling to states in
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i 3- 61 Mev
041 ---1% 2+ 20 Mev
3- 5.0 MeV
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BR= 1.4F
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04180 parison we have performed a synthetic

AR (@24):13F calculation using the scattering-matrix

elements of the Q = 0 calculation for

partial waves with £ < 10 and of the

1 Q= -6.91 MeV calculation for the higher
partial waves. The result is seen to

resemble the Q = -6.91 MeV calculation

much more closely, confirning that

i coupling is primarily affecting the

higher partial waves.

e

ELASTIC CROSS SECTION (mb/sr)

As a final application of the
i coup. 1s approach, we have i
kil e AMGLE Aay AR 2 vestigated the propesal of Scheid,
Greiner, and Lemmer® that structure ob-
served in the 160 + 180 excitation func-
tion is related to quasimolecular states.
Fig. 11.5-4. Illustration of the Q-value Following the suggestion of Imanishi,d
dependence on the elastic scattering as- who attempted to e mtla
suming coupling to a 2* deformed state. molecular structure in t low
The damping associated with a more fa- energies by considering couplxng i
vorable Q value is shown by comparison 2 state in 12c, Scheid et al. have per-
of the dotted curve with the dashed i e s R
curve. Comparison of the full curve and for 180 th coupling to both 3
the dashed curve (indistinguishable from and 2* states. They used an optical
the full curve at forvard angles) demon- potential whose imaginary part for the

3

strates that coupling affects the con- elastic channel was assumed to vanish at
tributions of the higher partial waves a radius corresponding to the vegion of
primarily. the quastnoleculan Vell. For the

2ot Ehemel e iMsglaary potential
was sssuna 69 be surPabdbil o eadl ol Lorer il aluo axhfiita & pepul
core. He have perforned a calculation to test the sensitivity of thein pesult to
the potential assumed,using instaad the latest empirical potential obtained by the
Yele groiglliale st oo [ine e bl atantlc caftesingsTiin potantiat (rea
U e R imaginary part: W= 0.8 +

S e vt o el S S
imulate g-dependence. The results of the calculation are illustrated in Fig.
MR e w e B s e
structure. We conclude that
expected on the basis of our present empirical knowledge of the 160 4+ 150 opncd’
potential. It is also not at all clear that the structure cbserved experimental-
1y is not simply due to Ericson fluctuations, associated with the compound-
elastic contribution to the elastic scattering.

il Nuclear Physics Laboratory Annual Report, University of Washington (1970),
5.
ol W. Shaw, Jr., R. Vandembosch, and M.K. Mehta, Phys. Rev. Letters 25,

457 (1970).
E T. Tamura, Rev. Mod. Phys. 37, 679 (1965). e are indebted to Professor
Tamura for making his JUPITER code available to us.
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12, CGAMMA RAYS FROM NUCLET

12.1 Competition between Neutron and Gamma Ray Emission following (d,d')
Reactions

D. Bodansky, J.R. Calarco, J.M. Cameron, D.D. Chamberlin, C. Ling, and
D. Oberg

The investigation has been continued of neutron and gamma ray competition
in the decay of the compound nucleus formed following the (d,d') reaction. In
addition to © "‘g which was the first target studied in this work, we have also
used s targegs Pg,5re,91ar, and 11%n. The most extensive data has been taken
for 6Lyi and SMg, »lhex‘e a number of o g 2 angles have been
explored; for the other targets both the deuteron and neutron counters have been
restricted to 90° to the bean direction (on opposite sides of the beam).

The basic approach of the experiment has been to look at neutrons in coin-
cidence with inelastic deuterons. The deuteron energy determines the excitation
energy of the internediate residual mucleus. In the region of interest this nu-
cleus will emit neutrons to discrete states of the final nucleus and the energies
of neutrons are measured from the neutron flight times. In the most recent runs,
the neutron observations have been supplemented by observations of the spectrum
of gamma rays in coincidence with the inelastic deuterons.

The experinental arrangement now consists of a three-counter telescope
(AE,E and anti) for deuteron detection, used in coincidence with either the neu-
tron counter (a 5" x 1" NE213 liquid scintillator) or the gamma counter (a 3" x
3" NaI crystal). It is possible to use both the neutron counter and gamma coun-
ter similtaneously, but not in coincidence with each other. The coincidences be-
tween deuterons and neutrons or gamma rays are established by time-of-flight (TOF)

signals as stop pulses. The processed analog signals of AE and E (for the deu-
teron) together with combinations of either (a) a neutron TOF signal, a scintil-
lator pulse shape discrimination signal, and a scintillator pulse height signal

puter ADC's. Particle identification is performed on-line in the computer, and
For deuteron events the full array of signals is recorded event-by-event on mag-
netic tape. To monitor the experimental runs, a variety of live displays may be
presented on the computer oscilloscope. In the latest configuration, two 32

64 channel arrays are displayed; one of neutron TOF vs deuteron energy and one of
gamma energies vs deuteron energy. For data analysis a 64 x 64 channel array of
any selected pair of signals can be retrieved from the magnetic tape; it is also
possible to impose any desired pulse height criteria upon the remaining coinci-
dent signals.

The fractional neutron yield to the different states of the final nucleus
is obtained from the plot of neutron TOF vs deutercn energy, by suming over the
Kinematic bands corresponding to the discrete (d,d'n) groups, correcting for de-
tector efficiency and solid angle, and normalizing to the (d,d') yield. Itis
assumed in this calculation that the neutron yield is isotropic; this assumption
ic consistent with results of measurements made in which the meutron detector
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: T T T y
Results cbtained in eixgitalie
e A Ni(d,dny)
ihich the deuteron de- e
6n=90°
61 2
When the “Ni excitation energy a
is sufficiently low, the neutron decay - sgs. °
o the first excited state at 1.33 MeV ® o 240133 MeV) B
can be independently determined as- L | Ty o225 Pl | e
e 5
more highly excited sta; are = i
sccessible, the Q;,u(mon becomes more 2 o8l 4
omplicated, but the 1.33-MeV gamma ray = Side
remains a rather good measure of ]
1 neutron decay to excited states of S osf E
because the excited states below £ 5
decay primarily through the 1.33 s L
state.l This gamma ray yield, inde- T o4} 2
D normalized, is also displayed - o
in Fig. 12.1-1. In general the neutron u )
and ganma ray results ave qualitatively oz}
consistent. Quantitative comparisons
are at the moment difficult to make be-
cause of large statistical and s; p Lt L
uncertainties in the gamma ray data. It B. Mav)
n

is hoped that futuwre runs will reduce
these uncertainties.

SLipce SHpBCINE S the ‘““"' Fig. 12.1-1. Fractional neutron yield
pretation of the neutron sl "ay as a function of avail neutron ener-
made by calculating the spin d bu» 3 x 0%
tions of the d + Eyi Syaten ad the ax- B (i-e., excitation e
cited 61Ni* on the basis of the statis- 10E/GRarEy, The pdusterent
tical model, using deuteron transmission
iyicients generated froman oPtI%l from gamma data (see text). The arrows

T, bt 3 indicate thresholds for the different
tribution and a set of conventional a h &
gamma widths and neutron transmission
coefficients, a fu tical model
calculation gives the fractional neutron yield. The results of such a calcula-
tion is shown in Fig. 12.1-1 as a solid The neutron yields are quite sen-
sitive to the spin populations, but, because for most spin states emission is
either overwhelningly via neutrons or ove"rlhelmlnglj via gamma rays, the calc
lated yield is not very sensitive to the neutron and gamma ray widths. In
12.1-1 the calculated neutron yield is sl g)xt\y lower than the observed y)eld
As low spin states favor neutron emission, better agreement would be obtained
Were it assumed that (d,d') events led to lower spins than implied by a statis-
tical model calculation. This is not an unreasonable assumption, because in the
high 1-transfer region, the (d,d') yield may be somevhat depleted by (d,p) and
(d,n) reactions. When the 205 of the events corresponding to highest spins of
the d + ®INi systen ave removed from consideration, predicted yields ave in sub-

ne.

m
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stantislly bettep i wi
curve of

A the measurements, as displayed as the dotted

In assessing the significance of the agreement between meas
calculation seen in Fig. 12.1-1, it would be of interest to exam
data with the inelastic deuteron at other angles where the amoun
tical contribution to the (d,d') reaction is enhanced differently.
progress to obtain data at forward deuteron angles where direct
a larger part, but reliable data are not as yet available.

Raman, Nuclear Data Sheets for A = 60, Nuclear Data B2-5-45 (1968).

Gamma Ray Spectra fron 16 MeV Deuteron

12.2  The High Energ
Variou: o

Halpern and D.L. Johnson

expects to learn sonething about the mechanism involved in the de-excitati

highly excited nuclei via primary gamma transitions. These studies give infor-
ich can be related to radiative capture when the primary transitions go
inal states. The high energy part of the gama spectrun can be used
hese prinary transition:
er reactions. Light nuclei may hovever have certain strong gamma ray
non-primary transitions.

From cbservations of the high energy gamma spectrum (Ey > 10-12 MeV) one

4 e high energy spectra from bombardments with high energy alpha pa
and 3He nuclei seem to indicate the predominance of compound nuclear formation
followed by statistical emission of the primary quanta. The shape of such stat
emission should be essentially that of an exponential level density modu-
by the inverse cross section between the states involved. he best estimate
e shape of the inverse cross section is that of the giant dipole resonance.
The resulting spectral shape should be a decreasing exponential with a sharp drop-
Drake et al.l have cbserved such spectral shapes from alpha
and 3He bombardments leading to the same compound nucleus 54Zn.

Bombardnent with protons to produce the same energy in 641 produces spec:
tra vhich are quite different indicating a nfferen( mechanism. The proton spec—
tra for the same excitation energy in i 7n (N ?87 MeV) extends to about 26 Me
which is 5 MeV higher than from the SHe In addition, strong lines
agabuglbind bl et U U0 L Speinn il e e

It yas expected that since the deuteron is a composite particle as is the
3He nucleus, it should also produce high energy spectra via the com
survey run was performed to see if these high energy gamma rays

» the presence of the large neutron background produced b;

pound nucleus.
could be observed
deuteron beam.

The detector was a 3¢" x 53" Nal crystal inside an 8¢" x 12" NaI anti-
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" of poly- o . =]
J &

e targe Cu+d
- E 16 MeV. E

cidence annulus. About 13
placed between th
ector to reduce the 3
get neutrons that hit the detector. The
don background due to room neutrons
typically accounted for more than 90% of
11 events. To be able to see the true
gamma spectrun below 12 MeV the time-of
11 nique was used to separate
gamna spectrum from that pro-
y prompt
nary results indicate that the
high energy spectra appear to have about
the same shape as those of the alpha and
3He bonbardments leading to the same e
citation energy. Figure 12.2-1 shows
& gh energy portion of the pulse-
height spectrum prodyced by 16 MeV
ncident on °%Cu. A semi-logar-
thmic plot emphasizes the basically ex-
ial shape wi
MeV. The figure a

£2,2299 MeV.
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This spectrum compares

well to spectra of the_compound s: at about the same excitation emergy

produced by alpha and He borbardments and net 1ike that £rom the proton bombar

90° gamna spectra produced

en_cbserved mh the folloving targets:
a 2

et
1?c) no targets show any pronounced
spectrum extends to approximately 10 ximum gamma energy possible
whereas for proton bombardnents the spectra extend 5 NeV or more e

ons in the region of 23-33 S stical mech-
anisms do not give large contributions to the high energy ga

1. D. Drake, S.L. Whetstone, and I. Halpern,

12.3 systematics of Angular Distributions in Fast Proton Capture

I. Halpern and R. Heffner

capture which have been reporte
weight® nuclei. Our object was to see whether the main features o
butions can be wnderstood in terms o a

and to explore the use of such iatoibutions £o help mesolve prc

in our picture of nucleon capture.




The current model for fast nucleon capture involves two amplitudes
capture process,®:7 one corresponding to a direct radiative tramsition to
state by the incident nucleon and the other to a non-radiative transition to t
same state accompanied by the excitation and subsequent de-excitation of a col-
lective state in the target. The radiations from the direct capture and from the
decaying collective state are emitted coherently. Hovever, there is an important
difference between these two amplitudes which has implications about the forward-
folding of the photon distributions which is sometimes cbserved. The radiation
associated with t emitted from a rapidly moving, charge,
but the radiation fron the induced dipole cscillation in the target (the EL oscil-
lation is tl in miltipole excited) comes from relatively slow moving charges.
he classical radiation pattem of a charge accelerating in the d
contains the forward-folding factor (1 - B8 cos a)™* where o
of observation with respect to the particle motion and Bc is the particle velocity
when it is radiating, The forward-folding factor associated with a proton radi-
ating as it accelerates across the edge of a nucleus is even larg
The recoil of the target mucleus contributes an amplitude about
the proton's and opposite to it. Since this amplitude comes from a slowly moving
sl S DD e L e e e R
amplitude (Aproton - Arecoil) is relatively more forward folded than it would be
in the absence of the recoil effect.

ihen the photon emitted by a captured proton is in the giant resonance re-
gion,b it
depolarization of the target is about three
(including the recoil amplitude mentioned above).

tude arises from slow charges, we expect no striking
photons are emitted with near-resonance energies. This seems to be borne out by
. 12.3-1) where somewhat smoothed excitation functions

Wy(8) = 1+ ajPy(cos 6) + agPylcos 6) +- i five examles,
a) (which measures the forward folding) is small in the region of the giat
nance. In three cases it is seen to rise to rather large values as one EO
Emariaid anaudl v mtoe e il e, ) e nguer
distributions at still higher energies to see whether a, remains large. Lf the
origin of the forward folding is due predominantly to a kinematic effect as we
are suggesting, the value of a) should stay up as the energy is raised.

For two of the targets in the figure, it is seen that a) remains negligibly
11 throughout the range of measurements. For these two targets it happens that
is either small or positive whereas for the other three targets (where aj does
ease at higher energy) ap has an average value which is large and negative.
g connection Befiad and a suggests itself. Where a, is large
the angular distribution peaks at 90°. It is the sort of distribu-
1ca]ly when the acceleration and velocity of the emitter
are parallel. It therefore corresponds to protons incident on the nucleus with
small impact parameters (low f values). Furthermore, when the acceleration and
velocity of a radiating charge are parallel, the forward-folding is large (see
above). However when the impact parameter approaches the nuclear radius (i.e.,
2 & kR) then the acceleration and velocity are perpendicular and one can show
classically that the forward-folding becomes rather small. Thus we are led to

s




for a; and ap
classical con-
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expect that when the £'s important in the capture are small, aj will be large and
when they ave large, a) will be small. The amount of forward-folding depends
therefore on whether the target and residual spins ave nearly equal or rather
unequal. It will be of interest to examine other cases to see whether this clas-
sically-suggested comection between a; and a) holds up. One is encouraged to
look for such general connections by the fact that 2, and ap seen to remain zathor
constant with energy despite strong ups and downs in the cross-sec 1f
turns out that one can in this way identify targets for which there is very e
a) arising from kinematic origins, such targets might be especially useful in a
seavch for genuine £2 - EL interference, Le., for a napping of the 2 strength
function in the target nucleus. Similarly, if the non-vanishing a) in Fig.
is purely kinematic in origin, arising entirely because of the incident proton
speed, it follows that the corresponding value of aj in fast neutron capture
would be vanishingly small since here the neutron itself does not radiate. Only
the (slow moving) recoiling nucleus radiates. In short n capture would be more
useful than p capture for the study of E2 strengths in nuclei since the signature
for E2 (the E1 - E2 interference in the angular distribution) would not be masked
by what sppenrs tobe 3 smple kinematic effect. We are therefore studying the
of of capture gamna ray angular alstrinu-

tions followxng ot et

il el S.S. Hanna, L. Meyer Schutzmeister, and R.E. Segel, Nucl. Phys.
58, 122 (1964).

2 R.E. Segel, Z. Vager, L. Meyer Schiltzmeister, P.P. Singh, and R.G. Allas,
Nucl. Phys. 93, 31 (1967).

3 R.C. Bearse, L. Meyer Schitzmeister, and R.E. Segel, Nucl. Phys. 4116, 682
(1968) .

u. P.p. Singh, R.E. Segel, L. Meyer Schutzneister, S.S. Hanna, and R.G. Allas,
Nucl. Phys. 65, 577 (1967).

5. M. Hasinoff, Ph.D. Thesis, Stanford University, 1970 (unpublished).

6. G.E. Brown, Nucl. Phys.A5, 339 (1964).

i C.F. Clement, A.. Lane, and J.R. Rook, Nucl. Phys. 66, 273,293 (1965).

12.4  The Radial of the Nucleon-Nucleus Force ible for E1

Excitations of Target Nuclei

1. Halpern

A paper is being prepared for publication which presents a microscopic
derivation of the strength and spatial dependence of the force with which an in-
cident nucleon electrically polarizes a mucleus. This work has been done in col-
laboration with V.A. Madsen of Oregon State University and J. Ziményi of the
Central Research Institute for Physics, Budapest, Hungary
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12.5 A Search

for Spin-Flip E1 Ganna Ray Transitions from Iscbaric Analog
Resonances in 20°Bi and ° Zr

D.R. Brown, J.R. Calarco, M. Hasinoff, and R. Heffner

It has been found that the measured E1 matrix elements for a gamma transi-
tion between an iscbaric analog resonance KIAR) and a low-lying bound state is
reduced compared to the pairing model es: . The reduction factor for the
transition from the 2f7/p IAR (Ey = 14.95 MeV) to the 2ds/p ground state in Tl Pr
was found to be about 3.9.1 This degree of hindrance was shown to be consistent
with a mi calculation in which a particle-
hole interaction proport: onal to the ma element (v), the El matrix element,
was assumed. T the hindrance of the IAR transition was attributed to out-
of-phase admixtures of the associated collective state (here the giant dipole
resonance) into both the IAR and the final bound stat

It would be of interest to extend these types of measurements to transi-

tions wheve different types of rr«;u\x_a] interactions migh

to do this by nemnng a spin-£1ip El transition fron an IAR, whereby the inter-

action (g x ) might be ;(_(.ied. One such measurement of a spin £lip E1 transi-

n 89Y has been reported with the interesting result that the matrix element
:ut 4 times larger than the single particle estimate.3

t be studied. We sought

'He ‘Ghose to investigate the reactions. 20Fb(p,v)20%81 and *°1(p, 1) zr.
mma vays vere detected using a 20 cnd Ge(Li) detector. For the 2 Y
reaction ve sought to measure the transition strength from the 3@642 TAR
x = 20.3 MeV) to the 2f5/p second executed state (Ey = 2.83 el) of Ve
fons in 0zr £rom the (da)z.p1/3M),- 1= IAR to
‘the low lying single particle states in the p-shell. e
ever, could we cbtain a Suff: —yield within a reasonable data collection
‘time, The primary experimental limitation on the counting rate for the reso-
nance transitions of interest was the large overall counting rate
rate was most probably due to gamma rays deriving from neutron capture following
(p,n) reactions in the target and thus could not be reduced to a tolerable level.

his overall

1y Ejiri et al, Nucl. Phys. A126, 388 (1969).
2 H. Ejiri, private commmication.
ER P. Richard et al., Phys. Letters 298, 649 (1969).

12.6 Delayed Ground State Rotational Band Transitions follow
Reactions in Deformed Nuclei

Compound

Halpern and H.

In his thesis study’
cant fraction (¢ 108) of
clei, which are produced
cally, forty-two MeV a's
of the ground band radia

in this Laboratory S.M. Ferguson fownd that a signifi-
the ground band radiations in even-even rare earth nu-
in (a,xn) reactions, comes out delayed. More specifi-
vere used in the bombardments and it was found that some
ion appeared as late as v 30 ns after each beam burst.
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The fraction of delayed to prompt ground band radiations was largest for the
lower transitions. It is assumed that the large angular momentum input into the
nucleus is responsible for the delay which occurs in some higher levels whi
feed the ground band

Ve have made preparations for an experiment to this phenomenon fur
Using the Van de Graaff accelerator with heavy ions we plan to achieve
to those cbtained with 42 MeV
ed using the d
a small percentage of methane with the hydrogen
Ve have also ol

rpose .

eak has been ordered for this pu
160gg, 154gm, and 150Nd which we will make into self

ally enriched
targets.
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Table 13.1-1.

Isomer Ratios for

237m,,
Pu

Target  Projectile G g Ma o
prompt Sprompt spallation
2954 24 MeV a's 5.61 6.3:3.2 11.9:3.2 30060
i) 27 MeV a's 2.65 1.9%0.9 4.5£0.9 180140
27 12.1Meva's 2.59 u.5; 7.1£1.9
angular momentum of the compound nucleus
bttt i e S T
his is illustrated in Bt 3 i & 3
2 where the cbserved ratios 2 H H g
are compared with ratios based on a 8 & & -
stical model csleulation. A more R ‘ 1
relation between sp
i
2
2
2
N
2
&
5
this comparison are 9/2,11/237/2,11/2;
7/2,9/2;5/2,11/2; and possibly 5/2,9/2 |
and 3/2,11/2, where the low spin of the
pair corresponds to the short-lived 4l
isomer. These possibilities are further
reduced by reference to Nilsson diagrams
Eor drens p RS Al
formed nuclei in this mass region. Two b—h e B o
po\;ublé spin pairs, 5/2,11/2 and 3/2,
11/2, are predicted for the isomer pair
based upon the Nilsson scheme and on the Fig. 13.1-2. Ratio of isomer ratio for
valid the statistical model. It each bombardment to the isomer ratio

is assumed that penetration of the inner
barrier followed by ganna decay to the
ground state is a nop-competitive mode

of decay for 23TMpu,

A determination of the deforma-

priate deformation. The steepness of

close to the Fermi surface at the appro-
in

for the 27 MeV alpha particle bombard-
a

ial compound nucl
circles are the expérl’wen al results.

The solid line theoretical T
for spin pairs 3/2 11/2 and 5/2,
2 spin cutoff paraneter, o, of 3. A
dashed line is the theoretical result
for the same spin pairs with
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13.3 Investigation of Delayed Gamma Decay of the “°°y Shape

J.R. Calarco, R.H. Heffner, W. Jacobs, J. Pedersen, P.A.
R. Vandenbosch

The 1iquid drop model demonstrates that the total nuclear potential
energy increases and passes through a saddle point as a nucleus undergoes pr
distortions from the equilibrium configuration. The Strutinsky prescription in-
corporates single particle corrections in the liquid drop potential. The result
is a second minimm in the nuclear potential energy in the vicinity of the sad
point deformation.l The process of delayed fission is ascribed to a decay from
the second minimun via tunneling through the outer barrier which lies, typicall
at a deformation, B, near 0.7.

The know shape isomers occur in greatest mumbers in the plutor
isotopes which frequently exhibit multiple isomerism corresponding
one state in the second minimun. Fewer instances of delayed fissi
observed among the isotopes of uranium, and none have been posit
P ptunium, Furthermore, isomer ratios (delayed f
lation cross section ratios) for delayed fission in uranium isoto
those typical of plutoniun delsyed fission although delayed fssion hal
T the even-even yranium isotopes are longer

8" Tnis suggests that a competiti of decay,

vation o NG iller DAMMAMECR £y o gama cascads to.the growd. state
the first minimum, is the dominant decay mode for the uranium and neptunium
isotopes.

Investigation of the gamna branch as a decay mode for the shape isor
' has been undertaken. The half life and cross section for 2°%y delayed
fission have been meagyped at this laborat % using the 238U(d,pn) reaction to
produce the isomer 'y decays by delayed fission with a half life of approxi-
mately 200 nsec. The isomer ratio is ~ 10-5, an order of magnitude lower than
observed for plutoniun isomers.

238m,

spin and parity of the shape isomer in 2°°"y is expected to be 0F,
and consequently a sigpificant branching ratio for decay of the isomer to the

First excited 1 and 2' states in the normally deformed 238U nucleus
pated. These states are lying at 0.676 MeV and 0.045 MeV respectivel

The

The experimental design is based upon identification of
gamma spectrum which decay with a half life of 200 nsec and lie wit
3.0 MeV range. Cross sections are expected to be of the order of 25 to
barns based on relative even-even uranium and plutoniun isomer ratios.

nes in a

A deuteron beam from the direct extraction ion source of the two-stage
Van de Graaff accelerator has been pulsed at frequencies between one and ten kiiz
with bean bursts 50 to 100 msec wids. The lov duty cyele prevents buildup of
long-lived activities due to delayed gamma rays in fission f; ts. The tar-
get, a natural uraniua foil .68 mg e L e
deuterons to pr e 238y(d,pn) U reaction. The \ax‘get s located W
two inches of J]e ama detecto, a 20 cc Ge(Li) crystal at 300,

458
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T ta has been collected v

e ing an existing program modified for this

experinent. A fast timing signa ed from signals out of the gamma detector

stops a TAC which has been started by the oscillator signal from the beam chopper:

ne spectrun which is observed over a microsecond

The tine spectrun is divided into anywhere
ated with each bin is

stored separ:

Early attempts at data collection have concentrated on reduction of
1d neutron background between beam bursts. Some progress has been made
endeavors which include various techniques of shielding. Initial back-
cross sections at 1 MeV were about 5 times larger than cross sections
pated for the delayed gamma lines.

1 V.M. Strutinsky, Nucl. Phys. 495, 420 (1967).

2 K.L. Wolf, Ph.D. Thesis, University of Washington, 1969 (unpublished).

3 K.L. Wolf, R. Vandenbosch, P.A. Russo, M.K. Mehta, and C.R. Rudy, Phys.
Rev. 6, 2096 (1970).

in Nuclear Fission

for the Amual Review of
Nuclear Science) is nearing completion.




1. RESEARCH PERFORMED BY USER OR VISITOR GROUPS

14.1  Pior

ucleus Cross-Sections
J.R. Calarco, I. Halpern, M. Hasinoff, and R. Marrs

el R i for expemmem to be performed at LAMPF in colla
boration with Prof. Mark J. Jakebson and co-vorkers of the University of Mont
and Dr. D.C. Hagerman AR e N
R e bR ol el e M i ottt o mrivations
and proposed methods for the study of total cross-sections of pions on various
nuclei at energies up to 300 MeV. We are also looking into possible measurements
of double charge exchange cross-sections on muclei.

14.2  Total Body Calcium Studies in Humans Using Neutron Activation Analysis

C. Chesnut#, J.D. Denny*, G. Hinn*, R. Murano*, W.B. Nelp*, H.E. Palmert,
| and T. Rudd#

The experiments to deternine the accuracy of our system in estimating total

4+
o oL =\
& 5 & o

Percent change in body calcium

| 0 2 4 6 8 10 12 14
Months after first measurement

Fig. 14.2-1. Serial loss of body calcium - renal osteodystrophy hemodialysis
patients
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lcium by neutron activation analysis and whole body counting are
of six cadavers were irradiated, ashed and chemically analyzed

One cadaver differed greatly from the others in that the amount of
hin was about 20% less than would be predicted from his skeletal

now con-

is result was explained by the fact that he was preserved by a solution
aining 4% borax which is about 10% boron by weight while the other cadavers
The large cross section of boron for thermal neutrons (514 barns) de-
ieton by approxinately 203,

other five sub;

Investigations of the pathophysiology and therapy of various groups of
patients with metabolic bonme disease using total body neutron activation analysis
to measure total body calcium are continuing with some patients followed for
nearly two years. One hundred forty-seven studies on 105 patients have been com-
pleted and the initial results have been enlightening.

The patients with chronic renal re maintained by hemodialysis on the
artificial kidney have had a mean loss of total body calcium of about 7% of their
ody calcium two subject having a 12% and 14% loss respectively over a
one year period (Fig. l4.2-1). Measures are now being taken to attempt to prevent

N
2

159

ke cpte 1

Percent change in body calcium
N
5

i T T T T T 1

2 4 6 8 10 12 14
Months after first measurement

Fig. 14.2-2. Serial change in body calcium - renal transplants.
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this calcium loss.

Of the three kidney transplant patients who have had repeat measurements,
two have had positive calcium balance after surgery while one has = 10% loss
of total body calcium after tramsplantation (Fig. 14.2-2). The t with the
large loss of calciun is suffering from persistent hyperpax‘alhyro)d)sm post
transplant.

Over thirty patients with osteoporosis have had initial total body calcium
determination and the effect of various drugs on their calcium balance will
monitored in them using neutron activation analysis.

Two NASA volunteers who underwent 16 weeks of bed rest as simulated
weightlessness had no significant change in their total body calcium during the
period as measured by neutron activation analysis before and after bed rest.

Future plans involve primarily following the above groups of patients with
eutron activation analysis to evaluate various types of therapy and to study
Other AndiviTuais vith pwohlems in whom total body caleium determination would be

of clinical usefulness or of special interest.

* Department of Nuclear Medicine, University of Washington.

14.3 A High Pressure Method for Cyclotron Production of *°p

G.M. Hinn*, W.B. Nelp*, and W.G. Weitkamp

18, a positron emitter, is the only radioisotope of Fluorine with a half
1ife (1.87 hours) long enough to use for clinical bone scanning. later is bom-
barded with alpha particles 160(a,pn)L8F to produce carrier-free 18r. When an
alpha beam passes through water, gaseous hydrogen and oxygen are formed through
radiolysis. The resulting pressure increase from the formation of these gases
can cause foil rupture at presswres in excess of 60 psi. this problem
a gh pressure contamment vessel has been designed which will withstand internal
presgures w to

The target charber comsists of three separate parts (Fig. 14.3-1): a back
plate (A), a titanium foil (F) and a front plate (B). The 0.001 inch thick tita-
niun foll'is applied to the back side of the front plate with a b
resistant epoxy. When applied in this manner the foil assum
one inch which provides the added stremgth for the foil to wishatand pressures up
to 160 psi. When the entire target is assembled, two sealed (by means of a viton
erconnecting chambers result: chamber cy, the irradiation
chamber, and chamber cy, a water reservoir. The combined capacity of both cham-
bers is 15 ml of water. The target is cooled by circulating cold water across
the entire back surface of plate A.

» is maintained at a current of 20

During bombardnent the 42 MeV alpha b
to 25 b



EXPANDED TARGET PLATE ASSEMBLY

Back block (A)

Middle P{’:ﬂ"“
o il 1 Withdrawal port
plote (B)

=

oo

possage (pp)

ig. 14.3-1. High pressure '°F production cell.

ent a needle valve is opene
on out of the ch s
ile multidose

At the end of bombar
sure forces the target solu
filter and into a vented. st

than the experimental resu
A Jrulig 4
Negligible anounts of r of V) have been de-
tected from recoil reactions inal product has been
sterile and shown good loca:

* Department of Nuclear o :
i J.C. Clark and J.D. pl. Rad. and Isotopes 17, 151
(1966).




K. Saito, T. Nozaki, T. Tanaka, and M.T. Fal, Int. J. Appl. Rad. and
f Tsotopes 14, 357 (1963).

1 Neutron Radiation Therapy
H. Bichsel* and W.G. Weitkamp

| Recent biological experimentation indicates that fast neutron beams may be

| superior to conventional gamma radiation in medical radiation thera

| ticular, the oxygen effect (usually described in terms of the oxygen enhancement
ratio OER) associated with heavy charged particles rather than electrons may b

i exploited in this comnection.

The University of Washington cyclotron would provide a suitable source o
fast neutrons, which probably would be produced by the D(d,n)%He reaction.

i
(| B
{ liminary studies of the entire problem have been made.

* Department of Radiology, University of Washington.

14.5 The Interaction of Fast Neutrons with the Retina of the Human Eye

Bichsel#

onauts e Apollo Spaceflight reported "light fla:
perceived after some dark adaption with closed eyes.

As which they

In order to establish the interaction responsible for this perception,
| patients undergoing neutron irradiation for diagnostic purposest ed to
‘ report any light perception experienced during the course of the irradiation.

nce by all four subjects was described quite vividly, mos
a resemblance to fireworks. Distinct streaks of light were "epox‘ted.

' ur current interpretation is the following eavy charged particles [re-
coil protons, recoil nuclei, alpha particles produced by nuclear reactions (e.g.,
160(n,a)] interact directly with the retina, producing the impression of light

’ perception.

I The longest tracks observed were over 1 mm long (corresponding to the range
protons over 10 MeV). Alpha particles producing tracks of this length would

| have an energy of about 4O MeV. Since the neutron spectrum used does not contain

energies above 25 MeV, alpha particles of this energy could not be produced.

remarkable that some tracks were cbserved to have a structure; they
» at one end. This may be due to the increase in energy loss (stopping
th reduced particle velocity.
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amounts of 29%Mg yere produced Jy undegraded 42 MeV o's incident on .005" tar-
gets. For the short-lived 199Mig, exposures of 30 A were made for 3 hours
el e T L

The mercury produced in these foils was distilled into 1" cylindrical
quartz sample cells under vacuum. Such cells (also containing stable 199,
a reference) were then placed in the center of a stable homogeneous magnetic
field of about §50 gauss and illuninated with either right or I
polarized 2537 A resonance radiation directed along the magnetic fie
1ight was produced by electrodeless discharge lamps which contained
separated mercury. The spectra of the lamps were shifted by a magne
coincide with the absorption spectrum of the isotope being studied. A portion
of the Ay of the absorbed circularly polarized light is transferred
to the nucle tomic hyperfine interaction, thereby orienting them. T
Rl s R T R perpendicular
to the static field was monitored in a direction at 90° to the puming light.
An rf field perpendicular to the static field was swept slowly through the Larmor
n frequencies of the nuclei causing them to disorient. The resultin
change in the monitored light intensity showed a characteristic resonance line-
shape. The signal was digitized and stored in a PDP 8/I computer as a function
of the applied rf frequency.

ft circularly
L

The main infornation provided by this technique is the ratio of nuclear

resonance frequencies to that of the reference, 19%g. These ratios can then be
combingd with available values of the maguetic dipole hyperfine
stants? to yield differential hyperfine anomal: Th

are tabulated below; These values are in agreement with the less precise values
of Moskowitz et al.’ for the longer-lived isomers.

i 3,
Isotope V/v(199) G
193m 0.1609411(5) +0.01060(3)
195m 0.1588u54(4) +0.01042(4)
197m 0.1562657(3) +0.01012(36)
199m 0.1542921(8) .
' 100m o ;
The anomaly is not evaluated for **”g because the dipole interaction

constant is unknown. A current project, therefore, is to measure this constant
by the level-crossing technique. Shell model calculations are underway which
should produce values of the nuclear dipole moments and hyperfine structure
anomalies to compare with our measurements.

Work supported in part by the National Science Foundation.
t Department of Physics, University of Washington.
1 R. Vandenbosch and J.R. Huizenga, Phys. Rev. 120, 1313 (190).
it Nuclear Data Tables 5, 564 (1969)
3! P.A. Moskowitz, C.H. Liu, and H

Stroke, Bull.An.Phys. Soc.15,1676(1970).
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d Fission

sion Fragnent

Lovelandt, Y.S

of a continuing study of primary Fission fragment angular momentum,
fragnent isomer ratios le induced fission have
e. The experimental techniqu discussed Th

isomer ratios ary fragment angular momentum

. The interpretation has been
m. The energy available for the neu-
, s and the spin parameters

harged particle induced fission,
of Vonach,

ferved us:
ng mast

As the (Z,A) of the rimary fragme

entun, J, increases.

angu

The magnitude of J in charged
rred for low

duced fission is greater

induced f:

correlated with the

ude of J doesn't seem to be stron

ear angular momentu

Table 14.8-1

atios and Angular Nomentun

\ Charged Particle Ind

ragnent Studied  Isomer 3
0.52 £ 0.02 w1
i8¥ce 0.64 ¢ 0.01 197ty

0.040 12
0.20 £ 0,05 7+2
1(35 MeV a,f) .98 £ 0.12 5:1
£0.2 13 + 4

2 15

Oregon Sta

1.  Nuclear University of Washington (1970),
p. 160.
2.  H. Vonach, R. Vandenbosch, and J.R. Huizenga, Nucl. Phys. 60, 70 (194).




14.9  papticle-Induced Fission of Elements Below P

The Department of Chemistry at Western Washington State College cons
ently utilizes the cyclotron at the University of Washington in its studies of
the particle-induced elements below In the past year work has
continued on the 41 MeV alpha-particle induced fission of the element Ta. Our
previous studies with elements below Po showed a rather consistent narrowing o
the fission fragment mass distribution curve as the atomic number of the target
trapolation of the results predicts that Ta should fis
sion with the Fformation of . Results appear to
firm this prediction e ution curve is very
narrow (width at one half maxim\m. A A production of very
few fission fragments. A complicating factor in determining the total £i
B e e e s distribution
in the fission of elements in the region of Ta. The effec

i 1o O e R e e R e e g
sections very difficult.

1so presently being research is the effect of angular momentum on low
moderate energy particle-induced fission. In connection with this research the

cyclotron has been used mostly for the bombarding of Au with deuteriun ions.
rn Washington State College, Bellingham, Washington.
14.10 Silver Radionuclides in Biota from the Pacific Ocean
T.M. Beasley* and Held
1ver-108m and 110m were reported in biota from the Pacific Ocean. It

was suggested that the ratio 110Mg/108Mpg would be useful as a tracer of en
vironmental processes based on two assumptions: (a) most of the radiosilver was
produced during the 1961-62 nuclear test series, and (b) the radiosilver was pro-
duced solely l:y thermal neutron activation of stable silver. Silver and cadium
irradiated in the cyclotron provided empirical evidence of other pathways of

8mpg, uom\r production. In addition, the irradiated silver provides a 10®
is not commercially available.
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"A Comparison of Polarization Analyzing Powers of Two Nucleon Transfer
Reactions Leading to Mirror Final States", J.M. Nelson, N.S. Chant, and
P.S. Fisher in Symposium on Nuclear Reaction Mechawisms and Polarization
Phenomena ,1969 (University of Laval Press, Quebec 1970), p. 387.

"Study of the Energy Dependence of the p-p Quasi-Free Scattering in the
Reaction D(p,2p)n'", W.J. Braithwaite, J.M. Cameron, D.H. Storm, D.d. Mar-
gaziotis, G. Paic, J.G. Rogers, J.W. Verba, and J.C. Young in The Three
Body Problem in Nuclear and Particle Physice, Ed. by J.S.C. Mckee and
P.M. Rolph (North Holland, Amsterdam, 1970), p. 407.

Publications in Press or Submitted for Publication:

"The University of Washington Lamb-Shift Polarized Ion Source", E. Preik-
schat, G. Michel, G.W. Roth, J.G. Cramer, Jr., and W.G. Weitkamp, to
published in Proc. 3rd Intemational Symposiwm on Polarization Phenomena
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"A ngh Pressure Non-Catalytic Method for Cyclotron Production of “Sp",
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"Electric quadrupole transitions from high spin states in the beta-
vibrational band of 15%Gd", S.M. Ferguson, R. Heffner, and H. Ejiri
(to be published in PhysA Letters).

"Energy Dependence of Quasi-Free Scattering in the D(p,pn)p Reaction"
W.J. Braithuaite, J.R. Calarco, J.M. Caneron, and D.W. Stom (to be pub-
lished in Phys. Rev.).

“Search for a State in “He via the p + d + p + dk Reaction", W.J. Braith-
waite; dsM. Cameron, D.W. Storm, and T.A. Tombrello (submitted to Phys.
Rev.

"Gross Structure in the Spectra of Helium Ions Inelastically Scattered
from Heavy Nuclei with Large Energy Loss", G. Chenevert, N.S. Chant

I. Halpern, C. Glashausser, and D.L. Hendrie (submitted to Fhys. Rev.
Letters).

"Breit-Wigners Viewed through Gaussians", D.H. Wilkinson (to be published
in Nucl. Instr. and Meth)

"Finite nuclear size and radiative corrections in the construction and
assessment of Kurie plots for allowed Beta-decay", D.H. Wilkinson (to be
published in Nucl. Instr. and Meth.).

Papers Given at Meetings and Conferences:

"Mechanisms for Reactions Involving Heavy Ions in the Entrance and/or

Exit Channel", R. Vandenbosch, Gordon Research Conference on Nuclear
Chemistry, New London , New Hampshive, June 1970
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