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BETA AND GAMMA RAY SPECTROSCOPY

uring
Troratas nateen

Gerhart,

hert, Phys. Rev.
B. Gerhart,

or the Beta-Ray Spectroscopy

was moved from its original
hed second floor of the cyclo-

At that time the spectrometer and its associated equipment vere
1y so that operation could contime until final building con-
year wnile construction was
sary to dismant: the experimental equi
Work on the permanent installation of the spectrometer equipment
eted lavoratory is still in progress

beta-ray spe:
s Hall to quarters in the unf:

pectrometer have been com
1 lines ectrometer, permanent install-

cuim pumps, vecuum Lines, or s; end redesign of
mmm yotem and the current regulation system. In addition, the appara-
fus for handling active gases has been moved to the spectroscopy lsboratory and
nade substentially more versatile

Anong the alterations and improvenents for the

It is expected thet this work will soon be campleted, end that experiments
with the spectrometer will be resumed in June, 1961. (J. B. Gerhart, J. Heagney,
and G. §idhu)




The 38-Sector "Orange" Spectrometer

38-sector "orange” spectromster described in several previus progres
repov‘tsl has been set uj ng laboratory so that it can
in the 60-inch sc:
chanber. The spectrometer also can be operated independently of the cyclotron
for test purposes in a neaby area. With the Present bafils system the spectro-
meter has & resolution of 2.1 per cent and a transmission greater than 1.5 per
cent for a 5/16" by 1/4" source. The b-value of the spectrometer, essentially
the momentum-to-current ratio for focussed electrons, is 1.0, an unusually large
value for spectrometers of this type. (F. J. Bartis and F. H. Schmidt)

1 Cyclotron Research, University of Washington (1957) ». 2; (1959) ». T;
(1960) p. k5.

2 0. Kofoed-Hansen, J. Lundhard, and O. B. Nielsen, Dan. Mat. Fys. Medd.,
25, no. 16 (1950).

4. The 4.1 Mev Positron Spectrum of the 0% Beta-Decay

fore the start of construction in the beta-ray laboratory preliminary runs
were completed in which the OL% beta-ray spectrum was ot
fie1d epectronster,|| e | fntomel spectrometer source.
gen, was operated satisfactorily, and the source monitoring system vas
tested. Positrons from the weak high-energy OM' transition were ea
with a geiger counter in the presence of the gama-ray background from the source.
Work on this experiment will contimue when the spectrometer laboratory mod
tions are completed. (J. B. Gerhart, J. Heagney, F. H. 1at, G. Sidm)

cooled with liquid nitro-
artially

rica

5. The Study of Positron Polarization by Bhabha Scattering

Because of the construction program discussed above and the departures of
Dr. Hopkins and Mr. Stroth, the experiment to determine the longitudinal polar-
ization of Co%0 positrons has been discontimed. (J. B. Gerhart, F. H. Schmidt,
end J. E. Stroth)

6. The c10-Bel0 Coulomb Energy Difference

“orange" spectrometer has been used bo determine a cnmwe end-
point of 1.86  0.05 Mev for the higher ener:y branch in the C10
€10 vas proguced by the reaction 810(p,n) €10, with a 9 per

powder target mov d in the 60- nch :&aue")ng chamber. In

Following pro”eduﬂe was used: arget was bombarded for about 15 secor

then for an equal period its beca-acc)vny was examined with the orange spectrC-

meter and a monitor scintillation counter; xt the counting equipment was

turned off. This cycle was repeated until sufficient data had been accumlated.

The monitor counter recorded only the beta-activity above 1 Mev. The experimen-

tal spectrum vas normalized by the monitor count n

su)ts.aly corrected for background and for the presence of some high energy ac-
.y from a target contaminant, Fermi-Kurie plots were constructed.

2
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(Assuming L-8 Stanford resul
ng)

2.41 fermis

is 2.26 fermis

ais
ture, the cl
cial p:

Sow Fwpe

order to u(uum,c i
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B0 seets

ts 16 a:

2 = 2.’" fermis hag been reported by - Meyer-Berkhout3
in 1ib has been cited by Wildermth and Kenellopoulos

After expansion of the cluster model wave functl

The resulting estimate of 3.
ntal value 4.61 Mev,

rot
tribution. Tn g&nerxﬂ ve m

ed charg
st conclude that, if muclei have a cluster struc-

oes not consistently describe the spe-
artis end F. H. Schmidt)

F. Ajzenberg-Selove and T. 1 Pys, 11, T2

B. C. Carlson end I. Talmi, Phys. Rev. 96, 436 (195M).

V. Meyer-Berkhout, K. . Ford emd A. E."S. Green, Amnels of Phys.
Th. Kanellopoulos, The A on of the Cluster Mod

CERN Report 59-23 (1959).

Phys. Rev. I/*H,vrs 5, 565 (1

m. Kaniellopoulos snd K. wild 1, Nucl. Phy 1‘», 349 (1960).

alpha partic s BT 6 the acé cluster in Bel® or C19,

harmonic oeelllator well consistent with C12 2.40 fermis was used.

I. Unns, Nucl.Phys. 8, 468 (1958).

Pays. 2, 533 (1956/57).

(1959)-

g
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The inve: n of the C10 decay scheme with the n-field beta-ray
trometer has been delayed by the constructic in Section 2

elayed by
work will continue about June, 1961. t and G. Sidhu)




ALFEA PARTICLES AND ALPHA-GAWA

II. SCATTERING OF |
ANGU RRELATIONS

aifferent

coupling

2.208 and Q = -2.99 Mev states
angular distri-

distribution, and

1 bt

but. ves & value of Ry =
interaction radius of A12T, This may be co"haaw with the value
frec

m  enatosy with previ rersal curve” (3%/ K2R 'vs
2R, 1n6)2) e plotted e S Lt
Vit Fiautiofa Torusla.’ Réastuabls agracnent 1o’ cbtatned i the R of
vard engles between

150 and 35° (wmaponm g to 2kRo sin 5/2 betueen about
L and 10). The of the exp small a
due to Coulomb scattering, The analogous curve for Mp2’* 15 186 plotted 1o
same Tigure and shows fair sgreement with the Al data.

The observed inelastic scattering cross-sections indi
strong coupling model is not appropriate to Al (&) According to

the level at Q = -2.2 Vev is interpreted to be the second member of the ground
state rotational band (1=1/2, K=5/2). s of the corresponding in-
elastic scattering cross This velue is

ate that

ss-section leads to & value AR, = 0.89 2.




42 MEV ALPHAS SCATTERED BY AI”
LaB Ancte 24
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Figure 8-1

4/‘plcaA energy spectrum of 42-Mev alpt
id state detect

b scattering

% 5/2)
rotational level with the Lortr)bullm" member of
cation of this state
Further, the ratio of the cross-sections o 4
be (20/7) while the observed ratio

second and third levels is pre-
is essentially unit

The inelastic scattering cross-sections
el st fonl Bl esoee,
must be examined before th

tively um«.).ccnc with
to the less s

are qualitat

(I M. H&ql:))
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scatter: tion a.m»hs
hangs

gle gcavtcr).‘e

ng angles, the forvard differential cro
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ent

at

gene:
d provide a unique 3ctermination of

exc:

o chese asasoud e e dictetiitons, g preios 1 the in-
erticles by C12, Ti*S, and Zn®* 3 investi-

e n junction detectors overcomes

s e tions have been

small os 50 in the laboratory system. Fig

iy o
42 UEV ALPHA SCATTERMG, i

tal diffi
measurenents

being

nagnetic
neasure precisely the
HEpy o el et

contrast to the levels between 1 and

Figure 9-1 3Mev. The resolution is about 0.3
s sufficient to resolve the lev 1
Angular distributions for elastic and e oS

o t
inelastic scattering of h2-Mev alphe-  ebaniede, T, M. Nagiv, and F. Perry)
particles by C12, Experimental errors

are shown for only a few representative

points.

, Phys. Rev. 115, 928 (1959).

J. Krominga and I. E. WeCarthy, Phys. Rev. Letters 6, 62 (1961).
G. W. Farvell, D. K. McDaniels, J. S. Blair, S. W. Chen, Nucl. Poys. 17,
614 (1960).
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III. NUCLEAR FISSION

er and Its Relation to the Leve.

In an ear sion excitation func
Pb208, py20T, P206

were estimated for the compound miclei im
Tetical expression

CofTn - vom 2 (NG BT - Na E=E)].

Here [y 15 the &

ed by means of the

on wiath, mdl—' is the
e Bxcitati
d ag

age fis

tron
s the bind-

that appear

dssion in the compound nucleus.
a e 1

ing
in the express:

C exp 2NEE

e
T ng neutron emission, vhile ap
R e R e
onstant, density, the parameter a is proportional

erefore, if the system, apart from the emitted

nucle
bution of

4 new
nstent density, we would expect that ap and
However, in order to £it the measured excitation
it clist Baiston) el teliden By ol ke et ity e
This discrepancy can be explained: these experiments the
, and at low e: i energies the lev 51
1y smaller than for a Fermi ges, end &, is smaller than i e i s
the normal value a, for nuclei in the general neighborhood. e other hand,
ap refers to the micleus in a highly distorted condition in which the strong bind-
ing effect Of the closed or almost closed shells has been lost, and we would an-
ticipate that the Fermi gas model provides a more satisfactory description and
that ap should be close to ag.

a

the course of further considerations, there were brought out two points
of interest in commection with the distribution of levels: We will write, in the
form of en earlier equation, an expression for the den:
magic nucleus:

ty of levels in a near

a2 = C exp 24aE.

However, we will now understand that a, is not necesserily a constent, but is
itself a function of E. Our first point of discussion is concerned with this
functional relstionship. The results given in the preceding eidii shov that
&, s small at low excitation, and rises to the normal value at higher excitati
where the effect of the outer closed shell hes disappeared. s peruu!‘:z—
ation the individual levels are preserved. The effect of the megic cheracter is
%o depress the ground state by an amount Ey, and to depress the higher states by
amounts E, that become generally smaller for larger values of the excitetion
energy E. We vould not expect a simple relation between Ej end E, but we will

12
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his experiment, the ratio has
cording to our discussion is essentially t
:he enalysis of the fission excitation function,

reph. It is gretifying to £ind the empirical r
Gateulations, Unfortunately, 1t is not possible to determine from these results
the velue of E,.

values c

The problem of eval it E, is an interesting one, It is sinllar to the
question of the recove: u depression
13 enceven iciad ]| || T4 | 4s bagh |gensrally &
%o neutron binding energies (~8 Mev) the depre
Informstion on the correspond

D examination of il

neutrons for an excitation of the residul nucleus between 5 and 10 ey, In
range the Tatio ap/a, is more sensitive to B, than at the higher cpergles of
present experiment. Some date of this sort are alre et As one
Gxpoct, tney lesd £o values of the ratio lover than those obtained from fissi
experiments, and indicate, therefore, values of ey cons:  smaller than i
value of a for a Fermi gas. As yet, the analysis is too ambiguous to provi
lisble estimates of Ey..

ficulties that
m & measurement

Tais brings us to the second point for discussio
mpt to determ: value of a £

to an expression for W writ
thi Au, Lhe obvious
s = 2[5,

The Fermi gas model
and @ are constants. On the basis o
Wys. NE, to obtain a straight line
whence a = 52/k. However, If this model is not applicabl
magic nuclei, and if we retain the form of the expre:
& is a function of E, then the graph ve have describ
and its slope is 8 = 2~a[ 1+ (B/a) (ﬂu\’ﬂ]:)] Thus, the slope does not
& measure of a or even its mean value an interva ther it also involves
the derivative of a with "c»ged, Al D ohis sAditions) term mey be aite

4 is not a straight line,
ovide.

sppreciable. For example, ere A and m are constants, then
s=2\a (1+m)or a (52 'l') / (i ; m2 Tt is not clear whether the level
density of a meleus is more nearly proportional to NE or to Ej that is, whether

m is nearer t0 0 or 1. Tese two assumpiions, when applied to the results steied
above, lead to values of o that differ by a factor of . To sumarize: To mske &
satisfactory determination of o from a particle spectrum, we require either &
theory giving sppropriate information on the dependence of a upon E, or an un-
usually detailed knowledge of the spectrun, OF course, the same remarks apply to
the paremeter T, the nuclear temperatuw ch 1is often used in place of a to
characterize the level density.

This unfortunate state of affairs suggests that we canmot hope to obtain
good values for a or T from tra o low energy experiments, vhere
xpect these parameters to depend smsALAvc]y upon E. The variation of a or
55 pronounced at higher energies, but under these conditions, other
Tties sppear: The spectra from high energy bombardments ar
positions of a variety of spectra corresponding to a sequence Of evaporatio
it is Qifficult to disentengle the separate components. In spite of these &
Cculties the values of these parameters are sufficiently fundamental to make
problem & very interesting one. Perhaps some of the uncertainties that have

1k



becloud: investigati
especially data that will indicate the Vvariation of the
(I. Halpern end W. J. Nicholson, Jr.

Cyclotron Research, Univ »rsny of Washington

A. G. W. Cameron, Chalk River 2
H. Hurwitz end H. A B\.the, P—./
. J. LeCouteur end D.

ments by D. B. Thomson and LA Crenberg (private communicati

FumR

Recent measure-

120 Argl‘w" Distri
Tick

paratus shown
aistributions
and thorim targets with e
 18° 15 fairly large, bub was necessary
assed through the slots
around the outside Of the semi-cylh
essed radiochemically for specific fiss:
on for the produ:
& function of angle. Perametric curvesl vere fitted to i
ibutions, end from them vere determined

fragments, ma ‘the relaf
duct was
cxpsc:mx&] y

values e diffe: o(00)/ &(90°). The /'Apm mncal
results for natural E . 2, where that r:

versus ratio of of the Albi“(}’l I*‘EEV‘PnL which wes mss';u*cd to Lhat
of its complementary fragnent. The interesting feature of greph is the in-

crease in the angular s fission

more symetric.

is0tropy

ot tis result in the folloving vay: According to the theory of

regment anisotropyl, fissioning nuclei of high sp small excitation

excess of the fission barrier emergy have very largc anisotropies. For
spin the anisotropy decreases increasing excitation energy. In

e, the Po compound micleus formed on e e e

1 have o

11 fission prompt Sy

sotropies of the more asymetric fragments

en 1.23) are consistent witl 1
excitation energy

compor
metrical mass aistribution. The an
(described by mass ratios greater tl
the fission of a species having a t
barrier of about 20 Mev.

utron instead of undergoing fis
W nergy and still have high average spi
since the emitted nemon carries of" relatively little angular momentt
of these miclei will s chance" £.

Sation eneray implics a mich larger angulsr enisotropy *Zor these f1ssion frag-
ments. We abtribute the increase in anisotropy of fregments of mass ratio less
‘than 1.23 to an admixture of highly anisotr econd chence ission

1 e fissions, the re governed

a the probed rst- and second-chance

by the mass-yield distributions

15
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Figure 12-1

Figure 12-

Apparatus for measuring the angular distributions of fission products from

lead and thorium targets bombarded 43-Mev alpha-par e view
an of the spparatus; the other view shows the Geteils of the

semi-cylinder,




Pb (a,f)

very mch lowe
lead. Consequent-
e ye last one
.5, and 2.k
The data of Fig. 12-3
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Figure 12-3

rticle bomb
the Fissi

Anisotropy of fission fragments from k3-Mev alpha-
thorium plotted as o function of the mass ratio of
ve:

and
comes.

most of the fission products are forme
Evidently the lov-yield and more anisotropic
11 and R. E. Wilson)

ssion. (A. W. Fel

chance

1 I. Halpern and V. M. Strutinski, Proceedings of the nd International
Congress of Peaceful Uses of Atomic Energy, 15, 410 (1958).

e Induced

. Peak-to-Velley Ratios for Alpha-Part: n_of Thorium

Rediochemically determined Bal39 /Agll3 retios at small forward angles fc
alpha-particle induced fission of Th vere given in an earlier report.: A broad
peaking of these ratios with a meximum of T to 8 was observed for about 27-Mev



Another small T

incident alpha-parti a out 3
alpha-p 3 » y ratios are A due
to an enhancement of B ylelds when sufficie tation energy becon
r at the end of the neutron evapo
on very asymetric
calculated anis
ably Gue to a smearing of
eutron eveporation.

se has been obs

sble to allow a new
These new members ha
The od peaks are in
the alpha-particle fission
spikes due to the

undertak
observed v
less.
regions For sgreement st the pesks more fission would be re-
quired energies, 1.e., at the end Of the neutron evaporation
chain. The trouble my originate with the values of [p/[") that vere u
tope over the enfrgy region c
/I"n, for some reason, increased
£t

uch

on
S T oy " they have low excitation energy and relatiy
nts where By <B, one might expect
that fission would be favored at lov excitation energies. Alfo, large amounts
of angular momentum cause & T £ [y due o & decrease of normal
excitation energies, end thus a decrease in An ease in
i fics 16 being imestigated to account for the
observad variations of the peak-to-valley ratio. (. PO
Fairhs:

duc

Cyclotron Research, University of Washington (196
H and V. M. Strutinski, Paper P/1513, Se
Energy, 1956.

[
H

14, Alpha-Particles Enitted in Fission

Alpha-particles are sometimes produced in fission, the probability being
about 0.003. From the energy of the alpha-particles, and from their amgular dis-
of the fragments, it appears that the
s from a point between the fregments imediately after their
The kmm energy of the alpha-part can e attributed almos
ric repulsion of the fission And so it appears
that the elph&-pa.rt cles are produced with very
q))d drop modeA, ineee
© behind during the &

of &

n oF these droplets mist entail rather umsual and violent
ne of the fragments vhich

nay be quite negligible. But a free

15 about

ground state has a \nnu)fg energy vhic
riicle Detween the fregments mist have a potential energy vhic

19
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s reasonable
a

energy
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factor for the p
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alpha-particle in the
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a

(I Halpern)

1 See for exam v in
"Physics of Nuclear Fission," Supple-
ment to Atomaya Energ., Pergamon,
Tew York, 1958.
R

S

ooy, 7ET (36) 437 (1959);
R. W. Fuller, "Non-Adisbatic Chenges
of Pohenual and Neutron Production
in Fission," Ph.D. thesis, Princeton
University.



the fiss
the abundan

"j"r"-\ arrier o

sometimes are, 1t 1s necessary that the mi-
y repidly.

matter joining
orgenized, it may give rise
We can mske a very rough e
imparted to each Of the fragments by such ¢
is so haphazard, that the probabiliti
fregments are gowrw only by a Boltzmann factor
constraints it into some regular course,
Vo34, Dt to the extest that the tearing is truly random, the assumption is Jus-
tified. Then a typical fragment will receive an angular momentum, J, such that




722
—g— = kT
24

where T is the "temperature' eppearing in the Boltzmann factor. Te use of T
does not imply ption of thermal equilibrium. Rather, T should be re-
garded as a perameter thet provides a coarse description of the di

mucleon energy levels. If there happen to be no restri on the availel
of nucleon states, then the value of T ornal value for
o miclear tempersture: | AY/uetine of

gated along the separation direction.
ment is one about an exis perpendicular to this directi
ponent of engular momentum perpendicular to the separati
large compared to the component parallel to

/2 @ for a transverse axis is about I kev.
‘~15. Ve will expect each fragment to have an angul
his order, and we will expect that its direction will

The introduction of such large amounts of engular momenty
first suggested by Strutinskyl to explain the unexpectedly large amount of o
goma-radistion in Tission and the observed correlation 3
Bl

n also provide 1nﬂ,\cat'ons that the fregments
bt here the evidence 15 54l somewnat ambiguous.2

Tt should be possible to learn something about
the fragments at scission through an examination of the 2
sion neutrons. Some methods for stulying such correls
and will be briefly discussed below.

- monenta given
correlations of
are being explored

(1) The most direct arrangement would employ twc irly efficient fast
neutron detectors to messure the azimithal correlation of neutrons emitted from
a single fregment. (The "mother y identified,
et S e Share its momentum and tend to be emitted into a cone about
‘the fragme: tion). If the fragment has a sufficiently 1 ular momen-
tum, the meutrons should all tend to cons off perpendicular to the rotation axis.
It might be possible to observe such a tendency by looking for a correlation as
a function of azimithal angle about the fragment direction. If a correlation is
found, it would be interesting to move one of the counters to examine neutrons
from the other fragment. This might let one learn whether the spins of the
fragments tend to be parallel or not, i.e., it could provide information ebout
the way in vhich angular momentum is divided between the spins of the individual
fregments end the orbitel momentum between them.

o

(2) A less direct method of finding a neutrun correlation is to detect &
single neutron and both fission fragments. The fragments will not appear
opposite directions, but vill show the effects of meutron recoil, If the paths
of all emitted neutrons are concentrated in a plane, then the paths of the
fragments will, in general, tend to lie in that plane. Tnis measurement prov

e

less informstion than the first one, but it has the adventage of requiring only
neutron detector
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remeasured for Mg end Al end were found to be sbout 3.
t thickness ves 1.3 mg/cn® for Mg and 1.1 mg/cm®
y;‘ree reagonably vell with those of Lindsay.? These ratios suggest

e Bel cross section can be attributed to a direct imteraction

It vas then decided o undertake a series of experiments, using 0 and Al
targets, with these objectives: (1) to obtein forward-backward ratios about 9
in the senter of mass system; (2) to obtain angular distributions, at least in
the forward hem ).;phcrc, (3) to deter tribution: the forward
moving Bel freguents. The momentum distributions are interesting in their own
right, end are sito necessary 5o caloulate the laboratory-to-center-of-nass con-
version factors.

For these purposes a ‘target assembly vas built whi
catcher foils in b¥ geometry eround a thin target. The b
1/4 inch diemeter. Bel fragments emittad
bury themselves in a stack
renge distribu end, by a suitable transformation, the momentum distr: bution.
From geometric ~on=1darat)cns, the angular resolution is about 5°.

In order to translate the range distribution data, into mesningful terms, it
ves necessary to know the range-energy relation for Be ions in Au. Published
mesns of estimating the range-energy relation of Be ions proved to be quite diver-
it vas decided to resort to experinent. Heliun ions were directed at a
$iin BeD target am the elasticslly seatter D ions, after traversing various
thicknesses of Au, were detected in a calibrated s01id state counter. The cor-
responding alpha particle was detected in a CsI crystal and a coincidence was de-
two counters. The resulting range-difference data vas extra-
polated to zero Au thickness end converted to a range-energy relation, A mass
correction r was applied to convert from Bl to Bed. Preliminary results
are given in Fig. 19-1. The error limits represent the uncertainty

ing the range-difference curve. Further vwork is planned to reduce these error
linits

tion of BeT fregments from helium ion
lor range 0° to_

Fig. 19:2 presents the eterey distrh
bombardment Only the forward moving frogments in the angu
e Rl e
can have from this reaction. Considerable difficulty ves experienced with back
ground activity in the Au foils. This background was observed by making e blank
run with no terget present, and is believed to be due to the C'2 (o, BeT) re-
action, in thin deposits of pump oil on the hot surfaces of the fo
(up to 4O hours) bombardments. The high background activity makes the energy dis-
tribution somevhat uncertain.

e the anguler distribution from the same run.
ng/em? of Al. Since ey few fraguents vere reta S e
target Stseir, it 1o felt that target
istribution. The increase in ﬂa/]ﬂac 160° is questionable, but
fmm‘ direction is quite pronounced. The large error limit impo
s due to the background difficulty mentioned above. A pro
mefns 1o to ascertain the extent of oxygen and carbon contaminabion of the AL
targets. The cross section for Bel production from oxygen or cerbon is about ten

2%
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V. COMPOUND NUCLEAR REACTIONS

20. of Protons from Rapidly Rotating Nucl

e study of groton evaporetion, discus sed in the tvo pre

i in emphasis in this continued work is the

nfornation on the engular corr

‘thereby to determine, separately, the anisotropy carried by pre
and late in the emission sequence.

The general method remains the same as discussed previously.
15 bombarded with alpha particles (st 27, 32, and 42 Mev) an

dent, protons are observed in scintillation counter tele
uses a thin plastic "dE/dx" detector and a "

e
in & convention-
ral major

cise data.

ope
ick CsI "E" detector
el QE/dx-E arrangement. Although the basic method is unchanged,
changes have been made in the equipment to facilitate obtaining m
These changes are:

(a) A new electronic system is employed for per
ously, the particle identification snd energy determination ver
dieplaying, on an oscilloscope screen, the pulse heights from
and separately enalyzing photographs of the os traces. This method is
simple and unembiguous, but it is also tedious, and the pulse height distributio
ore not avallable until several weeks after completion of a run. The ne method
is analogous to the conventional miltiplication method for partic
cation, but addition is used instesd of miltiplication. Detail
tem are given in Sec. 36.

u.;s adder

Report, L one can learn about possible
e two enitted protons by studying the angular
e plane perpendicular to the incident beam.
&n azimithal degree of freedom. To pro-
ysten has been de-

in Sec. k2.

aifferences in Y
correlation of onrn)"ler emitted in ¢l
the counters mist have

vide this, with accurate positioning counter, a new
signed and built. Details of the azimuthal rotation system ere give

(b) As discuss eed iin the 1960 Progress
of the

(c) The low energy threshold for proton detection, with virtuslly 100 per
cent efficiency, has been lovered from 2.9 Mev to 2.3 Mev by using e thinner
dE/dx detector (uow 0.002") end & thinner aluminum light shie 1d between the de-
tectors.

Angular distributions obtained at 27 Mev and at 32 Mev ere shom in
Fig. 20-1. The curves in this £ resent an arbitrary fit to the experi-
nental points at backward angles, and are continued symetrically about 90° st
forward angles. It is seen that the forward points lie somewhat sbove the sym-

curve, especially at 32 Mev. Such a front-back asymmetry is commonly

ibed to a direct interaction contrib this appears to be a reasonable
lenation in the present case. Preliminary data at k2 Mev sug
stronger forvard peaking et this higher energy, and therefore,
larger direct interaction contribution. No quantitative estimate hes yet been
mmde of the magnitude OF the possible direct component, bub it is concluded froz
Fig. 20-1 snd information on spectra and ylelds, thet it is small st 27 end 32 Mev.
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on the proton riduness of the meleus, i.e., on the distence of the mclaus
| the stable valley. In the region of interest, near A = 60, this di
represented by the term Z - O.45 A. Theretore, [/ My 18 ploﬂ,u 1

from
e can be

. 20-3

an/ae (ARBITRARY UNITS)

BV 5]

PROTON ENERGY C M. SYSTEM  (MEV)
Figure 20-2

Energy distributions of coincident
protons, at 90°, for various incident
alphe particle energies. The points
show the relative mmber of protons
per unit energy interval in one coun-
ter when there is elso @ proton, of & compilation by F
any energy, in the other counter. arrovs indicating cases
Energies and energy densities have Storey et 213 and Allan3 give qu)te aif
been converted to the center-of-mass Te:
system. The solid curve, identical
for the three cases, represents an
empirical £it to the 32-Mev data. and total cross seotions of Igo.o The
mumbers within the symbols are the mass
mumbers of the target mucleus.

as a function of Z - 0.45 A, for the(n,p) and (ot ,p) measurements cited above.
The exper: )mental points are found to fall on a smooth curve, with relatively

mall scatter. Using this curve (a straight line) as a tool for predicting the
Droton yields in the present (s 5p) experiments, 1t is found that the observed
and predicted yields are in good sgreement. This further supports the view that
the protons involved are emitted from a compound nucleus.
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stuaying M/, 1s 5o
dering the Tpeciric

ernationsl Conference on

dorov, Nuc. Phys. 19, 579 (1960).
el and Friedlender, Phys. Rev.
9)

o &

unter.

21. (el,p) Spec

of the (d,2p)
of coinei

The precedi
reaction in medium
protons. There
measurements of

ese inc

(1) Tis
any theo:
aifferent type of

n neutron rich isotopes (vhere
to explore the
e pre-

(2) 1t a
the yield of coincident protons is p
aependence of the ratic of emission width
ceding scLL¢on)

lows one to study proton missio
ibitively mall), and thus
o/ ys on proton “richness

(3) It allows one to see more clearly any direct interaction component in
the proton spectrum. This component is harder to see in the col
ment which discriminstes against high energy protons by the demand for at least

two particles.

() ingle counter one can afford to place the cow

the target il e e L e e

that the yields at very forward o backvard angles are particularly sensitive
clear

to the values of th ameters which control the emission an
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0 less than 0.1 per

cattering chamber instead of its




own chmber as heretofore. For reasons of space and background, this @

has proved to be more convenien

arrangement

etect:
beam and the res
etic proton and neut: ups, and
he: tent atan s crsliegeion =) skl e The main interest will
be in neutrons higher energy alpha-particle bombardments where &

are continuous mm s T e e >
casy tell-tale chec the performance of the spectrometer.
have generally been measured by subtracting the background obtained when an ab-
sorber is placed between detector and target. A very preliminary
‘trum obtained by bombarding copper with 42-Vev alpha-particles i
22, e lower curve is the time spectrum as it was recorded on
analyzer. The upper curve gives the corresponding neutron energy
has not been corrected for the variation of detection effi
energy. Such corrections would raise the low energy end

The determi

In testing the performance of the neutror
o use the elastically scattered 10-Mev proton
LY actions provide known monochro

These r

NEUTRON SPECTRUM
FROW E 4
SoMamo

2 MEV L PRRTICLES

NEUTRON ENERGY (MEV)

nd proton distri-
de importent information
on the role Of the coulomb £
termining the emission direct:
TvE sPecTRuM oivel s s R
s Teveal how the particle evaporat

ends on the latitude (with respect to
A the rotation exis) of the emitting ares

o o on the surface of the nucleus. (D. Drake

osuvmwkn!icvwmwvylu:s;l:::n:c:ﬂi:n i and 1. Halpern)

NUMBER OF CONTS PER CHANNEL

Figure 22

Grelotoon Ressanch, Uniiessity (ae
Washington (1960), p.
Neutron time and energy spectra in Made by Coors PcrLels.‘
bombardment of Cu with 42-Mev alpha Golden, Colorado.

particles. 3 W. Dachnick, private commnication.

o

Company,




MISCELIANEOUS NUCLEAR REACTIONS

r Polarization of Photons From Nuclear Reactions

discussed in two prev‘o; reports.t It cons
11y red particles and de-exc:
ter have been ps;:eq Lhro,gh & magnetized iron p
d ulties vith the experiment stemmed from the auzj-
the cyclotron and high background radiation.
in background brou/;m about e-voltage *‘c&u]uto“ (se»
additional paraff: mium shields in the beam duct
‘tempt vas made to deternine the feasibiltty of thc experinent.

system, another atf

s that the desired coincidences are present with a signal-to-
background ratio of about ten. Understandably, the coincidence rate is very low,
4 that from two to three weeks of continuous operation would be
ct a significent mmber of counts. It is tentatively decided to
rinent, at least until the demand for cyclotron operation time
(3. B. Gerhart, W. A. Kolasinski, and F. H. Schmidt)

51ty of Washington (1959), p. T; (1960), p. 23.

arch, Unive

1 Cyclotron R

p in Tnelsstic Scattering

24. Spin-Fli

en an even-even mcleus (Ot ground state) is excited to a (usual) 2+ first
excited state by meens of inelastic alpha-particle or proton scattering, the em-
plitudes of the various 'm" states excited are determined by the details of the
reaction mechaniem. For convenience the perpendicular to the reaction plane is
ction of quantization. When alpha-particles are scattered, then

plane. On the other hand, for proton scatterimg, m = * 1 states may be excited if

e S £11p in the scattering process. Subse
radiation from these T Btates 1o most intemse in the direction perpeniiculsr

to the reaction yhme,

rimen cribed in the previous report.? This

rk is continuing with improved counters, and with reduced gamma-ray, background
(:.ee Sec. 29). date, runs have been made on C12 (p, p'y) and Me2* (p,p'7 ).
The first reaction produces substantial spin-flip, while the latter appears to
produce very little. Quantitative statements camot be given until a calibration
of the gamma-ray detector has been obta)ned this will be accomplished by studying
‘the angular uorrcw’xt‘cn in the reac pls has necessitated a newly de-
signed g detector which is snltable for operation inside the evacuated
60-1inch scatie erlng chamber. (J. B. Gerhart, W. A. Kolasinski, and F. H. Schmidt)

The expe: tal arrangement vas des

1 A. Bohr, Nucl. Phys. 10, 486 (1959).
2 Cyclotron Research, University of Washington (1960), p. 23.
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AL (a,p)Si™*
.- 42 MV
276 eV

351 MEV AN 350 MEV
SECOND AND THIRD
EXCITED STATES

€v 2
FIRST EXCITED STATE
xn

BARNS
18 148) Krepanian

——rounosTATE 0* |
' I L n L L
Figure 25-2
Angular mw of the first four st of 5130% from the reaction
127 («,p) Si o
The experiment was performed in the 60-inch scattering chember, utilizing a

doupialgeiutllshonttamtar Silen S1stinguisned protons from other
ducts. A "dE/dx" pulse erived from a thin plastic
phlue from a LQI (m1) mmnam The two s
chann s by the "cross-gating" technigue
rder to achieve seperation of the various proton groups.
conditions resolutions of 1.2 to 1.5 per cent in energy were obteined
highest energy protons ( ~ 30 Mev). In addition, the differential cross-sec
for which relisble date was obtained is O.5 pbarn/steradian.
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vere
or 10 Mev.
Fig. 25-4.

R

\ | 1gation c i
cl2 \c(,p) N,
p3l ‘ﬂ(,p) s3v

61, (un-

8 Chsonwronr

e 25-3

A:Lmlar distributions of the ground
te and first excited state of

¥ from the r"ucboﬂ P31 (w,p)s3H¥
Because of the extremely small

rvc»t)ratm' (ot,d) Nuclear

have indicated that a lack of a diffraction like angular distribu

be interpreted in terms of the shell model, by associating a diffraction pattern

with a loosely bound proton. Similer considerations may also apply to (o, d) re-

actions, using two-micleon stripping or knockout theories, where the avallabllit;

of & lobsely bound deuteron could egein be given by the shell model. On the other
s for

hend, the cluster model might also be expected to provide a suitable b
the interpretation of (ot ,d) reactions.

Studies of angular distritutions in (o,d) reactions are being undertaken
to determine the extent to which shell model or cluster model interpretations
may be sppropriate. At present, reactions vith Li 6, 12, and NL¥ targets are
The counter telescope used in the (e& d) work is being »sed in

don with an (x,y) o oscope particle identification sys
In sdastion, a proportional dE/dx counter s being developed for o,
iteron energies, where the necessity for a thin dE/dx detector
tillation counter.

makes it difficult to separate protons and deuterons in a s
(F. B *Setmiat and C. . Zatiretes)

g
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g
&
> 5
2

Lo



COUNTS /CHANNEL

LeveLs.

T
A (a,p) Si¥
GATED PROTON SPECTRUM
4242 MEV
AT 30°ANGLE
\ 0.20"AL. DEG.
“\__IN FRONT OF COUNTER

2T [ EXCITATION ENERGY (MEV)
oued or a1

B FUSMON| S8 L | NS | S LJ et gtk e )
7 % 100 0 20
CHANNEL

gure 25-4

from the reaction A1%7 («,p) Si30*. The calculated
a4 state 30 ndicated at op of the
ies indicate the positions of probable levels.
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akup of C12% (7.66 Mev)

n an earlier study et this laboratory of the decay of c12 from the exc:

state at T.66 Mev, it was concluded that the width for electromagnetic transitions
o the ground state is less then 0.1 per cent of the width for breskup into alpha-
particlesl. The advent of solid state detectors, with their good energy resolu-
‘ion for heavy particles, hes stimilated an attempt to extend this measurement,
and, if possible, to determine the ratio of the radiative and alphe

widths. Subsequently, a measurement of this ratio has been repo:

who has studied coincidences between the de-excitation gamma-rays. Hovever, in

View of the differences in approach, it appears desirable to continue the present
measurement, assuming a satisfactory solution to certain problems cited below.

over-all experimental approach remains the seme s in the earlier study.
The excited C12 state is formed by inelastic scattering of L2 pha-particles,
and & search is made for coincidences between the scattered alpha-particles and
‘the recoil carbon ions. Tnese ions are present for electromsgnetic transitions,
but not for breskup into alpha-particles. Diffused junct:
tectors are now being used to detect both the carbon io
cles; for the latter, o thin degrader is introduced.

Preliminary investigations have involved mainly the observation of the ena-

om elastic scattering and inelastic scattering to the bound

er can be used,
and coi

width of the observed energy distributions is attributed primarily to kinematic
Spresd ond terget thickness; the full-widths at half meximm are about 2 1/2 per
cent for 25-Mev alpha particles and about 7 per cent for 10 Mev carbon ions.
The time of the present et 1s about 30 mpsec.

Tne most serious experimental problem is the low counting rate. To increase
‘the counting rate it would be desirable to use the highest attainable cyclotron
bean intensity (in the neighborhood of 1/2 to 1 microampere with good collimation
and momentum enalysis). To permit this, it appears necessary to replace the
present polystyrene targets with self supporting carbon films. An sttempt is in
progress, by P. Kelsh of this laboratory, to prepere such targets. A second
problem involves the reduction of the effective particle range in the recoil ion
detector to the point where no alpha-particle cen give a pulse height as great
as that produced by a 10-Mev carbon ion. This would greatly reduce the back-
ground counting rate. To date, using 300 om-cm p-type silicon counters at var
ous biases, this has not been achieved. Possible solutions which will be
include reduction of bias to very low levels, reduction of input time constents,
or use of lower resistivity silico (D. Bodansky and C. R. Gruhn)

S. F. Eccles and D. Bodansky, Phys. Rev. 113, 608 (1959).
D. E. Alburger, Bull. Am. Phys. Soc. Ser IT, 6, 226 (1961).
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28. A Study of (o, xn) Reactions Through Observations of the Recolling
Nucleus

Harvey, Wade, and Donovan have measured the razges of the recoiling miclel
produced in the Bi2%9 ( reactions.l It was found that for energies near
10 Mev, the (o, m, and (&, 3n) reactions spparently proceed with the fo
of a compound m us, while mc (&, 2n) reaction does not involve this type of
mechanism. It has also been shown that the rea e KL (et ym) Scb and
cecd at least in part without forming a compound mucleus
) reactions that proceed without the formation of a compound
arified by measurenents of the ranges Of the recoiling n
s line will be made. Similar

studies are contemplated for the (e,d xn) reactions.

o ot mpre iy e udy o s thas CaZh (s acct) zeactions are given
T aversge ranges in copper were measured by ¢

ose xomite inficais that the i s

e (&, 2n) reaction eppears to

entirely L}Lo\,g,h the compound miucleus prukess. The latter observation

teresting in cor son with the studies of Donovan and others in the heavy

element region.

Bls 25. Relative Average Rangss Of Recoiling
Nuclei From the Reactions Cu®d ( )

ative Range ford -Bnergy Shom
Vv

Reaction 50.0 Vev 4 Mev
(o, 3n) G 1.00 1.00 1.00
(&, 2n) GabT 1.00 £ 0.01  1.06 # 0.03 1.05 + 0.01

(e, cab8 0.75 ¢ 0.02

These investigations will be contimued, and it is expected that in the near
future similer measuremegts will be made for the (o, xn) end (e, u()cn) rcamons
with Mn55, C099, AsT5, Y99, Ag1OT ena aul9T as target nuclei. (T. Mats:

G. B. Harvey, W. H. Wede and P. Donovan, Phys. Rev. 119, 225 (. 1960)

T. Matsuo and T. T. Sugihara, Can. J. Chem. 39, 697 (21961); T. Mats:

and T. T. Sugihara, Annual Progress Report, Contract AT(3C bl 1930 ()961),
T. Matsuo, "Formation of the Nuclear Tsomers of Scandium-k} and Cobalt-58
by the (o,n) Reaction," Ph.D. thesis, Clark University, 1961 (unpub])shed).
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VII. CYCLOTRON DEVELOPMENT AND RESEARCH

clear Reaction and S

29. Reduction of Background in K tering Exp

With the Dee-Voltage Regulatorl

to dis

The purpose of this section i s the origin and red
el N
article and particle-photon coincid
The very feasibility of prospective experiment mey rest
o0l signal-to-backgyound ratios, coupled vith reasonable counti
means of & regu 1ates? for ol ding the dee-"o]tgﬂc const

eved, for certain types of experiment
general background e e
regulator has incressed the duty cycle of the beam by a factor whic
‘ween three and ten, depending upon operating conditions. For
to-background ratios, counting rates ave miltiplied by the same
ulator has thus brosdened the scops of possible experiment;

-1

Consider first a coincidence experiment that req:
tection of two purticles, er heavy par or photons.
been s contained in pulses of @ durstion less then the re solvin
, and with an interval betveen pulses g
ing “tima; then ha accids e N
Ny and Ny are respectively the inaiviaual counting rates, £ 1
the beam vilsesilq adl et of the individual beam pulse si:
an average e pulses are
B
e cyclotron been has & pulse duration of ~5 x 1079
f = 107/sec.; hence a reasonsbly fast coincidence circuit 1x1r 1ls
mentioned above.

Radiation which is recorded by the counters end which has a

b e also contributes to the accidental coincidence rate.

ous example has been the gama-radistion excited when the beam str:

slits or beam-catchers, or when neutrons interact with adjacent mate

If N and N} are the corresponding increases in the ind:

‘then the cofresponding contribution to the accidental co

2 il (le? i ngu‘ + N{N}), vhereT is the resolvin
2 this Cofrection it is necessary to distin

this reqiires the deternination of the ¢

and othor pasemeters, end 1s uswally a fornidable undertaking.

In experinents involving only a single detector, background p
5t111 be serious. Tvo events, neither of which would be recorded
occur within the same beam pulse and "pile-up" to produce a coun
e el el the pulse duratdon, but shorter then the
interval betveen pulses, then the corresponting contribution to the counting rate
A(N'Z/l)[(cf)a/cﬂ] where ' 1s the rate et which such individual signals ere
received by the detector, and A is a factor which depends on their ai
in pulse size. Here again the time distribution of the bean plays a
o hgain, the roughiy stesdy radiation which forms a general ba

i



existing between pulses can cause pile-up accidentals equal to AW, where T is

now an effect: ad-tine for the detector.

hnique for measuring the accidental coincidence rate is to delay
ater by & tine equal to one cyclotron period. This method
ractional varistion of pulse size in consecutive beam

¢ this condition is not satistied, the sccidental coinci-
surements of thig type for the energy-
sted that (¢2),/Q2 > 3, thus demonstratin

A common
the pulses from one
is satisfactory
pulses is smal
dence rate is underestimated. M
the cyclotron i
© of the beam wes probably bed. Fauska, Orth, and Schmidt
% that this vas indeed true, and that fluctuations vere
rily to the poor regulation of the dee-voltage. To improve
e bean, an electronic regulstor was constructed to ma

the dee-voltege. improve the duty cycle of the beam, sn electronic regu
Was comstructed to maintain the dee-voltage constent end ripple-free. This unit
has been use for over a year.

Ja/

ve the duty cycle of the beam derived from
cles and protons with
23, 24). Initial

ot

g ¢ivation to impr
proposed experiments on inelastic scattering of alpha-part:
coincident detection of de-excitation photons (see Sec
tests hed shown that the background gama-radistion coming from & defdi
placed in front of the target wes several bimes more intense than the dei
radiation from the target. Yet the defining slit was necessary in order to
a sufficiently narrow focussed beam. With dee-voltage regulation, on the other
hand, the undefined beam is well focussed, so that no slits are required. e
S ater on the Tocussed beam imsge has been presented previously.?
£ining slit in front of the target eliminated the primary source
of background gamma-radiation. For example, in the C 2 (p,p'7) reaction
11-Mev protons, the background gemms-radiation is less then 1 per cemt of the
primary rediation for pulse heights sbove 1 Mev in a NaI(T1) counter. For the
C12 (o ,a'3) reaction this ratio is less than 2.5 per cent. Ve emphasize that
without the d Ltage regulator these ratios are 200 per cent or more.

ed
obtain

or experiments involving detection of a heavy particle, a defining slit is
enerally not objectionsble. In these experiments, the primary effect of the
regulator reduce the mumber of pile-up counts by a factor of three or more.

he primary effect of the
p) end
coinei-

For particle-particle coincidence experiments U
regulator is the improvepent of the duty cycle of the beam. In (o,
similar re n studiesd in which the outgoing protons are detected in
dence, Bodansky, et alt now obtain near
coincidence rates (obtained by dela
period) end rates calculated by the forr
(2),/@, = 1. Before the regulator vas installed, they obt
three or’more times grester than the calculated value.

)

mila NyNp/f, besed on the assumption that
ained measured rates

For particle-photon coincidence experiments similer improvements have been
found. In a recent measurement on the C p,0'7) reaction, the measured proton-
photon accidental coincidence rate was about 20 per cent less than the value
calculated by the formila NiNp/f. This indicates that, as expected, some potons
reach the counter during the Zime betveen besm pulses 0 that the photon counting
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Further, in an experim
detection in a n&l TA) counter (and
incidence rate was more mr,y u
y N, /1, in this experiment

actifientals in this case s
by backseattersd retiation vhich is andon in tine. Had it been nece
ont of the targ sary without the
regulator, this random radi try

We can summarize the improv

ity of single part:

‘ine required for them has been substantic

duction of pile-up. (2) For particle-particle
o

he main gain is deri: "ed through the im uty cy o
iven counting & three or more. (3 For detection of gamma-
rays only, For psr;.u e oton coin-

nd the

ce experiments, the reduction in backgroud is 1 5
xpe: , J. Orth

o6 of possible experimemts is substantislly broadened. fc
F. H. Schmidt)

b pts from r (NE/155) SmeJ tted to the International Confer
Haciber Electrontes, Belurads, Tugosiavis, My 15-20, 1961, by F.
H. Fauska, and J. Orth.

2 H. Fauska, J. W. Orth, end F. H. Schmidt, Fixed Frequency Cyclo

ration with a Regulator for Dee Voltege Stabilization, Nuc. In
10, 73 (1961). Cyclotron Research, University of Wa

30. anquum tabi Current Control in the Cyclotron

111ator

£ the fluctuaf
ere to be attributed in part to the

cordingly, e system was developed to Stabiliz
block disgram is shown in FAg,A 30-1.

1 beam current it became

From & study
y £ the oscillator

The signal from a transistorized crystal-controlled local os
mixed with a signal from the cyclotron oscillator o DI e
sbout 1 Meye/sec. Tais signal ic, in turn, mixed with the e

produce & beat signal wit

1cal adjustment of the
Thus she aperator regulates the cyclotron frequency by setting the Arcm:ncy v

the edjustable oscillator. To prevent overcorrection, a pulsed is employed

L6



which restr:
sators to short- well

e main oscillator.
tem for stabilizing the gr
developed. A block diagram is shown in
Fig. 30-2

ignal from
rent (60 ﬂyc/sec) brid
aturating transforr
grid circuit of the main oscills
Block Diegram of the Frequency rectified and then combined in i
Control System. with a direct-current reference voltege
which is adjusted at the control console.

FREQUENCY
CoNTROL
SPARK 8 DELAY

Figure 30-2

Block Diagran of the Grid-Current Control System.

Any resultant voltage constitutes the error signal, and is introduced into a
transistorized chopper circuit, and the resulting square wave is amplified and
applied to a pair Of phase-sensitive circuits, esch of which operates a relay.

u7




in the count:
ntrolied by the relay vas
rol is s

In order to reduce the nol
amplifier c

pensator driving motor. A manual cont

ride the automatic regulation system. nal from the f

system deactivates the grid current r

e U

sig
ulator for & period
th,

31. A New Frequency Monitor for the Cyclotron Oscillator

In the past, the Trequency of the cyclotron oscill

ave-meter. Th laced with & contimiously
The cony

ssible 1s Erom 11,400 to 1 sec, which

lude the varistions encountered in the cperation T¢ the eyolot

i into four qusl bands, of Wi

oA s d Lt oy £=aaiaiy ia inat

nounted on he control. console, vhose full-ge

value provides som overlep u

0.002 Mcyc/s

ng frequency
e range of

constructed in this sborstor
6

e frequenc;
on oscil-
ate

ch se!
whose
beat

nt

in 31, R
n in constant use for seven months, and has dependal
service.

OSCILLATOR BROAD
LOW PASS AMPLIFIER
FREQUENCY O—p——  TUNED FILTER SHAPER
SAMPLE MIXER
CRYSTAL
CONTROLLED
OSCILLATOR

Figure 31

A Block Disgram of the Frequency Monitor
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sly to the operator infornation on the oscillator fre-
ient operation of the cyclotron.

n it is necessary to reproduce the conditions of

h may occur during a period of several weeks. (H. Fauska

I
but it has improved stabi!

accomplishes

llator has been construc
ster oscillator.
greater power out; more conveniently arranged for ma
Justment. It h nuous end setisfactory serv

A block disgran is show in n Fig. ;2. One import

ment i ey n bt volt
Biindlbates o %) endl thel hidh Yoltege rec
original circuit are eliminated. Consequently, there is a large increase in the
instantaneous 3

purposes as the

@ eiae
PARALLEL

(21308 TL

2626

5

v
AMPLIFIER

2NORF.
AMPLIFIER AMPLIFIER

(2) 2n 645

Il cu o
L G e b
Figure 32

Block

iagram of the Booster Oscillator

The pover amplifier section (a push-push doubler) end the mester o
are built on separate chassis for convenience in dismantling for servicing. The
loy voltage plate power supply and the bias voltage E e
chassis equipped with interlocks to protect the power tubes from loss of bias.
Metering equipment on the front panel indicates the currents in the two ampli-
fiers,  the output voltage, and the bias volteges. Controls on the chassis permit
adjustments of the frequency modulation band width, the center frequency, the
pulse width, the ¢ threshold, and the cut-off delay. The new booster

kg




for frequency modu-

© developnents, such as the use of "Vari-Ca)
e complete system

on, transistorized circuits, snd Zener-diode biasing. T
1s contained in a vell shielded and well ventilated rack on
main oscillator. A mew coupli: and nev terminating cape
installed at the termination of the transmissi R.

il ts rece:

e balcony n
: have been

ity of the Helium Ton Beem

The method of Por: and Morrisonl has been adopted t
of the alpha-particle energy across the 10 ca width of the
target box used for routine irradiations. Thin copper foi:
bean path for severel migytes, cut into gesments, and cou
regotion products are Gab6, GabT, ed respectively
cub5(«, 3n), Cub5(dt, 2n), and Cu 3<c<, m) + Cubs(d \@n) reaction:
of gross activity measured one day and six days after the irr: t:
by the relative size of
dominant reactions. Bets proportional counting has proved to b
Presently the Cu foils are analysed for gama rediation in a
ustpg minator settings one can selectively count
cubt. The latest results, show in Fig. 33, indicate a varistion of
O 8 MLV across the alpha-particle beam which has th nominal energy
42 Mev. (J. A. Coleman and A. W. Fairhal.

scvd,- the variation
otron beam in the

> i T T T
o

=

> ERROR

s

['4 .
W 4304~ . .
= . P

= il
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=

2 420

@

B I 1 1 1

0 | 2 Bl 4
DISTANCE ACROSS BEAM(INCHES)

Figure 33

Variation of helium ion emergy across the cyclotron beam. The
error refers to the uncertainty in relative energy deternina
absolute energy is not precisely determined in this measurement.

=

N. T. Porile and D. L. Morrison, Phys. Rev. 116,
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VIII. INSTRUMENTATION FOR RESEARCH

34 An Oscillos Plotting System for Particle Mentification

A pulse-stretcher unit has been designed and constructed to make & dot plot

of coincident pulses on an x-y oscilloscope. The p
need for a particle identification system in which pulse heights
counter are plotted (vertical coordinste) vs. those from an "E"
zontal coordinate). With such an errangement, the oscilloscope screen, properly
masked to reveal only the curve corresponding to ome particle of interest, may

used to excite a gating signal. The pulse-

g
K
g
g
[
&
g
&
g
g
i
5
8
<
&

stretcher and oscil e n
decay times for the scintillations excited in CsI(T1) by various fast charged
particles (see Sec. 35); in this case the fast (current) pulse from the photo-
miltiplier is plotte the slow (charge) pulse. Additional spplications
have been started and others are contemplated.

Transistors are used throughout the stretcher. The unit has two inputs,
which accepts positive pulses ranging from 0.3 v to 18 v and from 5 v to 100,
respectively. When the two stretched pulses are in coincidence, a positive
signal is developed which feeds the z-axis of the oscilloscope to intensify the
display. In addition, an external gating criterion can be imposed if desired
on the z-axis intensification; this would be used, for example, in & fast-sl
coincidence arrangement.

This chassis was built so that it could be also used as a slow coincidence
unit (double or triple) without the stretching or intensifying features. A
block diagram of the stretcher with a typical errangement for using the system
is shown in Fig. 34. (H. Fauska, R. West, and C. Zafiratos)

35. Identification of Particles by Pulse Shape Discrimination with
CsI(T1) Scintillators

cence excited in

Observations have shown that the decay time of the fluore:
CsI(T1) by a fast charged particle depends upon the nature of the particle as
well as its energy, and it was suggested by Storey, Jack and Wardl that this
effect could serve to identify the particle. They showed that the shape of the
pulse depends upon the aversge ionization along the particle path. Becker? en-
ployed this effect in an investigation of the angular distributions of the 810

) Be® reaction with energies between 0.58 and 1.50 Mev.

At this laboratory a study has been made of the possibility of using pulse
shape discrimination. Te decay times for alpha-perticles and protons from the
cyclotron, and for electrons with energies between 1 and 2 Mev have been measured.
The crystal used was a CsI(T1) cylinder 0.50 inch in diemeter and 0.21 inch thick.
Tt was optically coupled with Canade Balsem directly to the face of a 68104 photo-
miltiplier. The electrical circuit used to pover the photomultiplier was essen-

11y that recommended by RCA for high sensitivity work, except that much larger
capacitors vere connected in parallel with the resistor across the last few dy-
aynodes. The output of the photomltiplier was fed into a Model 535 Tektronix
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ST N aauizen.

Figure 34

A block disgram of the stretcher with a typical set-up for
identification.

osetitoscope vith a Ch-type phig-in ustty ant the pulse tr
with a Polaroid came The *: constant of the output
minimize the stat cal rlucmat;on) of the pulses withou e
1 time of the pulse itself. Thus, the slgml from the ph':tclm\t)pi er was propor-
| Giomst o eumrent rather than tetal charge

The results are shown in Teble 35 and indicate quite
crystals can be used for particle identi:

particles typical of res.clhéns produced b
1,

tion and energy determin:
by the University of

the dcu,y “tine for &
5

with energy can be o

R. S. Storey, W.

ack and A. Ward, Proc. Phys. Soc. (L 12, 1 (1958).
L. Becker, Phys. Rev. 119,

3 (1960).




Table 35. Pulse Decay-Times
Particle Decay-’ ume Source of Particles
(use
8(@) 1.058 # 0.020 } Th decay series
B ) 1.068 # 0.029 o
? 1.041 # 0.001%* o gn_polyethy. (30°)
H o.k2k * 0.073 Biels
o 0.528 + 0.005 Ppll2
o 0.765 + 0.010 o« on Teflon (30°
) 0.70 #
= P Ref. 1 data
» 0.595 %
« 0.h25 &

* E denotes & value betveen 1.
#%  This mumber is the aversge for many pulses determined from a time exposure
photograph.

36. Adder System for Particle Identification

systen based upon the addition of siguals from conyentional 4E/ax and E
ot T e naveiae i ok cag et iele 4 entification in the study
ot (ot 2p) resctions (ses See. 20). In this stuly the "dE/ax’ counter mist be
thin and mist give a fest signal. For this reason s scintillation counter vas
used with a 0.002"-thick phosphor. A graph of the pulse height from the
plastic counter vs. the pulse height from a succeeding CsI "E" detector is the
found to be roughly lineer, for incident protons and alpha particles of e
mediate energy (Ej = 2.5 - 15 Mev). This fortuitous linearity arises primarily
from the non-linedrity in the response of plastic to heavily lonizing particles,
Wwhich distorts the approximate hyberbola relsting the energy losses
proximate straight line.

By adding the signals from the two detectors, in an
proportion, it is possible to obtain separate groups for protons and alpha partl
cles, whose pulse height is roughly independent of particle energy. An electronic
unit was constructed for this purpose containing two particle identification ch
nels (for the two coincident protons) and auxiliary coincidence circuits.
identification channel hes two emplifiers, & circuit which adds the output:
these amplifiers, and a differential pulse height enalyzer. The ratio of the
amplifier gains is sdjusted to give the best separation of protons and alpt
particles and the differential pulse height analyzer is set to accept only proton
signals

Each

The performance of the system is seen in Fig. 36, where the output of one ad-
ding circuit is shown under conditions which are typical except for the absence of
coincidence criteria. It is seen that proton and alpha- pa.rtic)e groups, which in
this case represent brosd energy dis separated.
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Figure 36

stribution of signals from the add

N158 by alpha particl

Pulse height d r circuit

‘bombardment

With a differential pulse height criterion wn exuhucu &
the efficiency for proton acceptance in the adder circ
grcate« ‘than 99 per cent for monoenergetic proton gzoup. at energ:
From 2.5 to 13.5 Mev, and is estimated to remain high up to sbout 20 ¥

alpha

st of the width of the groups in Fig. 36 is due to poo olution in the
signal from the very thin plastic, However, for protons above 15 | he

put pu 1ght bec ficantly larger than at lover energ:

limited to protons below about 2

stinguish deuterons from protons. Howe

preeenc experinent it has been found that there are fev high cnere

rred fron evaporation calculations that there are few de

n systen provides a suiteble means of separating protons and alpha

the addit:




situations where the dE/dx
and where the demands for
sky, H. Fauska, end C. R.

can be a convenient tool
sphor is non-
atively modest. (D.

perticle separation
Gruhn)

37. A NewF

A fast caler, using a ring-of-five stage driven by a
stage, has I i i The ring-of-five stage w »onecmced
following the Accien of Brichinson et end has performed very w

pair-pulse resolution time of 200 m sec. A fast discriminator and new Bt

d the ring-of-five. The discriminator and the binery
stage have & resolution-time of 100 msec, and wil 1 acoept positive input pulses
with emplitudes from 1 to 10 wnit has four decades with a
meter read-out, and drives a regi pable of hmlm,z £ifty impulses per
second. de can also provide an audible '\ t for convenience
it Ll . (H. Feuska, R. Karns, and R. W. Peoples)

chinson, R. Rubinstein, and W. H. Wells, Nuc. Instr. and Methods,
960) .

38. Mulbichannel Analyzers

A commercial 512-chamel analyzer has been purchased and installed.

¥ i
ous reports,! is under con-

A two-dinensionsl snalyzer, discussed in pr
struction. The for one~ 1 operation have been
completed anm tested, and the analyzer e
dimensionsl 256- anslyzer. The construction of the additional uni
necessary for two-dimensional ﬂpera‘_mn Js in progress. (H. Fauska, J. Hee:z,ney,
end R. Mathews.

1 Cyclotron Research, University of Washington (1957), p. 50; (1959), B. 3%
(1960), . 45)

39. Miscellaneous El

ronic Units

In eddition to the electronic equipment discussed elsewhere in this report,
a number of other electronic units were constructed during the past year. These
units will be described briefly:

An electronic system, Ancluc)ng & linear amplifier and differential
5 has bees constructed and installed, for use with
& phototube beam monitor.

ed,




. Charge sensitive, transistorized, preamplifiers for use
tors have been built and are in use. They work well for most pu
Where there is need for very high resolution comnercial vacuun tube u
being used instesd. In addition, numerous conventional voltege sensi
emplifiers have been constructed.

solid state
ut

o8 hiave been built Zor piototube |
The he"essary B* and B" supp:
constr

d. Multiplier circuits vere constructed f
because of the success of the x-y oscilloscope system ( and
system (Sec. 36), these units have not been extensively tested. (H. Feuska)

40, The Heavy-Particle Magnetic Spectrometer Program

The heavy-particle megnetic spectrometer which vas designed wd completed
last yearl is now permenently installed in the cyclotron experimen It
ts triven byle k‘_/dmmllc e e s 3

ar tracks which m
consta 1a1 respect to ¢
tering chember. AL eloctricsl and water comections have been
Which allows it to be moved freely without
‘the circuits, Fig. 4O-1 1s a pictorial draving of the meg

attering
articles to study i
4 in Sec. 9.

-

2
g
5
3
3
5
5
:
g
=
g
5
EE
ds

lotron beam as a source of energetic
are under way, and are describe

ocesses

Preliminary testing of the msgnet with a Po210 sou has been completed
has yielded importent information: The optimm focal surfac £
ing the line width as a function of the place :
Fig. 40-2 represents a typical set of such measurements
curvature, that is, for a given field strength. 'nc
aberrations produce a line width of about 0.12 c
lution (E /AE) is greater than or equal to 1000.

w energy tail even with the best available
& monoenergetic source the line width would approach the ultimate re
about 2000, as determined from field mapping n\easurf‘wen,s 1 The insert of Fig.
140-2 shows a typical peek obtained with the best = at the first order
focal surface. Finally the absolute energy c&li\ndt)cn of the s
deternined by finting the parameters Ro god S, which lead
theoretical equation for the focal pla

/R, = k.034k [F/(g.p?)] [2 + 05425 p2 -0.00619(1-p7)2 +
+ 0.00125(1-p2)3 + 0.0027(1-p2)4] - 2.12663.

Here r is the distance from the center of curvature of the principal trajectory,
R, is effective radius of the magnet, p = r/ nd ol distance along the
plate from the r = R, point to the spectral line. The procedure was to measure
§ for several values of r, and then use this date in LOnJuncthn vith the equatio




L SCATTERING CHAMBER 7
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3. PROTON RESONANGE s
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5 TARGET "
6. BEAM COLLIMATOR

COLLIMATOR AND ENTRANGE SLIT
‘CARRIAGE ON TRACK

‘OUNTER CART

FOCAL SURFAGE ADJUSTMENT
COUNTER AND PLATE DRIVE

Figure L0-1

Pictorial view of heavy particle msgnetic spectrometer i
ares of the University of Washington 60-inch cyclotron.
At the present tine the magnet can only be set at the

mental "cay

at 209, 450, 750, 90°, 105°, aml 120°.

The mmbers refer to: 1) scat-

tering chamber, 2) magnet, 3) proton ey 11 L) nuclear emilsion

plates, 5) target, 6) beam collimator,
8) carriage on track, 9) counter cart,
11) counter and emlsion plate drive.

tor and entrance slit,
ce adjustment,
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Figure 40-2

Plot of the measwred line width as
& function of the emlsion detector
position from a given reference po-
sition. A1l widths for above curve
vere measured ot a given radius, ro,
of

rvature .
five different

This vas done for

1, spanning the sur-
Face to precisely locate the surl‘ayc

of best first order focus.

shows a typical

ne pos
of best focus (i.e., at the minimm

of the curve).

are needed.

e at a

e future except for
(W. Brandenberg, D. Hendri

experiments in which detailed
and

fn is under vay t
study kinematic broadening,

m
this effect can be elimi:
Sl the
wards towards the magnet.
i ol
alpha-particles inc

ve are checking experimen
proper choice of a focal
result in en order of magnitude increase
in intensity for meny experiments

With the megnetic spe:
lsble for research with

counters now available give a typ:
resolution of 0.7 per cent. Tus, from
the stendpoint of resolution a!
msgnet, 15 superior to any other technique
it e Ee B
gh resolution coupled he

ground should mkc the

D. K. McDani

1 Cyclotron Research, University of Washington (1960), 45,
2 , Jr., Focussing Properties of a High Resotution egaetic

3

S. F. Zimmerman
Sp,,nrograph

yhe“s, Uni

WS, thesis,

Mass .

ton

Inst. of Tech. (1955).
McDaniels, luclear Reaction Studies at Intermediste Energ:
rsity of Wasl 960).

es, Pn.D.
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urements using
uter progr:

puted for Lk‘e Po?10 alpha source m
and the T84 65

ent_of State Detectors

High resistivity (12,000 - 26,000 ohm-cm) p-t]
Junction detector stop L2-Mev alpha-particles. The silicon surface
lapped with fine grit carborundum, etched with CP) at zero temperature and doped
vith donor impurities st 930°. Spring-loaded wires provided the electrical con-
nections to the detector (See Fig. 41-1).

ype silicon was used in making
vas

The pulses fron the detector vere fed into a charge-sensitive preamplifier
and analyzed with 1 pulse height analyzer. e

(Fig. 41-2) shows that the aépLst)u\ region is thick enough to stop at least
U2-Mev alpha-particles vhen the voltage bias equals 285 volts. The energy reso-
lution (ful -.udth at half-maximum) vas about 0.6 per cent for 4O Mev alpha-
particles, This is similar to the resolution of a solid state detector furnished
by R.C.A.l (Fig. 8-1) (I. M. Nagib, J. P. Toutonghi,* and R. W. Williams¥

H

20-channe

1 R.C.A. Victor Compeny, Ltd., Montreal, Canada.
% Mr. Toutonghi and Prof. Williems are members of the High Energy Physics group
in the Department of Physics, University of Weshington
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MONOENERGETIC FIRST ORDER FOCUS —/

NOTE THAT r, = R, FOR ¢ = 90°
FOR CIRCULAR MAGNET
AS SHOWN IN FIGURE

NEW FIRST ORDER FOCUS WITH
E£QUAL TO 25% PER RADIAN. CROSSES
SHOW POINTS LOCATED BY ACTUAL
TRAJECTORY PLOTS TO CHECK
THEORETICAL CURVE AND ESTABLISH
ABERRATIONS

Figure 40-4

Nomenclature and paths of perticles used i atis
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direction surface with kinematical brosdening
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PREAMPLIFIER

ALUMINUM HOLDER

p-n JUNCTION
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Figure 41-1

p-n junction detector mounted in an slumimm holder.

%,

PULSE HEIGHT (CHANNEL NUMBER)
3

s = T T T

SOLID STATE DETECTOR
LINEARITY CURVE (BIAS: 288 VOLTS)

Linearity curve for s
scattered by C12, e
scattering angle.

ALPHA ENERGY (MEV)

Figure 41-2
solid state detector. The alpha-particles were
alpha-particle energy vas varied by changing the
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42, Mechanicsl System for Azimithal Rotation of Counters

I  angular correlation stulles it is often desirable to vary i
ne of the counters; that is, to move it out of the reactl
t beam and snother counter. A mechanical e
d constructed specifically for use in the (o 2)
expected that this system will also be useful in other

this vas designed
(see Sec. ZC) o
angular correlation work.

A sketch of the system is shovn in Fig. 42. The entire

Figure k2

chanical system for azimthal rotation of counters.

inside the 60-inch scattering chamber where it is
am or . In order to make the distence from

bean ¢ ne as reproducible end as independent of Pl oot
sible, the main gear and counter mount vere made in ome piece

The minimm polar respect to the incident beam is
azimithal may be varied from 45° below the reaction plane on
i e plane on the other side, a total of 270°.
muthal engle is controlled either remotely from the coun
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it

it or at the me

aism end may be read
m,

(c. R. Gruhn)

L3. Target Materials
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and chemicals has
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ther remotely to W
to within 0.1° with a celf

gets us:

d in the labcrabor_/ an attempt
the materisls mak:

targets in a way

ganize

he use of cyclotron time for testing new target materials
of effort.

ich are designed
ing of target materials. A fairly
1 Lopca,

lists suppliers, pur
2 116 of target availability and procure-
ibrery. These cards are filed according
e informstion sbout the target mater
and methods of preperation. A reference to the
This file is designed so that a card may easily be

aking technique or a new supplier of bizar:
file includes information o \) Genera

paper .

propertics, 3) liquid targst tecniacs,
A :o;]éct;un of
¢ supplements this

-making erea has been set aside and a central pool of
A termine target thickness and uniform-

s 1s being built. An electro-

cle puls
en built and is now inuse. (P. A. Kelsh)




APPENDIX

o1l ds
sble for cyelo
d 4h-3 which

e
Schedule
Unscheduled Repairs
Foilure

ion of Normal Operation

Act;

60-Inch Scattering Chanber

2l-Inch Scattering Cha

Target: Box Bombardnent by Laboratory Persomne:
Others

Table 4i-3. Division of Normal Operation



45, Bombardments for Outside Investigators

year bombardments were remested by
bombardments are sum n
tinuation of experiments & “ﬂ_.uy in progress Wl

were

Table 45. Operation Time for Outside Investigators
Investigatc Time

ngton Sta
Univereity of Colo: ado
Ohio State Un:
Boeing Airplane Company
Total

sity of Washington (1960), p. 51.

1 Cyclotron Research, Uni

tion the upper floor the cyclotron building eddition

for the beta-ray spectrometer laboratory, a carpenter
with current ex-

rence room, &

a student draft-

its unf
provided temporar:
and cabinet shop, and Various minor Sacilities used in connectio
pPrment . s area has now been finished, and contains a coi
library, & drafting room, the beta-ray spectrometer laboratory,
end calculating room and a student office room.

47. Advenced ran

It 1s planned that in this and in each future progress report there will
appear & 118t of the individuals who have, during the period covered by the
ebort, Deen granted, by the University of Washington, advanced degrees, which
v besed in part on original research carried out at the Cyclotron Laboratory.
Since such a list has nof been given previously, there ie given elow & compila-
ion of 811 degrees of this category avarded up to this time. Following the
name of the individusl is the designation of the degr»e and the title of the
hesis submitted in partisl fulfillment of the requirements for the degree. At
the present & thesis is not required for the M.S. degree.

Acsdemic Year 1950-51

Joseph 0. Stenoien: M.S. Measurements and Sheping of the Msgnetic Field
e University of Washington Cyclotron.
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quvey E. Wer;ne“ K5, Measur ements and Shaping of the Magneti
Washington Cyclotron.

Glen Keister: M.S. An enalysis of the Radiosctive Decay of Ces

ty of

1 Operation of the Unive

Cyclotron.

Glen Keist Ph.D. The Second-Forbidden Beta-Spectra of Co50 and Sc*

The Energy Distritution in the Zon Beam o
tron.

Wesley Robinson: 1.5
University of Washington Oy

Harvey E. Wegner: Pn.D. Elastic Scattering of Alpha Particl:

Heavy Nuclei.

Acedemic Year 1953-5h

John Coffin: M.S. Evaluation of a Time-of-Flight Method for Determin
the Energy Loss of Protons in Materials.

Academic Year 1954-55

Ph.D. The Annihilation of Positrons ght.

J. Farm

¢ Year 1955-56

Robert T. Brock: Ph.D. An Atbempt to Observe the Lymen-Alpha I
of the Positronium Spectrum.

cion Produced

Clifford T. Coffin: Ph.D. Angular Distributions in
by Alpha Particles and D ns .

11 Techn:

on of a R

M. Robin Hutchinson: M.S. The Explorat
for (e ,n) Reactions.

Donald D. Kerlee: Ph.D. A Study of Nuclear Structure Through Alpha-

Particle Scattering.

John R. Penning, Jr.: Ph.D. The Decay of Neon-23.

Acedemic Year 1956-
Monte P. Hick

E rium Fission
Fragments (4

ooper: M.S. Angular Anisotropies of T
10 Vev Alphas).




Academic

Jemes Ph.D. Rediomctive Capture of Alpha Particles and
Deute up to 40 Mev.
Semuel F The 7.65-Mev Excited State in C2.
Reilly C. Jensen: Ph.D. Mass-Yield Distritubigyy of the Fission
-+

Induced Fission of

Fragnents from P

Martin E.

. R A Stung of the Nuclear Reactions
c12( o,p) N2

Ph,
ki, o) b

Anguler Distributions [or3ElauL5c and Inelastic

Paul C. Robiso
of l\l‘)h'v Particles by BiO, BlL, and S

Scatt

Angular Distributions axf Alpha-Gpma Angular
» Alpha Scattering by €12, g2, and Cal0.

Scattering of

D, Elestic spd Inelastic

om C12, N1k , ak0, ana Het.

George H. Bouchard, Jr
Formation of

1.8, gudy of the 30-43 Mev He-Ton Induced
m A127, 016 and Other Light Elements.

Henry Crew: M.S. A Trensistorized Scaler.

Ph.D. A Coincidence Study of Proton Emission 1
e Bombardment of Nickel end Iron.

Robert K. Cole
Alpha Partic!

.D. A Study of the Alpha Particle Induced Fission
ter Then Polonium.

Eduarﬂ . Neuz:
ome Elements Lig

1959-60

ins: Pn.D. The Longitudinal Polarization of Oxygen-1h

- Field Adjustments of the Extern
of Washington Cyclotron.

Paul Meyer: M.S. Precision Msgnet
Beem Analyzing Megnet of the Universi

D. Messurements Relating to the Height

William J. Nicholson, Jr.: P
of the Fission Barrier in Elements Lighter Than Thorium.

Hugh Nutley: Ph.D. The Decay of S:

Jen E. Stroth: M.S.
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Low Energy Alpha Particle Fi.
bert J. Lieber: . An Investigetion of the Nucl
12( &, p)NI5¥, AI2T(ol ,p)6430%, and P3L(ol,p)S3H* 2
David K. McDanie: Nuclear Reaction Studies at Intermedis
M
Richard E. Wi

son: Ph.D.
Frogments.

Anguler Distributions of Some Sele




CYCLOTRON PERSONNEL, 1960-

Faculty

David Bod:
Arthur W
George W
Jemes B. G

te Professor
ciate Professor

Cyclotron Research Steff

n, Research Instructor®

= Research Instructor

Research Instructor

Research Associate Professor; Supervisor, C3

Graduate Student Pre ciat

Francis Bartis

Nicholson, Jr.*
Chris Zafiratos

aduate Stud i

Physics

g

Werner

H. Devid Glemn

Joseph Heagney

Dm‘)ﬂ Hendrie
ech

.5.F. Fellow)

Vol
E. Ro‘u.nd Parkinson
Frank Perry

Joseph Remus5
Gurnam S. Sidhu
Frederick Slez

Jan E. Stroth’
Richard West

Chemistry
Joseph A. Coleman

Charles O. Hover
Richard Wilson!




Full-Time Tecl

Part-Tine Techni

Machine Shop

Harvey Bemnett, Foreman
Norman E. Gilbertson
Cherles E. Hart

Floyd E. Helton

Gustav Johnson
Bernard Miller, Assistant Foreman
Byron A. Scott

Allen L.

son

Electronic and Electrical

Iaverne Dunning
Robert B. Elliott
Harold Fauska, Senior Physici

Research Electroni

Supervisor

John W. Orth, Assistant Supervisor

Design and Drafting

Ralph Fleaten, Engineer
Clyde Louk

ron Operators

onna. M. Brown
ola I. Carlson®
Georgia Jo Rohrbaugh®

Others

Patricia A. Kelsh, Radio
Am E. Rutter, Secretary

taff

1o

n_Operator:

Roy J. Peterson
John Turneaure



eoples, Jr., Electronic Te:
is, Stores Manager

chn

mm«mmwu
3

Institute for Theoretical Physics, Copenhagen.

tory, Cambridge,
San Diego, California.

d during the sumer only.
San Jose State College, San Jose,
nne Nationsl Leboratory, I11i

aboratory, New York.

England.

California.
nois.

R Edijcons) WiRcHio 0 R icmi dna
al Confe: 5 K

natio

following erticles, oxug)m*ing in this
ear ending June 15, 1%1. Several
hat d, but which

W. Orth, and

Stroth,

with a Regulator for Dee-Voltag:

Phys. Rev. 121, 11f

Proceedings of the
49 (1960).

F. clear Instrume




"Te Use of Owygen-1k in o Study of Positron Polarization in 2

e Transition," F. H. Schmidt, J. B. Gerhart, H. Bichsel, J. C. H
J. E. Stroth, Paper read at Intemmstional Conference on Radioisotop:
Sept. Abstract eppears in International Journal of Applied
Isotopes, 9, 175 (1960).

"Apparatus for Methane Synthesis for Re
W. R. Schell, and Y. Tehashima, Rev. Sci. Inst

carbon Dating," A.
. 32, 323 (1961).

Fairhall, National A
cience Series, No. 3013

"The Radiochemistry of Eeiin oAl
Science, National Research Cow le

"Me Half Life of OM4," D. L. Hendrie and J. B. Gerhart, P
846 (1961).

in Palo¥,

"The Decay of Aglo% and ILevel:
Phys. Rev. 120, 1815 (1960).

Nutley end J. B.

"Alpha Particle Excitation of Quadrupole and Octupole Surface Modes
Ti, Fe, Wi, Zn and Sr," D. K. McDeniels, J. S. Blair, S. W. Chen, and G
Farwell, Nuc. Phys. 17, 614 (1960).

"Diffraction Ana!
J. S. Blair, G. W. Fary

1s of Elastic and Inelastic Scattering by ey x
ell, and D. K. McDaniels, Nuc. Phys 1 (lo%0)-

"Kinemstic Effects in Target Thickness Corrections," I. Nagib end D.

McDaniels, Rev. Sci. Instr. 31 1358 (1960).

The following invited papers vere presented by members of the cyclot:
group during the year ending June 15, 1961

"Evaporation of Particles from Rapidly Rotsting Nuclei," I. Halpern,
Paper presented to the American Physical Society meeting, Berkeley, Decembe
1960.

"Persistent Puzzl ut the Nuclear Fission Process,” I. Halpern,
presented to the American Chemical Society meeting, St. Louis, March, 1%




