CYCLOTRON RESEARCH

UNIVERSITY OF WASHINGTON

ANNUAL
PROGRESS
REPORT

1963

U. S. ATOMIC ENERGY COMMISSION
CONTRACT A.T. (45-111388













g




AND GAMMA RAY SPECTROSCOPY

SHAPE DISTORTION IN Go® POSITRON
SPECTRUM DUE TO THICK COPPER
BACKING

ELATIVE DISTORTION FACTOR




1962), p. 2; (1961), p. 2;

59)

2 D. C. Camp

L. M. Langer,

ys. Rev. 129, 1782 (1963).

Cluster Mode:

? the C1O spectrum repor
so-called clu

H

F. J. Bartis and F. H. Schmidt, Bull.




II. NUCIEAR SCATTERING AND CORRELATION
RTICLES WITH GAMMA RAYS

we are now far

ns.

iction with the "coupled channel calcula-
r distribution of an O*- U double excitation
D. L. Hendrie, R. J. Peterson)

of Washington, 1963 (unpublished).

L. Elast 42 MeV Alpha Particles from C'2 at large Angles
bution of L2 eV a: icles elas

rom C12 has y in th ratory from

(c.m.) and a good_fit obtained with the Blair diffraction model

312 (g, o' y) C12% (L.L3) alpha-gamma correlation vas measured,
pettern vas performed vhere
1

finding a
optical w,em. al
measure, with good stati:
Preliminary data were
oxygen-; t
. Bernste:

hington (unpublished).
K. McDaniels and G. R. Satchler, Phys.

ttering of Protons by Nitrogen

5. Inel

The

experimental vork on the inelastic scattering of 10.5 VeV protans
e phase of this work was reported in L
ental technique and the astrophysical




07

C.M. g{l (MILLIBARNS/STERADIAN)
e}

[ \ , :
12
Giilleceu)
INCIDENT ALPHA ENERGY 42 MEV

X Q=0
e Q=—14.1 Mev

! L

L
50 60 70 80 90
C.M. ANGLE (DEGREES)



NUMBER OF COUNTS

20 g
cra bl L
(T (] 100
o i A ot B ot & :
5 o
PARTICLE SPEGTRUM 3
AB ANGLE = 35°

Rl oo iy
200,

CHANNEL NUMBER




T i
P N (p,pIN*

Ca cRoss SEcTION (a/sm
S

i M




o cross SECTON /S

M. cross SECTION MBS

Q-value is

it
S anctt

N (p,p'IN""

310 MV

Cu. cross

M CRosS SECTION (MB/SR)

N (pp N 1
-5 ey

TR i
N (g N
o a wev

|

TN
21449




ates the cross

ubtraction, computes
section

= 5.83
afF—ss9

=

< 510
z[491

w

o

I}

@ 395
&

=

H

=z

=

=

2

Srea

2

&

20 40 60
TOTAL CROSS SECTION (MB)

four levels a




——

N (ELASTIC)

Jo" (ELasT)

(ELasTI)

N (ELASTIC)

B3

%

COUNTS/CHANNEL




t resolved,

RELATIVE CROSS SECTIONS.

This series of

een concluded, and

iffered fon punl o
11

NUMBER OF COUNTS SIN 6/MONITOR

o (3+) at

ough weak, is observed.l

(2) Mg20:  An tributions
A E

e (3+) sssigament £
he corresponding inelas

vels are established at
erimental results suggest that these states s
Farwell, D. L. Hendrie, I. M. Nagib)

Thesis,
W. Farvell,

L. Hendrie, anc

(1962).




ned for U2 Mev
51, 1.75, 2.22,

utron-sh

ne:
e

& state at about 2.75

tering pref-

to neutron

o fron e
that of reference>

nelastic alpha s
£ a collective nature.
y the 3 state at
i jifference
vel to the 2° and
would confirm the ex-







L2l Mg2#(ct,oly)
6,229.14° CM.

o8-
s \
ES
osl- 8°775° y e
T i L
K
oaf- i J
02| .
L i L L ! | | L
A0 TR0 ERE e 0 %% 00 o2 B0 WO
GAMMA COUNTER ANGLE (DEGREES)




Universi
L. Hel

ion.
, Ph.D. Thesis, Centre d'Etud
h6 (1962).

X i

Rev. 115, 928 (1956).

aires de Saclay, C.E-A-

tic proton scat-
ve ing prepared for
scattering from

o
2" rirst excited




RELATIVE YIELD

ol

FISSION MASS YIELD CURVE OF THE
40 Mev HELIUM INDUCED FISSION

OF P2 |

o EXPERIMENTAL POINTS.
& REFLECTED POINTS FOR V<4
X 8%+ 36 Mev PROTON

SuGmaRA ET AL

L
W5
MASS NUMBER

strongly h
fission mode come:
the region of

development.

The results of our experiment
indication of

Sugihara, J. Roes
Jr., Phys. Rev.

12




relative
for




COMPOUND NUCLEAR R

on_of Prot

ton

BA
detector,
on £t

butions
The en

str:

(mb/ster. Mev)

&
wdE

each angle (see

Tesult be sum-




ENERGY, SPECTRA OF

FoaLcuLATED aNo ceseRVED'
PROTON SPECTRA o ENEROY SPECTRA

'ANGUL AR DISTRIBUTION OF
0T AND GN. PROTONS

92 (mu
4 o

7
sicaveron ¢ 4
\

Eeu tWar

th

compound. nucl s is shown

¢ the results in

er than for the other

notice-



ion" Proton Y.
nary Erro:

195 1240 6% 500
ID i
(mb) 89 116 9k 8 5

1 Cyclotron Research,

(1962), p-

Univer:
2 Cyclotron Research, Unive: ston (1961), -




towa:
enitted in

require low threshold energie:
ng high ener

the coincidence expe

y protons wh

obtaining the
on from the o n arise
bling"

problems, impli-
calculstions made

ngton computer facility. A
ectrun unfolding has been
calculations, in-

IBM 709 computer at th

an using an_ iters
or use at this laboratory
inversion of the spectrometer response matrix,
of the errors of the unscrambling process than




rest,
Tbution of total count

1 See the
2 J. F. bou
3 R

his report.
LC".L 971.‘,,

65 (1962,

of

Neutrons i rdments with k2 MeV

s been used d

—flight spect
er minor

with

pulse shape me om those caused

o be unnecessary

has been increased from
possible to take data at
2 data could be taken pre-

ni
clude 3¢ in the laboratory
ncludes neutrons with

stributions of neutrons from the
results are plotted as a func-
ey are labeled by neutron energy
is possible, tk t




one in terms of
nd nucleus theory.

(1) Total neutron pr

aramets

(4) shape and magnitude
mponent of the continuous

Some of the results of this analysis are presented
17-1 on the following pa

The total ne: oduction cross
ble agreement with B
ception of um

ies me

There are two
o of the nuclear

rtia approsches the

total neut
ed cross section
d 3.2 Barns respect*ve)
mpared to pred
32 concerning the

d only in terms of
ection, The

and Znb
ratio of
based on




Aluminum
Cobalt

relative proba
g (o.

18. Gamma Ray

An excited compound

t the ratios of
o the ZnS* bonbs

ys from
and 1.21, respective

y 4" NaI(Tl) erystal was used
especial t

AL
was de:
more e




]

1
ENERGY M MEV.

56—
CHANNEL NOBER

3




V. MISCELLANEOUS NUCLEAR REACTIONS

The anguler dis or deuteron energles
to about 14 MeV,» and polarization of outg r energies to
about 8 MeV X eas
is expected
of the angul
interest becau: e

ized) neu

. Be
expected t

1 L. Stewart,
2 R. B. Perk

hase of this experiment
These pros

being used.




re routed

st-slow

e coinci.

> 15 used to gate a
onal pulse height

events correspond

it total eneray

nce outpu
2 by 32

stribution for
action, taken

ngu
il i e o
erefore the angular aistriburion ma

Various the

oretical models
le, in






'NUMBER OF COUNTS PER CHANNEL

circles repre-
The cros-

NUMBER OF COUNTS.
(ARBITRARY UNITS)

were

the
W

N o T
NUMBER OF DEGREES FROM BEAM LINE

222
particles produce
aistrivation of fast neu-
from the alpha particle bom-
ment of Cu. The left-hand
cale is proportional to the total
mount of Cl formed in the bom-
each crystal.

at of




HALF WIDTH (DEGREES)

RELATIVE YIELD




ARCH AND DEVELO}

n., which per-
o 11.3 MeV

the Natioml Science
completion of the p
for




SLIT SYSTEM
0.010" FOIL-
0.001"-0002" FOIL

FARADAY CUP

WHEEL WITH 0.00I" TO 0.010" FOILS

Fig. 23-1

Degrader and slit

lw onecron

o .

INCLINED WHEEL
wiH
001-.000 FOILS

VARIABLE
001~ 002 FoI

FARADAY CUP







25. Energy Loss

I
ocessin

ion:

rection was




e procedure was thus to express the mean ionizat:

t particle energy.

The functional form
is. The one finally adopted i

/
2 exp (1/2) tann?l/ae,) }

x{1 - a e (v/E)} {2 -0

1
1, 2 exp (1/2)

I, a, and b are adjustable parameters.

the motiva

valid for h
neighbor:

The factor

1-aem( -v/E,)

wa attempt to match the
o y high ener, Unfort:
ab t accurate evaluation

ct appears to be fairl;

, & functional form was sought which would
2 and have "good" behavior at low energies.

wan (2 )




neident T




four mentioned subroutines are corrected

formula:

for mult scattering

1 square
cident
eet

ave already

ALUMINUM THICKNESS (mg/cm?) FOR He
%0 o 120 o 160

8o 200

T T T
RANGE OF HEAVY IONS IN Al

DATA POINTS BY NORTHCLIFFE
CURVES CALCULATED FROM SEMIEMPIRICAL.
STOPPING POWER RELATION, CORRECTED -
FOR MULTIPLE SCATTERING

EMERGENT ENERGY (Mev/AMU)

, ! P A AL 1
S 3% a5 % 10
ALUMINUM THICKNESS (mg/cm?) FOR ALL BEAMS EXCEPT He

curves




PROTCNS ON ALUMINUM

ENERGY IN MEV, RANGE IN GM/CMes2,

ATOMIC NUMBER OF
ATOMIC MASS OF

ATOMIC N

ATOMIC MASSES

ATOMS PER MOLECULE

ENERGY

0.050
0.100
0.150
0.200
0.250
0.300
0.350

615.000

RANGE

1.8536-04

1.545E-03

1.955E-03

2.825€-02

3.530€-02

3.065E-01
3.462E-01
3.880E-01
4.319€-01
4.780E-01
5.260E-01

2.027E 02

TABLE 25-!

INCIDENT PARIICLE
INCIDENT PARTICLE

BERS OF CONSTITUENT ATOMS
OF CONSTITUENT ATOMS

STOPPING POWER

STOPPING POMER

4.377€
4.287E

2.313€
2.130F
1.976€
1.846E
1.734€
1.343E
L.108E
9.490E

2.746E

2.591€

2.027€

IN

MEVSCH

2/6M



TABLE 25-2

PROTCNS ON GOLD

ENERGY IN MEV, RANGE IN GM/CMe#2, STOPPING POWER IN MEVsCMes2/GM
ATOMIC NUMBER OF INCICENT PARTICLE 1.000

ATOMIC MASS OF INCIDENT PARTICLE 1.008

ATOMIC NUMBERS OF CONSTITUENT ATOMS 79.000

ATGMIC MASSES OF CONSTITUENT ATOMS 197.200

ATOMS PER MOLECULE 1.00C

ENERGY RANGE
0.050 1.1496-03 7.527€ 01
0.100 1.7826-03 8.021E 01
0.150 2.401E-03 7.972€ 01
0.200 3.026E-03 7.829€ 01
0.250 3.6646-03 7.669€ CL
0.300 4.314E-03 7.509E 01
0.350 4.9786-03 7.353€ 01
0.400 5.657E-03 7.204E 01
0.450 6.349E-03 7.062€ 01
0.500 7.056€-03 6.926E 01
0.600 8.5116-03 6.672E C1
0.700 1.0026-02 6.437€ 01
0.800 1.1596-02 6.222€ 01
0.900 1.3216-02 6.022E 01
1.000 1.488E-02 5.837E 01
1.500 2.404E-02 5.079E 01
2.000 3.4460-02 4.515€ 01
2.500 4.6106-02 4.078E 01
3.000 5.891€-02 3.728E 01
3.500 7.287€-02 3,439 01
4.000 8.793-02 3.198E 01
5.000 1.2136-01 2.814E 01
6.000 1.589E-01 2.522€ 01
7.000 2.0056-01 2.292€ 01
8.000 2.461€-01 o1
9.000 2.955€-01 1.949E 01
10.000 3.4860-01 1.818E 01
11.000 4.054E-01 1.7CSE Cl
12.000 4.659E-01 1.607E 01
13.000 5.2986-01 1.522€ 01
14.000 5.9736-01 1.446E 01
15.000 6.681E-01 1.378E 01
16.000 7.4246-01 1.317€ 01
17.000 8.1996-01 1.263E 01
18.000 9.007C-01 1.213E 01
19.000 9.848E-01 1.167E 01
20.000 1.072E 00 1.125E 01
29.000 1.995€ 00 8.626E 00
300.000 1.019€ 02 1.835€ 00

3.080E 02 1.360E
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EMERGENT ENERGY (Mev/AMU)
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target was made using 0.093 mil "Havar
alloved pressures up to th

and D. Shreve)

glued to the existing brass frame, which
ree atmospheres to be used. (R. E. Brown, I. Negib,

1 Supplied by Hamilton Wetch Company.

29. Design and Devel t of Electronic Equipment

Construction of electronic equipment during the past year has been directed
towards meeting the needs of current experiments, towards placing the second
cyelotron counting area into operational usefulness, and towards preparing for the

ents with the tandem Van de Graaff accelerator. Many o units
built for cyclotron use during the past year are viewed as pr s of units to
be used with the tandem. In addition, a limited number of chas ave been build

A
or are under construction, which are already designated for the
areas.

ndem counting

Specific items of electronic equi

(1) A transistorized triple fast coincidence system has been completed. It
has several desirable features which the original vacuum tube version did not
ave.l T ence resolving time can be adjusted by an external cable to
U e to several n ds. The
scheme is the triangnar configuration discussed in the earlier report, but a new
limiter is used in front of the coincidence circuit itself. Facility is provided
for the single pulses to be sceled.

(2) e extensive use of oscilloscope XY display techniques for particle
identification has led to the construction of a revised linear pulse stretcher.Z
In addition to stretching the pulses, the unit establishes coincidence criteria
for controlling the oscilloscope intensification. The never unit gives e
perfomance at both the low energy and the high energy end points, and hand:

Dulses over a dynamic range of more than one hundred.

(3) The fraction of data collected that

processed through the

computer

has been increasing to such extent that we now rent an IRM-870 system to convert

data from punch peper tape to punched cards. Careful error checking is necessary
his type of data collection. We have designed and constructed a parity

ich is inserted between the N. D. 120 and the tape perforator. The unit

will detect errors in parity from the analyzer itself. It also tums on a warning

light if there is a

trouble

pe advance signal without a punch command. This latter
has occurred occasionally.

multichannel analyzer output usually presents the nonsignificant

d data. The typewriter zero key wears badly and becomes slow
Ve heve designed end constructed 2 reley network which chennels
ding or nonsignificant zeros to the space solenoid until a monzero digit
appesrs. This transfers the significent zeros to the zero solenoid. At the mext
space command the system 1is Teset to suppress leading zeros again. The data on a

2




read and analyzed, and the peaks are much easier to i

typed sheetare more easi

(5) Several panel mount hybrid millimicroammeters were designed and construc-

ted. The wnit works on a gingle source of power, is stable, and can be used for ]
reasuring currents of 10" amperes to 10°6 amperes by switching external re-

re circultry is contained in a printed circuit card mounted on

meter. It uses a Reytheon CK 5886 electro-

0712 amperes or less.

puler has been desigied and constmeted, It is inten-
complex electronic arran involving both

ur Tact an faur S1oV outpits,
ident to within one nanosecond. They may be positive or
amplituges from 0.1 o 10 volts. The fast pulses have a 3-nano-

4 & bo-nanosecond duration. The slow pulses have either 100-
nanosecom or | nosecond risetines and 5-microsecond or 100-microsecond decay
times, The repetition rate is contimuously varisble from 55 pulses
et 10700 pulses per second. ALl outputs can drive 125 ohm coaxial lines.

which are tim
negative, ove
second ris:

(7) A spectrum gnncmcor, which can give maanly spgccd pulse,, has been
designed and The amplitudes are varied b ra
generator is o gas tube; all the rest of the circuit: vy ot
unit is used to test the equality of width of the channels of a multicha
lyzer. The unit has two linear ramps with separate coincident outputs ¥
it useful for two dimensional analyzer testing.

(8) T vo‘lx,c" data more effectively from complex coincidence experim
and constructed two electronic chassis to control the 1

nel analyzer routing signals. One fevice provides routing
for the similtaneous accumilation of two gated and two ungated spectra,
ual buffer storage system. The other device scales the v
spectra by factors of 10, 20, or 10, when both gated and ungted spectra are being
simultaneously accumilated, to reduce desd time losses.

4. I

(9) A two-channel tine-to-pulse-height comverter is being construc

jcally intended for use in coincidence experiments, in which ©
flignt infornation is obteined for tvo particles. Coincident events, 1
arrangement, will be events for which there are similtanecus "stop' puls on
the cyclotron r.f.), rather than simltaneous pulses in the two detectors. This
avoids difficulties from differing flight times.

(10) A11 comp of the two-di nal 1 analyzer have been
transistorized. The main effort during the past year has been devoted to bulld-
ing and debugging the srithmetic scaler system and the readout system. Readout
modes now available are: (a) & one-dimensional oscilloscope display of pulse
height spectra, (b) a punch paper tape tally of counts per chamnel, and (c) an
intensity modulated two-dimensionsl oscilloscope display of counts per channel.
The system can now receive and read out data ss a one-dimensional analyzer, but
there 1is cross talk in the two-dimensional date collecting mode. Work is in
progress to correct this malfunctioning.
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