) should read (,2xf ), and (<, %x£ ) should read

, page 20, and Figure 18-4, page 41, are interchanged

quation (2), page 13, is correct only if the incoming proton beam is
polarized. or an unpolarized beam, W (&, =7, ¢,,4,) is the sum of W"
and W3 where the (+) and (-) superscript refers to spin "up" and spin
d respictively. Each of the amplitudes "a" are then also desig-
nated by (+) and (-) superscripts. The in-plane angular correlation
nction i given by

, etcetera,
€. are funetions o

the magnitude and

+a’ in equation (1), and

+2D+2€ -

5=l wai)

lae, together with S (the spin flip), are the substat
s, and replace equations (3) through (10). This means that one cannot

opulation differences, and columns 7, 8, and 9 in Table 7-1 are incor-
rect. Columns 4, 5, and 6 are unaffected. Figure 7-6 is in error, as are
the conclusions concerning polarization,
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PREFACE

technical developments knnﬁ cted

This report reviews the research
&t the 60-inch cyclotron at the University of Washington during the
ending June 15, 19

ort have continued to advence
Notable

any investigations descrived in this
experinental work on topics described in sever
among these are the studies of alpha particle scattering
the investigation of symmetry axis bel r in (o€, ¥
the various studies of nuclear fission; end the many exp
to compound nucl these, sev
research are reported: nation Iroy: (p,y ) engular
ations of spin r scattering;
the use of time-of-flight techniques to detect very low energy charged
particles from compound muclear reactions the study of two nucl
P ripping and pielup reactions. A more comprehensive list of the
studied is given in the Table of Contents.

cor

Research at boratory is performed by the faculty and graduate
students of the Dcp« rtments of Physics and Chemistry of the University of
Washington. Support for this project is provided by the State of
the U.S. Atomic Energy Commission, end the Na Science Foundation'.

e changes, the arrangement of this report follows the
revious years. The sections are numbered consecutively
‘table and figure is assigned the mumber of the
ottion to which 1t pertains. As has been our practice, the names of
investigators listed at the end of each section are given in strict alpha-
betical order.

Fhe uacmnal E e Foundation has provided funds for the purchase of
the three-stage Tandem Van de Graaff accelerstor and, in part, for the
building it e
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I. BETA AND GAMMA RAY SPECTROSCOPY

e of c¥°

Principal Decay Mo

e study of Lhe }ugher energy positron br
spectrometer™ has pleted. Our final vi
after several impr £
T 1.865 + 0.015 Mev.

the experimental pr ~eLm>,
ovn in Fig. 1-

The toroidal spectrometer has
been discussed in previous pr
- KURE PLOT FOR €O reports.2 We de

4
A scintillation counter
d s the detector of
Since it records

passing through the

ssed powler targets.
targets yere fomed by deposit
2 97% BLO gun, on a 1/h mil My
el

KNETIE ENERGY (KEV)

Figure 1-1

backing. T
‘ normalization provided by the monitor
trans<hion fpl"‘ for the 1.865 Mev vas improved by mounting this counter
closer to the source.

any possil or in the end-point determination have been
investigated. Any interaction between the toroidal spectrometer and
the scintillation counters was demonstrated to be insignificant regardless
of their relative proximity. A counting rate effect in the monitor counter
has been considered and experimentally found to be negligible.

The quality of our C1O sources was examined. We found that th major
radioactive contaminant is C1l produced frorL the 3% Bl impurity in the terge
With our usual monitor counter system and the half-1life unit S
Penning3 we proved that a single miclear spe es, presumsbly C10,
investigated. half-1ife vas found to be 19.27 + 0.08 s conds. Asa
result of this half-life measugement we re- ~energy tails ok
served in our earlier spectra.? We found that they were due to gamma rays
produced from the C10 source. Their effect was essentially removed from our
spectra by additional lead shielding around the detector of the spectrometer
and an analysis of the of this on the
current. (F. J. Bartis and F. H. Schmidt).
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g

scceptied the simpler and more common designation of "toroidal

spectroneter” in place of the name "iron-free orange spectrometer” used
in previous reports.
Cyclotron Research, University of Washington (1961) p.2; (1959) p.T;
(1957) p.2.

3. John R. Pemning, Jr., Thesis, University of Washington, 1955 (unpublished).

2. Decay Scheme of ¢10

In a previous reportt 48 experiment to determine the branching ratio for
the 0" —0" transition of ¢10 yas discygsed. In this experiment it was pro-
posed to make a careful study of the C'0 spectrum with the uniforn field beta-

Yay spectroneter using a source produced with the gas flow system developed
for studying ol4,

c10 yag prepareq by the B0 (p, n) c19 reaction on a target of boron
powder enriched in B3,  Helium, with a mall amount of oxygen carrier added,
vas passed continuously through the target to sweep out any activities pro-
duced,, The active gaggs vere then passed to & hot Cud filter which comverted
the C'© activity to C 0y, Finally, the active gases were pggsed over a
copper button held at liquid nitrogen ‘temperature where the C -0, was frozen
out to make a source for the spectromster. Using this system, 010 sources
of adequate strength to study the 1.8 Mey (10 transition were obtained with
To austiaity, Nowever, the amougt of 1L similtancously produced by ‘the
B

(p, n) reaction on the residual B in the target was so large as to severely
limit the accuracy of the gamma:

impurity of N13

+1 Mev end point for the 0'—> 0% transition.
For these r;usons *this experiment has been discontinued. (J. B. Gerhart and
G. S. Sidm).

1 Cyclotron Research, University of VWashington (1960) p. 4

3. X.1 Mev Positron Spectrum of ol
22 Yoy Positron Spectrum or otk

The experiment discussed in carliey reportsl to determine the spectrun
shape of the k.1 Mev transition from olb 15 being continued. In this case
the 2.3 Mey euma ey ol e AT et energy that,
unlike, the C'0 ganma rays aiscussed in sec, o above, it can be used to monitor
Noldlagiclisadcicl ot e R

background and stability are b ing made. The experiment should be concluded
in the coming year. (J. B. Gerhart and G. g, Sidhu).

Cyclotron Research, University of Vashington (1961), p. 2; (1959), p- 5-



NUCLEAR SCATTERING AND CORRELATIONS OF
PARTICLES WITH GAMMA RAYS

A typical pylse
chiwvil iy
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Figure b
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ticle bombardment of Mg2¥.




engylar distributions corresponiing to ongly excited
evels in Mgk the

5

gt are shown in Fig. 4-2. Consideration of curve C for

doublet st q— -4.16 Mev suggests that the 2+ Somponent of this dombleEISE
-4.23 Mev? may reppesent & vibratiomal colle

p"esum&bly el Mg=* nuclear surface.

e excitation of the

0™ (a,a)
Sl ., OENT ALPHA DiEROY 42 Mev

We(a, @)

o eussms npese

el
i Pty
]

E) B

€M ANGLE (DEGREES)
Figure 4-2

Angular distributions of alpha
particles scattered by Hg?

2 st

Figure 4-3
"Universal curves" for alpha
particles scattered from Mg2
for Q=0,Q= -6.0, andQ= -6.k Mev.

Dnversel curves (428! vs.. 28 sn 0/2) for scatterin vith Q=0
-6

2= -6.0 ¥e¥Gre shown ¢ 4-3." e dotted curves represent
aemtial podd e b e haelldieiis s oo
2

or the elastic and the inelastic (&, ') reactions

involving
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vi ,M.mom,

In the angu

ar distributions
for 4

vels, ce of the features expected
excitation process the fair \(;rsamcrt ith the Fraunhofer urc']
suggest that the levels at 6.0 and 6.k Mev may represent A =
phonon collective vibrations, respectively.
Mg* (a,ah)
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Angular distributions of alpha
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Angular dis
particles s

% % o %
C.M. ANGLE. (DEGREES)

Figure b

fbutions of alpha
ttered from AI2T.




are shown in F:
phase
represent o

€ Gauiamys rensom

T
with that for the ground state;
indicated by other experiments

5

The angul:

with Lhc elastic angular distribution.

¢
Angular distributions for alpna

i ANGLE (DEGREES)

Figure b6

Anguler

istributions of alpha
s scattered from C:

e angule;

distributions corresponding to the 7.61 and 8.36 Mev levels
h-li. e curves ere quite similar in shape and both are in

are shown in Fig.
of the shapes of
their magnitudes in comparison with
the 2* excitation in lig
energy spacing of the correspond:
levels smmly sugg: nscs that the

A12T nucleus than the strong cou-
pling

data rclawd tﬂ levels of higher ex-
Sirsuion o

(3)
distributions for alpha
scattering leaving the C
in the grownd state and the states
at
plotted in
obtained for the interaction radius

ment with other est:
previous experiments
valley ra
tinctly higher and the detailed
egreement with the inelastic dif-
fraction predictions is more pro-
nounced in the present experiments.

This suggests the two levels may

excitations of the Mg2* nucleus.

Scattering by A12T.

le scattering leavi m27 -

[ cleus nd o £ive

il ) excited states (-Q-= 0&4, 1.013,
INCIOENT ALPHA ENERGY 42 MEV 2.208, 2.73, and 2.99 (doublet) Mev)

s,
these aistributions,

end the

upling model
SrERE e

model. Preliminary analysis

i.e. between 3.0
end 7.5 Mev) gives further support

to this suggestion

Scattering by C12. Angular
particle
nucleus

7.6, and 9.63 Mev are
ig. 4-6. The estimates

b3,

tios, hovever, are dis-

distribution for the 9.6 Mev state is fairly closely in phase
his supports the 3- assignment of this level

arti-

Consideration
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University of Washington cyclotron to investigate NL*
of excitation by means of inelastic proton scattering.

the appropriate reglon

Seatkatenlentie e A Ha R o
on a 512-chenn: To-date, only a

hes been taken; however, it can be st
cited state mear 7.60 Mev excitation
trast to the 9.5 Mev data reported by Burg:
energy section of the scattered proton spect:
angle of 609, Work on this experiment is being
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ol E, *10SHEV 1
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o ]
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<
ol |
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‘ o
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Figure 5-2
Low enengy portdon of the proton spectrum from proton bonbardnent of Nit.

D. F. Hebbard and J. L. Vogl, Muclear Phys. 21, 652 (1960).
F. Ajzenverg-Selove and T. Llur)(,se" Nuclear Phys. 11, 1 (1959).
E. J. Burge and D. J. Prowse, Phil. Mag. 1, 912 (1956).




Symetry Axis Behavior of (o)) Correlations in C12 (d,a'y ) Reactions

da:

The measurements of (o, ¥) rrelations in c12(u o'y ) reported
earlier! have been contimied. Coincidence counting was done between the inelas-
ti«_ﬁ]ly scattered alphs particle and the de-excitation gems ray from the first
state of C12. A correlation pattern vas obtained by placing the
e a fixed posmon e about the
target in the scatt: lene. Correlation patterns were
scattering angles in the forward
the variation of the correlation parameters as
ing angle. All pertinent di
pl«mé angles are measured with respect to the incident
The most general form for the correlation function, in the scattcr‘ng plune,
Zox such a 0F— 21— 0" transition is given b
W(®) = A+ B sin® 2(6 -8,) + csr‘(

ing into account conservation of pari symetry about the scattering plane?,
thie Formlal zeances to W(O).= A +B s " a(6s 6, ). This, then, is the most
general formula for the alpha particle. Plane-vave Born theories3 of direct

interactions preaict (1) that A is equal to zero and (2) that 6o lles almg o
where 6p is the actual adiabatic
approxination®, vhich has been apy lar distribu-

1ds similar predictions, except that now the symetry axis lies along
atic recoil direction. The adiabatic recoil direction is the direction
in which the nucleus move if the excitation energy were zero. Our measure-
ments vere undertaken with the purpose of testing these two rather simple
‘theories.

The experimental apparatus consisted of the two movable detectors, located
within the 60-inch scattering fot and ¢
gamma counter used a 3 in. I (T1) crystal mounted on an RCA 63108
photomltiplier, surrounded by 5'in, of lead shisiding, o had & half sccept-
ance angle of 11°. The alpha detecto" used a 40 mil NaI (T1) crystal, also
mounted on an RCA 6810A photomltiplier, and had a half acceptance angle of
about 19, tion of 16 in the fast coincidence circuit per-
e vhe reJecmon of accidental events in vhich the alpha and gamma counts
aros different cyclotron bea ses. Similtaneous observation of both
the gaten and ungated alpha spectra permitt evaluation of accidental
cotncidences, indepentont of courting rate flictuations (se Sec. 7). The
remainder of the circuit is stendard. Crucial fo our experiment is the small
acceptance angle of the alpha counter.

Fig. 6-1 shovs correlation patterns that were taken by setting the
alpha detector at a fixed angle anl varying the gamma counter position. This
was done for 18 positions of the alpha counter, ranging from 13.6° to 55.8° in
the c.m. system. The dotted lines are least squares fits to the data, com
puted on an IBM 709 computer. Notice the large change in the symetry angle,
8o, for changes in the alpha scattering angle of less than 11°. Notice also
the apparently large isotropic component at = 32. 4°




&

Bue28®

I«i ﬂ;i/f Oy w3777

GAMMA COUNTER ANGLE (DEGREES)

ure 6-1

function of th
x dons .

tually destroy ti
mdu i i of the correl ebton Panction st 6, 3.
mall: Prelininary evalustiSn of
B n A B Tatie ot V.j ignificently different from zero in
this case.




140 T T T T T T

OBSERVED
120 E SYMMETRY
OF ANGULAR
{ CORRELATION
100 i I { =
BB
,Bo l IN éggoﬁfﬂc g

3

ANGLE7

SYMMETRY ANGLE 6, (DEGREES)
8

8

3 ﬁ

L L L L
10 20 30 40 50 60 70 80 90
CENTER OF MASS SCATTERING ANGLE 8,  (DEGREES)

tly S
s, vhich yield
ntal re:




S T T e e e > = =7
ALPHA CENTER OF MASS SCAT TERING ANGLE (DEGREES)|

3 % 4
2 Miu Min MIN 7]
RATIO ]
Ay Al i
LI5ik 7

wof 3

5 1

| 1 e i 1 I { I | i |

W(6):A+B Sin®2(6-6.)
Figure 6-3

(8/B) vs. alpha particle s
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and Subs: c Scattering

»'y) reaction h

angular cor
attered protons and de-e
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1ofy the substate amplitudes, where -
ar correlation function is g:

The definitions for the ang eqs. 1am 2

The symetry angles are related to the phases by the relations

24, -_y, Uy =0 - oLy, Also shown in Fig. 7-1are the radiation

for pure (f, m) radia T relation fu of course, con-

rference tcrms, mL these are particularly simple for the two
specific n It will be noted that eq.

Nout-of-plane” perpendicular correlation, end eq. 2 the "in-plane”

Eq. 2 15 often quoted in the literature in the form obtained by setting

(&)

(5)




Hovever, when one does this the
clear physical significance of the
REACTION PLANE NoMMAL terms is lost. We note that the
isotropic term, A, is zero only
states of opposite I,
populated. The presence of an 180-
trople tern may thus i inlicate mi-
clear polarization of a

predict a) = a_, and a,
& A =0, Far

axis, o, lies along the direction
of muclear recoil.
PURE QUADRUPOLE RADIATION PATTERNS
[ z The amplitudes are normalized,
e i ffir mo 50 that

)
Fhi1 )

If now we write for the a's
1

Figure T-1

(a) Definition of angles for (p, ¥ )
()

angular correlation,
Rad

then the five equations 3, 4, 5, 6,
and T can be solved for the magni-
tude of the substate amplitudes.
The results are:

2 2
2a, - 2o . 4

= Dx B2- ue?, (9)

where E = bA+ 2B+ 2C - D,

6. Te + signs can be exchanged in any combination.
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Fig. T-h shovs our results of the spin-flip measurement
tering angle. Shown also, for comparison, are the elastic wif inelistic angul
distributions. The per cent spin-flip is the qus y D deflnsa o = . «‘02
16 assumed to be zero for Fig. Tub; it al other inelastic scastering

to the ao term, the spin-flip is about Th less than shown.

proton scat-

3

s due’

The most notable feature of Fig. T-k is that the spin-flip is far from
constant; moreover, it exhibits more structure than the ine lar
tribution.

Fig. 7-5 shovs an in-plane angular correlatdon at a proton scattering ang
of 105°.  We note that this angle corresponds to & maximm in the spin-flip.
Shown @180 on the Figure 1s the least squares #1t to the da: 1culati
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me eid of en IBM 709 computer.
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was carried out on thﬂ IBM 709 computer et the University of Washington
(‘omputer Cen sults for two complete mea: 1
.uu: ng angle of 60° corresponds

Table 7-1. The
spin-flip.

Table T-1.

combinations of the substate nmmuues
s resulting from e

Fv,. 7-6 shows the four possible
and the polarization of the excited m
these combinations. The polarizstion is defined by:

Ve are now exte:
and expect 4o examias other targst micle
ot to point out that it is

other proton scattering angles
To detailed conclusions can be

ar that both

drawn £
spin-riG R A of the gclted mcleus play an important role in
inelastic proton ing (R. E. Brown, J. B. rt,

W. A. Ko Y H. Schmdv.)
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the distributions
energies

stig: -Lcscns of

mcfm,.m from heliun ion
-rn’3 The detecti

e 02252,

approxinately
thst observed in spontancous fission
of elements in
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m; fission of T
fission. ( ee Fig.

hel
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! ver £ission vs. 1
Spectrum of heavy fragments in Rl
cotnoidence sith long-range par- i
ticles in the fission of
triangles from vef. 2; sqares

with 42.5 Mev helium ions (includ‘ Va4 b e
ing 13% accidental counts). e i

shed curve shows the spectrum of
f£1ssion fragnents not in coincidence
with long-range particles.

ely more termary

For both the proton and alpha particle bombardmem,s, rela
events are observed from U238 than 232, This agrees with the
in spontaeneous fissionl. (J. A. Coleman, D. Drake, A W Fajrhall and I. Halpe

1 R. A. Nobles, "Long-Range Particles from Nuclear Fission," Thesis,
University of New Mexico, 1961.

2 H. E. Wegner, Bull. Amer. Phys. Soc. 6, 307 (1961)

3 V. I. Mostovoi, Proc. Intern. Conf. Feaceful Uses Atomic Energy,

Geneva (United l\laticns, Few York, 1955), Vol. 2, p. 226.




Bal39 / Agll3 Ratios in the Fission of Uranium

study of the relative "pesk” and "valley" mass yields as
v the Th («, xnf) reactions has been completed
ratios were made at small forward angles b
separstion of fission fragment recoils
obtained by radiochenical separat:
sults is shown in Fig. 9-1. The compound micleus formed in the bombardment,

- 1236, may decay by fission or by
neutron emission. A similar com-

petition occurs at each stage along

: T v the neutron e bt

Ly o°-7 | yield ratio Bal3 / Agll3 at each

stege 15 presum

of the fissioning species and its

excitation energy. The increase

in the yield of Bal39 relative to
2gM13, Gue to the onset of the
(%, 30£) reaction at 24 Mev, 15

t in Fig. 9-1. The

32 ¥

o ¥
L L n indicates that relatively few miclei

7 3 survive to fission at low excita-
HELIUM ION ENERGY (MEV) tion energies. One factor which
4 affect this survival is the
Figure 9-1 ar momentun of the system.
Dility increases with angular
Pesk-to-valley ratios for 0° to 7° AL ;issionirg e
r helium ion induced fission of T Vengih a omen bl wpartad Kol
thorium. Open circles are ratios compound muclei (U236) by incident
integrated over all angles. helium ions with energies (30 Mev)
Maximn estimsted error is 106 above the Coulomb barrier (2b Mev)

is large compared to that by

barrier. Thus, the relati:
amount of angular momentum in the compound system at the onset of

the (@, bnf)
reaction may cause fission to occur earlier in the evaporation chain.

A reconstruction of the experimental observations has been attempted,

- using empirical date and present ideas of the fission process. These c
culations include the following p angular distrip , evep
neutron energy spectra, fissionability3s*, end mess yields?. Although quali-
tative agreement vith the experimental results is obtained, quantitative
agreenent, 1s poor. This leads one to reconsider some Of our present ideas
of fissionj in particular, Pissionability and mass yields at various steges
along & newbron evaporation chain. A crule caleulation shows that I'e/Py
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can be increased by factors of 1.2 o 3 at low excitation energ
ain) 1f one considers e pods(51a
Also, the yields of asymet

£ gy tied
fragnents in the symatiic Hasion mods
s above 20 Mev, may be larger than e
caleulations are now being used o facilitate the stuly of the e
momentum dnpcm of Fissionabilit; e energy dependern
yields it hieve quentitative agreement with ob:
valley nmos (3. A. Colemsn and A. W. Fairhall.)

1 J. Gilmore, "Te Effect oI Anguler Momentum on Fission Probabilit:
Thesis, UCRL-930k, (196

2 I. Halpern and V. M. Stwtins(i Paper P/1513, Proc. Intern. Conf.

Peaceful Uses Atomic Energy, 2nd Conf. (Geneva, 1958).

3 Halpern, Am. Rev. Nucl. Sci. 9, 267 (1959).

L R. Vandenbosch and J. R. Huizenga, Paj

ul U es Atomic Energy, 2nd Conf. (Geneva,

irha Jensen, end E. F. Neuzil, Paper

Proc. Intern. Qo | oudlena acs ni

6 See Sec. 10 of this report.

Cont. ((,

eva, 1958).

dc Energy,

Fission Studies in Bismth and Iead Targets

has peen reported! that an asymetric fission mode exists in the
B1°%9 vith 36 Mev protonsA This fnglor‘. mode correlates strongly
with magic numbers N = 82 and Z = 50, although the evidence for this fission
rode comes Trom cbservations on the coxrplﬁwervary e mn in the
glon of ziac. | It would Been to be desirshle to obtain furthe: it

on this interesting development. The same compound micleys excited to a
comparable excitation energy can be made bonbarding P206 with i2 He
e R e

06

wesence of Fe, I, Tn,end Cu impurities in the Pt
At enbts to purify the target material by ion exchange and zone

way. The refined materil will be R S

he existence of asymetric fission in this gion.

ement

fission of lighter elements (Au, l"b, Bi targets)
pon

ng to symetric fission®s3. A separate
s0 observed in radium bombarded by neutrons*,
deuterons®, end gamma rays(. Within the experimental errors these

dan in shape. An interesting

vary in width, usually expressed as width at half-maximm. In Figure 10-1,

the observed widths at h excimun (W /p) ere plotted v

&t the saddle point ( sp ). The latter is obtained by subtracting the fission

m the excitation energy of the compound nucleus (symmetric

ance fission). It is seen that the widths
2 the curve eppesr to increase linearly with excitation energ

over this limited energy imterval. It should be emphasized that a wide range

of expe. imental conditions prevails:target elements range from gold to radium;

2



nd bombarding perticles include

bombarding energies range from 11 to 42 Xlev,
neutrons, protons, deuterons, He3 and He'

From simple statistical theory

one mignt expect the relative ylelds
of two £ission products to be of the
form

-c (8, -Ep) /T

where E, and Ep are the energies
required to form the products and T
is the miclear temperature. On the
other hand, a Gaussian yield curve
implies the yields are of the form |

Figure 10-1
2
x C(ANIRR I
Measured widths at half maximm b Loy 1/2
of mass-yleld curves vs. excita- T @)
tion en at the saddle point. k=
PAEYES il polrt and are the respective

s mabers. “Comparison gf eqitions
1) and (2) imohes ma varies with
should be proportional A/4) Here® 1s
£6 e messured et the point v tribution is H e
sumably this point is the moment of Scission where the corresponding energy is
perhaps of the order of 10 Mev higher than the excitation energy at the saddle

point.

3, con stnce 3 vacis s 5V, W

herd! the

be found to

The data of Fig. 10-1 can be replotted vs. EY/* a
cluster on & straignt line, However, the n
the origin as equauons (1) and (2) would
not correct and a more refined theory is necessary to explain the apperent

correlation.

Perhaps the correlstion shown in Fig. 10-1 is accidental. Further
ogress Pb, Bi end Au targets to obtain more data

sh the "c)ia)ty oF it orrotation, T6 s also hoped

that it will be possible to better characterize the true dependence of ¥y, on

excitation energy. (A. W. Fa‘rhall and R. L. Watters . g
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IV. COMPOUND NUCLEAR REACTIONS

n Using Time-

Charged Particle Evapor:

energy evaporat end
cascade, and their spectra are strongly ‘influenced
effects. The study of the spectra affords sn
ing penetration of the nuclear surface. a nethod
o more conventional Doppler shift methods, it ma
ining the lifetime for ped” char
b and nrgux momes

.anqlr),_;(ns
possibility
el te
likely, an upper linit, as the 1i
below the expected experimental sens:

ermit the experimentel examination of low energy charged pa
systen s being developed for particle identification and energy detem:
Gl s G of energy end time-of-flight.

systen uses to provide a "slow" pulse, which
gives ener .y, a5 vell as a "fast" signal

the techniques r roscopy at this e

the fast signal give g information when compared to & cyclotron
oscillator timing signal in & tine-to-pulse-height converter.

e energy (E) and £1ignt tb

e (T) pulses are amplified and stret
ord:

and aisplayed as a single spot inates (1, 5) on the
horizontal and vertical deflection axes of an "x-y" oscilloscope The sp

form & family of curves; each curve corresponds to a different mass of reaction
product.

h of 0.65 m, which is somevhat
ius of the 60-inch scattering chamber, & proton energ raige
to 1 Mev corresponds to f1ight s bobeerids

er particles, the energy limits for the same
ased by the appropriate mass ratio. The maxim

Sime is aetemnined by the Cyelotron du ? B7 nanoseconds, and the
minimum tine by the verall resclution of uhe time-of-flight circuitry

For the convenient choice of flight pe
less than

£iculty with using the "fast" pulse furnished by the solid-state
detector vas that its magnitude (sbout 1 millivolt) wes comparable to possible
sources of noise or pickup, especially the 11.7 Mc radio-frequency sigial

from the cyclotron oscillator. This difficulty was solved by placing the
detector inside a shiclding box, vhich also contelns & trensistorized fast

er and & wavetrap tuned to the cyclotron frequen

4 systematic, energy-dependent dis

s because of the ired for the fa
thivestold of the tiaing c The max:
particle Hentification s

rtion of the time-of-flight messure-
= ¢

se to rise to the
nergy of rellatle
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of a "thin" detector at high incident particle energies, and by the time
resolution of the electronic system.

junction
otons,
approxi-

The present, preliminary, system, using one particular diffused
type Solid state particle detector capable of stopping about 5 Mev
has an overall energy resolution of 250 kev and time resolut: p
nmately 7 nanoseconds. The system distinguishes between protons in the energy
range from 0.8 to 3 Mev, deuterons from 1.5 to 5 Mev, and alpha perticles from
about 2 to 20 Mev. Tt does not clearly distingulsh betyeen mase three and
mass four particles. It is expected that T energy renge and better mass

&
m

o enoray resolution will be obtained by the use Of a surface barrier detector i
of greater sensitive depth and better energy resolution. (D. Bodansky and
E. R. Parkinson. J

1 Cyclotron Research, University of Washington (1961), p. 3k.

12. Anguler Distributions of Neutrons in Bomberdments with
I2-Mev Alpha Particles

e time-of-flight neutron spectrometer described in previous re
was completed and tested during the past year, and it has been used for a
series of messurements with k2-Mev alpha particles.

The spectrometer system now has the following features:

(1) e neutron detector is a stilbene crystal (3.8 cm dla. x 2 em
thick) viewed by & 6810A photomultiplier. It is located 173 cm from the
center of the 60-inch scattering chamber. This puts the center of the crystal
about three feet outside the chamber.

(2) Because of the large photon and neutron backgrounds in the scatter-
ing room, it is necessary to surround the crystal with e lerge shield of lead,
vex, and borex. Te shield and counter are mounted on wheels and cen be moved
from angle to engle around the scattering chamber.

(3) Backgrounds are measured by plugging the collimator hole in the
shield with an iron absorber long enough to attenuate the neutron moving
from the target to the crystal by a factor of 100. Ina typical set of
measurements, background runs of this type are occasionally supplemented
target-out background Tuns.

(4)  The beem is monitored by sC Ja‘ion detectors sensitive to
scattered elpha particles and by the Fare current. To obtain reliable
current resdings, it has been necessary to RN the oia Faraday cup with
& new one having a wider throat. The new cup permits the use of targets
thicker than those normally used in experiments where emitted charged
particles are detected.




The efficiency of the detection system for neutrons is compute
from the known neutron cross sections, the size of the crystal, and from data
taken in runs t ine the pulse-height biss in the detection circult;
This bias is set by a discriminator which gates the multi-channel anal
where the time-distribution is recorded.

uit which discriminates
ron-photon discriminator
jstem, but it is not used vh

can also be gated
due to ph
in the tes

-pulse height com has been built. is flst in

to within 0 per cent in the interval normally
used for spectra. The bime resolution is from 3 to 4 nanoseconds as
ed £7om the width of the prompt photon peak.

(8) The energy vs. chamnel calibration is computed from the time cal.
bration of the chamsls (obtained from the spacing between prompt photon peaks)
and is checked by using absorbers like oxygen which have strong ebsorption
lines for neutroms of certain energies.

re eligina-
reports.

e first stuly ¥ith this systen is that of the angilar and
energy distributions of Seutrons enitted from AL, co,
ments with 42-Mev alpha particles. Data vere take:
and 165° in the lsborstory. It vas not possible to obte:
forward of 45° because of background uncertal s,

One general object of these neutron studies is to compare the
corresponding studies of proton emission (see S It has been po!
out in prcv fous reporte? that the comparison of neutron and proton evapora:
n engular distributions might help determine which regions on the nucle
surface, with respect to the rotation axis, are responsible for most of the
particle evaporation.

reliminary results for the spectra and engular distributions of meutrons
from the four targets studied are given in Fig. 12-1. The results are plotted
as & function of angle in the center-of msss system and they are lsbeled by
the c.m. systen. The curveg are fits to the
e functional fox
neutron energy there seems to be 90° symmetry and th
seme fom. At
ons, a8

higier energy they exceed 1t presumably due to dire
o

ctveen & smooth curve throu
hed) which fits the backward data.
g analyzed. Some of the more

ng g

T

The data are new and are
significent features seer

(1) The appesrance of &
excess) at energles as low as




Figure 12-1

lar distribu-
tion of neutrons
fro'n alpha per-
e bombardment
o«- (a) aluminum,
(b) cobalt, (c)
niobium, and
(a) gold.

evident as far back in angle as 90° at 5 Mev. The
presence of this dire.
confim the conclusion of
utrons ave enitted before thermal

n
established.

(2) e anisotropy decreases
gets heavier. This is expected e angu
velocity induced in the heavier nu 1ot by KoMy
alpha particles is smalle:

(3)

The

n compe
cause the elemer
that the anisotro al

a function varying only
(For example, Ey = O neu
since they would have

Evaporation protons h
bonbardnents

creases slightly
The mai

up in rotation,
i e
nomally small at low e

The observed

(1)
tudes of the
ated from tl
h expectations.

In the course of the
SR e e
photon peaks &t each angle and the angular distri
butions were found to resemble those for neutrons,

hat they were anisotropic vith minim at 90°.

end of the part;
Further studies will be made of the
Axel, D. Drake,




(1961), p. 34; (1960), p. 47
30.

2

2 wou n ( 961); -

3 V. Ak Sido {ienin Prize Tnstitute of
1%62).

2120 (1960).

13. Spectra and Angilar Distributions of Protons Emitte
Boubards

escribed
of the 1
dar distr:

r Froton efemation procesdes

s
measurenents
a single proton d

ude

Pprotions from deuterons.
comes possible when the thickness ot

Jax
{nmeshold of he detector fron 25
produces proton spe

free from deuterons oaly ce However,
deuteron yleld 1 / less than 10f of the total

14 is peaking,
emitte

_1 shows proton spectra from Ni%2 bombarded with k2-Mev alpha
particles. These data are @ combination of both the 2 and 10 mil results.
This type of plot (i.e., angulsr distributions of the cross section tal
T center-of-mess energies) vas dravn because it d. isplays gross
interdependences of yield, ene
of the data to the center-of-m tes vas accomplished with
of an IRM 709 computer. A code was develop takes the data
agtichennel eslyter togothex data and prov:
(420 /4R d E)ep V8- Egp @nd 6,

It is seen from Pig. 13-1 that below 7 Mev the
antsotzopio but symetric aroud 90°, and that st
pesking becones lnoreasingly epparent. This peaking 1o presunsbly sao sated
dire interactions, It el less CSHSF)CJGJS T the more
s (N58, M ) ‘than for the Ni%2 shown in the figure.

igher energies forvard

8oty




LABORATORY ENERGY  (MEV)

PROTONS FROM 42 MEV. MEV &
o« BOMBARDMENT OF Ni®? RROTONSIEROM 42

BOMBARDMENT OF Au AT 70°

1 ]
bl

CROSS SECTION ( MILLIBARNS / STERADIAN MEV)

i
I LGHT ELEENT 1
CONTAUNATION
o %
CHANNEL
Figure 13-2
ular distribution of protons Protons at 70° from 42 Mev alpha
from L2 Mev e e perticle bombardment of gold.

‘bombardment of

(2)  Spectra from heavier elements. The proton yields fall off rapidly
as the weight of the target increases, but it was thought desirable to explore
some heavy elements, in part to study the low energy portions of the e
The low energy part of the spectrum presumsbly provides a measure of the barrier
penstrability for outgoing protons. Tt is interesting for this resson, in its
own right and because a systematic study may el with the determinstion of the
amount of so-called "trapped" protons which sppear in the spectra of lighter
SO T R e i arget are shown in
Prelininary results have also been obtained for targets in the mass

(3) The dependence of spectra on bombarding energy. These messurements
have been postponed pending SR energy degrader now under
onstruction. The older degraler system consistently gave rise to excessive
i 1 (o i oo i CE e e )

1 Cyclotron Resear

University of Washington (1961), p. 53.
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»porated from Ni”" bomba
»d have been nﬂrt_,;l]'/ reported.
& dealing with possible

alar Risteibitions of
model for the
stripution of protons with
x depends on

alpha
Among the result:
Qiffe
successively ey
s

a2 measurement
perpensieiler to n

the ratio of X1
of 1/3, but there

PROTONS FROM 32 MEV
ALPHA PARTICLES ON Ni®*
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Figure 1
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bt 90° to




Xy/x, 18 1/3 it suggests a sizable dependence of the nuclear moment of inertia

oa excitation enerey, |This dmplied degendence disappescs)es the value of
x,/x, increases toward unity. Tms the analysis in

ndt Sstablish an energy dependence for the moment of i

ing mcleus. (D. Bodensky, C. R. Gruhn, I. Ealpern, amd R. West. )

15. The Emission of Be! from ILight Nuclei Bombarded by Helium Ions

, T tmental wopk on the reactions 016 (ot , Be!) 3 ana a1%7 (%, Be')
No? has been completed,l Tt sppeare that both reastions ccour predominantly
ot g B e G KR
is supported by the following semiquantitative evidences:

(1) The relative yields of Bel from these and a mumber of other lu;ht
element targets decrease with A roughly as one would expect on the
evaporation theory.

2)  The energies of the Be! muclei, as measured 8 by thotr osges, ave
roughly consistent with expectations based on & ste .1 model.

3) The angular distributions of the Be! in the c.m. system seems roughly
consistent with the expected symmetry around 90°. It should be remarked here
that this statement refers to the A}bomberdment alone.

e large forvard c.m. velocity in the oxygen bomberdment preclules the
possibility of observing Bel fraguents emitted backward in the

Their energy is too small. Fig. 15-1 shows the results of the angilar
aistribution meesurements for aluminum. The large errors reflect the un-
fortunately lover yislds from this terget. In part because of the relatively

e in these measurements brought about by the low cownting
rates, it was th wc desirable fo study the wwulnr aistrivution of the
fragrent complementary to the Bel, namely Ne?', since it too is T
Backward moving Bel fragments yould be associated with very energe!
forvard moving Ne2t g e epiaieip onserveJ eand,
h

P e A1 (ot
1 el dus o) A1 (<5 BaT)Na2lt: <uther
work should probatly = on the Ne2* production to confirm our tentative

division of yield between two reactions.

Some connections between this work and work discussed elsewhere in this
progress report should be pointed out.

(1)  The production of 146 ana other ¢ ”ag:rcnbs by b2-Mev alpha particles
through the mechanism of direct interactions (Sec. 18). The emission of
particles leading to low-lying states in the residual mucleus was examined.

It appears that, just as with the emission of lighter particles, like
nucleons or alpha particles, the yields s can be associated with
direct interactions, while the generally more copious yields to higher states
have a compound nuclear character




T T T

PRODUCTS FROM AI”’(d,Be")Na** AT 42 MEV.

FROM Na2%

doy
( An')c,u. (ARBITRARY UNITS)

100 120
(DEGREES)

Figure 15-1

Anguler dis
The dashe

tribution of the alpha pert

(2) The
& minimm at 90°

12 and 13 and is no doubt ass
those anis otropies,

2
mev should come off with even g
protons. This seems to be the case.
Hower)

i aso) "Me (¢, Bel) Reaction in LAEZIL Element:
Siton o Mew," PhD. Thesis, University ington, 1962.

____r__,’—————

16. A Review of Compound Nuclear Reactions

A review article on Compound Sta Features in Nuclear React:
has been prepared for the Annual Review of Nuclear Scien D.
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VI. CYCLOTRON RESEARCH AND DEVELOPMENT
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Three-Stage Tandem Van de Graaff Program

In the middle of November we received a Ean $1.24
National Science Foundation for the purchase of
Accelerator. The remainder of the funds for the projected
accelerator will be granted, it is expected, during the next

leted during
was si e for the mxSLFM tion of a type FN, 1
ons for the injector sta
ch are good e 1, 1962.

January,

o hou
the necessary ancillary laboratory, ofme
by our own personnel duri

the building was The design was accepted
University ectural Comission and approved by the Regents at
April meet: John Grahan and Son are now proceeding with the working
drawings. It is expected that the plans vill be submitted for
nstruction will begin in late Augist or early September.

their

The pr building, as shown in 2h-1, is contiguous
present cyclotron building. It features emple spk(r' for electron

pment and future computer installation. Evi
rinental areas close to both the counting arcas o
The natural contours of the site were utilized to the fullest
adiation shielding.

3

up areas.
it provide

he
start perf
Morgan en

en stage will be delivered in the fall of 1963. We hope to
experiments with this stage by the spring of 196k (T.
H. Schmidt.







VII.

INSTRUMENTATION FOR RESEARCH

A cylindrical gas target has been constructed which can be used with the
erget 1ift mechanism, allowing the use of both solid and gas targets

during the same run. The vindow of the gas cell is male of a 0.5 mil Mylar

gas can be measured by a thermi

The
two hours each. Modifications are now being made to permit metal foi.
(e.g., thin nick
windows. (R. E. Brown, G. W. Farwell, I. Nagib, D. Shreve, and C. D. Zafirat

used in scattering experiments. An alpha particle source
movable stage

the particle energy is measured in a solid state det
determined in tems of an equ
loss as the ta!‘z;eh Preliminary comparisons vjth thc rnsults of
ing have indicate

variations of the order 0.02 to 0.05 mg/cm? are detectable depending
target material.

» een ¢
out! which v=rify the prediction® that loss of energy resolution due to

d to brass rings on the top

ottom. The temperature of the
ton Locatad 1n tho target, while pressure cen
0 cm mercury manometer.

e 0.5 mil Mylar windows are damaged by the bean and last

®

nd combinations of metal foil and Mylar to be used for

Thickness Gaug:

A gauge has been built to measure the thickness and mxform),y of ta,rzccg
ed on

d, after passage through the terget and a

s the eame energy
direct weigh-

q agreement to within 5 for 2 mg/cn? foils. Thickness
upon the

(7. Ramus.)

Heavy Particle Magnetic Spectrometer Program

During the past year, final preparation . a0 calitration of the hoav
1 netic spectrometer have been completed. Tests have b

rried

kinematic broadening effects can be Frea\.ly reduced by adjustment of the focal
surface position. Line widths vere reduced by as mich as'a factor of eight by
iy

this means in the CL

scatterd)

tion analysis.

Up to the present time spectrometer has been used principally to
btain accurate Q values and high resolution spectra in a few inelast
ng experiments; these have facilitated the interpretation of

engular distribution data taken using a solid state detector system3. Eneﬁgy

resolution of 90 kev (about 0.26) has been achieved in t

e analysis of Mg2

(%,et!) at b2 Mey incident alpha energy. The results of one such run, taken

uclear emlsion plates in the focal surface, are shown in Fig. 27-1.
lues assigned are those of Hinds and V;dd)etonL (G. W. Farvell,
Herurle and - McDaniels.
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empts
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om one labora-
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%7 section never decreases in pa G B il Lot
Under these conditions the Pesolution obtained or the Cs137 g
per cent compared to 9 per cent obtained when the s
Sirectly to the shotomitiplier.

The photomul
properly oriented with respect to the s]

systen varies by less than 1 per cent i

) betyeen 0 and 100 amp. More detailed stu udies of 1t i n
14 re nov in progress. (J. B. Gerhart and G. §. su]hu )

plier 15 heavily shielded with high-y iron foil. ihen
e: in of the
Arvent 15 v

30. Low-Background Anticoincidence Counti

Many radioche

low cross se

count ﬂfi

) on metry" of
Ea i

ol davolre miclear reactions with extrenely
tions and cons y the activities in the samples vhich a
o i eff)mcncy

are very veak.

f any counter depends pr: mnly
the samp: bly. Previously we have used end-
B Eo e e
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SHIELDING |
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%
s T PORT E
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H
e

COUNTER O 7—’_
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Figure 30-1

\ Iow background anticoinciden

ce counter.
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Figure 30-2

Per cent counting efficiency vs.
sample thickness for a variety
of tracers for the counter shown
in Figure 30-1.

In most radiochemical separations

Another factor related to the
determination of accurate L\cc&y
curves is the background v
present in our counters. Te gain

1 counting is pro-
decrease in back-
be affected.

port
ground which can

In order to have ma;
comting effictency it is necessary
%o count weightless samples in &
41T counter. e are
practical drawbacks to this,
However, and ve have compronised
instead on a system which approx-
instes b {7 geometry but which will
handle samples of finite thickness
and does not require the elaborate
mounting end sample introduction
techniques of true LT counting.

two thin end-

face to face with only sufficient

space between them for mtraduction
ample

ground, the detectors are operated
in anticoincidence with a G-M
umbrella counter (not shown in
Fig. 30-1).

it is necessary to use carriers, par:

G by SR of activity are isolated in a radiochemically

pure form
oelf—scsbce effects
rate of the sample.

a relatively active target.
are important factors in determining the net counting

This means that self-absorption and

Fig. 30-2 is a plot of the per cent counting efficiency in this counter

assembly vs.
range of [ -decay energi:
standardized by sbsolute 4T counting.
filters and covered with Segtch tape.
have a thickness of

sample thickness of a numb
ies from 0.25 to 1.75 Mev.

mg/cn®; the counter windows are

er of tracer radiomuclides spanning e
The tracers used were

e samples are filtered on to Millipore
The Scotch tape and Millipore filter each
each 1 mg/en® in thickness.

Maximm counting efficiencies of around 70 per cent are achieved for @ emitters

of energy greater than about 0.8 Mev.

(P, H. Gudiksen and A. W. Fairhall.)



31. Design and Development of Electronic Equipment for Current Use

Electronic equipment built for the existing counting area or general
laboratory use is described in the following paregraphs. Equipment for the
new second counting area is described in Sec.

(1) Gating signals for the commercial 512-channel analyzer and the
associated storage units are provided by a new slow coincidence chassis.

This unit provides two independent coincidence outputs from any combination

of three input signals (taken all together, two at a time, or singly). The
outputs are biased correctly for the multichamel analyzer. Additional out-
puts are provided to drive scalers or other equipment either from the individual
channels or from the coincidence signals.

(2) A paper tape perforator, a paper tape reader, and & transfer chassis
to arive a typewriter from paper tape vere purchased and installed for use with
‘the 512-channel enalyzer

_(3) A new tine-to-pulse-height, converter was constructed and tested,
Results with this unit are superior to those obtained with
& previous vacuun tube version. The circuit consists basically of a very
rdst binary eircult, vhich controls a transistor switch which in turn allows

nstent current ci o charge a capacitor. The output voltage is
Tineasly dependent on the time between the start and stop signals over a
range from 4 nanoseconds to one microsecor

L) A double pulse generator was constructed e.nd is in use. It pro-
Quces single or double pulses of either polarity. lse rate, pulse
separation, and each pulse height and width are sepe.rately adjustable.

5) Radiation level monitoring equipment has been constructed and
tested. The unit adopted is very similar to the Oak Ridge Persomnel
Monitor (ORNL-3001). The units are to be placed in sensitive areas to
warn personnel of the background level.

(6) Other units which have been constructed and are in use includ
& pulser with a superimposed r.f. signal for amplifier dead-time measure-
meitts; a pulse aime for amplifier overload tests; a pulser with coincident
outputs for two-limensional pulse height tests; single chamnel analyzers;
preamplifiers or uee with detectors; amplifiers to drive existing vacum
‘tube circuits from low-level transistorized units; control meters; amd
verious power supplies. (L. H. Dunning, H. Feuska, R. E. Karns, Jr.,
R. A. Matthews, and R. L. McKenzie.)

32. Design and Development of Electronic Equipment for Second Counting Area

A second cyclotron counting area 1s being developed to supplement the
existing counting room. This will make it possible for two groups to use or
test electronic equipment similtensously. In developing equipment for
e counting ares, transistor circuitry and printed cerd construction
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techniques &
the duplicad
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(1) Several six-decade dec:
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vious paragraph.
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i
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Figure 32

Scaler control unit.
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(3) A millimicrosecond passive delay network.
‘the one described in the 1960 report’.

i

(5) Powe:
Vi and for general pulse handling chassis.

() A triple fast coim 1L\ence cir( uit. This unit,

ed version of a unit ¢

(6) Compone:
system is now being completely tr
verters, address seslers, address selector eysten, memory
and core drivers have b larg: e

This unit is similar to

a transis-

wh
he 1960 report?, is under ccnsmcnom
22

plies for scintillation counters, for solid state detectors,

—chennel analyzer2. This
The anslog-to-digttal con-
cont:

systen,

d. Vork is in progress

b
to transistorize the arithmetic scaler and St systen, and to simpl

the handling of the counts in the core memory.
R. E. Karns, Jr., R. A. Matthevs, and R. L. McKen:

g,

H. Fauska,

|’ 1 Cyclotron Rese,, , University of Washington (1960)) p. L3
2 Cyclotron R wivm ty of Washington (1961),
(

x (1960) p. “5, (1‘/59> D 1957) »- 50.




33. Statistics of Cyclotron Operation

(1) mel ¢ fingers on the east dee st
r and rnulp‘oorxﬂ of the cyclotron water
changer. The disposition of the time available for cyclotron ope:
auring the year is given in Tebles 33-1, 33-2, and 33-3 which are self-

explanatory.

1 Division of Cyclotron Time Among Activities

tal E;u p'rnnt
o

Chamber
ment by Ie
ent for Ot}

Chamber Used with No Beam
lities 168

24-Inch Scatter!

multaneously with other



Alpha Particles 8.2
Protons 20.9
Deuterons 0.9

56T 100.0

ardment for Outside Investigators

x nested by end performed for & mumber
tors. These are summarized in Teble 34-1.

» bombardments were e

Table 3-1. Bomk

Boeing Airplane Company
} University of Colorado
Vestern Washington College of Biucation
35. Advanced es Granted, Academic Yesr 1961-62
Verner M berg: M.S.
Charles R. Grum: Ph.D. A Study of Particle Emission from a
Rotating Mucleus.
i Poul H. Gudiksen: M.S.
3 Charles O. Hower: FPh.D. («, Bel) Reaction in Light
! Elements at Energies Below 42 Mev.
i Joseph E. Ramis: M.S
k Chris D. Zafiratos: Ph.D. A Study of Tvo Nucleon Stripping
and Two Nucleon Pick-Up Reactions in Light Nuclei.




36. Cyclatron Personnel, 1961-62

Faculty

Peter Axel, Visiting Professor®
Devid Bodansky, Associate Professor |
Arthur W. Feirhall, Associate Professor

George W. Ferwell, Professor

James B. Gerhart, Associate Professor

I. Halpern, Professor

Fred H. Schmidt, Professor

John F. Streib, Associate Professor

Cyclotron Research Staff

Ronald E. Brown, Resesrch Assistert | P“ofcssor

David K. NcDaniels, Research Instru

e ) “Research Tngtructord

Ted J. Morgan, Research Associate Professor; Supervisor,
Cyclotron Iaboratory

Graduate Student Pre-Doctoral Associat

Francis Bartis
Joseph Coleman
Darrell M. Drake

Chris Zafiratos
Graduate Student Research Assistants
Physics

Telson S. Gillisd



[ g Paul Guliksend
7 Cherles 0. Hoger!
E 1 R. L. Watters®

1

Full-Time Techn:

Machine Shop

\ Himeadely
Nrmw 5 Gilbertson
Hart
1 Fluyu E. Helton
y Gustav E. Johnson
I Bernard Miller, Assistant Foreman

Byron A. Scott
Allen L. Willman

Electronic and Electrical

Lavern H. Dunning
Robert B. Elliott
Harold Fauska, Senior Physicist; Research Electronics

ell E. Karns, Jr.

R ehard A, Matthevs

obert, L. McKenzie

Jonn W. Orth, éssismnh Supervisor, Cyclotron Leboratory
John Turneaur

Design and Drafting

8 Gerald B. Bartley
Robert G. rmrke

Peggy Doug:

Ralph Flwgen, Engineer6
Clyde

Jemes L. Mile:

Peter lined Lovich, Enginser
Lewis E. Page

Cyclotron Operators

Barbara J. Bargett
& Donna M.
Georgia 7o Rohrbaugh
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Others

Patricia A. Kelsh, Radiochemists
Filn Scanner

Part-Time Technical Staff

Student

Ralph Christot‘fa.rsm)

Claudelle Pazer
Jomn Rencour:
Pa RLce

et i

Others

A Glll, Clerk-" l‘yp)st

o PR

RRENY

Summer, 1961.
Yow at Centre d'Etudes Nucleaires de Saclay, Gif-sur-Yvette,
Seine et Oise, France.

jow at Kyushu University, Fukuoka, Japan.
Now at Massachusetts Institute of Technology, Cambridge,
Massechusetts,
Enployed during summer only.
Terminated.
Yow at Princeton University, Princeton,

I.N.S. Fellow.

ew Jersey.




List of Publications

e following articles, originating in this laboratory, were published
Quring the year ending June 15, 1962:

"Bvaporation of Coincident Protons in @ + Ni58 Reactions," D. Bodansky,
R. K. Cole, W. G. Cross, C. R. Gruhn, and I. Ealpern, Phys. Rev. 126, 1082
(1962).

"Me Rediochemistry of Magnesium," A. W. Fairhall, Netional Academy of
Sciences-.National Research Council, Muclear Science Series, No. 3024 (1961).

"Me Use of Oxygen-1}4 in the Study of Position Polarization in a Fermi-
Type Trensition," F. H. Schmidt, J. B. Gerhart, J. C. Hopkins, H. Bichsel,
and J. E. Stroth, Radio-isotopes in The Physical Sciences and Industry,
Pp. 303-12, Internstional Atomic Energy Agency, Vienna (1962).

"Proton Angular Distributions for (%p) Reactions on 22, m?7, ena
p3L," A, J. Lieber, F. H. Schmidt, and J. B. Gerhart, Pays. Rev. 126,

11s96 (1962).
"5 Cyclotron Dee Voltege Regulator," J. W. Orth, Cathode Press, 18,
31 (1%61).

"Systematics of Octupole umces in Nuclei," G. W. Farwell, Pr
ceedings of the 1 (Heywood and
Company, Ttd., London, 1562)

3214

"Megnetic Analysis of h2-dev e Alphe Particles," D.
McDeniels, W. B. Brandenberg, G. W. Farwell, end D. L. Hendrie, !‘lumear
Instruments and Methods 1k, 363 (1961)

Me following abstracts, originating in this laboratory, were pub-
1lished during the year ending June 15,

"Proton Spin Flip in Inelastic Scattering from C 1z H. Schmidt,
J. B. Gerhart, and W. A. Kolasinsky, Bull. Am. Phys. Soe: 7, 60 (1962).

"c12% gpin s\msxate Amplitudes in ¢ (p,p')) Scuner)ng at 10.5
Mev," J. B. Gerhart, F. H. Schmidt, W. A. Kolasinsky, and R
Erom, Bull. Am. Puys. Soc. T, 270 (1962).

"Symmetry Axis Behaviour of & - y Correlations in €12 (et,etty)
Reactions," D. L. Hendrie and D. K. McDeniels, Bull, Am. Phys. Soc. T,
270 (1962).

LiElastic am Delastic Scettering of b2-liev Alphas by g2, agl,
and 0%2," Tsam M. Neqib, Bull. Am. Phys. Soc. T, 73 (1%62).




