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reviews the work done at the 60-inch cyclotron at the University

the year ending June 15, 1
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ratus described above. This experiment is discussed in
Blohsel, 1. B. Gerbart, J. C. Hopking, and F. H. Schmiat)

idt, Bichsel, and Hopkins, Bull. Am. Phys. Soc. Ser. II, 3, 406

t, Bichsel, end Hopkins, Phys. Rev. (to be published).
Deutsch, Gittelman, Bauer, Grodzins, and Sunyar, Phys. Rev. 107, 1733 (1957);
Frankel, Hansen, Nathan, and Temmer, Phys. Rev. 108, 1099 (1957); and R. S.
Preston and S. §. Hamna, Phys. Rev. 110, 1406 (1558).

The Study of Electron Polarization by Mgller and Bhabha Scattering

An experiment for determining the polarization of 0M* positrons by scatter-
ing then from polarized electrons in a thin magietized iron foil was outlined
briefly in the last progresy report. This experinent was postponed, however, to
permit completion of the O1* positron polarization experiment described sbove and
work on the scattering experiment did not begin again until last winter. The new
experinent, as now conceived, will permit the determination of either electron or
positron polarizations at several incident particle energies, including the 1.2-
Mev positron energy employed earlier with Olt. In addition to the 0l polariza-
tion it is plamned to use this .apnnratus to study the polarization of P32 elec

twons a8 & @unction of (v/c). .46 well s providing date oa e velocity depend~
ence of the P32 electron T T
performance of this tus with similar inents done Tis com-

parison vas not poss)b)e for the spparatus used earlier to detect the 01 positron
polarization.

The Scaf.tering apparatus (see Flg. 3) includes the small bcta ray spectrome-
ter used in the earlier polarization The c

Donttrons Belectes by the spectroacter gase to a saloncidal magnctlc lens and.
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k. Equipment for the High Resolution Uniforn Field Spectrome

During the past year the unifom field, solenoidal beta-ray spectrometer
and its accessory equipment yere moved fron their origina
fall to new quarters on the second floor
Liboratory, thus bringing the laborstories of £he
copy group into a single ares for the first time.
in efficiency of operation, the move
resolution spectrometer as a research tool since its close proxinity to the
cyelotron makes possible precision beta-ray spectrometry of short-lived cyclot
‘ produced activities which could not be transported to the old site. To further

increase the solenoidal spectrometer's range, the Department of Physics has pw
chased a new 20 kv motor-generator set capable of supplying up to 190 amperes
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the energy loss are determined by a single measurement rather than as a small
ifference, as in other methods. The force (0.01 dyne) on the foil (thickness
0.005 cm), acting on a lever-am (5 2

vertical suspension (quartz, aluminum plated,
An sajustable fraction of the beam current is d) ected through a
unit utilizing the same rotor and suspension, and produces a
null de: r (after & 10 sec hombardmcqt] indicates
camition, snd peruits the deternination of the mean manentun frenst
cle. A second unit, basically similar but employing a
the determination of the mean total momentun of the e

The beam current is collected by a -u
mentioned sppa:&ms. The locations of two suspen:
sutomatic compensation for a lateral —A/‘L)un of the centroid of the beam; this re-
quires a rough preliminary knovledge of stopping power.

ome_sources of error and @ifficulty are: oblique incidence on the thick
absorber (but not the thin absorber) resulting from a nonparallel be:
scattering in the thin absorber; momentun carried by ejected electron
trons or back-
PR e B cRlicetion of the beam
nt; thermal distortion of the abs: end nonuniformity of the absorber.
s e e e

A preliminary design of the apparatus has been made and possible sources of

ction are being studied. The techniques for msking, plating
fastening quartz suspensions have been acquired. It is expected that th
appsram, will be installed in the duct adjacent to the water shield; this is not
& customary point of operation and it has been necessary to investigate the for-
metion of a focus there by means of a traveling Faraday cup; it is found that
with the deflecting magnet operated at slightly reduced excitation, a satisfactory
focus is obtained.

A crude prelininary test of the more critical elements of the spparatus will
mede in June, 1959. It is expected that observations will begin b

November, 1959. The first detailed observation will probably be a precise meas-
urenent of the particle energy of the beam, with only the thick absorver in
place; the technique may be useful for an sbsolute energy calibration. If the
method 1s successful 11 be extended to other particles, other energies and
other absorbers. (J. F. Streib and C. Zafiratos)

2. (Calculations of Multiple ing and Shell Corrections for Stopping Powers

A relisble trestment of miltiple scabtering corrections for range measure-
ments has been developed. A mmber of computations of the corrections for Al,
Cu, Ni, Ag, and Au for various proton energies between 1 and 35 Mev has been exe-
cuted on the IBM 650 digital computer. Results are still preliminary.

A determination of the shell corrections of the stopping power has been made
fron the exprrmenw, range measurements. Results for Ni, and Ag were presented
&t the Gatlinburg conference on stopping pover (September, 1958) and at the APS

-10-
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THE SCATTERING

AIPHA PARTICIES AND A
CORRELATIONS

MA ANGULAR

1. Introducti

: ess Reports the results of a s
anguler distributions for elastic and inelastic scatte

or
reactions which lead to the breakup of
in the section on reactions in which charged particles are emitte
coincidence.

A spec
lation work

motivation for the recent angu
as been provided by the extensive experiments of Cohen
s Of protons. These experiments have definit

ar distribution and

on inelastic scattering
the strong excitation of levels at about 2-k Mev above the ground

clei of intermediate The first excited state, which has even p
spin 2, can be explained in terms of quadmupole surface vibrations
suggested that the strong excitation of levels might
terns of octupole surfac ent; experiments
suggest (a) that a JW lvmp state associated J;th octypole defor
" n 016 to (‘5““

collective excitation of low-
pole or MLpalr' deformations. Thus it appears that the
observed in the proton investigations does not in
Z = 30, but instead is observable for considerably lighter elemen:

£1t to Doth elastic and inelestie angular alstribations into agreenent.

1 B. L. Cohen, Phys. Rev. 105, 1549 (1957).
2 B. L Cohen and A. G. Rubin, Pays. Rev. 111, 1568 (1958).
3 J. 8. Blair, Puys. Rev., to be published; Theoretical Ph
University of Washington, 1959, unpublished.
The experimenta 1ts reported last year' for scattering at several inci-
dent laboratory Ansr‘;)L» have h"en prepared for publication.2 A phase shift

analysis is being performed with the Illiac computer by A. I. Yavin (mow at the
University of Illinois). (G. W. Farwell and A. T. Yavin)
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1 1958 Progress Report, Cyclotron Research, University of Washington; A. I.
Yavin, Ph.D. Thesis, University of Washington, 1958 (unpublished).
2 A. I Yevin and G. W. Farwell, to be published.

3.  Scattering by B, BY, ana s%

onder to establish a more accurate scale of absolute cross sections for
ons previously reported,l several nomalization runs were

made.

A reinterpretation of the $32 gata in terms of & diffraction inelastic scat-
tering mod rong support to the suggestion of a collective qmmpole
transition l-Mev (2+) state and a collective octupole transition to the
.98-Mev state.

23 (6. W. Farve

Final results vill be published in the near futur
D. McDeniels and P. C. Robison)

1 1957 Progress Report, Cyclotron Research, University of Washington; Paul C.
Robison, Ph.D. Thesis, University of Washington, 1958 (unpublished).

2 J. S. Blair (reference 3 of Introduction).

3 P. C. Robison end G. W. Farwell, to be published.

k. Scattering by ¢12, W%, 016, ana A%

The results previously reportedl have been prepared for publication? follow-
ing a reanalysis of the elastic scattering data. The elastic scattering angular
Qistributions are characterized by sharply defined diffraction-like structure at
the forvard angles with maxima and minime spaced very regularly in sin 6/2 (c.m.),
deep minima near %0° (c.m.), and eppreciable cross sections at angles beyond 90°.
A black micleus diffraction interpreta gives reasonable absolute cross sec-
‘tions for the forvard maxima and good agreement with observed locations of mexima
and minina. Inelastic scattering angular diggributions vere obtained for
C12 (Q = -h.43, -7.65, and -9.61 Mev); for 010 /q = -6.06 and -6.1k Mev (unre-
solved), -6.91 and -7.12 Mev (unresolved)/; and A*® (Q = -1.462 Mev). Conven-
tional direct interaction analysis verifies previously ass)ened spins and pari-
ties end indicates an assignment of O+ or 2+ to the 9.61-Mev level of G2,
Integrated oross section for inelastic scattering to individual levels my be as
high as 6 percent of WRS. Interaction radii determined from diffraction snaly-
sig of the elastic scattering data src (in ypits of 10° 13 cm) 5.11 % 0.20 for
¢12,°5.37 % 0.17 for 1Y, 5.64 £0.29 for 010, ana 6.38 £0.32 for A¥. Compound
nuclear contributions to observed A appear to be small or zero.

angular distribution for inelastic scattering to the 6.1k-Mev (3-) level
in oY quggests that this is another example of collective excitation of a state
associated with octupole deformation,3 though the evidence would be improved by a
clear separation of this level from that at 6.06 Mev. (G. W. Ferwell and A. I.
Yavin)

e
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wave number, R = interaction

the usual Eeplacb Sl (Here k = c.m,
eangle.) For inelastic scattering, the week coupling approxima-

radius,
tion gives

2 -2 g

i oo { 73R s1n 6/2) i
) ) RO il

& (03 - (x2)? e7T tn_‘;‘ﬁ {é 57°(2R sin 0/2) + 2 752(2KR sin 9/2)}

for transitions fron a ground state of spin0 to vibrational states of
spin 3, respectively. As is evident from these expressions, the di
cross sections for the 2+ Saciiations xS o of Phade il che elaatic crose
sections while those for the vels are in phase with the elastic and out of
phase with the 2+.

of the simple direct
rather than Bessel functions in the differential cross section expressions. The
same Tesults apply equally well to rotational transitions; the present interpre-
tation of the data leans toward vibrationsl excitations, however.

The present vork seems to verify clearly the odd | e B e
levels. e apin aseteamento opn By nolmand as tnaa] it 1s hoped that
improved and more extensive data at small engles ‘u..ll SR ulty to
some exten

Other elements in the range €0 & A <140 are being investigated. (8. W.
Chen, G. W. Farvell, D. McDaniels)

6.  Alpha-Gema Angul: in Alpha by diste Elements

This is an extension of the («,«') angular distribution experiments with par-
ticular emphasis on the study of anomalous levels of the type reported by Cohen
and Ribtn. L Due t0 experinental ALfficulties in obtalntng the snguer dlstribu-
tions for inelastic scattering at very smll angles, the spin values of these
levels cannot ususlly be determined uniquely by this means. Therefore we proceed
%o study the de-excitation processes of the residual nucleus end the angular cor-
relstion between the de-excitation ¥-rays and the inelastically scattered alphas.
The engular correlation pattern depends less embiguously upon the spin and parity
of the state.

The alpha counter consists of a thin Nel crystal coupled directly to a.
Duldont 6291 phototube. The crystal is made just thick enough to stop M0-Mev
elpha particles in order to minimize the background pulses. The gama counter
consists of a Pb-shielded Nal crystal, 2" x 1 3/4", coupled to a 6292 phototube.

-16-
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NUCLEAR FISSION

© nev measurenents have been started and nev re

The inve e
ed with the fission
Both ratiochenica) and "physical’ techniques hay
2. Alpha Particle Induced Fission in Elements Between Tungsten and Bismuth

Studies of fission excitation functions and mass yield curves
nduced £ission of target ele: th
were measured for Auldl, 79200 and FR205 tar
11. These o

% es show that fissior

1 . AN
e ;J . iy

N

B B Bt Gl bl
Figure 10 Figure 11

curve for fission products from Aul97 bombarded with h2-Mey

10--Mass-yield curve for fission products bombarded
ns.  Fig. 11--Mass-yield curve 1 fror

with 42 Mev heliun ions.

re diffe:
units

nuclides is of the symetric \gpe:  Hovever, the wiaths of the curve
ent for all three cases. Au the widest mass-yield curve, 34
wide at half the This is trice the width observed? for
induced fission of mass yield curve measured for Pb206 ta;
‘ovest, being 22 mass units at half-maximn

don functions

ssion induced in target ele

)u;cd for heliun fon boubarding ener




Pollow-

3 :
3|
G
@
8

% %5 35 % 30 a5
Total probability of observing
f£ission in the bombarment of 12 imply
various nuclei with helium milar situation p‘"cva;); or the
ions of between 25 and 42 other elements which were investigated.
Mev. (A. V. Fairhall and E. F. Neuzil)

1 E. F. leusil, 7D, Tiesis in Chemistry, Juse 1959.
2 W. ys. Rev. 102, 1335 (1956).

3. e Fission of Radium with Protons and Deuterons

ies of mass distributions of fission fragnents from radium targets bom-
iith 11-Mev protons, 43- and 31-Mev helium ions, and 21-Mev deuterons
gt reported in previous progress reports. Part of this work vas published
in the Proceedings of the Second Geneva Atoms-for-Peace Conference.l This series
of studies was concluled with a stuly of the mass distributions of fission prod:
ucts from fission of Ra?20 b; y 1h.5-Mev deuterons. This energy was chosen because
neutron evaporation from the compound nucleus gives the seme nucleus at the same
excitation energy as Ra220 bonbar‘ded with 11-Mev protons. By comparison of fis-
sion cross sections end mass-yield curves for 1h.5-Mev deuteron-induced fission
and 11-Mev proton-induced fission of Ra220 it was hoped that it would be possib:
to learn two things how much £: P e e
from the compound nucleus which was in the deuteron bombardment, and (2)

barde
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d curve
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2 Rereereoro, ssumn 15 R e

RELATIVE YIELD (ARBITRARY UNITS)

Ouing to the strong
cross section on the b
to the uncertainties in

ar

occurring
action cross secti
Fission therefore makes up
~Mev protons the total

n character.
is not possible to if any
to neutron evaporation. (A W. Fairhall nsen)

Fairhall, R. C. Jensen, and E. F. Neuzil, Paper P 677, Second U.N.
ference on Pesceful Uses of Atomic Energy, 1958.
Shapiro, Phys. Rev. 90, 171 (1953).
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C. T. Coffin and I. Ho]pe"v‘, Phys. Rev. 112, 536 (1958)

2 1. Halpern and V. M. S: nski, Peper 1513, Second U. N. Conference on the
Peaceful Uses of Atomic EnerJ 1958.
5. e Energy a Of Fission Anisotropies Induced by Alpha Par

A recent theoretical treatment of angular anisotropies of fission
by Helpern and Strutinskil predicts that as new thresholds are reached
f:);Jowin;', neutron enission from the compound micleus there will be a s
in the character of the angular distribution of the fission product:
lar, for particle-injuced fission, there should be & pronounced forva
of asymetric fission fragments at the new fission threshold whereas
fraguents would not show a sudden change in the character of their angilar distri-
butions.

Thie effect has been looked for in the following experiments. A thin thorium
target vas placed several inches away from and parallel to an sluminum i
served o collect fsston Tragments suiviel tron fre target when
heliun fons was passed through it. After the RemHasanent the cate
cut into concentric anmuli centered sbout the axis o
was analyzed for Ag end Be activities, il e
sion, respectively. This experiment was r‘cpCaLeA at several bombardin
near 27 Mev where the sought-for effect vas expected to be observed.
are shown in Fig. 15, where Bal39/Agl13 ratios are plotted as a t

for several ranges of angles of the annuli. :ppear
somewhere near 26 Mev there is an enhancement in the yleld of
don fragents at small angles to the beam direction. The
qualxtatlveiy in agreement with the theoretical predictions.

. Fairhall)

beam, and each

-]

1 I. Halpern and V. M. Strutinski, Paper
] == R P/1513, Second U.N. Conference on the
Peaceful Uses of Atomic Ener

g
s e e
A Figire 15
4 i ® Silver-to-ba m ratios for various energies
of hcu\m ol incident on a th target.
# + The fragrents are collected at various an-
He ION BOMBARDING ENERGY  (MEV) gles .um respect to the heliun ion beam.
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The Anomalous Anisotropies in High Energy Fission

anation is suggestedl for the fact that in high energy proton bombard-
t right angles to the beam than along it.
n is thus opposite in character to_those nomally
energy particle bombardnents.
he high energy an: o
to be somevhat transparent to
ne or o nucleon-mieleon
ge fraction of these collisions result
“moving nucleon whose partner is still fast and £o
This is becsuse the mucleon-nucleon dif
r "transverse" collisions. (3) The ang
aistribution of the fis
Ibstions of these transverse low emergy nucleons.
¢ beans is incident on the mcleus at right angles to the
ilable mediun energy -quantitative
nisotropies that such beams sho
the ervations with hig
4 %5 is that, the slieveya-noving £is
seoctated vith bnommally snall deposite of excliation ener
cus. The evidence on this point is conflicting? but recent nessure-
mcﬂtuJ seem to support this implication or the model. (I. Halpern)

An exp

1 o appear in Nuclear Physics

2 Shamov, JETP USSR 25, 5 ‘)a (1955); J. W. Meadows, Phys.
3 vate commnication); N. Sugarman, University of Chicago
7. lations Between Mass and Angular Distributions

he vmmre*\t correlation between angu-
sion.1s2)3 sy be possible to under-
two :nodes, one repre esenb)nc symnetric fission
rior to neutron evaporation, the other asymmetric fission occurring
ower excitation energie:

el ey et B brony e e fo
icult owing to the very

eliminary results
aments Y92 and Aglll have nok been ‘"cproduc;b e, presunsbly owing
to chemical difficulties of carrier-tracer exchange. Further work is in progress.
(A. W. Fairhall and R. E. Wilson)

A. W. Fairnall, I Halpern, snd E. J. Winhold, Phys. Rev. (a954).
2 Coen, Ferrell'Bryan, Combe, and Hillings, Prys. Fev. 96 azé ( 55).

3 AW and M. P. Hickenlooper, Anual Progress Report, S
search, University of Washington, 1957, p. 27.
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ements should
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fnother reason that the "light element' kinetic ene
eresting is that fission here is mass symmetr

85 in heavier elemnts, This suggests s1 ghter elements may
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el ents, the average total kinetic energy of the £raguents 1
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(1. Halpern end W. J. N

1. Halpern (submitted to the Physical Review).

11. The Effect of Angilar Momentun on the Probabilit;
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s section
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ad to ev
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by Wilets,l and others,
a si mining fissionability.
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both cases) The e ion brings in more ang:

Hovever, the high spin of 5120
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1 L. Wilets, private

communica

12. A Review of

fuclear Fission

A review article on nuclear
of Nuclear Science.

(1. Balpern

£, where both target muclel e
esults using heliun fons on @ natural lead target B e e £
atio as for deuteron-bombarded bismuth, ha
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point. (J. A. Coleman end A. W.
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E. M. Henley and B. A. Jacobsohn, Phys. Rev. 108, 502 (2957); Phy
225 (1959). Ve are indebted to Drs. Henley and Jacobsohn for may

cently includes: Burcham, McCauley, Bredin, Gib
and Rotblet, Nuclear Phys. 5, 141 (um)’ Bodansky, Eccles, Farvel:
end Robison, Bull. Am. Phys. Soc. Ser. II, 3, 327 (1958); J.
L Stcwart, 3.Ll An. Phys. Soc. Ser. II, 3, 417 (1958); K

Lett. 2, 98 (1959). See Reference 1 for bibliography of e
Hillman, Jok<'5an*\, and Tibell, Phys. Rev. 1218 (1958) ; shi:
and E. ) Phys. Rev. lett. 1, 255 (1958).

He £
Bodansly, Becles, Faneell, Riceey ash Robison, Phys. Rev. Lett. 2,
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NUCLEAR REACTIONS IN WHICH CHARGED PARTICLES ARE
EMITTED IN COINCIDENCE

bution for
excitation o
ibution shows x
the ’,u»-l\mu

scattering of 42-Mev alpha-
state, has been mes:
nsistent with O+ or 2+
on an Austern, Butler, McManus type
de for coincidences between the
carbon nuclel in an atte
electromagnetic

1ity is not inconsistent v

vides sdditional support for

of helium burning in stars
signment the 7.65-Mev

or t] A more complete account of tl
published.l (D. Bodans . Eceles)
1 5. F. Eccles and D. Bodansky, Phys. Rev. 113, 608 (1959).

is the incident proton.

proton emission from Ni

,ectllcs.

8 and neighvoring nuclei us:

s out to be the case for
1

" An experimental ind
on-rich muclei is provi:
cays more frequently by p + n than

proton emission 18 probable

ion3 that 2

ten 15 about 2.5 to
on of each of the two pulses from &
piish this the fous pulse heights are displayed, with app

oscilloscope trace. Each coincidence event is separately L




As yet only preliminary information is available.
quite tentative results for bombardment with alpha part:

(a)

e £ind the followin
les at about 31 }

cross section is quite large in Ni58, perhaps of the
500 mb.

(b) The total cross sections are consid smaller in ce:
other targets. Yields, ‘“clat)ve to m)5 are: N0
0 15 percent; Ni®2--less than 5 percent; Fe(natural
10 percent; Cu(nahqnﬂ)--probably less than

() The aifferential cross section (c.m.) of protons from m)v
rather flat, but probably somewhst greater at for e
than at backvard angles. As yet the analysis has mot o
tinguished between high and low energy protons

(a) The median proton energy is sbout 5Mev. No information is yet
available about correlations in proton energy.

A very crude application of "evaporation theory” shows that with reasonable
assumtions about miclear temperatures and barrier heights for protons, one can
qualitetively account for the high'y: 5

gets. The post,)'me reduction in cross section et backvard an

may result from contrimion at forvard
is the e would expect Ni2, in which evaporation protons are
in mumber, to a strong forvard peaking. An additional insight
mechantn nay coue from & S6uAY of correlocion L the energies of
In a compound nucleus model one expects successive emissions to
dent and uncorrelated.

A more serious attempt to interprét the results must be postponed urtil fur-
ther runs are made and the analysis of the photographic film data is completed.
(D. Bodansky, R. Cole, W. G. Cross, C. Grun, and I. Halper

1 B. L. Cohen, Phys. Rev. 108, 768 (1957).
2 R L Griffiths and R. M. Eisberg, to be pu
3 5. N. Ghoshal, Pays. Rev. 80, 939 (19%0).

e ¢*2 (%, p) B!l Reaction

A preliminary study has been made of the (, p&) reaction in C2. This
study vas made as an outgrowth of a search in several elements for possit
"quasi-elastic" (,op) events in which one cbserves both the original alphe par-
ticle and an ejected proton. Hhile no evidence was found here for such processes,
& Boninent @) o(b), mact 1on e Famd 16 012 Waich we Aierirer oh thbiie ol
(06 p) M>*, "folloved by alpha emission to the ground state of BLL

These events vere studied by determining the pulse height distributions of
coincident protons and alpha particles in scintillation counters, during the

=30-




rticles, A proton
R e
ve neighboring proton groups and the beckgrownd continu-
nt in en ordinary (noncoincident) spectrum, as well as in
dphe perticles. It vas furthe
alpha particle

sponds to a transition

The most g the interpretation given sbove for the
reaction for the observed coincidence events cones from runs
uBden the incd dent slpia particls as reduced by seversl Mev. The proton
energy et tate of M3,

T Ui

sstic alpha particle scatte
nsisten the analysis
counter was varied and by runs in vhich the angle of the alpha par-
ied (with the proton counter held fixed). In each case the particle
s expected.

uplete angular distribution mea
ward direction h no cotncidence requirement) we est
the (4, D) process to be,
of the angular distribution are not very reliable
noncoincident data was taken using a counter which did not distinguish
deuterons from protons (e better counter has recently been developed and put to
preliminary use). For kinemati c reasons this could produce no confusion in the
i s, but could in the noncoincidence runs.

surements on the protons in the
mate the total cross sec-

1y, of the order of 10 millite

Among the e problems for future consideration are: (1) the de-
termination of the S e (possi a one) relating to the observed pro-
ton gro he measurement of the (noncoincident) proton differential cross
section; and (}) the measurement of the alpha particle angular uuLubuLm' (for

fixed proton emphasis upon testing for symmetry about the F-2* recoil
direction and about %° with Tespect to this direction. There are fairly signifi-
not insurmountable) exper d culties in such a pro-

mental d.
grem. In view of these difficulties, and in view of the competition of other
experiments (such as the (X, 2p).reaction studies described above) we have de-
ferred an attempt to obtain accurate data of the type outlined above.

(D. Bodansky, R. Cole, W. G. Cross, A. Lieber)
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RADIATIVE CAPTURE AND HEAVY FRAGMENT EMISSION

previous
The
overy

progress report; this work will g

reaction He3 (O(K/ S being rei
ow) that light elements give Bel in

¢ that air co taningtion of

erved
Oak muhn and the 5 o088
progress. (3. B MM, A W, Fairhall, ena T, Halporn)

1 J. B. Ball,

W. Fairhall, , Phys. Rev. (to be published).

2. The Alpha Particle Tnduced Buission of Bl from Oxygen and Alumir

pauced in parti
was due to ox
ts has been studi
‘tions functions are shown in Fig. 17. From
S e

compared with oy
it is evident that the Bel
Helt bowbarding particle picking up a He
nucle
ed for publ

in the Physical Review. (G. H. Bouchard,
Jr. and A, W. Fairhell)

B 3. A Search for Bel Production in the
2 pha Particle Bombardment of Vanadium

Investigations have begun on produc-
ther Light elenents.  Va-
t because pro-

e ONENERGY (M

itive indicstor for
itselr
turned out negative. No
erved; only 3.4 d &
2 o

Figure 17

Excitation functions for produc-
tion of Bel in oxygen and alumi-
nun targets by helium ions

a sebl
2%) Sci7 vas seen. This
a cross section of 0.2
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The Development and Construc

ion of Elect Equipment

n and testing is nearing completion for those par
2 11 ro rts) wh necessary

one-dimens

ecording facilities of tm‘ ana
ions, such as with the
magnetic spectrometer.

Other electronic e
items: three 2000

varis
amplifiers, nymerous preampli
speed (~ 075 o) cotncidence urit, one 1
rter (used to investigat
) 0

gate, one time-to
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h scatte
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agnet control

spect:

for the immed:
yzer; (2) the desi
for Y ion spectrometer;
radiofrequency system for pulse
lectronic eq
completion of

future include: (1 pletic the
ons Eria 160 o 1 sys-

the construc
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igure 19
choMlNG
BEAM

60" SCATTERING CHAMBER  spec
N\ [EFFECTIVE MAGNETIC
FIELD AREA

! E, to \\hr‘ re E
PARGET | 7 o,
k‘ ) COIL OUTLINE wm“ aeteation ot

r will be used with the 60-inch scatt
A continuous range

For
chamber
from -10°

opservation

icle observation technigues wil
111ation detectors or n-p junction detecto:

is planned for coincidence work (e.g.,

Nucls
ments.

ation experiments).

or detector surface w
cal surface position which results from

1 provide a means of accomodating
inematic effects

ight element reactions, thus strongly reducing the problem of kinem
el ieanlt o e
I. Negib)
1 C. P. Browne and W. W. Buechner, Rev. Sci. Instr. 27, 899 (1956)
k.  The Development of a "dE/ax-E" Scintillation Counter

n made of some factors imvolved in obtaining good pulse

A study has be
"4E/ax-E" scintillation counter system.

gnt resolution

hei

One of the main troubles encountered in such systems is in the
the £irst gl o_.phcu the i ent purposes plastic was used because uniform
able st (for :)')ss:hle coincid
) crystals could be viewed on m_ve
the end of the crystal mskes good ha

d optical contact
Tucite disk which 16 in direct optical contact with the phototube. Thess optic
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joints were made using a relatively inert thermosetting plastic called "Unic:
(Unicast if mixed without accelerator does not react with Pilot Scintilla
lucite and has an index of refraction equal to that of lucite. Unfortunately it
does react [¢

Another problem in counter design is the choice of reflector. It was found

that for optimm performance using MgO as the reflecting material, it is necessery
%o use quite thick layers of Mg0. In fact a 1/k-inch thick reflector gave ap-
preciably larger pulses than a 1/8.
& phototube received only reflected light.
bly stems from the fact that the MgO powler is composed of clear cxys
index of refraction (1.74 for the Na "D' line), and acts as a reflector due to
the cumilative effect of many refractions.

A counter including the features discussed above has been built and used
(see Fig. 20). e primary purpose of the counter vas to detect protons (~ 15
Mev) in the presence of deuterons. The "dE/dx" and "E" phos] phorg' a 0.017:
inch thick plastic phosphor
inch thick CsI(T1) phosphor, el
The pulse height resolution for 10-Mev

5. The Design of a Gas Scintillation

Counter

Gas scintillation count
ise in the detection of heavy
ticles because the pulses are
pulse height is a linear function of th
energy loss. In particular they do not have
the often undesirable saturation prope
Figure 20 characteristic of othe: St e
SR

Cross section of "dE/dx-E" scin- i

tillation counter. Previous investigations  have estab-
shed thati the pulse height and speed are
highly sensitive to impurities. In order
%0 solve this problem & gas handling and purification system has been d

in which the gas is prepared for use in the following manner: (1) When & p:
of ~ 100 mm Hg is obtained the gas filling system is closed off from the
pump; (2) xenon from a storage bottle in the £illing system is let into the en
tire system end is trapped vith 1iquid nitrogen at a cold finger in the scintil-
lation counter and purification system; (3) the trapped xenon is then pumped on
for & few mimutes to remove any oxygen and nitrogen which might have been trapped
with the xenon; (4) after isolating the counter and purification system (attached
to counter) from the gas handling system, a small amount of xenon (~/ 5 mm Hg) is
allowed to pess into the counter and a barium getter box and the barium getter is
then flashed; (5) the rest of the gas is then alloved to pass into the counter
system to be purified by the action of barium
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ation pulses are observed through a quartz wil
Approximately 300 iig/cm? of P-quaterphem
g surfaces to serve as a waveshifter.

lecting

TEFLON “0"RINGS

K-1306 PHOTO
MULTIPLIER

—P-QUARTERPHENYL

\—ALUMINUM

-COLD FINGER

GAS SCINTILLATION CHAMBER
Figure 21

Gas scintillation chamber.

Preliminary results shov a pulse height resolution of about 4 percent for
ev alpha particles from a thoriun source. The pulse deca

of the order of 10 mpsec at a pressure of 25 lbs/in. at present

being directed toward obtaining more precise infomation concerning the pulse
resolution, the speed and the stability of the counter. (C. R. Gruhn

y times at pres-

. The Construction of an Ionization Chamber for Neutron Detection

A large gridded ionization chamber (active volume a cylinder of diameter
~20 cm x height~ 20 cm) has been under construgtion for the past yeag. This
chamber is sind to one constructed by Bichsel, . and by Harvey et al.? It c
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The prima:
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le wi
H. Bichsel, const: at Ri titute.
Harvey, Jackson, , and Hamn

Gabbard, Bichsel, and Bonner,

of Phys. 35, 258, 1957
Proceedis the C.I.P.N., Pa
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CYCLOTRON DEVELOPMENT

has been installed in the cave and is ready
ment has not been completed as yet.

of an outer vacuun
side height of 18 inches at the periph-
inch thick aluninum alloy cylinder with 3/8-in
There ere reinforcing rims on the edges of
The vacuum shell is so constructed that flex-
¢ will not affect the position of any other
ete.

The shell

vhich lso suppart han These
consist of ch diameter table, two ams, and a target locating and holding
e ol by

ach of these components 16 independently rotatable by remste con
means of servo-nechanisms which operate varisble Spe
transnissions. T position of the va ok

0 - the several components are located in the cave adja
n the present counting room. Provision has elso been made to
second counting room when it is placed in service.

The collimator is also supported by the main steel frame and can be adjusted
with respect to the beam. Targets for nomal scattering experiments are inserted

through a n a large center port in the top cover of the chamber. The tar-
get holder is designed o hold up to five ta nged by remote
control. The top cover of the chamber can also support either the orange-peel @

he polarization spectrometer which are being constructed. Ac-
rior of the chamber is obtained by removing the top cover which
is clamped to the cylinder hydreulic system. The cylinder wall
of the chamber rcular ports in the plane of the beam at 15° intervals on
alternate sides of the beam center lines. It also has six rectangular viewing
ports. The top cover also contains six clreular ports in eddition to the large
center port. Pover and signal connections for equipment in the
vided by a total of 68 coaxial cables thst come into the chamber T

They run along parallel to the axis to & point at which they are comveniently ac-
cessible to equipnent on the counter t: The scattering chamber can be moved
laterally across the beam in order to P
mun position. The entire assembly is supported on braced temperature compensated
colums, the bases of which rest on & welded "I" beam structure embedded in the
concrete of the floor of the pit below the cave.

spectrometer or
to I

The beam enters the chember through a cylindrical vacuum valve with a 2- by
10-inch aperture which also serves as the high vacuum connection between the chem-
and the bean duct. gngijgscuinn e fonsabes majibelchindied either b
main beem duct vacuum system forepump or by an suxilliary mechen:
vacuum valves are air-operated and are interlocked in e
dental damage to any portion of the system. Duplicate vacuum system controls are

i1




main cyclotron control room as ve:

located in Morgan

and staff)

1 See the

ess Report, Cyclotron Research, University of Washin 9

, 1957.

gnet, for the heavy partic e
reliminary estimates. se necess:
3 atrcngth the 71ocs of the ik in the cave v

e

e e inary test:
would probably flex under the final load. The flexing of the
lack of adequate ! or the floor itself so holes were drilled thro
at strategic Locetions end £1uld conorete vas yurped uder the floor
£111 any voids that might e: Sufficient pressure was ] Lo Jus u start
ifting the floor, thus mdmamm that all spaces below the flo

The lower floor of the recent addition to the cyclotron build
pleted and occupied in late August, 1958, with the exception of the d:
was completed in February, 1959. The upper floor is still unfinished but
used st the present tine by several graduate students for offices and d
room, by he B ope ip for laboratory space, by the enj
staff for , catalog files, and the ozelid machine,
cabinet nak hich various items of furniture and equipsent ©
laboratory are being built. (T. J. Morgan and staff)

The Construction of a New Booster Oscillator

Recurring troubles, both electrical and mechanical, in the origin
oscillator finally led to the design and construction of a new onme. The
Dooster makes use of semiconductor capacitors in place of the mechanic
capacitor to provide the frequency modulation. The power output during a duty
cycle is increased by employing the pulse molulation technigue. The uev booster
also uses cheaper, 1y obtainable tubes in the output stage and in ad-
i s el e floor space occupied by the old booster
cabinet.

The booster oscillator consists of a 6AS6 tube in a Hartley oscillator, the
cathode of which is controlled by a transistor switch. The purpose of the switch
keep the oscillator cut off during nomal operation and to delay the start-
cyclotron spark for & ar the ionized gas re-
5 14 ghompliabad by a Aaiey wAlt T with & var:
stant which controls the transistor base b
turned on and off by a 5unple pu
diode. This allovs high peak pover and low average
power amplifi i e

lable tine con-
switch
Zener
S il uued 1n the final
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