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PREFACE

evs the research and t elopment conducted st the
eboratory of the University of Washington Guring the year

Research at this laboratory is perfo e faculty and graduate students
of the Departments of Physics and Chem)~\,ry of the University of Washington. Sup-
port for this project is provided by the State of Washington, the U.S. Atomic
Energy Commission, end the National Science Foundation.*

ement of this report follows the pattern used in previous years.
ered consecutively through the report; ea and

the number of the section to which it pertains. As has been
the names of investigators listed at the end of each section are
ct alphavetical order.

e investigations described in this report for the most pert contime and
extend experimental work described in several earlier reports. Continued empha-
n placed on inelastic scattering, incluling alpha-gamma and proton-
correlstions. Inelastic scattering to the continum as well as to

1 er investigation. Other stulies include plckup reactions,
gamma. rays emitted by compound nuclei, fission, and light-elemen
and breakup reactions. An increasing smount of effort is going
ew tandem.

ght of the past year hes been completion of the new building which
de Graaff and also provides much-i FaaaEE Tt con)
1ding was occupied this spr: and installation of

laboratory space.
the new accelerator will commence in early summer.

FThe National Science Foumation has provided funds for the purchase oOf the Van
de Graaff accelerator a associated equipment and, in part, for the
building to house the new St







TABIE OF CONTENTS

Page
I. EETA AND GAMMA RAY SPECTROSCOPY 1
1. k.1 MeV Positron Spectrun of OM* o
II. ELASTIC AND INELASTIC SCATTERING ANGULAR DISTRIBUTIONS 5
2. Alpha Particle Scattering from Li’ 2
3. Inelastic Seattering of Alpha Particles from o6 5
4. Inelastic Scattering of Alpha Particles from Neon 8
5. lastie el Telaghie Seattgring of Alpha Particles
by M2, M5, Mg2O, 227 0
Ingastie gratierige of k2 MeV a-Particles from
BT e, 51208 1
7. Calculation of Inelastic a-Particle Scattering »
8. Spectra of Inelastically Scattered Alpha Particles
£rom Heavy Nucle: 13
9. Magnetic Spectrometer Analysis of Alpha Particle
Scattering: Q Value Determinations 17
III. ANGUIAR CORREIATIONS BETWEEN PHOTONS AND SCATTERED PARTICIES 19
i)

10.  Alpha-Gemm Correlatdons on Mg

11. Iocation of I Ievel in 2% 20

12. Proton-Gems Ray Angular Correlations 21
IV. PICKUP AND OTHER DIRECT INTERACIIONS 21
13. Alpha Perticle Pickup Reactions 21
14. DWBA Analysis of 4O MeV (p, @) Data 22
15. e 026 (o, B8) C12 Reaction 24
16. (o, 20) Reactions 26
17. Breakup of Deuterons by Protons at 7 MeV o

C. M. Energy




j V. COMPOUND NUCIEAR REACTIONS 28
18. Study of Lov-Energy Proton Evaporation 28
19. Gemma Reys from Compoud Nuclear Reactions 30
20. TInvestigation of Rotational States in the Rare-
Earth Region Sl
VI. NUCLEAR FISSION 36
21. (Direct Interaction, Fission) Reactions 36
22. Charged Particle Emission During Nuclear Fission 37
VII. MISCELIANEOUS NUCLEAR REACTIONS 39
23. Capture of 21 MeV Deuterons by Protons B2
2h. Investigation of the 8128 (meY, 016) 016 Reaction ¥
i VIII. ACCELERATOR RESEARCH AND DEVELOPMENT 43
& 25. Van de Greaff Accelerstor Progress 13
26. Van de Graaff Beam Optics Calculation 43
27. Micro Tme Scale Fluctuations in the Cyclotron Beam 45
IX. INSTRUMENTATION FOR RESEARCH L)
] 28. Beam Energy Monitor 49
29. Construction and Performance of the 1-7/8-Inch by
8-Inch Megnet with a 5/8-Inch Gap 51
30. Anticoincidence Annulus 52
31. Efficlency Measurement of a 4 Inch Dismeter by 4 Inch
NeI(TL) Gamma Ry Detector 54
A 32. Semiconductor Charged-Particle Counter for Fast
Coincidence Measurements 57
3 33. New Solenoid Windings for Beta Ray Spectrometer 57 |

3h. A Split-Faraday Cup for Accurate Beam Positioning
R and Integration 58

1 35. Design, Development, and Construction of Electronic
Equipment &




3

36. On-line Computer for Data-Eandling

37. Target Preparation

APPENDIX 23]
38. Statistics of Cyclotron Operation 68
39. Cyclotron Personnel 69
ko anced Degrees Granted, Academic Year 1963-1964 2

41. Iist of Publications 72




I. BETA AND GAVMA RAY SPECTROSCOPY

pper rod should
r with this back-
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the gamma:
ht pipe and an exposed
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s
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1 Cyclotron Research, University of Washington (1%63), p. 1; (1%62), - 2
(1961), p. 2; (1959), 2. 5.

2 Cyclotron Research, University of Washington (1%3), -

3 Cyclotron Research £ Washington (1962), p. 54.
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II. ELASTIC AND INELASTIC SCATTERING ANGULAR DISTRIBUTIONS

2. Alpha Particle Scattering from
elastic

A study has been made of the differentisl cross sections for th
and inelastic scattering of 42 MeV alpha particles by 1al. our att
muicleus by recent epplications® = 2 of colle

\;2 p shell. b

been directed to th
tc 1i7 and nearby miclei in the middle of &l
has been stimilated by an experimental stud
energy electrons from this nucleus.

th
of inelastic scatte:

1 lithium (93 147) onto thin
target vas

Targets were prepared by evaporating natur
nylon backings. The evaporator wes let down to an inert ges, and
rushed to a similarly filled scattering chamber.

he kinemstic broadening of the scattered alpha perticles is as high
egree at U5°, it was necessary that the angular acceptance of the

In this manner the widths of all

Since t
as 150 kev/d
be found

50144 state detector be kept very small.
experinental peaks vere held below 200 keV, end the levels of Li
among the impurity peaks as is indicated by the experimen

T couls

readily
shown in Figure
e experimental anguler distributions for elastic and inelastic scattering
+ thickness

are shown in Figure 2 - 2. An uncertainty in determining the targ
has precluded assigmment of absolute cross sections at the present time.
e discuss these data £irst in terms of the following general considerations.
For an 0dd mucleon strongly coupled to a permanently deformed core, the adiabatic
approxination for the scattering predicts that the elastic and inelastic cross-

sections should be given by:

- aofae | + + [ISEKD\IiK)t acfan | 4+

e l elastic

dofan = (Iizml Ifs()2 ac/an \2

inelastic

the elastic cross-section for an even micleus of the same
and do/d @ | o+ is the corresponding cross-
section to the first rotational state. The Clebsch-Gordan coefficients come from
coupling the odd micleon to the rotating core. I; end Ip are the initial and
final spins, and K is the projection of the sngular momentun along the axis of
According to this, the inelastic cross-sections to the members of the
:nd state rotational band (Figure 2-3) would be in the ratio:

where do/d @ ‘o* is
redius and deformation as the odd,

symmetry.
K = 1/2 grow

1/2:7/2:5/2 = 1/5:18/35:3/35
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to nylon. The greater widths of th
LT MeV levels

(mb/ster)

4
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Fig. 2-2 Differential cross sections for alpha

particles scattered from Li b

tive only. There is approximatel;

in the over-all absolute cross sec
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747 It is seen that th
ections to the O.
v (7/27) level
icted ratio fairly well
(Figure 2-2). At the la
However, the ang

cross
4,63 el

i 0.48 MeV level is more
- — 57 MY -
(2,2 indeed, that of the b.63
gi e o supristng flattening between 8 = b
and 80°.

Recent, experiments on the inelgstic
scattering of alphs particles on 010 T
have shown that the angulay distribu-
tions to some levels of 010 ere strongly
To

580 keV with the gyclotron bean energy
re 1

cross sections remained unchanged, and,
in particular, the angu-
lar aistribution to the k.63 MeV level
1s unaltered.

3
i Since only relative cro
Fig, 2-3 Energy level scheme have been determined, it is not yet pos-
of Lil, broken into rotational sible to extract values for
bands. The 5.7 MeV level is found elements of the muclear
by electron scattering, being ordinates. However, the
populsted mainly by H-1 excite- elastic to elastic cross-sections,
tdon, compared to the results of s

experiments in other light nuel

gest that the deformation parameter
82 = BoR, is large, perhaps in the nmeighborhood of 2 F. The strong ebs rbtion
radius, R, determined from the periodicity of the oscillations in the elastic
angular distribution, is 4.84 F., which is compatible with the radii found in
other p-shell miclei. The first observed minima in the inelastic aistributions
occur near the angle predicted by the Fraunhofer inelastic diffraction scatter-
ing mode1d; hovever, the succeeding minims in the O.478 NeV engular distribu-
tion occur at smaller angles than predicted, and the plateau in the 4.63 MeV
angular distribution is also &t variaence with the simple diffraction model.

Turning now to higher excitations, ve note that no level was detected for
excitations between 5 and 6 MeV, in contrast to electron scattering expe:
ments,O vhich suggest a level at 5.7 MeV with spin 3/2" or 5/27, populated
meinly by M-1 excitation. Additional evidence for this state is scauty (see
Reference 5 for a sumary of the data.) Since excitation of this level is pre-
sumed to correspond to @ single perticle change in the intrinsic moclear

L



structu

(1*33 = 1*%2Y), we would not expect that such a level would be
ed by aljte gerticles, wich interact primarily with collective

hand, both 5/27 states at 6.5k and 7.4T MeV are excited,

and have comparable magnitudes (F,gv re 2-2). We have made calcu-
particle coupling between these levels (J 2, K = 1/2

d find that these states are expected to be very strongly

excitation of both levels can be understood. How-

1ts of this experiment ere in the msin consistent with the assig
1 Figure 2-3 and vith the suggestion of Reference 5,
escribed by a rotational model with inter-

ral points st vhich there do seem to be

edictions based on such a model. (J.5.

Li
are sev
and ps

ying s
band mixing. Hovever, there
discrepencies between our da
Blair and R. J. Peterson)

1 D. Kurath end L. Picman, Nucl. Puys. 10,

D. Kurath, Phys. Rev. 101, 216 (1956)

2 A. B. Clegg, Mag. 6, 1207 (uul),
A. B. Clegg, Nucl. Phys. 33, 19% (1962).

3 J. S. Blair and E. M. Eerlley, Phys. Rev. 112, 2029 (1958).

b P. D. Kunz, Ann. of Phys. 11, 275 (1960).” _

Z C. M. Che £ield and B. M. Spicer, Nucl. Phys hl( 675 (1963).

5

313 (1959);

er:
M. Bermheim and G. R. Bishop, Phys. Letters 5, 29% (1963).
See Section 3 of this repor

3 Cyclotron Research, U eZadfy of Washington (1963), p. 30.

9 J. S. Blair, Phys. Rev. 115, 928 (1959).

3. Inelastic Alpha Scattering from o

particular scattering has been widely studied, we have done
reasons: First, it was reported (see Section 15) that

the 010 (q, BeD) reaction to the groun 14 state of C12 shows a large energy varia-
tion in Bef yield which cannot be emplained in terms of a stmple direct inter-
action mechanism. One would thus conjecture that if a compound miclear compon-
ent is in effect, this should also show up in this scattering experiment since

ve are essentially forming the same "compound mcleus." Second, the excitation
of the umstyrel paity state in 16 (2=, 8.88 MeV) has been reported st Ey
(M) = 1b.7,% 21.8,% and 52 MeV, > and it is pertinent to investigate the angu-
lar distritution for this reaction at E (cM) = 33 MeV.

Measurements of cross-sections at two energies differing by 1.2 MeV (1.2
and 40.0 MeV) were made using as a target commercially ava),sp]n oxygen gas
(spproxinately 99.7% 016) contained in & thin-welled cylinder' at & pressure of
about 2 atmosphere. The scattered g-particles were detected by a RCA silicon
junction solid state detector capable of stopping 42 MeV a-particles.

=




0% (o, )OP*AT 42 MeV/

el e @)

S (mb/s)

90

6, OEGREES)

Center-of-gags cross
e m fa« 0%® (aya' )o%i

b1.2 MeV (nominal) incident
Only statistical errors are indi:
cated.

0 (¢, £)0°
£.LA[ §12 M6 (NOWINAL)
0400 MeV (NOMINAL)

de (mo/ster)

8., (DEGREES)

the 0F level camnot be
Blair phase rule for an
transition is followed.
7.0 MeV i also not reso:
sults are plotted as the
contributions.

me 8.88 MeV (27
seen to oscillate @

the elastic period respect
averaged cross section dec

ol As was tingt point

D
ion mechanism.
A spin-orbit interaction is one of

ms for excita-
al parity.

ion of states with unnatw

The only other levels that are
excited and adequately re-
ved are the 10.36-MeV (4*) and 11
responding
sections are plo gure
The Blair phase rale 15 seen to
epproximately followed.

Fig. 3-2  Center-of-mass cross
section for 016 (a,a')0%0% @ =0
at 40.0 MeV and m "2 MeV incident
energies.
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{ 412 MeV (NOMINAL)
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e (mbsst
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{o-ssmuevis
s

Fig. Center-
section m r‘lﬁ (asa" )o e
Q= -6.14 and -7.0 MeV at 0.0 Mev

usgs cross

and -

Figures 3-2, 3-3, and 3-b provide
comparisons of the angular distribu-
tions et two incident energies. It is
seen that the elastic (Figure 3-2) and

e 6.14 MeV level and the doublet at
7 o eV (FAgure 3-3) show essenna]ly
esults between 17° and 50°

ident
(o).
On the other hand, the 8.88- and
10.36-! v levels shor & definite vari-
ation with energy, and the 10.36-MeV
level shovs & striking change of phase.
Moreover, the integrated partial cross
sections from 18° to 70° have incressed
from 92.4 mb (8.88 MeV) and 54.0 mb
(10.36 MeV) at 41.2 MeV to 125.0 mb and
70.4 mb respectively at 40.0 MeV. The
energy variations observed in the in-
elastic scattering to some of these
levels may indicate some compound mi-

172 MoV incident energies. clear contribution to the scattering
process. (R. E. Brown, N. Cue, and
D. Shreve)
0% (4, ')0* 1 J.cC. Corelli, E. Bleuler, and D. J

€.(LAB) ~412 eV (NOMINAL)
5400 MeV (NOMINAL)

5., OEGREES)

Fig. 3-4 Center- cf»mgss cross
section for ol (a0 )

+80 and -10.36 ypv at 40.0 Mev
and B1.2 KeV incident energies.
Only statistical errors are indi-
cated.

Tendem, Phys. Rev. 116, 1184 (1959).

ol

2 J. Kokeme, K. Fukunaga, N. Inoue,
end H, Nakamura, Phys. Lett. 8, 3h2
(2964). 3

3 B.C. Harvey, E. J-M. Rivet, A.
Springer, J. R. Meriwether, W. B.
Jones, J. H. Elliott, and P.
Darriulat, E. O. Iawrence Redistion
Laboratory, University of California
Report No. UCRL-10727 Rev. ( .

L4 Cyelotron Progress Report, Uni

sity of Washington (1963), Section
28.

5 W. W. Eidson and J. G. Cramer, Phys.
Rev. lett. 9, 49T (1962).




DIFFERENYIAL CROSS SECTIONS
i e (ot

42 W « PARTIGLES

PR

Fig. -1 Differential cross
sections for scattered alpha
particles corresponding £ the
lowest four levels in Ne2®

ELASTIC Ne® (t,et)
. oata

Liasw(Ze)
Fig. 4-2 Comparison Of experi-
mental angular distribution with

Blair smoothed cut-off approximation
for the elastic scattering of k2 MeV
alpha particles from Ne2C

4. Inelastic
Particles

The inelastic scatterigg of k2-
MeV alphe particles from N
which partial preliminar:
reported in last year'
port, was continued to
The elphe particle a:

tions corresponding

the first four levels are shown in

Figure 4- Data vere also obtained
the doublet at 5.61 and 5.80 MeV

for

(not resolved in this exT and
for the O level at 6.9
levels ere difficult
have not, s yet, been unfold

to resolve and

Mngular distributions for the
ground state (elastic scattering), the
2* level, and the ¥ level show the
difraction-like structure usually
observed for such reactio
interest is that the 2 e

tation of this

structure, and exc
natural parity" level is relatively
weak.

A simple theoretical analysis of
the results for the ground state and

the 2 and U states has been D rformed
using the Blair adiabatic proxima-
tion,} Tt was that the argument

x = (4/3) kR S)n (3a/u, in the Bessel
functions resulting from this diffrac-
tion analysis provided a good £it to
stic angular distribution up b
rather large angles. propor-
tional to the momentum transferred in
the scattering process and is usually
taken as KRG or 2kR sin §/2, depending
on the choice of shadow plane in the
diffraction analysis.) The analysis
included a transition effect based on
kness O

o
+ provides reduced cross sections (relative to the sharp cut-off predictions)

at large angles, in agreement with

curves for the 2" and 4*

the experimental results.
meters (momen“rr transfer end surface thickness) were used in the
angular distributions.

para-
theoretical

Figure 4-2 compares the observed

8

NN



2 Nl o')
Qe-163 v

4 ke sn(ge)

4k sin(3e)

Comparison of experi- Fig. Comparison of experi-
aistribution with mental anguler distribution with
ed cut-off ad Blair smoothed cut-off adiabatic
approximstion for the inelastic approximstion (the full curve
scattering of 2-MeV alpha parti- includes a contribution from & 2
cles from Ne20. The 1.63 MeV (2%) pole deformation) for the inelastic
level is excited. scattering of 42 MeV alpha from
Ne20. e 4.25 MeV (4%) level is

excited.

ith the results predic
5 R = 5.9 F.

differential cross sections for elastic scattering
using the sbove parameters and en interaction rad

1.63 MeV and the corresponding predicted angu-
Figure 4-3. A quadrupole deformation,
zation of the theoretical curve to the data.

Results for the 2 1
on are show i
rom the norma:

2

If, as is generally accepted, the 4% level is a member of the ground state
band, and if the permanent deformation is wholly of the quadrup
anguler distribution for excitation of this level should be com-
pletely specified by the information obtained from the ground state and 2 angu
lar distritutions. The dashed cun il gives the results expected
for this double excitation process. Predicted cross sections are seen fo be
about the right magnitude though too small at small angles, end the D
and observed gngulsr distributions are slightly out of phase. The possivle
effect of a 2+ pole deformation (either permanent or vibrational) has been
considered; such & defornation would contribute to the cross-section in the
f£irst order, while the quadrupole deformation contributep in second order.
s0lid curve in Figure b-b ol 1
8), = 0.5 E. This curve is seen t
provide reasonable sgreement with respect to phase. The lack of sharp structure
In the observed angular distribution suggests that such interference mey in fact
be taking place, and it would be interesting to see what happens with this type
of analysis in distorted wave caleulations.

o




she 2~ angular distribution shows some similarities to results observed
ases with energy rather
a clear aiffraction

at 28.5 MeV, 2 but the period of the oscillations incr
iban decressing as in the elastic scattering. The lack of
stmucture and the relative imhibition of the reaction arg
e ataral parity levels in neighboring miclei such as 02, Mg 7,

Sections 3 and 5). (J. S. Blair, N. Cue, G. W. Farwell, and D. Shreve)

1 7. . Blair, Pays. Rev. 115, 982 (1959).
2 7. Kokame and K. Fukunaga, Phys. Letters 8, 342 (1964).

Analysis of this work hes been completed, end the results will be published
shortly. (J. S. Blair, G. W. Farwell, and I. M. Nagib)

:
Inelastic Scattering of l2-MeV g-Particles from P, i

and B2

The study of the inelastic scattering of a=ps
region was underteken partly in order to test the core excitetion model.
T d menol soal levals inan|oi|mueleus arise Trom|a veek coupligibetyess €%
odd particle (or hole) and an excitation mode of the even-even core. is
coupling will give rise to a miltiplet of levels with i
$ %3 -1, ~-=, & 3, wnere 4/is the spin of the excited
pucleus and J 15 the spin of the odd nucleus in its grow
approximation, the "center of gravity" of this miltiplet
corresponding level in the core-nucleus. The excitatio
the decay to the ground state will be relsted to the

rticles from auclei in the lead
n

stigated this model by measuring

B i 2,
Several experimental groups’> have

angula: tribubions of inelastically scattered qg-particles from even-even

O and their noighbors. Inelsstic g-scettering has been found to faver the

B itation of Gllactive| levels, jand in cages where the adisbatic theory of
butdon:

%6 is velid, it is know" that the anguler distributions o
a-particles scattered from the miltiplet are related to the angiar aistribution
From the core level by the formula: (do/dQ ) (83 I =4 = I') in 0dd nucleus
[(e1r + 1)/(24 + 1) 521 +1)](do/a o )(0 + £) in even-even core. Harvey, et al.,
Soamd & doublet in N1o arising from a py/p hole coupled to the 3y collective
excitation of the 016 core. On the othgthand, Bruge, et 8l.,2)3 found a
miltiplet of five (or six) levels in G 3 and Cubb, vhere only & quadruplet is
expected.

Tne present study was undertaken because the doubly magig 2% nucleus
can be expected to serve as a good core for the Pv207 and Bi209 melei. Angul
distributions of inelastically scattered goparticles of 42 MeV incident energy
eve obtained for the levels in Pb2OT, P20, and 1209 shown in Teble 6-1. The
N tared a.particles were detected in Li-drifted silicon detectors. The over-
O ceray resslution was 90 to 110 keV. The most strongly excited level

10
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)(¢ + £'), o, = the Coulomb
et wave he elastic seatter-
miclear deformation coordinate.
o \iteiloross fobctioasPatont i 1)
v Y " ore Touna by fiteing the elsstic scattering

using o previous computer progran. 3 Bre-
y scatiered fron

)
noae1®’
optgined fop g-particles ino

N. Austern and J. S. Blair, to be published.
2 J. A. McD H. Weng and L. C. Becker, Phys. Rev. 117, 1337 (1960).
3 3. Alst 650 (196:
i 7. Alster, Section 6 of this report.

. Spectra of Inelastically Scattered Alpha Particles from Heavy Nuclei

reble attention has been directed in recent years to a study of the
of g-particles to low-lying miclear lev
airectly exciting rmm s)mplc collective motions of muclei
excitation to hi o has received comparatively 1ittl attention.
theoretical Fpretation Of this could be mich more complex, and, as & prac-

t Ineraasog importance of eveporation at lower emission
icult to determine the direct component. However, for
ident a]yhvs in the region of 4O MeV, the temperature
of the resulting compound nucleus is low. Consequently, evaporation will remain
: s of interest dom to the Coulomb barrier, and e clean study
of the direct inelastic scattering may be possible for heavy mclei. Recent
studi (@, ') on gold and tantalum at 30 MeV,? 4O MeV,3 and 48 MeV* do show
the vast mejority of the particles sbove the Coulomb barrier to be peaked tovard
forward engles indicating a direct rather than a compound mucleus reaction
mechanism.

the

energi

wvestigations also revealed several unexpected features at 30 and and kO
In particular, at 40 MeV

These
MeV that did not appear at 48 MeV bombarding e:
there was little indication of the expected cut-
below the Coulomb ba: Furthernore, the appearance of gross structure
both angle and excitation energy in the 30 and 40 MeV work suggests that serious
consideration must be given to problems of background, particle identification

end target contamination. The preliminary experiments reported here were designed
to resolve these inconsistencies and provide a clearer picture of direct reactions
producing high muclear excitation.

w
S

L2 MeV g-particles were used to bombard clean, self-supporting foils of
tantalum (10.0 mg/cn?) and gold (10.3 mg/cu?). Signals from a dE/dx detector
(either a thin gas proportional counter or a 50 micron transmission silicon
detector) and a thicker stopping detector were combined to identify the doubly-
charged reaction products. Figure §-1 shows the energy spectra of the smhed a-
particles from tantalun taken at 20° intervals between 40° end 140°. The

for gold are similar.

13




Ta (o, e)
415 MeV « PARTICLES

(mb/ster. MeV)

do
G00E

onsiderably
ever (see dotted

Figure 8-1), indicating the importanc
of Qirect emission even at these back-
vard angles.

observed increase in yield be-

low 12 MeV includes msny effects, not

bean degradation in the entran
S —— “ollimator and detector aperture,

E o IMeV) scattering from light conteminants,

espectally carbon and oxyien, end mnu-

Fig. 8-1 Eergy epectra of doubly-  clear reacti Guced by a-particles

charged particles at various ang in the det

from tentalun bomberded W s tering in the

Lo & is the most mportant Eefitsce, i

dotted branch e 40® curve in Figur

8-1 shows the )rrprovemer.t obteined when

the collimator was remove

The above measurements show that most of the alphas are emitted with ener
gles greater than 20 MeV, and it was decided to investigate this region in d
tail with tmproved resolution. A silicon detectc - vas used fo messure o-Dors
ticles with fes up to b2 MeV with 150 keV r¢ solution. Only those particles
depositing more than 20 NeV were recorded. Singly-charged particles could mot
ope more than about 18 meV in the sensitive region of the detector and thus &
not contribute to the energy region of interest.

Tnelastic spectra vere obtained for targets of natural Te, ki, Pt, and Bi.
The results for gold at four scattering angles are shown in Figure 8-2. The

| date at be° and 60° agres vith the earlier results obtained Soing the % - a8/ax

| particle identification system, while the 45° and 50° curves confirm the pr
{ously observed trend of a smooth, monotonic decresse with angle at all emergles.

Below 2%° the inelastic contribution is masked by effects including low-energy a-

particle contamination of the incident beam and the interaction of the intens:

4 perticles vith the detector and its aperture.

This backgrou a cross-section per MeV 1/500 th to A/looo th of

‘the elastic cross section and represents an unimportant correction to the measure-

ments at 40° and above.
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The outstanding feature of each of
the spectra in Figure 8-2 is the group-
ing of the emitted particles into two
distinct energy regions separated by &
well-defined minimm. The region ex-
tending several MeV below the elastic
es the excitation of low-
lying energy levels also observed in
the inelastic scattering of other
charged particles. The structure in
this region corresponds to discrete
groups of excited states. Proceeding
from the minimum st about 7 MeV below
the elastic peak, the cross section
rises to form a broad meximum at a:
excitation between 12 and 15 MeV. As
noted earlier, the fall-off below this
region is consistent with the expected
nfluence of the strong Coulomb barrier.
The data for the other three nuclei
studied show the same gross features as
described sbove for Au. Forty-five
degree spectra for Ta and Bi are given
in Figure 8-3; the Pt date are alnost
identical with the Au data in Figure

Since even the qualitative behavior
of the low-energy maximm wes previously
unknown, the main emphasis of the pres-
ent work has been to compile relevant
experimental information ebout this
interesting feature of inelastic scat-
tering. Some Of the properties are as
follows!

a. At a given scattering angle
the magnitude Of the cross section
increases with muclear size (see Figure
8-3).

b. The minimm separating the two
regions always occurs near T MeV excita-
“ion energy, independent of scattering
angle and target mcleus, at least for
the rather limited range of muclei
studied.

c. The position of the low-energy
maximm appears to decrease 8lightly

with increasing angle producing relstive-
1y more low-energy particles at higher
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especially carbon and oxygen, and nu-
8-1 sy spectra of doubly-  clear reactions induced by a-particles
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MeV g-particles. most important of these, and the

branch of the 4& curve in Fig

8-1 shows the improvement obteined

the collimator vas remove

The above measurements show that most of the alphas are emitted with ener-
gles greater than 20 MeV, and it was decided to investigate this region in de-
tail with improved resolution. A silicon detectc - vas used to messure o-par
itles vith energies up to b2 MeV with 150 keV ¢ solution. Only those particles
depositing more than 20 MeV vere recorde perticles could not
lose more than about 18 meV in the sensitive region of the detector and thus did
not contribute to the energy region of interest.

Inelastic spectra were obtained for targets of al Te, Au, Pt, and Bi.
e results for gold at four scattering angles are e Figure 8-2. The
date at 4O and 6 agree vith the earlier results obtained using the E - dE/C
particle identification system, uh e the 45° and 50° curves confirm the pre-
viously observed trend of a smooth, Tonotonic ascrasse with angle st all energies.
Below 25° the inelastic contribution is masked by effects incluling low-energy a-
particle contemination of the incident beam and the action of the intense
Plux of elastically scattered particlas vith the detector and its aperture
This background typically has a cross-section per MeV 1/500 th to 1/1000 th of
the elastic cross section and represents an unimportant correction to the measure-
ments at 40° and above
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aistinct energy regions separated by a
well-defined minimm. The region ex:
tending several MeV below the elastic
peak includes the excitation of low-
in

hi n corresponds to discrete
roins ot |SxcALaN aiatas 't Sidteding
from the minimum at sbout 7 MeV below
the elastic peak, the cross section
rises to form & broad maximum at an
excitation between 12 and 15 MeV. As
noted eerlier, the fall-off below this
region is consistent with the expected
influence of the strong Coulomb barrier.
The date for the other three nuclei
stLd)eﬂ shod the same gross features as
described above for Au. Forty-five
degree spectea for Ta and Bi are given
in Figure 8-3; the Pt data are almost
identical with the Au data in Figure
8-2.

Since even the qualitative behavior
of the low-energy maximm was previously
unknown, the main emphasis of the pres-
ent work has been to compile relevant

int feature of inelastic scat-
tering. Some of the properties are as
follows:

a. At a given scattering angle
the megnitude of the cross section
increases with nuclear size (see Figure
8-3).

=3

minimm separating the two

et micleus, at least for
$he rether 1imited rengs of miclel
studied,

The position of the low-energy
maximn eppears to decrease Slightl

with increasing angle producing relative-
1y more low-energy particles at higher




angles. (See Figures 8-1and 8-2.)
Ta (wd) AT 42 MeV

d. At o given scattering angle
the maximm increases
t with an

iyl L3me
20pev |

vas observed
2y ould

attributed to inelastic a-particles
from the nucleus investigated. Except

NUMBER OF COUNTS

Al for a peak c onding to (a, He3) to
Al the ground ste the residual mucle-
us, all significant fluctustions could

be accounted for by the presence of
light element contaminstion in the
targets.

The precise nature of the maximm
observed in this energy region is still
;. 8-l Pulse height spectrum an open question. Although the de-
of scattered a-particles crease on the low-energy side is con-
tantalum at 60°. sistent with Couwlomb barrier effects, a
broad muclear resonance may be involved
well. Studles of this region of
excitation with higher bombarding energles should help to resolve this question.

CHANNEL NUMBER

Certain features of the high-energy portion of the inelastic a-spectrum
also appest to merit further study. Except for bismith and the lead isotopes,
these have not been investigated in great detall for heavy miclei. For the
most. part, the structure in this region corresponds to levels and groups of
Jevels previously observed with other projectiles. end precise nature
of these excitations are largely unknow and only the 2.6 MeV pesk in Bi2%9 can
safely be sttributed to & collective octupole state. (See Section 6 of this

report.

Particulsrly interesting is the structure exhibited by the Te spectra
(Figure 8-4). The well-defined peaks at 1.3, 2.0, and 3.6 MeV below the
elagtic peak contein strength normally associsted with heavy miclei near closed
Shetls. ‘The 1.3 MeV and 3.6 MeV pesks are not due to single levels; (d) d')
resultsS shov a splitting at 1.3 MeV, and the observed width at 3.6 MeV is
mch greater than the present, experimental resolution. Evidence for a bump at
3.6 MeV_has also been observed in inelastic electron scattering,® but not in
(o, p*)7 or (4,3')5 experinents. Differential cross-sections for the three
groups taken at 2.5° intervals between Lo° and 65° exhibit no noticeable
S eialation and decrease monotonically with increasing angle. It is imteresting
%o note that the spectra of platinum, a mixture of four isotopes, are no more
complex then those of gold, although both elements show more fluctuations than
tomsalum. Moreover, there is a hint of a close correspondence in the structure
tobuaen gold and platinum in the 1 to 3 NeV region of excitation. (I. Halpern,

J. Lilley, and N. Stein)
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III. ANGULAR CORRELATIONS BETWEEN PHOTONS AND SCATTERED PARTICLES

10. Alpha-Gamma Cor:

For inelastic alpha scattering exciting a 2° level which then decays to the

0% ground state, the most general alpha-gama correlation w ttern in the scatter-
ing plane can be sho form A + B sin® 2(8y - 80). 80 is the

are parameters detern ned by the miclear
ms. Adiabatic calculations,l which have provided good agree-
tic differential cross sections, predict that A is zero and
that 9o lies along the adiabatic recoll axis. Previous results® on the 2* level
in C12%at 4.43 MeV have shown large deviations frop this vheov*y. A sim
experiment was started on the 1.37 MeV level of

BN
would be found where adiabatic conditions are better fulfill ed.

Prelininary results on the behavior of 6y are shown in Figure 10-1. Also
shown in the figure are the results of computer calculations which have
recently become availsble. Distorted wave Born approximation calculations3
yield results which are at least in
guazttative accominieh fne recrrad
e more sopisticated coupled-
lculations3s unexpec teﬂ,y
seem to fit the date less wel:

Data taking capability has been

8

- COUPLED ChammeL

=i el e evaluation of
has not proven

le (see Section 27 of this report).

Present plans are to increase the r

Of the data to larger alpha angles.

Calculations are also being perfomed to

Zaonganic

3

SYMMETRY ANGLE , (OEGREES)

see if better fits can be obt:
sof- OISTORTED Waves. varying paremeters in the DWBA and
coupled-channel theories. (J. Alster,
o SYMMETRY ANGLE OF G. W. Farvell, D. L. Hendrie, amd R. J.
ANGULAR CORRELATION Peterson)
el ey
I 1 J. 5. Blair and L. Wilets, Phys. Rev.
321, 1493 (1961).
L Ot T ETL 2 D. K. McDaniel, D. L. Hendrie, R. H.
‘CENTER OF MaSS SCATTERNG ANGLE 8 (DEGREES) e o PR
Fig. 10-1  Plot of g versus Letters 1, 295 (1%62).

G. R. Satchler, Private Communication.
J. G. Wills, Ph.D, Thesis, University
of Washington (1963).

laboratory scattering angle.
Theoretical predictions are from
References 10-1, 10-3, and

Fw
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11. Iocation "Missing” 4 Level

hell model caleulations have successfull
levels of zr%. Experiments have identified all
exception of the k- state predicted to le around
tie scattering vork! has revealed a threshold at 2. ‘xnhation of a
goes gamma decay (430 keV) to the t 2.3 MeV with
ability (about 30%). However, the known 3- collective level at
this energy vwould be expected to decay almost entirely to the 2* state at 2.18
VeV, and it vas suggestedl that the "missing" 4-level is excited in meutron
elastic scattering.

of the 37 collective

t made use of the preferential excitati
tation of the 4= state

evel through sipha particls inelastic scattering. (B
nlpha scattering would be strongly inhibited both bec
of this state and because of its single e

3

the. apprcpr)aﬁe inelas-
component representsng
n ab)lny for 1430

miasing NS S
We. o This result 13e
n Y3 (ﬂe3 a) 2r90.

torus an Lnreso)ved doublet with the 3- level at
£irmed® recently through studies of the reac

Further details are given in a recent publication.3 (J. Alster, G. W.
Farwell, D. L, Hendrie, and R. J. Peterson)

T Wagner, Shunk, and Day, Piys. Rev. 130, 1926 (1963).
2 R. B. Dey, private commnication
. L. Hondris and G. W. Farwell, Paysics Letters 9, 321 (196k).

ton-Gemma Ray Angular Correlations

12,

ously reported work® on spin flip and substate emmmn in the
"esctior [ (p, 'y), together ith further resy ghs of proton spin-flip
Hensurement in the reactions Mg2* (p, pYy) and Ni° (p, ® 'y)_hes been published.?
B e mvestigation of these, a8 well as other reactions,3 is being undertaken
With en improved particle detector system described in S 4ion 3 of this report.
The now tandem Van de Grasff accelerator will greatly facilitate a broader stuly
of the energy dependence of these reactions. (R. E. Brown, J. B. Gerhart, T.
Hayward, W. A. Kolasinski, and F. H. Schmidt )

Cycmcron Resegrch University of Washington (1962), p. 13.

H. E. Brown, J. B. Gernart, and W. A. Kolasinski,
Hucl Fn,s. ’2 353 (1964).
Gyelotron Fesearch, University of Washington (1963), p. 14.




IV. PICKUP AND OTHER INTERACTIONS

13. Alpha P

icle Pickup Reactions

4 our investigation of (4, Li6) reactions in an attempt to
clustering on the surface of light and intermediate veight
in last year's report.l Farticles are detected vith o
nter and solid state E counter telescope package.
on and seperetion are sccomplished with a pulse stretcher
ope system vhich has been described earlier.® Energy spectra
2nd anguisy distributions have been taken on targets of zine and magnesium,
although these vere coplicated B plisoup Aifficultics in our electronics, We
4 these problems by ruming ¥ithout a besn collimtor as
e amber.  As
SRR Pt e L S
camera and phosphorescent target. We are fortunate to
wvell-regulated s end analyzing magnets in the external beam system so s
there 15 no problem of the beam spot wandering around on the target. MNoreover,
the new split-fareday-cup-beam current measuring system3 gives us & very sensi-
tive indication of the stability of our beam. Since it is difficult to obtain a
well-defined beam spot without a beam collimator, we found it
necessary to redesign our detector package to make certain that the E detector
at the back of the telescope could be seen by every point on the target which
might be illuminated by the uncollimated beam. In addition to this, the
relatively small cross-sections involved in these reactions make it desirsble to
strive for the largest possible solid angle compatible with one's requirements
on resolution. We built & new gas proportional counter large enough
to accomodate & 300 square millimeter surface barrier E detector givinmg us a
5011d angle factor fifteen times larger thap that which wvas previously obtain-
able. Amgular distributions obtained on Ol targets with incident deuterons of
21 MeV of energy (see Figure 13-1) were found to be essentially unaffected by

We have

mechenien. Typical differential cross
sections are a few hundred micro-barns/
stersiian, It is hoped that we can £it
these dete with suitable distorted vave

i calculations (J. B. Gerhart, P. Mizera,
* and F. W. Slee)
1 cyelotron Resem-m University of
‘vlasmngton (1963), p. 27.
Sttt 2 gyelotron it treraiiy o
AT Washington (1962), p. 39.
4, 146) reactions 3 Cyelotron Research, University of
on 016 at 21 MeV incident energy. Washington (1964), p.
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1. DWBA Analysis of 4O MeV (p, d) Date
nalysis Er uo MeV (p, 4) data o 127/, isotones
o sarried out, employing the Oak isge
c the University o
> made on the i

A distorted
(ca¥8, 1150, W1 Cr5° and Feot)

Code MDSALLY.™ “The experimental a.ma
Minnesota Linear Proton Accelerator DiBA caleu
Yorthwest Computer Laboratory's IBM 709 fac

3

ting sequence in that all
1y in the muber of 1f7/p
onsists of an

s and (2-20) 1f7/>

The nuclel listed sbove form an espe
have "fi /o shells of 8 neutrons a
protons., A mudﬂz which is often proposﬂu o these
inert Cali® core sw p shell of neutro

13
2

rrounded by a close

protons. An anslysis of (p, d) reactions i can be ex‘pected to
yield informstion on the "purity of (1 £1 and to give some
insight into th f5 -t on the neutron gjptons as one
progresses from Ca (with a "closed" 143/, proton shell) to Fe’t (6 protons in

the 1£7/p shell)

Fe®%(pd) Fe>*g-s.
£:3

—cut-off 42 F
No Cut-off

Fig. 1i-1 Angular aistributions for two (p, ) ground state trens’o
tione. ‘The curves are DWBA calculstions normalized to the experimental
mexima.




dev f/’rcn op tical model parameters for the es
Pt tenons wBONEY) verdinokfisiazatlylevairt
sl Sstinates based on data for lover eneggies. For
e2 for 4O MeV stic scattering on Fe’" was used
nﬁs, an extra-

able, it vas necessary

the protons, the
for all five nucle:

in the an ﬂvy

polation wue pade tron the data of Peroy and Perey* using the "average geometry"
(o - 15, a - 0.87, ro = 1.37, a' = 0.70) and the "set A" parameters.
DS, 7ol ha laras swmertion tins of TAALLY (aprortuately tires midates for 15

partial vaves ir hannel), no attempt vas made to further vary the para-
meters to improve individual fits. However, in all cases studied, it was found
that a lover cut-off on the radial integration vas necessary to obtain even
st T e R 4.2 F was chosen
and used for reactions studie Figures 14-la and 1k4-1b illustrate typical
£its obtai The effect of the
cut-off

i ot (B Eratn e
or the reaction Fed* (p, d) Fe’3 (g.s.

Spectroscopic factors for some of the strong transitions observed in the
(p, d) experiment are listed together with other relevant data in Table 1h-1.

Table 1h-1

Experimental results for (p, d
residu

ions to the indicated
troscopic factors arbitrarily normal-
(p,a) CaMT.

miclei

. Spe:

ed to those for Cald

Residual | o 3

Nucleus ca'T | "9 2 ot re”3

Excita-

tion |

(MeV) | o 2.7|0 1.50(0 0.87(1.87|0 3.0k o | 325( 4.63
| |

2 (el [ ke 4 e | il s || 3 2 1 6) S e )

Peak |

Cross |

Sect i

(m/sr 11.8 |4.9/9.3 |o.5 [3.5 [3.2 |2.6 |6.5 |40 [hk.5 |2.0]1.6

s 1.0 |1.0[0.86 | 0.1 [0.33|0.30|0.62 |0.61|1.2 |0.kk| 1.3 | 0.19

Two interesting features of the data are: 1) the existence of strong 4 = 1 tren-
sitions for four of the five muclel studiel, suggesting appreciable admixtures
of a 2py/p neutron canngumum in the "closed" 1f7/, shell; 2) a gradu
dimunition of the £ = 3 strength for the g.s. to g.s. transitions (g 8. t0 g.8.
plus 0.87 MeV for W ) s the proton number increases. This suggests that one
effect of adding 1f7, protons to a micleus vith a closed ity/, neutron shell is
%o "ailute" the neutfen configuration in the groud state.
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tted to the
Kavaloski)

A summary of the results of this analysis has been s
International Conference on Nuclear Physics (Paris). (C.

1 R. H. Bas Drisko, and G. R. Satchler, ORNL-3240_ /“puanshee)

2 M. P, Feicke, et ox Minnesota Thesis (unpublis

3 Proton parameters used w V= MV, W = 8.1 MeV,
r = 1.20F, a = 0.T5F, To' & 1.UOF, &l = OWLE, W = 0

b G . Perey end F. G. Pevey, Phys. Rev. 12, 755 (1%63

- 117,

15. e 0% (5 8%)c* Resction

In the course of neasu»emmsl og the 462" (o, BeB)Ne?C reaction it was
decided to investigate the 0 (o, Be®) reaction in to be able to correct
the Mg2h date for known oxygen contemination of the w%s found_that

the Mgh results! vere not altered substantially, and Gl , Be8)
reaction was itselt of interest. W have hergfore pos e*  Ma2 vork
and have been investigating the O1° (o, BeB)C12 r eading o ground
state and to the b.43 MeV first excited state in clé. Tergets of MO vere
enployed; mo appreciable Beb yleld was observed for Ni.

‘he
a

Several changes have been made in the detector geometry previously reported.t
At present three rectangular (5mum x 15mm) surface barrier detectors are mounted
approximately 5° apart in the scattering chamber. ctangular geonetry
allows us to incresse the effective solid angle for Bed detection by about &
Zactor of six over that obtained with the previous circular detectors while
uaintaining the same kinematic energy spresd in the detectors. Three double
cotncidences are forned, one for each possible detector pair.  The to outalds
detec‘cgrs (10° apart) normally have a separation greate % cone angle
Besanp ok AhorePore dotect "bakgrouA™ rathee. than Beb eyentas e

other two coincidence requirements serve to detect Bed at two different labora=
Yory angles. For every coincidence forned the pulses in each detector of the
sppropriate petx are added together. The sun spectra thus formed for each

ir ave routed to three separate quadrants of & 512-channel pulse height en=
Slyzer. Thus two angles and a “backgromd" run are taken similtancously.

To date angular distributions (mainly in the forei isphere) have been
measured for two bombarding energies 1.1 ¥eV apart (“ 9 and 40.8 V). The re-
sulvs of these measurements are shown in Figure 15-1. e sbsolute cross section
e figure is based on a calculation Of the effective solid angle for
Be“ netect)cn carried out on en IEM 709 computer. The ground state cross seetion
shows an epprecisble dependence on incident energy. There is an increase in yleld
by about a factor of four amd il shift of the oscillatory pattern when the energy .
1% lowered from 41.9 to 40.8 MeV. In contrast to this the yield fo the k.h3 MeV
state is the seme at the two energies, and the shape of the two distributions s
similar though not identical.

'+ had been originally hoped that (v, Be 8) reactions could be interpreted
as simple irect pickup processes. The large energy veriation observed for the

2
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Fig. 15-1 Center-of-mass cross section for the reaction 01 (a, BeB)c

ding to the grohrﬂ mze (top figure) and to the first excd:ed state (bottom
figure) of C12 at bor ng energxes of 41.9 and 40.8 Me The curves are
arawn through the expe 1 points and have no other ssg»mcan
(Erratun: Due mainly to a Trsad originel solia angle determination,
the best nt experimental cross sections are about 35% lower than
indicated in the figure.)
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ng to the ground state of C*2 indicates that, at least in this
n is more complicated. The phasing (though not the
uccessive peaks) of the ground st -ansition at 40.
6))2 behavior; however, this does not provide an un-
Further investiga-
5. (TERBIER

0% reaction 1

1 Cyelot

Besearch, University of Washington

ticles (quasi-
pha perticles. At ©

A study of («

knocked out alpha parti,

e (D mental apparatus consisted
o ) on one side of the beam and a 100 micron
or (02) followed by e 200 micron detecto
correct angle (u ) for quasi
le of D2 and D3 was varied ar

of the wucv nucleus

a beam-stopping diffused

o e )
. to account for
icle. The signals,
s of & 102k two-dimensional pulse

an lﬂer ¥as gated with a fast and a slow colncidence
the additional e e 3.
2 stop

2 n alpha 1
»qui“eme". that E(m/ + E(D2) = B
GRSt

Mg and Zn. ha
ates of the light muclei prevented any
The heavier elements had fuch low
any possible (o, 2a) events.
evizer study would not be in keeping

vinent was therefore terminated.

tives and the e
i l/i/ﬂra and F. W, Sia)

terons by meleons o
327 ey leleons over a wide range of energles has been
oo o oA spectra of mcleons emerging from
deviations from the statistical tribution.
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strongly, a
final state
angles.2

Results of a
brealup of 21 M
experimental

oton spectrum from the

h_yﬂru
nent as that for the

a) the counter was &
solid state detector with a
0.001 inch thick Ni absorber in front of
t; b) the targets were matched poly
ethylere (CHp), and polystyrene (CH)
foils with the same number of carbon
atons per unit area, such thet the dif-
erence of the cormusponding specira &b

(mb/se Mev)

do_
=

spectrun et the

o proton scattering angle of 180 i 0.5° is
o shown in Figure 17-1 together with the
statistical spectrun. The
£ 3
1} o resona
+ other protoms and the
C. PROTON ENERGY  (MaV) ne: of the seme virtual state but
Fig. 17-1  The utron and observed proton
protons at 6, = shown in the figure. At E; a
angle of ). 1 indication of the

state interaction. (D. L. Hendri:

K. Ilako»gv, and E. B. Varren

1 C. Vong, J. D. Anderson, C. C. Gerdner, J. W. McClure, ani M. P. Nakada,
Phys. Rev. 116, 16k (195
B. V. Rybakov, V. A. Sidorov, and N. A. Vlssov, Nucl. Phys. 23, 4ol (1%61).
w Heckrotte, and M. H. MacGregor, Phys. Rev. ;n, 593 (1958).

L. G. Kuo, M. Petravic, I. Slms, and P. Tomas, Phys. Rev.
leners 6, 356 (1%61).
W. T. Ven Oers, and K. W. Brockman, Nucl. Phys. 47, 338 (1963).

e c, H. Poppe, C. H. Holbrow, and R. R. Borchers, Phys. Rev. 129, T33 (1963).
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Fig. 18-1 Differential cross
section versus chamel energy for
protons emitted st 105° lab angle
in the proton bombardment of Cu3.
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CHANNEL—1
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COMPOUND NUCIEAR REACTIONS

Evaporation

The study
low energy protons

Both single-counter and two-counter co-
have been made .

surements are
described in a

e es
ereshal of about 1 MeV. Because
with regard
At TlEe

the coincidence mes

é angular distributions
for the Cud3 (p, p') reaction have been
e studied.

Figure 18-1 shows the differential
section plotted
energy for prot

of the protons in
yet includes no cor-
rection for background contributions from
neutrons or gems rays. This background
amounts to about 10% of the observed
spectrum at 2 MeV and is very mich less
at higher energy. Another type of back-
ground, conspicuous in the plotted
spectrum, comes from target su
% Qualitative features of the

Bt
CHANNEL =2
18-2 Tvo-dimensional pulse

height distribution for coincident
charged particles emitted in the
proton bombardment of Cub3. The
counters are at 9 to the beam
direction.
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T distritution are

th a predominantl

R e e
cross section at low emission energies,
and increasing direct reaction contribu-
tions at higher emission energies. The
low energy portion of the spectra are
roughly isotropic; the present differen-




tial cross-section data shows isotropy within about 20% at 3 MeV from 50° to
130°. The more structured high energy region is forward-peaked.

statistical theory, the shape Of the energy spectrum be-
dominsted by the energy depender.ce of the cross-

According to

del chosen; a few preli
eenont with the cbserved speccmrr shspe and

s
tions are in fair quntitative
absolute cross-sec

coincidence experiment is directed towards the determina-
probabilities of gemma ray and proton emission at the end
of a compound-muclear degxcitation cascade. The specific reaction being
studied is Cub3 (p,m)m 2, Since the incident proton beam is limited in
energy to 10.5 b3 represents the most favorable choice of target because
of its unusually low proton binding energy (6.11 MeV). Assuming 10.45 MeV
(1ab energy) incident protons, the (p,2p) reaction proceeding to the ground
State of Ni02 has availsble 4,17 MeV (center of mass) for total proton kinetic
energy. The (p,np) rzwticm is en

rgetically )\upossible, eliminating peutron
competition as a conc Furthernore, the lowest excited state of Ni%

2 45 at
1.17 MeV, giving a clesn separation in total energy between the grownd state
and excited state reactio

5.

e experiment messures the energies of coincident charged particles
it into a pair of solid-state detector te: The energies of the
two coincident particles are recorded in a 32 x 32 channel 2-dimensional pulse
height analyzer gated by g fest-slow coincidence system. Since events leading

to the ground state of “5,2 are characterized by the constant sum of the ener-

, they are easily identified in the analyzer spectra by
their location in a disgonal band. Cub3 (p, ) events are also energetically
possible, and in fact would fall close to the (p, 2p) band, but the use of
appropriate degrader foils in front of the counters made it possible to eliminate
D,D@) events from the data, as well as to show that they are rare.

Figure 18-2 shows 2-dimensional analyzer date for a run in which both
counters are at 90° to the beam direction. The band corresponding to (p,2p)
events is clearly visible; the counts at higher sumed energies are accidental
events.

The spectrum of events in the band projected onto the energy axis of one
counter is a superposition of contributions from both "first" and "second" pro-
tons. Because of the constraint that the total energy of the two protons mist
equal 4.17 MeV, these two spectra (for either counter) are reflection-syme!

BDGE 2108 oy el o te il Bl o ot e sa Ty Hes) e tHSIEA
total cross section at 2.08 MeV, although the relative contributions at other
energies are not determined without further assumptions.

The strength of gama competition i arrived at by comparison of the cross
section for two-proton events with the single counter cross section, which
cludes events in which either a gama or secomd proton may follow a first proton.
The observed result is that gamme competition with 2 MeV protons is very strong;
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concluded from an nalysis outlined below that only abou
First protons are folloved by a second proton.

e analysis proceeds along the follo

required are 1) the total cross section for proton emissi

2) the total cross section for emission of coincident 2.0

total cross sections should in principle be obt:

tion over all counter solid emgles. If, however, the

ts at a single se

s from isotropy are ignored.

experiments it is found that the differential c

the emission of 2.08 MeV (chamel energy) protons is 270
from the Stespness of the sp

rgy calibration and bean e:

ross

vhich makes uncertainties in @
Fron the colneldence experiment it is found that the different
e T ch two protons are emitted to the grow 2, both
at 90° and ith an energy of 2.08 MeV, 15 3.3 & 0.7 9\7/5 erad? WV, The
differential cross section measured in this
4T to give a figure of 42 t 9 pb/sterad MeV
of 2.08 eV protons in one counter colncident with another eV

Half of this total is then compared with the single ult q\mc»a above.
With corrections for second protons in the single- Pt et MU s S
Dproton cross section is therefore (.085 + .03) of the cross section for emission
of the first proton. Besides the previously mentioned un inty, poor statis-
tics in the coincidence experiment contribute most to ainty of the
final result.

The outcome of particle-gama competition depends upon the angular momentun
which the particle carries off.? Calculstions of the angular momentum populp.—

tion of the intermediate nucleus are therefore being made a:
further interpretation of the results. (D. Bodansky, and E. R. Parl

a prelu

1 Cyclotron Research, University of Washington (1963) p. k0.
2 J. Delorme, Mucl. Pnys. 47, 5hk (1963).

19. Gamma Rays from Compound Nuclear Reactions

Alphe particles of 42 MeV energy presumsbly have a good probebility of
forming & compound nucleus because Of their very short mean free path in nuclear
matter. Furthermore, an alpha particle of this energ; t upon & medium-
veight mucleus can bring in on the averege twelve to fourteen units of angular
momentum. Because of the Coulomb berrier for chn ged-particle emission, the -
compound nucleus is expected to de-excite neutron emission, followed
by o gemma-ray cascade. In the case of T2 ey 1rcidenu alpha particles, the
most probable mmber of emitted neutrons is three.

neutrons emitted from a compound micleus are expected to have an
evaporation-type energy spectrum where the emission of low-energy neutrons is
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oo eweccat m ittt ed neutrons will o
tum. A% the end of the veumn

ow

 high engular momentun.

The purpose
tron cascade by

Ject is to study vhat happens at the end of the neu-

 the’ gamms-rays that are emitted. This is to be done

f micless tase and for both deformed and spherical mecled .

ition of the gemm 11 be investigated
mber of photons e ted and the total amount of energy

r reaction. The angular distribution will be investi-

angular momentum effects in the decay of the residusl

been reported by Mollensuer’ on the investigation of

Ll e given off in the form of gamma raiistion. One of the
great difficulties encountered by Mollenauer was the complex response of a Nal
crystal to monoenergetic gamma radistion. This made the unfolding of the spectrum
of a broad distribution of gemma reys very difficult. This difficulty has been
partially overcome by constructing an anticoincidence annulus spectrometer.

This detector and its instrumentation is described in another section of this

f the a.m)coincide ce annulus spectrometer lies in its
onse for monoenergetic gamm radigtion. This makes the un-
sieviand meh move rellabls.

ork has

le.

obtained fron alpha perticle bomberdsent of
Tt is knovn From sctivetion stuticss

at energy
umed that most of the gamma radistion
nearly sphericel mu te
almost continuous with few gemma rays emitted with energy greater then .5 Me

On the other hand the spectra of light
lines, possibly superimposed on & contimuum, due to the rather wide level spacing.
An example of the spectrun obtained from a light micleus is shown in Figure 19-2.
AL of t‘ne lines in this spectrum can be identified with residual nuclei pro-
duced by energetically possible reactions in A12l. It is also seen that there
is a very appreuab]s umber of gama rays emitted with energies above 2 MeV.

The gro ei vhich have been most carefully investigated to date are
the rare earths whhh lead to even-even deformed muclei by the (@, 3n) reaction.
e have been obtained from the Osk Ridge
nal Iaboratory. Unfortunately, these are aveilsble only in the form of
el powder. Targets are prepered by making a slurry of the e powder
and polystyrene dissolved in benzene. The slurry, typically 20 mg/cm2 ‘thick,
is placed on a thin nylon backing and allowed to dry.




(COUNTS PER GHANREL

COUNTS PER 50 eV

Lab E¥ErGY Ooh

Fig. 19-1 Prompt gamma spectrun

ol P S

from 42-MeV alphe particles on GAMMA-RAY ENERGY (MaV)
97, This spectrun was taken

uuh the anticoincidence annulus Fig. 19-3  Prompt high

spectrometer using a 3-inch by 6- W’" spectza fgg"'
inch NaI(T1) central detector. icles on 203 slurry target
), oxygen gas (xxx), and poly-
styrene at nylon blank
The thicknesses of the
polystyrene + nylon
about the same as
knesses in the G
arget. e spectrometes vas the
same as in Figure 19-1.

COUNTS PER CHANREL

v T igure 19 3. The diffi

Fig. 19-2  Prompt gamma spectrum
£ron k2-MeV alpha perticles on n2t,
The spect; T vas the same as in
Figure

Eiftcheny Niustratea

5%
carbon,

gh-enerey gama spectrun
ticle bombardment of Gd:

culty

The subtraction of the oxygen,
rogen components in a

and
systematic fashion requires electronic

computer techniques, and the necessary programming is now under vay. However,

it is qualitatively obvious that practically no gamma rays of energy greater

than ebout 3.5 MeV are emitted.

Figure 19-h shows the low-energy gamma spectrum fron the seme target.
strong peaks correspond to quadrupole rotational transitions in Dy, >
These rotetional game rays have been observed from many of the eyen-even

Qeformed nuclei, and many of their energies have been measured.0sT The bacl
ground due to oxygen and carbon is not shown here because in this energy ra:
it 15 negligible.

The

k-
nge



Relative intensity measurements are
o be made for the lines which can be
[ resolved in en attempt to detern
| the rotational levels are being fed.
e measurenents are also planned
%o deternine what portion, if any, of the
higher-energy spectrun feeds these levels.

how

1t has been shown by De Grout and
P Tolhoekd that in a series cascade such

/ as 1is the case here, where all the gama
rays have the seme miltipolarity, that
the angular distribution of the first
prsustn is determined by the orbital
mentum substate population

A irinution.  Furthernore, the sngular
aistribution of radietion emitted in

COUNTS PER 10 kev.

each succeeding step of the cascade is
@y spec.  exactly the same as that for the first
S e transition. Angular distributions will

thus be measured for each of the observed
rotational levels, and coupled with the
intensity measurements should give some
information concerning the orbital angu-
lar momentum substate distribution at

the end of the neutron cascede. This
substate distribution in the original

2

spec-

m distribution at the start o el g
much the micleus has been "rocked" by emission of the neutrons. These measure-
ments are now under vay, but no final data are yet available. (I. Halpern,

Wi

J. F. Mollenauer, 5. Rev. 127, 867 (1962).
See Section 30 of this report
Cyclotron Research, University of wasmrg.on (1963), 2
R. Van de Vijver, Prysica 29, 1214 (1
H. Morinaga and P. C. Gugelot, Nucl. Phys, U, 210 (1963).
c Bertram, et al., Mcl. Phys. b7, 1 (1963).
.S, Stephens, N. lark, end R. M. Dismond, Pnys. Rev. Letters 12,
235 (1964) . =
S. R, DeGroot and H. A. Tolhoek, Beta and Cama Ray Spectroscopy
Edited by K. Siegbshn), Interscience Publishers, New York 1955) 613.
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b tector for the
This detector, at maximm o)ag, 18 5004 thick
This is a considerable reduction in det

10 reduction in the
state detector is also usable at lover
Al e e
the discriminator can be set I

The targets used to date consis

gadolinium and dysprosium. The princi: p\c
T T T
i
157 158
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1
o L)
Z 3000 g
3 s | 20 hev
S wev!
i
o
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even nucleus in excited states, which
1 tion of the inte

1ted
ns studied,
of Hansen et al.2
e rotational band reported
n addition there seems to be
1y lower energy which is as

is reaction is

reaction end t
Gats5 (@, jl\\Dy
1naga o
states. One reac
by Morinsga and Gu
e band of very

yet unexplained. A
shown in Figure 20-1,

constructed an

An automatic nt stepper is presently
(3. B. Gerhart

sutomatic data taking equipment is being contemplate
J. S. Heagney.

1 Cy lotron Res 19€1> 2; (1959) 75 (1957) 2.
= Hagemann and W. Hornyak, Nucl.
3 . Phys. 46 (1963) 210.




VI. NUCLEAR FISSION

21. (Direct Interaction, Fission) Reactions

A preliminary study has mede of certain (direct inte
reactions. dy was originally underteken in order to le:
contribution these reactions make to the observed coincider
ments dealing with charged particle emission during fission.

ction, fission)

In these expgrjments, both 35.5 MeV cles and 21.0 MeV deu
used to bombard Y23, Coine: piili ool
%icles vere measured st a variety of fission fragment and charg
feotor positions, The results of the measurements were consistent with the
following assumptions concerning the nature of (direct imteraction, f) reactions
and charged perticle emission during fission:

a. Tdentity of charged particles.

The charged particles emitted during fission are almost exclusivel
a-particles, while the (direct interaction, fission) reactions y
both singly and doubly charged particles.

b. Energies of charged particles.

The doubly charged particles which result from (direct interaction,
£ission) reactions have emergies extending from about 20 MeV (the
Coulomb barrier height) to about 6 MeV (i.e., a fission barrier
height) below the elastic peak whereas the spectrum of the doudbly
charged particles resulting from charged particle emission during
fission peaks st about 15 MeV and is about 10 MeV wide, as in lov
energy induced fission. Virtually nothing can be sald at this tine
sbout the spectrum of the singly charged particles resulting from
(direct interaction, fission) reactions although these particles
are plentiful in the q-particle as well as the deuteron bombari-
ments.

c. Angular distributions of charged particles.

The charged particles from the (direct interaction, fission) reactions
are strongly forvard-peaked, while the charged particles emitted during
fission are as abundant in the back hemisphere as in the front one.

Angular correlations between fission fragment and charged particle.

There 18 a sharp right angle correlation between the fission fragment
and charged particle direction of motion in those events in vhich &
charged particle is emitted during the fission process. On the other
hand, in (direct interaction fission) resctions, in general no such
correlation exists. In (direct interaction, fission) reactions in which
charged perticles are scattered backvard, the angular distribution of
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tends to be isotropi

Fo‘" chﬂrge/‘ particles
T

8

ations so far are consist
rding

of the observa
e v i foregoing assumptions rega:
ssion fragments and charged
acevmilating enough date to be abls o be
f the tssumptxons and to be able to make relisble
a1 cross sections. On the basis of the
gt 1t can e satd that:

cle bombardments (35.5 MeV)

: fon with the charged particle cou

eam and the fission detector at 90° to this cow

£ission) rate emounte to roughly half of the

Of the direct inter-
about half involve
half invol

ion vas compared b
with the charged paw cle
he deuteron bombardnent the Ta about
than in the alpha particle bombardments. In this
ction reactions mostly involve the emission
of singly mmed part cles. (A. W. Fairnell, I. Halpern, and W. Loveland)

22. (Charged Particle Emission During Nuclear Fission

‘les)greﬂ to investigate possible dependences
upon the charge and mass of the
lar momentum, and the relstive

experinents has be
of charged perticle emission Qur:
fissioning species, its excitation erergy, e
symmetry of the mass division.

s e been obtained in the experiment described in last
year Pc%reg Report. i ’I‘he fission rate: the 42 MeV alpha particle bom-
‘bardment of USS0 vere measured at 9 to mn bean (Rgp) and at 162° to the
beam (Rygp) and compered with rates, Rfg, measwred in the same bombardments, in
which & coincidence was required with an o particle emitted at 90° to the fis-
sion fragment. For this purpose the o particle counter was placed looking down

=




upon the (tilted) target at right angles to the beam-f1
the ratio (Rfgo/R O\r(R[A62/Rl/»/ differs fro
fission events which are followed by alpha pa
from normal fission events4 Alchough the early
departure of this ratio from unity, the stat

but will hopefully be decreased with furth

Preliminary data have also been obtained in another exp:
explore the effect of muclear angular momentun upon the probebi
particle emission in fission. Agiven compownd mucleus,
excitation energy, 30.3 MeV, in two different vays (U230 + 3
and 1237 + 21.0 MeV deuterons). The compound muclei
their mean squere angular momentum (110 5
respectively). The probability of charged particle emission in fission is then
compared for the two bombardments.

e experimental method used was essentially the same one used 1
ence 1 with the folloving modifications

Refer-

. The monitoring system to measure the accidental
been changed to take into account the microtime fluctus
cyclotron beam. (See method (b) of Section 27.)

b. Corrections for contributions to the total coinc g
ate by (direct interaction, £) reactions vere made based on assumption

(a) outlined in Section 21.

The preliminary results seem to show that the probability for
le emission in fission is approximately the seme within +30% for the
euteron-induced fisslon as compared to the g -particle-intuced fission
At this time, the data do not yet permit sny usion to b
a5 regards the effect of nuclear anguler momentum upon the probability g
charged particle emission in fission. (A. W. Fairhall, I. Halpern,
Loveland)

Cyclotron Research, University of Washingtor (1963), P
The values for the mean square angular momentum were calculated using
the distorted wave code given by R. Bassel, R Drisko and G. Setchler,
"Te Distorted-Weve Theory of Direct Nuclear Reactions" ORNL-3040, 1062.
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Fig. 23-2 The normalized calcu-
lated (full line), and expenunncal
distributions, at counter
tween 14.5° and 21°, correspond)ng,

respectively, to seattering angles
be tween -2.25° and 2.5° . With the
14.5° distribution is shown the
probebility of accepting particles
Correspond)ng to different deflec-
b i

accepxame angle of the detector.
The experimental points have been
corrected using this acceptance
probability distribution.

51020, enguler

o istribution,
to daté, because of

b
are also displayed in Figure 23-2.
large statistical errors and bas

e energy spectrum

in this experimen
1 ; from the reaction

measure th
st particles
inverse process of
The energies of
ture 15 propor-

photodisintegration.
particles formed by c
tional to the capt

ction of the cosine of the C. M.

scattering angle.

momentun agd small
se the He3 nuclel

Thie fact makes the
measurement of the capture particles
feasible, although there are severe Prob-
lens in reduci

small scattering

angles.
ticles were separated from alpha and

duterqy particles by means of a megnet.
The He3 particles have essentially the
incident deuterons,
e cherge and are there-
ce as mich as the
incident deuterons.

e experimental arrangement is
shown in Figure 23-1. A 300 micron sur-
face barrier solid state detector was
used to measure the spectra of momentum-
analyzed particles emerging from the
target. Energy spectra of particles de-
flected by 19°, at scattering angles be-

12,5, "are shown in Figure 23-2
This ion results in & deflection
of the incident beam of 9.5°. The cal-

1 tions, assuring & pure
The results
kground problems, do not

ween

allow determination of deviations (1sotropic and symm»mc terms) from the

81029, . distribution.

Present plar
problems by the introduction of & dE
time of flight analysis. Further,

ef

11 for a modifi: canr of the system to reduce background

E particle identification system or by
g of all capture He3 particles onto

the detector could readily be accompllshec by & quadrupole lens pair, since the

ko



particle divergence is This sddition would greatly simplify measurement
and analysis of the dete and would very likely give a further reduction in
background. (D. L. He: K. Ilakovac, end E. B. Warren

1 G. M. Griffiths, E. A. Iarson, and L. P. Robertson, Can. J. Phys. k0,
402 (1962). Also see earlier references by these authors.

2 L. Cranberg, Bull. Am. Phys. Soc. 3, 173 (1958).

3 B. L. Berman, L. J. Koester, and J. H. Smith, Pnys. Rev. 133, B11T (1964);

, 527 (1963).

T. Varfolomeev, Phys. let:ers)s, 149 (1963).

e ing, Phil. Meg. b2, 1353 (1951

5 f chall E, Kenner, Phys. Rev. 58, 590 (1940).
6 K. Tiskovac and V. Knapp, Nucl. Puys. 43, 69 (1963).

24, 5128 (Re, 0%6)015 Reaction

Several years ago the Chalk River groupls2:3 reported the gbseryation of
Stk i it gl LR s
At low energies the resonance structure appears in all the reaction channels.
At higher energies the resonance structure is most prominent in the elastic

£o Bteeirad dn.the reection americopmesenilis o
The large widths for re-emission of C12 fragments at
e e e
iate collapse into a compound mucleus. Some of the
r energies for the elastic and alpha particle reaction
erstood simply in terms of angular momentum effects. The
compound states of highest angular momentum 8 end 10R) de-excite primarily
by either C12 fragment re-emission or alpha particle emission, as it is diffi-
cult for protons or neutrons to carry away large amounts of angular momentun.
However, several levels ith extremely large widths suggest that deformation and
clustering mist be of greater importance than one would expect from a statistical
picture of the compound system.

s i eyidehoe tisy/ihe e charac eciat ca measl SSHaboTeigys ot
found 1in all heavy i ctions, indeed prominent only in the C12 + 12
systens, A possibie explanation which has been offered for this observation s
that C12 can be more essily deformed than for example OO with a closed p shell.
In this connection an interesting possibility for exploring this effect by the
inverse reaction suggests itself. The mucleus 010 in its ground state has &
B e e e 5 how-
ever, that the 6.06 MeV first excited state of 0 it least partly
described by a configugtion where several p nucleons s promoted to the
s-d shell, and hence 010 in this excited state may show some deformation p"uper-
ties similar to other mclides in the s-d shell such as Mg'. There is

evidence for a rotational band built upon the 6.06 MeV OF state in 01°, itn 2+
end U+ members at 6.92 eV and 10. 36 MeV. This suggests that a study of the
5128 + Hel' system might show a gy cross section for "fission" of the 532
compound nucleus into two excited cl

fragments than for fission into two 016
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An experiment to test this h

The experimental approach is as follovs. p self.

sti. L have sufficient kinetic e:
The tum brought in by
the coincident O

P
appropriate la
The two er
The prinary

shape.

1 © eg
depth of e ity CRu
dons corresponding to forming 3
oxygen ions expected for 618" formea. 1n
by plee shape discrimination has not been achieved.
on-mounted detector backed by an
the low energy oxygen ions
results indicate that the fission cross section for
in their ground state is less than 10 microbarn

C. M. system. No results for formation cross sections
have been obtained as yet. (C. J. Bishop, D. Cooke, C.T. Re
Vandenbosch

1 E. Almquist, D. A. Bromley, and J. A. Kuehne
(1960) .
2 D. A. Bromley, J. A. Kuehner, and E. Almquist, Phys. Re
6

Phys. Rev. Letter
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ACCELERATOR RESEARCH AND DEVELOPMENT

VI

25. Van de Graaff Acc

bes beon conpleted and gurned orex to the
University c ! the Naclear Physics laboratory. The administrative,
vatory use. areas have been Purnished and equipped
arious laboratory groups.

and are now occupied

The two-stage tandem section of the University of Washington FN Series
Ven de Greaff Accelerator vas assembled in me High Voltage Englncering Corpora-
tory nical and electrical ch
of these tests vas delayed 50 mch by various samufacturing ifficulties that
delivery of the machine could not b by the dste specified in the purchase
SoHtvacts T yiaw of the perfor two FN series machines and in
order to eliminate still more delay in shipment and installation, all factory
beam tests on the tandem section of the University of Washington machine vere
dispensed with. These tests will now be made after installation in the Nucleer
Physics Laboratory.

Disassembly and shipment of the machine vas started in early April and
assembly in the Labo will start as soon as the tank, which is now in
transit, arrives and is set in place in the leboratory.

Installation of some of the aurlliary equiment such as the insulating gas
storage andling equipnent, cooling system piping, and basic power and con
trol wiring has already been started by the Laboratory mechanical and technical
stafe.

The injector stage of the machine 1s now being assembled in the factory,
b il and testing will depend somewhat on results of the tests on the
three-stage EN machine for the University of Pittsburg. Delivery of the
injector stage is, however, still scheduled for November, 1964. (T. J. Morgan)

26. Van de Graaff Beam Optics Caleulation

The beam spot sizes expected at the various targets were calculated by
tracing rays from the exit of the accelerator to the targets. In the University
of Washington Van de Greaff system the beam emerges from the final accelerator
stage and passes through & set of two quadrupole lenses which focus it on a
defining slit. Deyoul this s1it the beam enters the enalyzing magnet vhich bends
beam through & 90° angle and focuses it on the beam energy regulating probes.
These probes sense whether the beam is being Teat through more or less than 90
degrees by the enalyzing megnet, and then they actuate servos vhich adjust the
accelerating voltage to correct the beam energy to the value to vhich the analyz-

ng magnet is set. The beam then passes through a switching magnet which can
switch it into the va.rinus scattering areas. Fron this magnet it passes through
another set of two quedrupole megnets which focus it on the target. High Voltage
Engineering Corporation Ternished calculations for the external beam of en
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ilar to that being installed here, but our
ve the switching magnet 12 inches further downst:
correcting probes, amd scattering areas T
o itoned to. Thus it vas necessary to caleulate the best loc
Tupole megnets that focus the beam onto the terget and to
the beam spot on the target.

accelerator
tor will he

These calculations were made using m
Engineering Corporation. These 2 by 2 matr
and off-axis position of a ray at one
angle and off-axis position at another point slong
fhe quadrupole msgnets were derived by comsidering the diafrub
any compound lens system is equivalent to two il
rinciple plancs. Viewed in one plane including the optical
e Pirst of thess 18 & diversing lens, the second a converging Jerd. In
‘the plane perpendicular to this plane and also i axis, the

opt axis to its
The matrices for

le lenses as two

cluding the op 2
First lens converges and the second diverges. The is a net converging of
rays to the sam focus in both planes if the focal lengths of the thin lenses &
djusted correctly. The small-angle thin leus formilae are to obtain the
Sransformation. These should give excellent results for th nce the
lorgest angles involved are about 2 degrees. If one assunes quadrupole
g o mave no serlous astigmatiom and thet their principal planes have been
Toeateq correctly, these calmlations should be quite accurate

ough we are able to correct the beam spot size for
% bean energy, ve were unable to determine the ex
For & momentum spread AP/P = .00025, the figure us d in High Voltage
Engineering Corporation's caleulations, the spot size 1s 2 mately doubled

e rorazontel direction, while the verticsl direction is unaffected.

&

% of the quadrupole lenses vas limited by the divergence of the
o 1iked to place them further downstream, but we vere limited
ome wider than the inside diameter of

lculations are the follow-

because the bean could not be allowed to be
the lenses. The beam spot sizes resulting from ov

1
Bean tube position Beam spot width Bean spot heig]
relative to original (st target) in (at target) in
beam axis inches: inches

0.12 0.19

0.12 0.15

0.13 0.15

0.1l 0.15

0.13 0.18

0.12 0.19

hese Figures result from the values for the off-axis position and anguler 3i-
Vergence of the beam st the tak exit given by High Voltage Engineering Corpora-
e hother these are maximm values or sverage values is mot clear in th
report. Thus these values should be considered only estimstes on bean spot
Sise, mot exact predictions. (T. Heywerd and D. Storm)
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27.

o Paich occur in one's dstection.
tus within the resolv: reuitry. Quite =i,
the number of ac coincidences vhich have occurred in a given experiment
T o ivcten by statiscical considerstions based on the assumption that the
y am burst 1s constent from one beam burs

Recent o"):/,"w:mr.sl have shown that this assumption may mt be valid--
at least for the University of Washington cyclotron. Therefore the following
ken to deternine the extent of the micro time scale
von beam, and, if possible, to eliminate these fluctua-
s carried out in the sixty-inch scattering chamber.

Ty

tions. The exp
Two methods vere used

a. Direct Method.

of beam tursts were observed by
otron beam and

observing £ output vith a x . e
scintilla a5 a 0.002-inch thick N.E. 102 (Nuclear Enterprises)
situated about 1
on demonstrated that
ertainty in the number of photons observed in
ificant, and it was experimentally determined
es was saturated; thus the observed pulse
tional to the number of particles passing
lator. These pulses were observed as a function
triggered single-sveep traces of an oscilloscope.
It vas easy to deternine the distribution of intensities of suc-
cessive beem bursts from photographs of such oscilloscope traces.

inches away
e staf

Indirect Method.

Tvo semiconductor radiation detectors vere used to observe

eam particles vhich vere elsstically scattered from a heavy element
b pulses from the two detectors are in time coincidence,
then such coincidences are necessarily accidental. In one version of
the method, & fast slow coincidence system ves used to compare (acei-
dental) coincidence rates when the pulses from the counters were
associated with the same beam burst with the rates observed when U
pulses were associated with different besm bursts. Both sets of rates
were similtaneous latter set with a delay equal to &
integral mumber of cyclotron periods inserted into one of the counter
lines to its coincidence input.

In the other version of this method, the pulses from the two
detectors were used to respec start and stop & time-to-pulse-

height converter. The analyzed output of the converter showed mexime

3
)
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shose separation in time corresponded to the cyclotron period,

O Spected, Ina single run it was possible to observe accide

Sates associsted between overlaps of cyclotron bursts spac
‘ apart vhere n ranged from zero to about ten.

‘ RELATIVE

BEAM
BURST

t(ps)

| Fig. 27-1 The mumber of dons per beam burst as measured for several
bean pursts by method (a). Each 1ittle spike re nts one beam burst.

by methods & and b
tursts.

s 27-1 and 27-2 show the results of measureme
respec 1 shows a typical sequence of bes
btained u)th method b (Figure 27-2) can be interpreted with t
clotron beam bursts were of equal intensity, the patt
in Figure 27-2 would be as in Figure 27-3a with all peaks e
If the beem bursts were not all in intensity and ram
tributed in time, the pattern gure 27-3b there the zero d
peak exceeds all of the others which ere uniform.
Desk to the large delay peaks is just —p _2 where T 16 the
2
/1
bean burst. It is important to remark here that if this ratio is measursbly
larger than unity, it means that some of the beam bursts mst o =
congared to the sverage. If, for example, the I's are distributed unifornly
from I = O to some maximum Iy, then it can essily be shown that the ratio

-2

7 1is only 4/3. For a ratio as large as that in Figure 27-2 (about 5), some
bursts must be umsally large. The curve with a gradusl instead of a discon-
tinuous fall-off from the central peak (Figure 27-3c) arises if there is a cor-
relation in megnitude between successive beam bursts. The following conclusions
Vere drawn from the experiment. (ALl methods of meesurement gave results that
agreed within their experimental uncertainties):




Fig. e
incidence rate betwe
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a function of dela
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stribution of the uneven

NUMBER OF ACCIDENTAL COINCIDENCES
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DELAY OF ONE COUNTER SIGNAL
RELATIVE TO THE OTHER
(BEAM BURST PERIOD)

to be essentially
r a moderate

b, except
correlati ion such that ¢ large bursts
follow large tursts.




¢t possible fo establish a defl
presence or sbsence Of beam fluctuat:

cyclotron. Among the parameters c
ositions, arc voltage
s some slight indication that
4 affect the fluctuations.

ecked
current,

‘ parameters @

| 3, By changing to slover swmep speeds 1n uethold (
%o quickly check the beam pettern for slover time sc

oncluded that contimous monitoring of the microtl
in the cyelotron beam va ssary and possible in coincider

where the accidental rat Heag;
| Hendrie, and W. Loveland)

Halp

‘ 1 F. H. Schmid B. Gerhart, R. E. Brown, and W. A. Kolasir 8k
Nuel. Ph/'». 52, 353 (296L).




IX. INSTRUMENTATION FOR RESEARCH

28. Beam Energy Mon

Sinc: 1al mea

rather ewor» deper

urv'elop some techni
=

Be¥) C“ reaction suggested a
Section 15), it was decided to
monitoring the bean energy in order that one could be
nergy changes o uring the course of & ru
1t B5) data, the technique should

gy
these requirenents has been uiit

inciple imulved s dential
n (by means of &
ca aigha particles o an energy
ompared to that of a ralioactive alpha source. e
are shown in Figure 28-1.

grada

1t into one of the porte on the sixty-
roximately five minutes he pr
detector capeble of stopping 10 Mo alpha
micron SB de the present systes)

nt thickness to dek,wsde e lastically scattered

A o

PORT FIXTURE

storing device.
Fig. 28-1 Pictorial view of beam e el
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valve permits one to
m the scatte

channel analyzer, Whi
calibrated using
the source alphas.
Fig. 28-2 ctrum of degraded chember has been e
elastically-scattered alpha particles

and the foreline ¢
target (1.2 mg/cm?) is r

source spectrum.

Since the pe latively flat-
anped a reference defined to

dway between the two half-maximum
positions, and can be located to within
10 keV. Figure 28-3 shovs a situation

chonge of 100 keV in the ncident be
results in & change of approximately
350 keV in th g:suui elsstic peak.

Fig. 28-3 Same as Figure 28-2, Present indications are that
except alpha beam energy has in- chenges in the incident beam energy are
creased by approximately 100 neasured to an accuracy of st least

#30 keV, and it 1s believed the inherent
sensitdvity of the mor

nalyzing magnet.
&t this
keV for & 500 keV charge in beam energy, possibly because of the. e
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large collimators used (1/8 by 3/32

1 J. Benveniste, A. Mitchell and R. Thomas,

(2963).

systen.

magnetic
shunt (11.5mQ) is
dependent on the cu

function of current
Figure 29-1. The field is very
,es:dual f£1e1d of 4O gauss; it is homogeneous

e arms. The purpose was twofold: (1) obser-
(2) as a Br - E particle identification

and vol:sae across the present
osely linear:

better than 0.25% on the middle line
alovvg e gap, between points 1 inch

L s ot time) /
8-16.7 kgouss

Mox sty current
a0n

24
&
oy
)
g (Shont 15 m2)

SHUNT VOLTAGE (mV)

from either side, but the field at these
points is 1% lower then in the middle of
the magnet, at a field of 10,000 geuss
(the highest for continuous runnin
Deflection of various particles witha
jeld of 7550 gauss is shown in Figure
29-2. The detector (solid state de-

g).

in a steel shield upon a rotating table
on the scattering chamber

aine the scattering and defl
angle accepted by the collimator.
very crude resolution in momenta is
needed (and desired) to separate the
particle groups, and to accept as wide
n energy range as possible (as illus-
trated in Figure 29-2). Particles of
the seme Z2/M ratio ere not resolved
(e.g. aparticles and protons), but
s be separated by an
absorber
a AE murter,

CURRENT (&)
Fig. 29-1 Magnetic field as &
unction of current and shunt

voltage.

In the measurements of reactio
cross sections at 0° or at small

magnet, and is deflected.
double-electrode Farsdsy cup ("split



F.C."), ehielded in a block of steel,
- 1 te the main
i 07550 goms
g
g E
g
3 T, e mars
g : E i
BTN il 30. Antic
2T Investigations of guma-roy spec-
S T ey tra in this laborat: ‘.»in e
L the desirability of
HE ) i detector, having o
i is is especially
i A ! i study of ruiat 1;
{ fd B and/or s Me.
g o e = ~ iy at the penalty
of low efficiency, by use of & bent
Fig, 29-2 Deflection of p, d, erystal spe ereh,yl gr lithium-arifted
t, He3 and o particles as a func- semiconductor detector” at low energies,
tion of energy. Probability of or a pair acceptance spectrometer3 a
reaching the courter, P, for an high energies.
assumed angular acceptence of the
counter, A, is illustrated. Careful analysis of other experi-

menters' results, for example those

given in references b through 7, shoved

that this laboratory's requ
would best be met by means of an anticoincidence anmulus/scintillator dete/‘tcr
system. The annulus is a secondary detector vhich encloses, so s
sitle, the primary (central) detector. Electronic circultry is used Lo ﬂeject_
any signal from the central detector whenever there is a similtaneous signal
from the annulus.

The anmulus overcomes to a considerable degree the main prob]e‘n of scintil-
lation detectors, namely that partial interactions (Compton pair

production with subsequent escape of at least one Of the 0.511 Me o7 aneinstatton
quanta) create a tail of pulse heights lover than the photopeak in the incident
spectrum. The effectiveness of the guard ring action of the anmlus in reducing
this low tail in the spectrum is shown in Figure 30-1

The annulus vas obtained from Harshaw Chemical Compeny. It consiste of
two optically-coupled NaI(T1) cylindrical crystals with the combination having
an 8-inch diameter, 12-inch length, and a 3.375-inch hole along its exis. The
four-month delivery time enabled our engineering staff to design a cart which
was fabricated by the shop. Tis cart is designed not only to store the anmulus
but also to support it during an experiment if desired. It is equipped with
reference arms that bear against the rim of the scattering chamber and position
the annulus accurately in angle. The cart also can be positioned vertically

with jacks which have ball casters mounted on the ends for final lateral ad-
Justment.
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Pr?ltons on Poly

Collimator

ao0l-
i
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With
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lesd

active mass of the anmlus, & 2.5
The shield vas made compact, to fa
devices. A m;e ves des!
the sixty-inch scatte
sturhf-‘s of angula:

r to repositio

FeI(T1) P2

bases ha
etector crystals

T nch lengf
ystal assemb: a

4 to allow the use of
3-inch




The annulus is viewed by six photomultipliers. They have s
resistor biasing strings supplied from a single high voltage sourc
are fed into an operational amplifier adding circuit, desi

by the electronics shop. Emitter-follover iiputs and outputs pro

for the adder, and variable resistors in each input line enable the gains to be
balanced from each tube

The system uses time-of-flight to essentially eliminat
Dexizons asscciafilliinl g buray, | |Tistead o st o
1f:

onjunction wi se-height convert:
greater. flex)biLLy in controlling the width and position (in tim
portions of the time spectra which are to be identified wi
events and those portions to be identified with background.

In order to reduce low energy neutron contamination, it is necessary to use
the beam deflector.” This is an R. F. deflection system which allows only every
third beam burst to reach the target. Small modifications we
physical design to obtain incressed stability of oper
o simplify the tuning.

The annulus systen 1s now sssentially operational. Typical
seen elsevhere in this report.l0 Current vork is aimed at increasing the
effectiveness of the annulus through faster, more sensitive electronics.
B. J. Shepherd and C. F. Williamson)

1 VW. M. DuMond, Amual Review of Nuclear Science, 8, 163 (1958).
2 P, P. Webb and R. L. Williems, Nucl. Instr. and Methods 22, 361 (1963).

3 B. Ziegler, J. M. Wyckoff, and H. W. Koch, Nucl. Instr. and Methods 2k,
301 (1963).
R. D. Albert, Rev. of Sci. Instr. 24, 109 (1953). This is of historical
interest.

5 C.C. Trail and S. Raboy, Rev. of Sci. Instr. 24, 10% 30, 425 (199).

6 C. 0. Bostromand J. E. Draper, Rev. of Sci. Instr. 3 2 (1961).
G. Busuoli, C. Yelandri, O. Rimondi and B. Righini, Fael. S
Methods 22, 32 (1963).

8 R. J. Scroggs, W. Zobel, and F. C. Maienschein, IEEE Trans. Nuc. Sci.,
NS 11, No. 1 365 (196k4)

9 Cyclotron Research, University of Washington (1961), p. 34.

10 See Section 19 of this report.

31. Efficiency of a 4-inch Diameter by U4-inch NaI (T1) Gemma Ray
Detector

n efficiency measurement has been carried out on the h-inch dlsmeter by
4-inch NaI (T1) gama ray detector used in the proto: lation ex-
eriments reported earlier.l The method used is essentially the coincidence
technique described in Reference 2, page 219 £f.
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Fig. 31-1
shield geometry.

central portion o
the inability to have sc ng
from the walls of the collimator or
Dpenetration through the front and
back surfaces of the o L

Fig. 31-2
shield geametry.
trates: A. Sca

collimator; B. iR
surface of collimator; C. penetra-
tion at front surface of collimator.

solid angle, and
effective solid angle of the detector.
if the source is a

b2
the calculations of the eff:

point source (Figure 31

e neasurement vas carried out at
two different ggpma-ray energies (Co®0
1.17 MeV and NePk 137 MeV). A% each
gamma-ray energy the product of the
and effective solid angle was

ernined for each of the two diff
ent shields competible with the detec-

surements gt 1.37 MeV were
with a Ne°' point source
which vas nade by bomberding Ne= (in
the form of NaC1) in the cyclotron tar-
th approximtely 30 micro-
utes of deuterons. Several
radisted salt were
pls”er. ina small cavity prepared on
the surface of a 1/8-inch thick, /8-
X and covered

1.17 MeV measurements were

out with the aid of a commer-

ilable Co®0 extended source
nch

cially a
1/8-inch wide and 1/2 4

long.

The measurements were carried out

to an accuracy of approximately L.5%.

The results of the measurements

were compared to calculations of the

efficiency.3 These calculations are

for et 16 called a broad parallel

beam and give only the probab:

the incident gamme ray undergoes eny
rteract;

rystal.

This should be quite a good approxi
case of these measurements

detector crystal (Figures 31-
In order to carry out the compari-
ency, 1t is necessary to know

This cen be calculated rather precisely
). Hovever, if the source is an

L onaed source, the calealations become rather complicated. This is dus o the
fact that guma rays from the periphery of the source ean strike the sides of
0 ¢

The dolTinator andbe iabbered

the thin front and back surfaces of the col.

he crystal, end they also may penetrate

tor (Figure 31-2).
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omperisons between the measured and calculated values
Table 31 i shields have been labeled "01d" and
their dates of construction. The errors moted are somewhat larger than cited
earlier due to uncertainties in the effective solid ai an extrapolation
of the original data required for the comparison

Table 31-1

Comparison of Calculated and Measured Efficien

PrS LS »
i 2.8 5
38 G g H
55 288 §
LK 258 o
53 2 &
L ag L
Sk 248 i

2 Point Source

1.37 MeV Gamma Ray 0.840 0.849+2% 0.855:2%

o0 Extended Source

1.17 MeV Gamma Re 0.861 0.805+k . 4% 0.850t3.5%

t will be noted that the measured value of the efficiency for the old
shield and extended source lies outside the estimated b.h% experimental error
vhen compared with caleulated values. This could be due to non-uniformity of
the source or en incorrect value of the effective solid angle (the effective
50lid angle of the 0ld shield collimator is particularly difficult to calculate
due to the geometry of that shield).

n addition to the measurements of the product of the efficiency and
effective solid angle, the spectrum shapes for the above Lwo gamna-ray energies
and shields were also determined. (J. B. Gerhart, T. D. Hayward, W. A.
Kolasinski, end F. H. Schmidt)

1 Cyclotron Research, University of Washington (1963), p. k.
2 Beta and Gamma Ray Spectroscopy, Kai Siegbahn, 1955
3 Efficiencies and Photofractions for Gamme Radiation on

Sodium Todide
(Thallium Activated) Crystals, W. F. Miller, John Reynolds and William

J- Snow, ANI-5902.




TO DETECTOR BiAS

Semiconductor Charged-Particle

TCounter for Fast Coincidence
Vessurements

TO CHARGE
SENSITIVE

wvolving

S o U AT e

ticles and gamma reys require & pa"t)cle

b detection system which, apart from good
energy resolution, possesses the follow-

ing features:

TRANSMISSION
€ DETECTOR
a. Iarge acceptance aperture to r
insure reasonable counting .
T0 FAST
PREAMPLIFIER a0 J
b. A fast rising output signal for
forming fast coincidences.
c. Provision for particle identi- :
Fig. 32-1 Stacked detector con- fication
figuration to furnish energy and
timing information. A counter possessing the above festures

has been developed, incorporating \

stacked ORTEC RM EJ300 surface barrier
transmission detectors. The number of detectors used and the method of comnec-
tion depends on the nature of the particles stulied and their energy. A c
figuration used for detecting protons up to 10 ¥eV in energy is shown Bt
cally in Figure 32-1. The energy information is obtained by adding the negative
signals from the individual detectors at the input to a charge-sensitive ampli-
fier. Te configuration can be modified easily to include more detectors and to
provide for particle identification.

The fast signal is obtained by placing a transformer, small ferrite c

in the ground reburn line of the detactors. A transistor amplifier of the type
described by Williams and Neiler,! with a rise time of a2 nsec, is mounted on a
small cerd within the detector housing to minimize the pickup of cyelotron noise
before the signal is amplified. The output signal typically has a rise time of
~ 10 ns, depending on the detector capacity, and is used to drive a comventional
fast coincidence unit. (J. B. Gerhart, W. A. Kolasinski, and F. H. Schmidt)

1 ((J W. Williems and J. H. Neiler, IRE Trans. on Nucl. Sei., NS-9, No. 5
1962) 1.

33. New Solenoid Windings for the Beta-Ray Spectrometer

Iest summer the field coils of the solencidsl beta-ray spectrometer, vhich f
carry cooling water as vell as current, became plugged by deposits at the joints,
which hed accumilated during 15 years of use. Every availsble method vas used
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fo re-establish the flow of cooling water through the middle coil but without any
success. When the coils vere dismantled, it was found that the welded joints be-
fween sections of the alumimm conductors had sccumlated varying amounts of vhat
appeared to be a combination of organic matter and very fine rocks. The deposits
were concentrated in the constrictions formed by an imner sleeve placed between
sectlons, and almost no deposit was observed in other places along the coils.

New coils have been wound with copper conductors, providing better heat and
electrical conductivity and with constriction-free joints between conductors.
The ratio of metal to water-carrying hollow volume was increased to 1.27 com
pared with 1.0k in the original coils. The new conductor has a square cross

& cavity with circular rather than square cross section. This made it possible
To interlock adjacent pieces, without an internal sleeve, thus avolding the
necessity for constrictions st the joints. The outer dimension of the new
conductor is about 5 mils lerger than the original. In addition, the teflon tape

the same length coil in the original winding. As a result, the field of
compensating coils (which are unchanged) will be stronger than before, for any
given field of the main solenoid.

With'the original windings removed, it vas found that the cylinder on which
the coils were wound was out of round by about 100 mils in an over-all diemeter
of 12.700 inches. This had long been suspected. The bulges were machined off
fo conform to the depressions. The changed field characteristics resulting from
this change probebly are the cause of an improved momentum resolution. Though
only rough messurements have been made, the momentum resolution for baffle
settings which correspond to a theoretical resolution of 1.0% is now observed to
be 1.15% instesd of 1.45% with the old coils, Because of smooth joints and
increased flow of water through the solenoid, cooling is much more effective.
For example, st 140 Amperes current, which corresponds to focussed beta particles
of ebout 4 MeV, the rise in temperature is only about 10°C for the innermost
coil and about 14°C for the longest, outermost coil. Finally, about 75% less
pover is required for the transmission of beta particles of the sam energy
because of lower resistance of cooper windings compared to the original alumimum
windings. This combined with better cooling (which means less incresse of
resistance) have more than doubled the useful range of the spectrometer and D.C.
generator system. (J. B. Gerhart and G. §. Sidhu)

3% A Split Fareday Cup for Accurate Beam Positioning and

In many experiments it is undesirable to define the cyclotron beam spot
position by collimators because of the high associated neutron and gamma-ray
background. However, in many of these experiments it is also desirable to hold
the beam accurately centered on the target. In order to meet the needs of these
experiments a split Faraday cup system has been installed.



The system is shown schematically
in Figure 34-1. The face Of the Feraday
cup is split vertically and the two
halves are insulated from ground. Eac
face of the Feraday cup is comected to
the input of a Dymec voltage-to-fre-
quency converter. These integrators are
calibrated to one part in 100 to give
one output pulse for each 10" Coulomb
of charge deposited at the input. The
output pulses are boosted in emplitude
and fed to the counting rooms and also
o the control console. At the console
the outputs from the two Dymecs are
mixed electronically and also fed to the
counting rooms s well as to a precision
count rate meter on the console which
has been calibrated to read cwrent. A
similar calibrated count rate meter is
installed in each counting room.

The individual Dymecs are also fed
o calibrated count rate meters located

Fig. 3-1 Schematic diagrem of in
split Faraday cup beam positioning T
and integration system. and give a visual indication of the

balance. If i, and i, are the currents

n
striking the two faces of the Farsday cup, it is desired to measure the umbalance

U, defined by

A special balance meter circuit has been designed and built which measures log
(U) by sensing the difference in analog output between the two count rate meters.
The unbalance can be read on a single zero-center meter located on the console
which has been calibrated directly in U. The sensitivity of measurement of
unbalance is essentislly constent over the range of currents from 107 Amp to
10-10 pmp.

with a fluorescent target and the closed circuit tele-
vision, this system allows accurate alignment of the beam defining slits. The
television target can then be removed and the mull maintained by slight aljust-
ment of the analyzing magnet current. The sensitivity of the device allove
holding the beam spot position on the target constant to better than 1/32"

Used in conjunction

At the present time the corrections for drift are made manually by the

In principle, the error signal from the null meter could be incorpo-

operator.
h a

rated into a negative feed back loop to give automatic control; however, sucl
systen has not yet been instelled. The system has been in operation for several
months and appears to be very reliable. It has been extremely useful in

oY
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determining the optimum positions for the beam defining slits,
experiments depend heavily upon it for accurate beam positionin
C. F. Williamson)

!H Fsuska and

35. Design and Construction of Electronic Equipment

During the past year two counting rooms have been in active us
cyclotron, and a considerable share of the electronics effort has
toward providing a gradually improving array of equipment for the

rooms. Two counting ereas are also plamned for the tandem Van de Greaff. For
both cyclotron and VE.U de Creaff ccum,xng rooms an increasing being
placed on commercial ini call s being

Q@
built, wherever possxble, AT B s S
duplication as need ar

Specific items of electronic equipment constructed during the past year
include:

in scstcerir‘g Sveriiietiia [Bstloe the eystan dsiasheribed 1n S

new system has been installed for measuring the (yclotror beam £lux
ction 3

the new systen the Faraday cup current is fed to a commercial v o
frequency converter with an output of one pulse per 10711 xoulomu ETlio i et
charge, The puigut canl e gialad €0 give the total flux, The output can also
e fed to a count rate meter to indicate instentaneous beam intensity. Fivi

count rate meter units have been conmstructed for the latter purpose. In aadition
a count rate ratio measuring unit has been designed amd constructed which com-
pares the currents in the two sections of a Faraday cup (see the discussion of
the split Faraday cup in Section 34). Aside from convenience, the present
system is preferable to the previous system in that it has less severe problems
of cable shielding and the Faraday cup does not develop a significant d.c. volt-
age as charge accumulates. The calibration remained constant to m.hm 0.002%
over a period of & months.

fisieeoe ol eeleccont g oo el reun o veloved Fuu s
experiments vhere s ml e b Bl . This is

hed using t , three Ee scalers,
and an 11— d)gic Hewlett Packard decimal printer. Exisung ADC's were used (one
from the Nuclear Data 102k-channel analyzer and two from the locally built 256-
channel two-dimensional analyzer). The address scalers use modified versions
of our standard 200-kc scaling cards, preceded by several stages of binary
scaling. Auxiliary units vhich were built as part of the over-all system in-
clude a dead time device to dissble all inputs until the printer is ready to
handle the next event, and a marker unit to put special identifying symbols on
events (e.g. accidental events, distinguished by their occurrence in a delayed
coincidence configuration).

A differential monitor unit has been designed and built. This unit is
essentially a fast three-channel pulse height analyzer. The width of each chan-
nel may be independently controlled by a helipot. The three chamnels are always
adjacent, with no gaps between channels. The unit is designed primrily for moni-
toring counts in a single peak. Typically the central channel would be adjusted

60




to straddle the D The upper and lower chamel rates would then indicate
the extent to which the peak position shifted. The outputs of the three chan-
ers with nixie-readout, giving a rapid visual indication of sny

nels are sc

instability in the coumter or amplifier gains.
e design features of the previous eight-channel pulser have been
Jabormtory pulser system based on modular construction
ve as fast pulsers, slow pulsers, pre-
t

incorpor:
techniques.

cision pulse:
delay units.

1 plug-in cards se:
(using solid state devices rather than mercury relays), anl time
e pulsers can be simuiltanecusly activated by sdditimsl cards
er pulses selected to be either at a random or non-random
b this array of cards and the flexibility offered by modular construc-
s are vell suited to the checking of complicated electronic
arrahgenents. To date 2i modular cards have been constructed as well as four
chassis to house them.

§

e. Design features of previous slow coincidence units have been incorpo-
rated in a modular slow-coincidence chassis. The new unit typically contains
Pour input channels and four independent coincidence output combinations. An
alternative output card includes an anticoincidence option. To date two such ‘
chassis have been constructed.

Eight scaler chassis have been completed, primarily for use with the
eaff, Each chassis contains eight decades, which may be used
as a single eight-decade scaler or two four-decade scalers. A timer and master
scaler controller has also been tuilt for use with these scalers.

g. Two ovens vers bullt for use in fabrication of lithium drifted solid
state detectors. Additional equipment built for this purpose includes two
special pover supply units for bias voltages, and a metering device for use with
& U-point resistivity probe.

h. A test punch driver unit has been constructed to facilitate maintensnce
of ‘the paper tape perforators used with our milti-channel analyzers.

i, Additional chassis which have been constructed include: two stretcher
chassis for use in x-y particle identification systems, charge sensitive pre-
emplifiers for use with solid state detectors, voltage sensitive preamplifiers
for use with photomiltiplier tubes, and power supplies for use with solid state
detectors.

Equipment purchesed commercially during the past yeer includes: amilti-
channel analyzer system including a Nuclear ND-120 512-chennel analyzer, &
Nucleer Date dual amplifier, s Miclear Data buffer storage unit, a Tally psper-
tepe punch, a Tally paper—tepe reader, a Tally tape-to-typewriter comverter,
an IBM typewriter, and a Tektronix RM-503 oscilloscope; a Hewlett Packard 50-me
electronic counter; two Dymec voltage-to-frequency converters; a Cosmic colnci-
dence chassis; several preamplifiers for solid state detectors; 3 Ad-Ta 0-110
nanosecond delay line boxes; & Tektronix 541 oscilloscope; 2 Calibration
Standard precision voltmeters, a Hewlett Packard decimal printer; a Tekironix
operational amplifier plug-in and power rack; 18 relay racks; and e Wang
Ieborstories angle encoder system for the new 60" scattering chamver. (L. E.

ng, H. Fauska, R. E. Kerns, K. H. Lee, G. C. Monge and N. G. Werd
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36. On-line Computer for Dete Handling
A study has been undert
in melear experiments.
computer, the desired /‘s.p
lems. On the basis of one p}mSA of this study, & proposal for fur
Drepared and submitted to the U.S. Atomic Energy Commission. (D. Bod
H. Fauska, J. B. Gerhard, B. J. Shepherd, and R. Vandenbosch)

37. Target Preparation

targets and techniques listed in tables 37-1 and 37-2 have be:

The en pre-
pared in the past year
Table 37-1
Targets Prepared in the Past Year

Wethod of
Target, Thickness
b1 vac, evap. 5.5 1 ng/on®
1 nitriding Ii metel foil  Ni, nylon 1 ng/cn®
14F vac. evap. i, nylon 1- 1 mgferd
B vac. evap. N, A 1 g fen®
c carbon arc 5.5 10 - 100

pg/cm2

c painting 5.5
TN nitriding T4 foils 5.5,
Ni0 oxidizing Ni foils 8.8, 0.2 - 1 mg/en”
Mg red. of oxide nylon ~200 pg/cn’
Mg vac. evap. 5.5. 0.3 - 1 mg/en®
a vac. evep. 5.5, 0.1 - 1 mg/en”
510 vac. evep. nickel 0.1 - 1 mg/en”

cas vac. evap. nickel 1 ng/en®




Table 37-1 (co

Metallic 2

Halides  vac. evep. Ni,Aunylon 0.1 - 1mg/em

ca nylon ~ 200 »g/cmZ

Ca 8.8, g mg/c\n2 4

v 5.5, 2-5 mg/CmQ

cr vac. 8.8. 0.1 - 0.2 mg/e

cr electro-deposition 5.8, 1 -5 me/en’

Fe ctro-deposition s.5. 1 mg/en’ wp

co o-deposition A 1 mg/en® up

Ni electro-deposition 5.5 1 ng/en® wp

cu vac. evap. 8.8, 0.2-2 m/smz i

cu electro-dispositi s.8. 1 mg/en” wp

No ling 8.5, 3 ng/en” A

7n ctro-depos: 5.5, 1 ng/en® up

ca electro-deposition 5.5, 1 mg/en® up

sn electro-deposition s.5. 1 wg/on® up

sb electro-deposition 5.5. 1 mg/en? up

Rare Earth o

Oxides slurry nylon 1 - 20 mg/cm

Te rolling 8.8. 5 mg/cn?

A vac. evep. 5.5. 0.1 - 3 mg/cu®

Pb vac. evap. 5.8. 0.5 - 2 mg/cu? i

BL vac. evap. s.s. 0.2 - 3 mg/cu® 1

slurry 0.1 - 0.2 mg/ex’
electro-disposition N 1 ng/cu?

* s.5. indicates self-supporting v
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Terget*  Plating Solution ma/cn Anode  Cathode Thickness
cr 100:1 Chromic acid to
sulfur:

Llimit 300 mg CrO3 per
10 ml. solution 250 Pb cu

Mn 150 g. MnS0y,/ £
75 g. (W, )2501,/1
60 g. (i, )CN:
PH 4.0 - 5.5, tcmP 2
25°¢c 150 Pt a >

Fe Fes0y as required
sat. (NE,),Co0
solution. Prepare

by pptng. Fe(OH)3
with NEOE from
sulfate solution and
redissolve hydroxide
vith gust enough omlic
PH 6-7

acid s 10 Pt cu >1

fon.

Co T50 mg ch1 SHQD/

5 ml.

CaCly/ : ; ml. Hgo 10 Pt Cu > 1 mg/em’
N NiS0, as requ:

20 mi. §H,0H/100 ml.
Lo (e, )5S0,/

0.5-2 Pt Polished
steel

> 1 ng/en’



0 ml. N
. (N
1 g. KON/W00 mg Zn 2 Pt Cu, Au
ca red
0 ml.
50 Ou, M,
™
sn
5 Bt Cu,fu
U
130-
150 Bt it
* 1 be made self-suppor

the exception of uranium c:
the




The apparatus used for vacuum evaporgtion is a CVC LC1-14B
system with en ultimate vacuum of 2 x 10" m Hg. Heavy copper
used. In the near future an electron gun will be instelled all
£lexibility in target materials.

The electroplating procedure was used mainly to prepare foi isotopes
wiich are evailsble in limited quantities and also to prepare thick

he transition clenents vhich alloy with fungsten when morten and
prepared by vacum evaporation.

be

Only the more interesting or non-stenderd technigues will t
more detail.

Nitrogen

Natural or monoisotopic nitrogen foils are made by heating titanium foils
to approximately 1200°C with an induction heater in a closed quartz system
containing nitrogen for ten to fifteen mimites. The nitride foils have &
yellowish-bronze color

Oxygen

Nickel foils can be oxidized in air in a furnace at about 700°C. to produce
nstural nickel oxide foils or in a closed system by means of an i on heater
for monolsotople oxygen. Nickel 1s used because of its ease of oxidation and
the commerciel availability of very thin foils.

Carbon

Thick carbon tergets, i.e. thicker than can be made from & carbon arc may
gepared by painting, spraying or dipping glass slides into Deg Dispersion
#154%, a colloidal graphite emlsion in isopropanol and floating off on water.
They may be rendered oxygen-free by heating under vacumm to 1000°C for sbout one-
half hour and cooling to room temperature in vacuum.

be p)

Calcium amd Magnesium

Thin monisotopic targets of calcium and megnesium may be prepared by t
reduction of the carbonate or oxide in & tentalum tube bost with au 1/8" iy

e.

e tempersture during initial hesting is increased very slovly to deges
the carbonate as it forms the oxide. The oxide is then reduced on the hot
tentalum surface by the tentalum, but only for limited amounts of msterial, i.e.

50-150 mg. oxide. Typical target thickness is around 200 g/cm?. Thin nylon
backings are used.

Rare Earth Oxides

Targets of enriched Lsotopes of the rare earth oxides are prepared by
dropping & slurry in pla
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| lute solution of polystyrene in benzene may be used instead of
1 jstyrene binds the powler together and makes & much more

water. Aft
be picked up on & wire frame and mounted.

Nylon ilms are prepared by dropping a hot dilute solution of nylon in
1s0butyl alcohol onto warm After ten to fifteen mimites & thin fila can

Lead end Bismith

Lead and bismith are evaporsted from a tantalum boat at a temperature of
about T00°C onto Zapon £11lms backed by 100 mesh electromesh. The Zapon mey be

removed vith amyl acetate.

The oxide costing on the metals is removed by momentarily evaporating at &
higher temperature onto a shield convering the becking. After decreasing the
‘temperature to epproximately 70°C the shield is removed and evaporation con-
tinued onto the backing.

Zapon £i1lms are prepared by dropping Zapon Aequanite "A 1acquer’ onto
vater, picking the filn up on the electromesh and allowing it to dry thoroughly.
(3. Seuer)

Nickel foils available from Caromium Corporation, Waterbury, Comnecticut.
Available from Acheson Colloids Co., Port Huron, Michigan
Aveilable from Atlas Powder Co. Stemford, Connecticut or
North Chicago, Illinois
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X. APPENDIX

Major loss of time was due to:
in 1963, s

Table 38-1

Division of Cyclotron Time Among

Hours
Normal Operation 712
Setup of Experiments 296
Cyclotron Testing 138
Scheduled Repairs and Modifications 256
Unscheduled Repair 190
lure of Experimental Equipment 47
Unsatisfactory Cyclotron Operation 139
Unrequested Time 60
Visitors 15
Total 6192
Table 38-2

Division of Normal Time Among

Projectiles Hours
Alpha Par 3318
Protons 481
Deuterons 387

4186

38, Statistics of Cyclotron Operation

The disposition of the time available for eyclo!
period from May 16, 1963, to May 15, 1964, is give:
383

rebuilding of the main os
a 2) installing the new diffusion pump in the main vac

on operat
Tables 3!

Activities
Percent
75.9

4.8

100.0

Projectiles
Percent

79.2

114

0.4

100.0
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