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INTRODUCTION

This report summa:izes the work done at the John H. Williams Labora-
tory of Nuclear Physics‘at the University of Minnesota during the year
‘ending in August.l969. The work was supported by the United States Atomic
Energy Commission under Contract AT(11-1)-1265.

Part A of this report describes: the research conducted by the faculty,
research associates and students of the University of Minnesota. Although
the ;eactions studied involved elements ranging throughout the periodic
table, a large fraction of the work dealt with the spectroscopy of nuclei
in the groups from fluorine through.nickel! Attention was devoted to
some of the rare-earth eleménts and also to lead and bismuth. The nuclear
spectroscopy of these elements was investigated by elastic and inelastic
scattering of chargéd particles and a number of nucleon transfer. reactions.
The analysis of several of these experiments contributed to a.better un-
derstanding of the obticai model of the nucleus.

The proton linear accelerator was in operatioﬁ until January 7, 1969
and the model MP tandem Van de.Graaff was in operation throughout the year.
Polarized protons were produced by the linear accelerator during a large
fraction of its operation.

The CDC 3100 computer was used extensively for accumulation of data
with arrays of charged particle detectors, both in the ORTEC target chamber
and in the split-pole magnetic spectrometer. Some computer programs de-

veloped for aid in data taking are described briefly.
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Part B includes improvements to equipment and facilities.

Part C summarizes the year;s operation of the two accelerators,
the computer, and the magnetic spectrometer. - Ihé linear accelerator
performed at high efficiency until it was shut down and the tandem Van
de Graaff provided more time for experimental work than in the previous
year.

There is included a sﬁmmary of experience with the polafized proton
source used on the linear accelerator and a description of the develop-
ment and test work now under way on the polgrized ion source soon to be
installed on the tandem Van de Graaff, |

The Appendix gives a list of 1aboratofy personnel, of the advanced
degrees granted, and of reports and publications since last year's

report.

J. M. Blair



A. RESEARCH PROGRAM

I. ELASTIC AND INELASTIC SCATTERING

6%
1. Search for Be (2.08)

D. K. Olsen, W. S. Chien, and R. E. Brown

In the previous annual reportlwas described a search for states in
Be6 by means of the Li6(He3,t) reaction at 28-MeV bombarding energj. A
OAE-E detection system was ﬁsed to identify ‘tritons. Only-the well known
ground state and broad 1.67-MeV state of Be6 were cleéfly observed. How-
ever, at 25° and 30° a sligﬁt structure was obsérved on';he high-excitation-
energy side of the Be6*(1.67) structure, which would correspond to a state
in B¢6‘at about 2.08 MeV. About 800 counts wgré recorded in this region
of the triton spectrum.

In order to inQestigate further the possibility of a state in Be6 at
2.08 Mev, tritons from the abdvé*deséribed reaction were qbservéd with
" position-sensitive detectors2 in the f6é31 plane of the split-pole spec-
trometer.3 Data were obtained at 25° and 30°, and no indication of any
additional state in Be6 between 1.89 and 2.33 MeV was.obsefved. Figure 1-1
shows the triton spectrum obtained at 25° in a siﬁgle detector. Had the
structure indicated in the above mentioned AE-E experiment been due to a
state in Be6, a peak abgut 5-channels wide would have been present in Fig.l1l-1
‘ near an excitation eqétg& of 2.08 MeV. The counting,;tatistiés here
are much better thgn‘p;eviouely,‘there‘beiqg about gOQO_triton counts near
2.08-MevV excitatiéé.: | |

The conclusion drawn from this and the p;evious experiment is that
Be6(g.s.) and Be6*(1.67) are the only two atafes in Be6 observed in the

L16(He3,t) reaction up to a Be6 excitation energy of about 11 MeV.
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2. © Elastic and Inelastic Scattering of Alphas from N14

D. H. Fitzgerald and R. K. Hobbie

Recently, several exberimenters have investigated nuclear reactions
with the exit channel & + Nla. All of these workers have placed parti-
cular emphasis on examining the intensity of the reaction leading to the
T=1, 2.31 MeV level in Nla. This reaction.is forbidden by conservation
of b&th charge parity and isospin, since in all cases the incident par-
ticles and the outgoing alpbé-particles have T=0. The present work was
initially undertakgn to extend to higher excitétioﬁ energies in F18 the
. study of the isospin non-conserving reaction to o + Nla*(T=1). Later
it became apparent that exditafion functions from the abAand a, T-allowed
reaction channels lent themselves to a study of compound nucleus crdss
section fluctuatioﬁs.A These data were gxamined in the spirit of Ericson
fluctuation theory1 and a "coherence width'" was established for the
fluctuations.

Excitation function data were taken at four-angles corresponding to

zeros of Legendre polynomials with the following g-values: 24.3° (L=4),

74° (odd g), 127.7° (4=3), and 157.6° (4=8). Nitrogen targets for the



experiment were obtained by evaporating foughly 70 p,g/cm2 of adenine

(C5H3N4;NH2) onto 10 “,g/cm2 thick, commercially obtained carbon foils.
Cross section normalization was accomplished by comparison to gas cell
scattering data obtained using gas cell detector systems developed by

R. E. Brown and C. G. Jacobs.2

The most apparent feature of the excitation functions is the strong
fluctuation of the cross section with energy. The fluctuations appear
uncorrelated at large anglés and between different reaction channels.
Accordingly, the excitation_functions were subjected to an Ericson fluc-
tuation analysis in an effort to determine if the structure is due to
preferential formation of wide, partially overlapping levels in the com-
pound nucleus or due to statistical processes. Unfortunately, the results
of the analysis are somewhat ambiguous due to finite range'of data effects
and energy dependence of average quantities, such as structure width and
cross section magnitude, which must be assumed constant for the analysis.
However, the results, taken wifh the qualitatively observed lack of fluc-
tuation correlation mentioned above, make it seem likely that the cross
section fluctuations are dué to statistical processes. Assuming this to
be the case, the analysis yields an aver;ge coherence width of about 250
keV. This is in good agreement with the fesults of Dzubay,3 who studied

2 6 * .
Cl'(Li ,Oﬁ)Nla (T=1) at somewhat lower excitation energies in F18.

(Dzubay's range was 15:5-17.2'MéV"of ‘excitation, compared with 15.3-21.6

MeV for thé present experiment.)

The investigation of the T-forbidden reaction to the 2.3l MeV state
in Nla also yielded results'which are difficult to interpret. The o
éross section at 32° (CM) ranged typically from .05% to .4% of the ab

cross section. (This investigation was severely limited by the presence



of several target ebﬁfEminapts“whose reaction groups interfered at the
other detector angles with the ai-group from Nla.) In addition to the
T-forbiddeness of ;he a1 eeactioh, iﬁ is inhieited by angulaf moment um
and parity conservatiop. Thus it is invalid to interpret the Oi/ob yield
ratio as an indication of the true degree of isospin conservation in
Nla(a,ai)Nla*. The results may be compared with the predictions of
Wilkinson,4 who indicaees that for nuclei.with A =4n + 2 (A=20) a
transitioun to effeetive.hiéh isospin purity occurs in the excitation
region 14-18 MeV. The basis for this transition is that states this
high in excitation decay too fast for isospin mixing to occur. Indeed,
the relative ai yield for the present work is considerably smaller than
that for other experiments done at lower energies3’5’6 where the al/ob
yield ratio ranged up to 304. However, the Qi cross section in the
present case shows no ﬁeasurable overall decrease with increasing en-
ergy 'in the excitation region 15.3-21.6 MeV. in addition, fairly sharp
structure appears in the excitation function throughout the energy range
‘studied, instead of washing out at higher energies as one would expect

on the basis of Wilkinson's predictions.
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3. 160 States Via the }AN(3He,p)160 Reaction

A. R. Barnett and D. Dehnhard

An investigation §f the highly excited states of 16O in. the energy
region between 15 MeV and 25 MeV is under way using the 14N(3He,p)160
reaction at a bombarding energy of 24 MeV. Surprising little is knownl
about spin-parity values of states in this region and almost all the in-
formation has come from resonance reactions. The excitation of the T=1
states in the spectrum can be directly compared with the analogous reac-
tion 14N(t,p)160 for which angular distriﬁutions up to 8 MeV excitétion
in 16N (21 MeV in 160) are known.2 In the‘(3He,p) reaction the T=0
states of 160 are excited, in addition to the T=l states. This tends: to
‘produce a general background since most of the T=0 states seem to be
broad.1 Also three-body-break-up contributes to the "background" in
this cnorgy region.

We used a gas target system at a pressure of 203 mm of pure lZ‘Nz
gas and an E;AE particle idéntification system for the initial runms.

This eliminated the considerablé difficulties arising from strong (3He,p)
peaks fromkthe carbon present in many solid targets (e.g. adenine3) and

it has the great advantage‘thagrgbsolute cross sections can be obtained

to high accuracy. A 700 p surface barrier Si transmission detector waé
used for AE and a 3 mm Si-Li stoppiﬁg detector for E; pulses were analyzed
with the power-law routine in thg on-1line 3100 computer.4 Protons with

energies between 10 and 25 MeV were stopped by the detector telescope,



corresponding to the excitation region 13-27 MeV in 160; deuterons from

the “*N(CHe,d)l?

0 reaction were éiso analyzed; 3He and 0 particles were
completely stopped in the AE detector. Fig. 3-1 shows a spectrum taken
at 30° and covering thé energy range 18-27 MeV; the peaks are labelled
with their excitation energies in 160.

A resolution of 180 keV was obtainéd for the proton group; due
mainly to the entrance foii thickness (1 mil H-film) and to kinematic
spread, and partially due to detector noise. Calibration runs with a
solid % target of 100 pg/cm2 showed 100 keV resolution. An angular .
distribution was taken at a bombarding energy of 24 MeV 3He at five
angles between elab = 15° and 30°.. The states seen by Comfort et al3
were at 15.8, 16.2, 17.1, 17.8, 18.0, 19.0, 19.4, 19.9, and 20.4 MeV and
we find general agreement. More detailed angular distributions are being
taken and will be analyzed with a two particle transfer code to determine
16

L values and to test wave functions in 0.

The 14N(3He,d)1§0 Reaction.

As a byproduct of this'work we have measured the angular distribu-
tion of deuteron groups from the 14N(3He,d)150 reaction leading to 15O
states below 9 MeV in excitation. The overall deuteron resolution of
130 keV (FWHM) was adequate to resolve all the 150 states except the
5.188 MeV, 5.240 MeV and the 6.789 MeV, 6.857 MeV doublets. A distri-

bution between © = 15o and 30o has been taken and a more detailed

lab
study is planned. The data can be compared with the recent Rochester
studyS of the same reaction at a 3He energy of 14 MeV. An énergy spec-

trum of the 14!(3He,00150 reaction at elab 30° is shown in Fig. 3-2.
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II. SPECTROSCOPY OF NUCLEI FROM F THROUGH Ca

4. Octupole and Quadrupole Transition Rates in Fl9 from

Scatteriggﬁof 15 MeV Deuterons

D. Dehnhard and N. M. Hintz

Experimental results from 15.0 MeV deuterons scattered b& F19 were
reported previously.1 AInelastic groups—leaving F19 in its five lowest
lying excited states had been observed using two position-sensitive de-
tectors placed in the focal plane of a split-pole magnetic spectrometer.
The elastic scattering cross section has now been analyzed using an op-
tical model (see Fig. 4-1 ). B(E2)], values for the transitions from
the 5/2 + (0.197 MeV) and the 3/2 + (1.56 MeV) states to the g.g; were
found to be 9 + 3 and-10 + 3 W.u. (single ﬁarticle units). They were
calculated from the 62 deformation parameter extracted from a DWBA anal-
ysis (Figs. 4-2 and 4-3 ) using a complex form factor derived from the
optical model analysis with a surface absorption term. These results
are in good agreement with results obtained from inelastic proton scat-
tering2 and from Coulomb excitation experiments.

However, the B(E3)l value for the 5/2° —» 1/f+ transition from the
1.35 MeV state was found to be 1.4 4+ 0.6 W.u. as compared to 3,8 £ 0.6
W.u. from a (p,p') expefj.ment2 and to 12.0 1+ 4.0 W.u.3 and 6.5 + 1.1 w.u.4

from two different Coulomb excitation experiments. The results have been

compared to various model predictioms and will be published soon.
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5. Energy Levels of Ne ~ from F19(He3,t)N1

D. Dehnhard and H. Ohnuma

The (He3,t) reaction on F19 leading to states in the mirror nucleus
Ne19 has been studied at an incident energy of 25 MeV. An array of three
positionfsensiti§e detectors'placed in the focal plane of the spli;-pole
magnetic spectrometer was used.. Angular distributions of the transitions
to Fhe six lowest 1evels‘of Ne19 were measured between 7° aﬁd 700(1ab).
Complete ‘spectra between 0 and about 8 MeV excitation were taken at 8°
and 36o(lab). Many excited states not previously known were identified.
Several states were found in the region of the isobaric analog of the
ground state doublet of 019, and angular distributions to these states
were taken between 8° and 480(1ab).

The first three states in Ne19 are known to be 1/2+, 5/2+, and

1/2;. Olness et al1 made tentative assignments 5/2°, 3/2+, and 3/2°

for the 1.51, 1.54, and 1.61 MeV, respectively.

| In inelastic scattering on F;g the negatiQe parity states are very
weak, while low-lying positive parity states, forming a K=1/2 rotational

band based on Nilsson orbit number 6, are very strongly excited.z’3 If

the (He3,t) reaction .to excited states in Ne19 proceeds as ''quasi-elastic"
scattering4 we would expect relafive (He3,t) cross sections to be similar
to those of (d,d')2 and (p,p')3 on Flg.

The transitions to the 0.275-, 1.51-, and 1.61-MeV states are an
order of magnitude weaker than those to the ground state and the 0.238-
and 1.54- MeV states. Therefore, the former three states are most

likely the negative parity states, while the latter three are positive

parity states.
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To extract L-vélﬁes-we performed distorted wave calculations as-
suming complex collective form factors derived from an optical model
potential for He3 scattering.5 The angular distributions. to the 0.238--
and 1.54-MeV states can be fitted by an L=2 calculated curve. This con-
firms that these states are 5/2+ and 3/2+ states. it is interesting to
note thaf the (He3,t) cross section ratio for these two states du(0.22)/
do(1.54) is close to 1.5 as expected for "quasi-ineiastic" scatteriﬁg to
the 5/2+'and 3/2+ states of the rotational band. The transition to the
1.51-MeV state can be fitted by an L=3 angular distribution. The 1.61-
MeV state angular distribution has a significantly different shape.

If this state is 3/2 it may be excited by L=1 (or a mixture of L=1 and
L=3). No attempt was made to fit L=1 because it is not justified to use
collective form factors for these transitions. We conclude that the

1.51-MeV state is the 5/2 state and the 1.61-MeV state is 3/2 .
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6. (p,ﬁ)@ (p,p'), and (p,d) Reactions on Neon at 40 MeV

D. G. Madland and N. M. Hiqtz

The experimental work on the (p,p), (psp'); énd kp,d) reactions
on the neon isotopes has been completed. The elastic differential cross
sections 22Ne(p,p) and 20Ne(p,p) were measured over:an angular range of
15°_<_ 2] ._‘."1400. The (p,p') work on 22Ne and 20Ne described in the last
progress report1 has been extended to backward angles while the (p,é')
reaction‘op 21Ne has yielded less data because the target‘was only avail-
abie wicHESZ% enrichment. The results of the (p,d) reaction studies in-
clude aﬁgular d{stributioﬁs on resolved states up to 6 MeV of excitation
in'ZQNe and up to 3 MeV of excitation in 19Ne and'21Ne. Finally, the
gas cell.geometry was measured by comparing the H(p,p)H differential
cross section with the 1% absolute experiment of Johnstoﬁ.2

The oﬁgical model analysis of the elastic differential cross sec-
tions is in}prégress. The optical pérameterg obtained will be used in

"the DWBA analysis of the (p,p') and (p,d) data.

References

1. D.G. Madland and N.M. Hintz, John H. Williams Laboratory of Nuclear
Physics Annual Report, 1968, p. 35.

2. L.H. Johnston and D.A. Swenson, Phys. Rev. 111, 212 (1958).

7. The (p,t) and (p,He3) Reactions on Oxygen and Neon at 40 MeV

D. K. Olsen and R. E. Brown

| The experimental work described in the 1968 Progress Report on the °

(p>t) and (p,Hea) reactions on the neon isotopes has been completed.
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Table 7-1 summarizes the angular distributions obtained during the

past year. Altogether cross sections for 25 transitions trom the Ne20a

and Ne22 isotopes have been measured.

TABLE 7-1

“(p,t) and (p,h¢3) Data Obtaihéd”qn.Nezolénd'Ne22_ ’
Reaction o Jn,T of Final-State . Angular Range.
ne?0(p,ue?)F B (e 5.) 1+,0 8°-80°
Nezo(p,t)Nels(l.SB) , ot © 10°-75°

(3.36) 7,1 - | 10°-50°

(3.61) 1,1 10°-55°

(4.55) 17,1 10°-65°
ne22(p, t)Ne20(10.27) AN - 8%-75°

Fig. 7-1 shows the differential cross sections for the 017(p,t)
03 .s.), 0t (p,t30'7(6.16), 017 (p,ne)N!>(G.5.), and 07 (p,He?)0l? (6.33)

reactions. The absolute cross section scale is arbitrary; however, the

relative cross sections bétween the ahgular‘distfibutions are in .correct
proportion. Ihe targets were made by oxidizing 0.9 mgm/cm2 nickel foils
in a pure oxygen atmusphere having the following isotopic compositisns = -

016:23.4¢, 0'7.36.64, 0!8

:40.0%. -The-(p,He3) differential cross sections
have less structure and are considerably smaller in magnitude than the
(p>t) differential cross sections. An éttempt is being made to undérsﬁan&

the experimental data in terms of a direct two-nucleon transfer process.
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8. Proton Pickup From Al27

R. DeLong and D. Dehnhard

Wildenthai and Néwmanl'andAG. J. Wagner et a12 have observed a
rather strong 4=2 transition in the A127(d,He3)Mg2§.reaction to the
unresolvéd‘4.3 MeV triplet in Mg26. The strength of this transition
‘(CZS=2.O-2.3)'caﬁ be explained1 by alsheli model calculétion assumiﬁg“
the transition goes mainly to a 4+ state near 4 MeV. From (t,a) and
(t,p) experitﬁents3 states at 4.32 MeV énd 4.35 MeV were tentatively as-
signed to be 4+. It is important to know what fraction of the total
transition étrength observed in kgf. 1 and 2 1s contained in the 4+
state proposed by theory.1 Another triplet of states around 4.9 MeV
was also not resolved in the latter two experiments.

We ha&e studied the regction A127(d,He3) at 19 MeV using the split-
pole magnetic spectrometer4 and two position-sensitive detectors'located
so as to detect the 4.3 MeV and the 4.9 MeV triplets simultaneously.
Fig. 8-1 shows a p§sition spectrum of the 4:3 MeV triplet from the
(d,HeB) réaction with a target of 20 ug/émz Al27 on a 10Aué/cm2 carbon
backing. The so1id line was determined by using a Gaussian peak fitting
program. The'resolution at forward apgies was about 13 keV (FWHM)‘and
deteriorated at larger angles.because of the larger energy loss in the o
target. |

Angular distributions were taken from 10° to 70°. The 4.313 MeV
and 4.330 MeV states are excited.by £=2 transitions. For the transi-

tion to the 4.350 MeV state an 4=0 assignment appears likely, in agreeﬁent
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with the theoretical calculatidns,1 which predict a predominately g=0
transition to a 2+ state around that energy. Apparently, most of the.
strength of the transition to the triplet is contained in the 4.313 MeV
state, which would then have to be the 4+ state in the shell model'cal-
) .

culations.

The 4.9 MeV triplet was found to be only weakly excited, with most
of the strength being in tHe 4.83 MeV state. Angular distributions on

this triplef are incomplete.

References
1. B.H. Wildenthal and E. Newman, Phys. Rev. 175, 1431 (1968).

2. G.J. Wagner, G. Mairle, and U. Schmidt-Rohr, Nucl. Phys. Al25,

80 (1969). '
3. S. Hinds, H. Marchant, and R. Middleton, Nucl. Phys. 67, 257 (1965).
4. J.E. Spencer and H.A. Enge, Nucl. Instr. and Meth. 49, 181 (1967);

John H. Williams Laboratory Annual Progress Report; University of
Minnesota, 1968, p. 150.

The ZGEg(d’3He) 25Na Reaction and the '"Modified DWBA'

Ve

D. Dehnhard-and R. DeLong

P. D. Kunz et al}Ahave shown that the effects of strong coupiing
in the initial and final state in a particle transfer reaction may bg
simulated by a modification of the optical model para@eters for in-
coming and outgoing particles. We have apﬁlied their prescription to
distorted wave calculations for thé 26Mg(d,3ﬁe) 25Na reaétion at 20

MeV and at 34.4 M.eV.2
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The data at 20 MeV were taken with the split-pole magnefic spec-
trometer and position-sensitive detectors. Angular distributions of
the g.s., the 90 keV étate,and the 1.07 MeV sfate were obtained be-
tween 10° and 55° (lab)(Fig. 9-1 ). The 90 keV state, not resolved
at Ed = 34 MeVZ, was easily résolved with the spectrometer énd found
to be only very weakly excited. "Reguiar" DWBA calculations with op-
tical model parameters pbtained'by Wildenthal and Newman3 from 34 MeV
deuteroﬁ scattering on sevéral nuclei and‘by Yntema and Dehnhard'4 from
33 MeVv ue3 scattering on Mg26 gave only very poor fits to the experi-
mental data at 20 MeV (Fig. 9-1y solid lines). Very good fits to the
£=0 transition to the 1.07 MeV state and the g=2 transition to the 90
keV state (Fig. 9-1, broken lines) are obfained by increasing the rad-
ius of the optical model pafémeters in incoming and outgoing channel
és suggeé£cd in Ref. 1 by a faclor of (1 + ¥3) = L.2 where B is the
deformation barameter‘and % (defined in Ref. 15 depends upon the.

Nilsson coefficients C. The applicébili;y of the Nilsson model to

-eXpléin lowélying.stat:: in 25Na is not quite clear, because the g.s.

of‘zsﬁa hAs‘Jﬁ';:5/2+ ana‘nét 3/2+ as expected from the rotational

model and as observed in 23Na.. However, we performed preliminary

Coriolis band mixing calculations using a code written by J. R. ErskineS

and found that the 5/2¥ rotational state based on the K=3/2+ Nilsson or-

bit number 7 mixes strongly with the 5/2+ state of Nilsson orbit number
i

6 and can therefore be found below the 3/2+ state. It is not yet clear

how the prescription given by Kunz et al}should be modified to include

band mixing. Nevertheless, the cdnsiderable improvement of the fits

for the 1/2+ and 3/2+ states is interesting. (The regular DWBA fit for

the 3/2+ state has the same shape as for the 5/2+ g.8.(s0lid line).)
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If the 5/2+ g.s. state would be a pure rotational stete based on orbit
number 7 it would have tc be above the 3/i+ state and 1 would be very
small (see Table IIT | in Ref. ij. however, thrcugh band mixing with the
K-1/2 band (orbit number 6) 2 would probably increase as is suggested
by the experimental points which are found just between the calculated
curves for x=0 angh(1+uﬁ) = .2; For the 34 MeV data (not shown) the
effect cf changing the.radius wes much less drastic than for the 20 MeV
data; “

| At present it cannot be excluded that the good fits obtained by
the increase in the radius of the opticai model parametere may be due -
to otherwise poor ontical model parameters at the iower energy. More
examplesvof transfer reactlons on strongly deforned nuclei should be
investigated in the way suggested by Ref. 1.
References |
1. P.D. Kunz, E. Rost, and R.R. Johnson, Phys. Rev. 177, 1737 (1969).
2. D. Dehnhard, E. Newman, J.C. Hiebert; and B.M. Preedom, unpubliehed.
3. E. Newman, L.C. Becket, P.M. Preedom and i;C. Hiebert, Nucl. Phys.
4., J.L. ¥Yntema and D. Dehnhard, to be published. |

5. We are grateful to Dr. J.R. Erskine for permitting us to use his code

at Argonne National Laboratory.
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10. (3He,d) Reactions on ngi

W. W. Dykoski and D. Dehnhard

It has been suggestedlA;hat the strength of transitions in parti-
cle transfer reactions may be reduced when target and final.nucleus
have significantly different shapes. Some evidence for this effect
was seen in»neutron pickup reactions on Si isotopes.2 ﬁe are now
studying proton stripping reactions on the Si isotopes using the (3He,d)
reaction.

So far, SiO2 tafgets enriched in 29Si to 924 were éxposed to 25 MeV
3He particles. The split-pole magnetic spectrometer together with nu-
~clear emulsion plates was used to detect the deuterons. Broad range
spectra at several angles between 8° and 29° were taken and have been
scanned between O and 6 MeV excitation. A part of a typical spectrum is
shown in the Fig. 10-1 . These data‘are now being analyzed. For com-

parison, we expect to study the (3He,d) reaction on 2881 and 3081.

References
1. G. R. Satchler, Ann. of Phys. 3, 275 (1958).

2. D. Dehnhard and C. G. Hoot, John H. Williams Laboratory of Nuclear

Physics Annual Report, 1968, Sec. 24.

- 2 PR o B
11. . Si 9(d,p)8130 Reaction

H. Ohnuma and D. Dehnhard

.29 . 30 . '
The Si " (d,p)Si reaction has been studied at an incident energy
of 20 MeV. The split-pole magnetic spectrometer and nuclear emulsion

plates, covered with absorber foils, have been used to detect the pro-
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tons. A typical spectrum obtained at 25°(lab) is shown in Fig. 11-1

Angular distributions have been measured for states between 2 and 6 MeV
excitation. The states at 2.23,'3.51, 4.81, 5.22, and 5.61 MeV are ex- -
cited by g=2. A recent assignment1 (J“=2+) to the 4.808-MeV state is
consistent with the present fesult; An z¥2 transition to thé.5.22 MeV
state confirms the recenﬁ assignment2 of 3+ and contradicts the old as- .
signment3 of 3. An~unresolved doublet at 3.78 MeV is probably a mix-
ture of 2=0 and g=2, in agréement Qith the 1+ and 0+ assignment3’4 to

the 3.767. and 3.786 MeV states; respectively. The 5.45 MeV-state is seen
strongly excited by. g=3, suéporting the 3~ assignment3 to this state.

The strong excitation sugg;sts that this state is nét a purely collective
octupole state as expected from neighboring'nuclei, but a state formed
mainly by the coupling of an f particle to the ground state of 8129.

The energy of this state is quite high compared to neighboring nuclei
where the states with a large f component are around 3.5 MeV. Thg states

at 4.83 MeV and 5.27 MeV were seen weakly excited; an 4 assignment has

not yet been made.
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'III. "SPECTROSCOPY OF NUCLEI FROM Sc THROUGH Ni

12. Levels in Sc** from the Caaz(a,d)Sc44 Reaction

R. H. Cornett, H. Ohnuma, and N. M. Hintz

In an attempt to study the energy level structure of 8044’ we are
currently at work on the Caaz(a,d)Sc44 reactidn with the split-pole
spectrometer, using 25 MeV @'s from the tandem Van de Graaff.accelerator.
The (a,dj reactio; will yield information complementary to that of
other two-nuclebn transfer experiments such as the.CaAZ(HeB}p)Sc44
work doné ét Heidelberg1 and the T146(d,oc)Sc44 experiment done here
by Wallen, Ohnuma and Hintz.2 The contamination‘free calcium target
used necessitated the dévelopment of the vagudm target transfer sys-

tem described elsewhere.3

References

1. Jahresbericht 1968, Max-Planck Institut flr Kernphysik, Heidelberg,
p. 34. ' '

2. This report,'section 14 s

3. This report, section 46 .

13- Scas'(d?"f)SE'éé Reaction T

H. Ohnuma, A. M. Sourkes and N. M. Hintz

The Sc45(d,t)Sc44 reaction has been studied with a 19.5 MeV deu-
teron beam from the Williams Laboratory tandem Van de Graaff. The reac-
" tion products have been anafyzed by a split-pole magnetic speétfometer

and position-sensitive detectors. The targets were metallic scandium
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foils, some on carbon backings; A typical triton spectrum obtained at
200(1;b) is shown in Fig. 13-1 .| peaks between group 11 and 15 are due

to pile-up from the out-of-focus-deuteron elastic groups. Angular dis-
tributions fér some low-lying states are shown in Fig. 13-2 . 1In Table 13-1
. the results are summarized and compared with previous neufrbn pickup
experimepts.l’2 Sums of the spectroscopic factors obtained here are

also given in the Table. The 2;3 strength is exhausted by about 1.5

MeV, except for the analog state at 2.8 MeV; many States with d and s
strength appear thereafter. A weak £=1 component was observed indicating
that there is-a‘mixture of p-neutrons in the ground state of Sc45. The

i : 3 +
first and second excited states, which are known™ to be 1 , are not ex-

cited in the present experiment.

References
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L/%i4- Levels in 0dd-0dd Scandium Isotopes from Ti(d,Q)

R. A. Wallen, H. Ohnuma, and N. M. Hintz

In order to obtain moré=information on energy levels, spins, and
gpﬁfigdration,mixing in the odd-odd isotopes, we have been studyingAthe
(d,a)‘feaéﬁiéh on the three even-even Ti isotopes at Ed=19 MeV. We have
faken data at laboratory angles from 10° to 90°. The level of excitation

in the Ti nuclei ranged from 0 to 5 MeV.
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TABLE 13-1. Comparison of Various Neutron Pick-Up Reactions on Sc“s.

Ref. 1 (p,d) Ref. 2 (H.CJ.I) Present work (d,t)
E(MeV) L s ECkev) 2 s E(keV) 2 s
0 = 3 . 0.30 0 -3 0.42 0 3 0.52
0.26640.009 3 0.47 269120 3 0.60 27045 3 0.70
" 0.3640.010 3 0.38 4 3 0.43 - 351 1,3 0.04, 0.28
425 0,2 0.01, 0.07
, 628 0,2 0.01, 0.15
0.64640.012 3 0.32 65 3 0.33 668 3 0.39
0.74840.015 3 0.22 756 3 0.17 765 3 0.26
0.95240.015 3 1.36 . 976 3 1.66 971 3 1.50
' ’ 1008 0,2 0.01, 0.04
1.025+0.02 , 1043 3 0.28 1056 1,3 0.07, 0.36
1.165:0.017 ~ - 1181 3 0.28 1183 1,3 0.04, 0.26
1.41£0,02 (2) 1626 (2) 0.24 1409 2 0.54
1.510.02 ) : ,
1531 (2) 0.5 . 1533 1,3 0.05, 0.15
‘ 3) 0.30 '
| 1559 0,2  0.05, 0.20
1.6640.02 Q) : 1682 2 0.39 1690 0,2 0.03, 0.40
: 1767 . ‘
1988410 0 0.07
2042 ‘0,2 0.02,0.08
2110 &) 0.18 2111 0,2 0.04,0.46
2210 (@ 0. 2186 2 0.08
2245
2336 . 2 0.13
2498 0 0.15
2526 (@) (0.17)
2584 2589 .0 0.20
' 2625 0,2  0.04, 0.14
2696 ' ‘
2763 3 0.12
2907 EE c2s = 4.61
3004 (2)  0.28 £=3
z ¢s = 0.20
L=l
z czs - 2,47
=2
Z czs = 0.84

=0
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Because the level density is rather high.in odd-odd nuclei, especially
away from closed shells, and because particle identification was required,
we used stitibn-sensitive~deﬁe&fofsnandfthe~§plitipole magneqic%spectrbmeter.
Using enriched self-suéporting metallic térgets of‘approximately 100 p,g/cm2
we obtained an overall resoiution of 10 keV, FWHM.

The‘system was calibrated By moving strong'alpha particle peaks a-
cross our detectors, in 3 mm stéps, by changing the magnetic field of the
spectrometer. We then compared our calibrations with the G.S. and with
excited states in Sc46 that have been measured accurately in gamma work
using bent crystal spectrometers. In this way we were able to obtain ex-
citation energies to an accuracy of one or two keV for strong states and
‘two to four keV for weak or highly excited-states. A number of previously
unknown stétes-have'beén identified. A spectrum for Tiso(d,G:);Si48 at 25°
up to 2;6lMeQ exqitation is shown in Fig. 14-1.

We a;e7in-thé ptoc;éé gf,comparing our angular distributions with
those §btaiﬁed;frdm'3ayﬁén;s two-nucleon transfer code, TWOPAR, and with
DWUCK by makiﬁg use of the qlustervappfoximation as discussed by‘Daehnick
and Park.l Preliminary results on this analysis wére reported at the
Washington 1969 APS meeting.2

To facilitate our analysis we observed alpha particie elastic scat-
tering on T148 at 21 MeV for laboratory angles from 20° to 1700. From
RAROMP we thained a nﬁmber of optical model sets consisting of six para-
meter fits to the data and are currently investigafing these in the (d,Q)
calculations;

Some tentative spin-parity assignments are for Sc48: GS, 6+; 0.131,
S+; 0.253, &b; 0.624, 3; 1.097, 74; 1.406, 2-; 2.518, l+; and for sc*®
GS, 4+;_0.052; 6+; 0.228, 3+; 0.281, 5+; 6f290, 2-; 0.628, 4+; 0;774, 5+;

0.973, 7+; 0.984, 2+; 1.125, 5+.
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P//IS. Ti49(d,He3)Sc48 Reaction

H. Ohnuma

The Tiag(d,HeS)Sé48 reaction has been studied with a 19.45 Mev
deuteron beam from the Williams Laboratory tandem -Van de Graaff. A
split-pole magnetic spectrograph and position-sensitive‘detectors have
been uaed:to analyzé feaétion products. The target is a self-supporting
ﬁetallic“fdilieﬁfichéd to‘77.3% in Ti49. A typiéal spectrum at 15°(lab)
and.tﬁe”énggi;r.distriﬁution for the ground state He3 group is shown in
-Fig.a15'1.ahé'fig. IS;Z', réspectivel&. States.at 132, 254, and 624
keV inlScag-aréxaisq‘excite&-by 2=3.. Relative strength of these states
are listed ih Table 15-1 - - As shown in the table, the presént results
are in good agreeheht with the previous (d,He3) experimen;1 and the
shelI-mddel'calculétionsz’B, but in slight disagreement with the (t,Q)

results.4
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TABLE 15-1 . Relative Strength of ¢=3 Component in the

Proton Pick-up Reactions from Ti49.

siate tnsct? (Gle) (GMD (o Cueslerione
c.s. (69 1.0 1.0 1.0 B 1.0 . 1.0
133 kev (57 1.4 1.5 1.1 1.2 1.05
252 kev (47) 0.8 0.8 | 1.2 0.7 - 0.7
625 kev (3%) 0.4 0.6 . ©  0.28 0.3 0.3
1145 kev (2%) 0.5 0.08
1096 kev (77) | 0.10(1.17Mev)  0.16 = 0.21
2525 kev (1) | : 0.33(2.70MeV) 0.002 0.01
V/16- o Sﬁatéé in Tiaéfand Cr48 from tp,g)'Reactions

D; G. Madland and N. M. Hintz

"The Tiae(p,t)Tia_4 and Crso(p,t)Cr48 reactions have been studied

with 4Q MeV incident protons from the Minnesota Linéar Accelérator.
Tﬁe‘rgaction érpducts.wgre momentum analyzed with the 180° magnetic
'speéf£og;€bh;éﬁdAdeteéted"with an array of 32 solid staté‘detectors.
'The.SQef;ali~¥ésﬁiution;fof thé ekperimeﬁt was 4+ 60 keV.

The three targets used in the experiment had the following pro-

perties:

target 'isofopic purity ' areal density contaminants
(1) 7446 : 77.14 - 1.07 mg/cm2 fi“a (17.34)
'(2) T146 86.44 - 2,51 mg/cm2 r1“8 (9.6%)
3) cr? 95.94 ~ 4.5 mg/em? ct?,c3ut (559
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The experimental procedure was to ‘take momentum spectra at two
angles (10o and 200) for’each target. The excitation energies and their
uncertainties, for all resolved states, ‘were obtained from these sPeotra.
Angular distributions were then taken on all such resolved states.

Anaiysis'of the data using the two neutron transfer DWBA program,
TWOPAR, bf_B. F. Bayman,1 is partially complete.' Parameters describing
the incoming and outgoing distorted waves were taken from the generalized
nucleon-nucleus optical potential of F. Becchetti2 and an extrapolation.
of parameters obtained from 20 MeV triton elastic scattering experinents,3

respectively.

T146(p,t)Ti44s‘ Fig. r6’1 shows the momentum spectra taken at 10° d
200. Resolved.states in Ti44 are found at 0 00, 1.04, 2.10 and 2.65 MeV,
and a doublet at approximately 3.56 MeV. A state is also assigned at
2.40 MeV on the basis of another experiment (see Fig. 16-5 ). All unla-
beled states have been'determined to be from the Tiés(p,t)T146 reaction
by comparing the spectra taken with targets (1) and (2) which contain
'different amounts of 1148.

The angular distribution of the ground state transition is .shown
in Fig. 16-2 together with the DWBA prediction for oicking up a -pair of

1f 7/2 neutrons coupled to angular momentum, L=0. The theoretical curve

is approximately 3° out of phase with the data:. This should not neces-

sarily be taken asdan‘indieat?on of s-d orin'componentizfﬁjEﬁe:Tigézgfound T
state because changes in the triton optical parameters will also affect

the phase. Fig. 16-3‘shows the angular distribution of the state at 1.04

MeV yhich is assigned Jﬂ=f+, although we have not yet been able to fit

the state despite using several admixtures of s-d and/or p together with

f 7/2 neutrons coupled to angular momentum, L=2. On the other hand, the.



41

state at 2.65 MeV (Fig. 16-4 ) is fit nicely with the transfer of two

1f 7/2 neutrons coupled to angular momentum, L=2 and is therefore as-
signed Jﬁ=2+. Thus the second 2+(2.65 MeV) in Ti44 seems to be '"pure"
in the sense of being fit by transferring pairs from a pure (1f 7/2)
configuration whereas the f;rst'2+(1.04 MeV) has to be madeAup of a mix-
ture of configurationsf Another possibility is that the first 2+ state

is being excited by a combination of a one-step transfer process and a
two-step inelastic and tranéfer excitation. The second 27 state is also
approximately 304 stronger than the first 2+ state and is at considerably
lower energy than predicted by either pure f 7/2 calculations4 (solid lines
in middle of Fig. 16-5 ) or by £ 7/2 - p 3/2 calculations5 (dashed lines in
middle of Fig. 16-5 ). 1In addition to the T146(p;t)T144 level diagram,
Fig. 16-5 also shows results from several other research groups who have
done Ca40(a,y)Ti44.

Work is continuing on fitting the 1.04 state and resolving the phase

problem of the ground state.

Crso(p,E)Cr48: Figs. 16-6 and 16-7 show the momentum spectra of this re-

action at 100, 20°, and 25° (where the contaminant state is away from the
first excited state). Resolved states in Cr48 are, found at 0.00, 0.67,
1.63 (doublet), 3.15 (doublet) and 3.54 MeV (doublet).

The angular distribution of the ground state transition is showﬁ in
Fig. 16-8 together with the DWBA prediction for trapsferring two (1f 7/2)
neutrons coupled to angular momentum, L=0. As in the case of the T146(p,t)
Ti44 ground staﬁe, work must be done to remove the approximately 3° phase
difference between experiment and prediction. Fig. 16-9 shows the angular
distribution of the first excited state at 0.67 MeV. The line drawn

through the points has no theoretical significance. We have not yet been
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able to fit this state with any degree of success, but feel thét more con-
figuration mixing is worth trying. It is wartﬁ noting that this state
(assigned J“=f+) is the lowest first excited state of the even-even nuciei
in the 1f 7/2 shgllr The double; at 1.63 MeV has been assigned as a mixture
of O+ and 4+ on the basis of its angular.distributioﬁ in Fié. 16-10.
Note that this group is very weék; about 2% of the ground state.

Fig. 16-118ummarizes vﬁat we know about the Cr48 system. The"

o 6 .
“6(He3,n)Cr48 which shows a state at

other experiment referred to is Ti
the right energy (2.37 MeV) for the existence of a ground state rota-
tional band. We did not see any state at that excitation energy and

would put the upper limit of its strength at 1/10'of the 1.63 MeV group

or, equivalently, 1/500 of the ground state.
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17. Lifetime of the 40-keV Doublet in Ti45

H. Ohnuma and A. A. Padmanabham

Recently two low-lying states, one at 37 keV ana another at 40
keV, were found1 in Tihs. A comparison_ﬁith a calculation?_suggests
that these are 3/2° and 5/2  states. Tﬁe'half—life 6f the 37-keV
state was estimated to be between 1 useé énd 0.5 msec by Jett et al.
With ourApulsed beam technique, it might be feasible to measure the
lifetime or obtain a better limit for it, if one meéber of the doublet
is 3/2° and decays to the ground state by an E2 transition and if this
transition is not enhanced.

The Scas(p,n)Ti45 reaction was used to excite the doublet. The
incident beam was a 10-MeV proton beam,'bulsed to 140 psec bursts
with 600 psec intervals. A 5 cc Ge(Li) detector was pléced at 90°
to the beam. 37- and 40-keV gamma-rays were observed in the "beam-
on" spectrum. They werebnot seen in the delayed épectrum taken during
the 50 to 110 psec interval after the beam bursts.  We estimate the

upper limit of the half-life of the doublet at about 25 psec.
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V// 18. States in V"0 Studied with the (d,t) Reaction

A. Sourkes, H. Ohnuma aﬁd N. M. Hintz

States in_V50 were studied by the V51(d,t) reaction using 19.5 MeV
deuterons incident from the Williams Laboratory Tandem Van de Graaff, a
split pole magnetic spectrometer, and position sensitive detectors. The
target was natural vanadium metal evaporated onto a thin carbon foil.

Fig. 18-lshows a typical triton spectrum with the states numeri-
cally labelled, where C is a contaminant peak. A previously reported
triplet1 at about 350 keV is clearly resolved. Fig. 18-2 exhibits a
DWBA fit to the ground state angular distribution. The solid line is

.the sum of the dotted curves, consisting predominangly of ¢=3 with a
24 g=1 contribution.

Table18-lshows the preliminary level energies and their spectrosco-
pic factors. The energies are all referred to the ground state and have
a 5 keV uncertainty. It seems that most £=3 strength is exhausted by
1.3 MeV. A weak 2=l component was observed indicating that there is a
mixture of p-neutrons in the ground state of V51 as seen in other N=28

nuclei.2’3
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TABLE 18-1

Energy levels and Spectroscopic Factorg-Seen in the VSl(d,t) Reaction

STATE - E c2g .

NUMBER eV |- f=3 YOl
1 ‘ 0 | 1.57 | 402
2 22815 66 .02
3 | 321 99 - 03
I 357 56 01
5 387 32 .01
6 838 1.01 Ol
7 911 2.67 .07
8 1301 #33. 003
9 1330 23 »002

10 1402 - .01

19, - States in. VSO Studied with the Qe:’,d) ﬁeaction

A. M. Sourkes, H. Ohnuma and N. M. Hintz

Using a 22 MeV He3++ beam from the Williams Laboratory Tandem

Van de Graaff incident on a self-supporting 150 pgm Ti49 target of
7712% enrichment and allowing the magnetically anaiyzed reaction
products to fall on photographic.plate; covered with 45 mil poly-
_ethylene foil, states in V50 were observed up to about 6 MeV exci-
tation, angular distributions being measured from 7-1/2o to 50°

lab in 2-1/2° steps. Data are being analyzed.
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0/120- A Study of the (He3,;)43eaction on Ni58 and Ni

F. D. Becchetti, Jr and G. W. Greenlees

Angular distributions for the 0+-00+ IAS (isobaric analog state)
and 0+-§2+ IAS* (excited isobaric analog state) transitions for N158
(He3,t)Cu58 and Ni60(He3,t)Cu60 a; well as the 0+--bl+ ground state
transition in Cu58 have beén measured at 24.6 MeV incident He3 energy.
The split-pole magneticlspectrqmeter was used in conjunction with an
array of position-sensitive detectors and suitable monitor counters.
Natural nickel foils were used to allow an accurate determination sf
the isotopic shift in the cross sections. fhe experimental results
are shown in Fig. 20-1 .

The DWBA curve shown is a prediction for the AL=0, AT=0 IAS trans-
ition to Cu58 using a microscopic form factor calculated for a He3 and
triton with'grz) = 3F2, an isospin dependent nucleon-nucleon force with
‘(rz) = 3F2, and a neutron excess configuration composed of a suitéble
mixture of 2p3/2 and 1f5/2 particles. The normaliéation cor;esponds to
a volume integral of 180 MeV-F3 for the isospin force., This is a value
similar to those used in the (p,n) analysis of Greenlees et a11 and the
values obtained from the optical model analysis of nucleon-nucleus elas-
tic scattering.2 A preliminary set of general He3 and triton optical
model parameters were used (see Section 41l ), |

‘ The curve labeled "a'" is a sum of the measured AL=0 and AL=2 angu-

lar distributions taken so as to give a reasonable fit to the 0+--01+

P
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cross section. This suggests that the 0+-91+ transition is primarily
an incoherent sum of AL=0 and 2.

More detailed DWBA calculations are in progress.

References
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2. F. D. Becchetti, Jr. and G.W. Greenlees, Phys. Rev, in press.

21. Analysis. of Inelastic Proton\Scatte;ing from Ni58 and Ni60

N. Lingappa and G. W. Greenlees

The coupled channels analysis of inelastic proton scattering at
40 MeV from Ni58 and Ni60‘is described in the Ph.D. thesis of N.

Lingappa. A paper on this topic is in preparation.

22. : Review Article on f Shell .

7/2

N. M. Hintz

In collaboration with Ben Bayman (Minnesota), John McCullen (Arizona),
and Larry Zamick (Rutgers), a review article is being prepared summarizingA
the current status of experiment and theory for nuclei in the 1f7/2 shell
(Ca40 to N156, inclusive). Attempts will be made to make critical compar-
isons between theory and experiment. It is already apparent that despite
the large number of experiments oﬁ f7/2 nuclei there exist many gaps in the
data, especially electromagnetic transition probabilities, neutron pickup

and proton transfer (resolution~ 25 KeV or better) and two particle trans-

fer. Any recent or unpublished data would be welcome.
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J 23. Gamma Rays from (&,xn) Reactions on f£f 7/2 Nuclei

A. R. Barnett, N. M. Hintz, H. Ohnuma and P. Ruenes

We have measured the 90° gamma ray yield with a 5cc Ge@i)detector~
following (Q,xn) reactions on several f 7/2-shell nuclei. Gamma rays
of energies between 80 keV and 2 MeV were detected simultaneously using
two ADC's and with an overall resoiution of about_4 keV. Excitation
functions were measured for alpha particle bombarding energies between
15 MeV and 30 MeV in order to help assign the origin of the numerous
. gamma rays seen.
Fig. 23-1 shows a partial spectrum obtained at 25 MeV from a pure
48Ti 1 mg/cm2 target. Gamma rays from the 48Ti(a,Zn)SOCr and 48Ti(a,np)
OV reactions are prominent. We can also identify transitions following
(a,p) and Q,Q') reactions. Table 23-1 lists some of the strong lines
and their origins. By calibrating the system with various standard
‘sources, including 56Co(56Fe(p,n) on the tandem), we obtain accuracies
of ; 0.5 keV in gamma ray energies. To this order of accuracy no non-
linearities can be detected in the gamma system, which comprises a TC135
preamplifier, a Canberra 1416 active filter amplifier and biased HP 5415A
ADC's. |
Bombardmenté at 25 MeV on the target nuclei 42Ca and 46Ti showed
that the dominant reaction was (Q,np) to the odd-odd nuclei 44Sc and
48V. We had been interested in observing states in the self-conjugate
4n nuclei 44Ti and 480r through y decays following the (,2n) reaction

on 42Ca and 46Ti. Contrary to the mass-50 case the (Q,2n) reaction was
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weak and could not be identified.. Both 44Ti and 48Cr have been studied1

with the (p,t) reaction at 40 MeV.

We have used information from the 42Ca(a,npy) 44Sc reacﬁion to com-
plement the study of 44Sc by the Scas(d,t) and the Caaz(a,d) r‘eactions.z’3
Energy differences between levels can be thained to + 1 keV and the ex-
istence of expected y transitions adds weight to assignments based on
transfer data or on theoretical groun&s; For example, the 7+ member of
the pure f 7/2 configuration is e;:pected4 to lie at about 1 MeV. Strong
transitions are seen in botﬁ (d,t) and (a,d) to a state at 971 + 5 keV
which is thought to be the 7+ state.z’3 We. see a clear 697 + 1 keV trans-
ition which we attribute to the decay of this state to the 271 + 5 keV,
6+ member of ;he £7/2 configurafion and no 971 keV y, as expected. 1In

a similar manner the decays in 50V can be related to the spectroscopic
5

information obtained .from the 49Ti(3He,d)50V and 1V(d,t)SOV reaétions.s’6
Further useful y-ray data can be obtained using the resources of the
tandem for the reactions (3He,ny), (p>ny), and (p,2ny) at suitable ener-

gies on appropriate targets,
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TABLE 23-1. Some.Gamma Rays Observed in

65

48Ti-+oz at 25 Mev.

vy Energy (keV) Reaction Levels'(keV) keV J Values
96 (@np)>%v 3194225 = o4 (4Aa5+)
162 (@snp) Oy 3854225 = 160 (24-5+)
228 (@,np)°°v 22540 - 225 (5+) 46+
7 (@p)°tv 32040 - 320 5/2-47/2-
511 annihilation

783 (o, 2n)°%cx 78340 - 783 2410

834 (@np)>"v 8330 - 833 246+

928 @p)° v 92840 = 928 3/2-47/2-
983 (" y*Pri 98340 = 983 - 240t
1039 (') *8ry 334042295 = 1040 644t
1099 (@, 21)°%cr 18804783 = 1097 42+
1283 (a,2n)°Ycr 316141880 - 1281 6446+
1313 (aay*8ri 22954983 = 1312 L2+
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IV. SPECTROSCOPY OF DEFORMED NUCLEI

/ 24. The (p,t) Reaction On_ Even Samarium Isotopes

P. Debenham and N. M. Hintz

The Smlsz(p,t)Sm150 reaction connects the two tfansitional samar ium
nuclei, whose ground states are mixtures of spherical and deformed com-
ponents. Sbherical_COmponents seem to predominate in the Sm150 ground
state mixture, while the Sm152 ground state appéars to be mostly deformed.

Angular distributions of tritons ffom the reaction at Ep = 19 MeV
were analyzed with the split-pole spectrometer énd recorded on nuclear
track plates. The plates have been scanned over a‘region éorresponding
to excitations of up to 2.8 MeV in Smlso. A typical triton spectrum was
presented in the 1968 edition of the annual report.1 As is typical of
direct reactions, thé 1.=0 angular distributions for éifferent final d+
states are praétically identical (see Fig. 24f1 ).

Fig. 24-2 shows 1.=2 angular distrihntinns for several final statec
whose J-values are well estabiished to be 2. The 1.194 MeV and 1.417 MeV
state angular distributions are similar to each other but are markedly
different from the distribution of the 0.334 MeV state: One explanation
for this difference is that tritons léave the reaction with enough energy

to overcome the Coulomb barrier only if the Smlsq nucleus is excited to

less than some amount which 1iesrbetween 0.334 and 1.194 MeV.
We eliminated this explanation by repeating the experiment with an
additional 1 MeV of bombarding energy and observing no change in the

angular distributions for these three states. This forces us to the
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conclusion thgt the L=2 angular distributions are sensitive to the
structure of the st#;es involved. We hope to duplicate this sensiti-
vity by performing DWBA calculations with intrinsic wave functions of
the sort proposed by Kumar and Baranger2 for transitional nuqlei.
Maxwell, Reynolds and Hintz have proposed that the 1.256 MeV 0+
state is largely deformed.3 We have found a probable rotafional band
based on this state, with the 2+ member being the 1.417 MeV 2t state
and the 4+xmember being the 1.809 MeV state, whose J" is unknown. The
energy spacing of thesé states follows the‘J(J+1) rule closely and fits
smoothly ;nto the pattern of samarium ground.state rotational bands, as
Fig. 24-3 shows. We cannot determine whether the 1.809 MeV state has

7

J' = 4+ until we can identify L=4 angular distributions unambiguously.

Sm154 ,t)

Exposures have been made at Ep = 19 MeV at a number of angles for

. SmlSA(P,t). The plates are currently being scanned.
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Energy Spacing in Samarium Rotational Bands. Eo=1.256 MeV
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V/IZS- The (p,t) Reaction on Even Isotopes of Ytterbium

N. M. Hintz, M. Oothoudt and P. Vedelsby

During the past year a study of the even isotopes of ytterbium has
been started using the (p,t) reaction. The Enge Split-Pole Spectrometer
has been used to analyze the tritons which are collected on position-sen-
sitive detectors or nuclear emulsion plates. Targets consist of 100-200
p,g/cm2 of enriched ytterbium isotopes from Oak Ridge National Laboratory
on a backing of 30-60 p,g/cm2 6f'carbon.

Anguiar distributions (Fig. 25-1 ) from_elab = 10° to 90° have been
taken for ‘the 0+, 2+, and.4+ members of the ground state rotational band
of 174Yb populated by‘the reaction 176Yb(p,t). The ¢=0 state takes its
maximum at 27‘1/20; the ratio to Rutherford gives an absolute cross-
section of 450 + 100 M barns/sterradian. The 0+,distribution has Been
fitted very well by'a DWBA code,1 using the proton optical model para-
meters of Becchetti and Greenlees2 and the 20 MeV triton parameters for
182W of Flynn, et al.3 However, the fifs to the 2+ and 4+ states are
poor. It may be necessary to include inglastic excitation in both the
broton and tfiton channels. |

Fig.é5-23 shows the excitation spectrum up to ébout 2 MeV for the

(o]

257, Table 25-1 lists the levels seen

. 176 174 _
reaction Yb(p,t) Yb at elab =

in this experiment and those seen previously. Note in particular the
strong states at 1491 and 1888 keV which are shown to be ot states by
angular distributions at five angles. Possible rotational bands built

on these states are indicated. Results for 174Yb(p,t) and 172Yb(p,t)
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TARLE 25-1 Levels in Yb
This Work Previous Work

ii;ﬁlr Ex. (keV) I Yield at 25° Ex. (keV) It Reference
0 0 ot 100.0 0.0 ot

1 78410 2t 10.3 76.5 2t

2 254410 4F 4.7 253.0 I

3 529410 0.9 525.9 6"

4 896410 0.1 889. gt

5 174 Yb(p,t) ground state

6 1385410 1.7 1380. 3

7 1491410 ot 22.3

8 156610 ) 3.7

9 1637410 0.9 1630. 2t

10 1711410 Al 1.7

11 1854410 1.0

12 1888410 o 11.0 1884, )

13 1960410 st 2.0

IA
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show no such strongly excited states (Figs. 25-2band 25-26).ﬂ A 0¥ 1level
is seen in 174Yb(p,t) at 1043 keV but it is only 2 1/2%.of the ground
state.

A possible explanation‘for this difference comes from the positions
of the Nilsson 1evels6 (Fig. 25-3 ). A large gap exists between the en-

n Y8y (7/2-, [514] ) and the next

ergy levels of the last two neutrons i
highest energy level (5/2-, [}12]4). This gap provides the conditions for
excitation of states described és pairing-vibrations. We could then say
that the 1491 keV 0+ level in 174Yb results from picking up a pair in
the region below the gap gnd the 1888 keV d+ level results from picking
up a pair from below the next lowest éap.

For 174Yb(p,t) and 172Yb(p,t), however, a neutron pair is picked up
from three closely spaced levels; sincg we have strong pairing forces
here, we have a superfluid region and the entire d+ strength from (p,t)
must go to the ground state.

According to this picture, the gap for 170Yb(p,t) should produce spec-

176

tra similar to those for Yb(p,t). We are at present taking data to

check this.
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26. Isomeric States in Tm165 and T

A. A. Padmanabham and G. W. Gréenlees

The investigation of the 40 MeV proton induced reactions on Telzs’124

and Er168 fesponsible for the previously réport:edl gamma rays was con-
tinued. Bombardment of Er166 with 20 MeV pulsed protons gnd of Te166
with 20 MeV pulsed deuterons yielded the gamma rays of interest with
ﬁeasurable intensity. The energies and half-lives of these gamma rays
were in good agfeement with the previously'reported work.z’3 The reac-
tions were identified by an accurate measurement sf the energies of the
‘ka component of the X-ray. involved following the internal conversion
of these states and by measuring the excitation functions for these
gamma rays.

The 70 keV, T,12A= 80 sécs transition from Er166 Target
. g 3

The energy of the ka component of the X-ray involved, 50.5 keV, de-

mands that the metastable level be assigned to a thulium nucleus. The

66 65

possible reactions are  thus Er166(p,n)'1‘m1 5 Er166(p,2n)Tm1 and

64

Er'166(p,3n)Tm1 . The excitation function for this state indicates a

threshold of about 13.0 MeV for this reaction. This result excludes the
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possibility of a (p,3n) reactigh whose thresholdlis about 17.0 MeV. The
diminishing yield below Ep=16.0 MeV also excludes the possibility of a
(p,n) reaction whose threshold is about 3.0 ﬁev. This conclusion is sup-
ported by the fact that if the reaction were Er166(p,n), we should expect
to observe the isomer even more strongly in Er167, since at 1Y.0 Mev

the cross'sec#ion for (p,2n) is larger‘than that for (p,n); however, it
was not seen at all. when tﬁe Er167 target was. used. Thus'we coﬁclude
that the isomefic state is produced by the réaétion Er166(p,2n)Tm165.

By measuring the intensities of the X-ray and the gamma ray we ob-
tained a value of 1.7 i<034 for the cﬁnversion coefficient ak’ indicéting
that the transition is E2 in character and not El, as reported by Conlon.2
The E2 ché;acter of this gamma ray is in agreemest with the measurements
on the magnetic spectrometer by Paris.4 These observations, coupled
with thg fact that there was no evidence for any other igomeric transi-
tion in this reaction, indicate that the isomeric level of interest is
the 7/2+(404) level in Tm165 decaying by an'EZ transition to the 3/2+
first excited state.

61.7, 94.0, 159.7 and 188.0 keV; T1/2 = 80 usecs Transitions from

Te122 Ta;get~

An accurate measurement of the X-ray energy could not be made in
this case because of the large béckground at this low energy and due
to the energy spread in the peak following scattering in the aluminum
cap around the detector and the dead layer in the detector ltqelf.
However, the decaying X-ray as observed during the '"beam off" time is
found to be at a higher energy than that of the characteristic tellur-
ium X-ray obgerved during the '"beam on" time. Thus the isomeric state

is assigned to one of the iodine isotopes. The possible reactions
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are thus (d,n) (d,2n) and (d,3n) with Q-values of +2.6 MeV, -7.3 MeV

and -15.6 MeV respectively.

The excitation functions for all these gamma rays are found to

peak up around E, = 18.0 MeV with negligible intensity for deuteron

d

energies less than 13.0 MeV indicating a (d,2n) reaction. This is
supported by the data obtained with the linear accelerator where 40

: : 125 124 . : .
MeV proton bombardment on Te and Te gave rise to these isomeric

transitions, with a slightly larger yield from Telzs, suggesting the

2 and Telzs(p,4n)1122 reactions. Thus we assign the

metastable state to 1122;

124 (p . 3y 12
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V. INTERACTION OF SINGLE PARTICLE AND VIBERATION STATES

27. (p,p') and (p,t) on Silver and Palladium Isotopes

A. W. Kuhfeld and N. M. Hintz

_Aglo? and Ag109 have been suggested as nuclides whose excitations

are well-describable in terms of the phonon-core model, with a pl/2 pro-
ton. (or proton hole) coupled to collective vibrations of:the neighbdring
palladium:or cadmium isotones. Experiments involving electromagnetic
transition 1::=1tec~3_and-Coulomb‘exc:‘.t;a'tions’1’2 {nelastic proton»scattéripg,3’4
and inelastic alpha scattering5 all tend to support this description; with

a slight preference for descriptions in terms of palladium states rather
than cadmium states. It waé decided to study these various is;topes with
particle-transfer reactioﬁs as well as inelastic scattering, to see how

well the model holds under these more complex reactions. So far we have

09 108

done (p,p') and (p,t) on Agl and ‘pPd , using the Enge split-pole mag-

netic spectrometer and position-sensitive detectors for resolution and

7 . . :
and the inverse reaction are

planned also, as are similar reactions on Cd1U6 and CdlLU.

particle identification. Pd106(He3,d)Aglo

The results of the (p,p') experiments on silver and palladium were
quite incomplete because of the great number of contaminants in the tar-
gets; the only levels for which good angular distributions were obtained

were the ground state and the octupole vibrational state(s) near 2 MeV

excitation. Normalization was doﬁgfaging the Becchetti optical model

6 . . .
program OMD to predict ground state angular distributions; this proce-
dure should give good relative normalizations, and fair absolute normali-

zations. The angular distributions for the Pd108 2.030 MeV, 3- level and
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09 2.17 MeV level were very similar in shape, but

the very similar Ag1
) the éagnitude of the silver octupole angular distribution was only about
35% that of the palladium apgular distribution at the 18 MeV proton bom-
‘bafding energ&. No neafby states with similar angular distributions
were noted. Thié phenomenon of "missing strength'' has been qbserved in
Aglo9 (alpha,alpha') at 42 MeV lab'incident by Stewart, Baron and
Leonard,s‘and,in Ag107(p,p') a£ 13 MeV lab incident by Ford, Robinson

and collaborators.3’4

07

In Aglog(p,t)Ag1 with 19 MeV incident protons, several states of

approximately equal strength were seen clustered near the 2.19 MeV octu-
pole 1éve1; their appréximate excitations were 2.21, 2.24, 2,26, and
2.29 MeV. - (These states were seen at 45° lab on a spectrum extending
out to 2.60 MeV excitation. Ford et a13 saw no trace of these ievels

in Ag107(p,pf) at 13 MeV. Aﬁgular distributions for these higher levels

are scheduled for the next (p,t) run.)
2 . . 109 108 .
Angular distributions for the Ag and Pd (p,t) reactions were
obtained in 5° steps for lab angles from 10° to 750; all known levels

were included between 0 and 1.2289 MeV excitation for Pdlos(p,t)Pd106,

07. This region included the one-

106

and 0 to 0.9490 for Ag " (p,t)Ag:
and two-quadrupolé-phonon levels in Pd and the one-quadrupole-phonon
'2+'mu1tiplet bylFord et al.3 Angular distributions for these levels
are given in Fig. 27-1 . (The lines connecting data points are for
visual purposes only.)

The ground state angular distributions for the two reactions are

extremely similar in both shape and magnitude. (While the Ag distribution
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has a lesser magnitude than the Pd diétribution, this is largely a mere
Q-dependent effect: the tritons are coming out near the Coulomb barrier,
but have some 600 KeV more energy in Pdlos(p,t) than in Aglog(p,t).)
Likewise the angular distribution for the summed first 3/2- and 5/2-
levels of Aglo7 is very similar tovthe angular distribution for the
first 2+ level in Pd106. In addition, the fwo Ag levels obey the (2J+1)
intensity rule cxpccted of wewbers of a core muitiplet quite well, ex-
cept for fhe region from 40° to 60°. This could be J-dependence, or a
proton spin-flip L=0 contribution to the 3/2- state. A theoretical
analysis .is underway -using two-nucleon-transfer program TWOPAR.

THe two-quadrupole-phonon terms in the Pd reaction are surpris-
ingly strong, since excitation of pufe two-phonon states is forbidden
in first order for simple pickup. This could be duc to inelastic pro-
cesses or following.particle'transfer, or pérhaps an admixture of the
b+ g?ound state and the 2+ exéited state into the O+,24 doublet. Un-
fortunately, the two states are only 5.5 keV apart and éould not quite
be resolved.

The 0.7867 and 0.9490 MeV levels in Ag107 have been assigned to the
‘.2QP 2+ multiplet. Both have approximately the correct magnitude for
this assigmment; the 0.9490 angular distribution fits the L=2 shape with-
_out greatly exceeding its érror bars. Better statistics will be acquired

for definite comment.
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28. The Coulomb Excitation of 209Bi and the Weak Coupling Modél

R. A. Broglia, J. S. Lilléy, R. Perazzo and W. R. Phillips

The preliminary analysis of the Coulomb excitation of 209Bi reported
last yéarl hag been completed and a comparison made with theoretical
calculations.

In this experiment, a.thick bismuth target was bombarded with 19 MeV
O&pérticles and the y-decays of levels populated via Coulomb excitation
wero oboerved with a 2% cc Li-Ge detectar.

Fig. 28-1 summarizes the results of the y-intensity measurements.
The energies of the levels are those measured in this experiment and are
accurate to + 0.5 keV, except for the 2.598 MeV, 2.581 MeV and 2.563 MeV
levels, which were Doppler shifted and broadened, and are believed ac-

curate to + 1 keV. The numbers quoted in the Figure are thick target

‘y-yields in units’éf ib6 éer 1.6 mé;;;”iérMeV Hé++.
Table 28-1 lists the reduced transition probabilities measured in

the experiment. The values for the upward E3 and E2 transitions were cal-

culated from the thick tafget yields using Cpulomb excitation theory.

The values for the individual levels of the multiplet can only be-inferred,
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Fig. 28-1



TABLE 28-1 Feduced Transition Probabilities

c e s Method of b) . c)
Transition Type B(EL) _ B(EL) THEORY B(EL)
. Measurement exp 1 I1 - . exp
B(EL)s.p.
a) s 23
0-»2.6 E3 y-Intensities (C.57+.03)e b --- --- 31.%
0-»1.608 E3 y-Intensities (l.24:t.32)x10-2e2b3 , ‘1.3x10'2e2b3 1.3x10 % b 0.68
. -3 2 .- - -
0-0.897 E2 y-Intensities (l.39f ;g)xlo 3e b2 0.15x10 3e2b2 1.23x10 3ezb2 3.8x10 2
0-»2,822 E2 v-Intensities (2.9011.00)x10_'2e2b2 0.3x10" 2e?p? 3.4x10f2e2b2 0.79
Lifetime and -6 2 32 1.5x10" %% 5
2.581-»0 El y-Intensities d) (I.AJthSS)xIO eb 1.25x10 “e'b (k(T=1)=4.1) 2.1x10
. -6 2
Lifetime and ‘ -6 2 -4 2 4x10 e b -5
2. . . . .
581-»0.897 El y-Intensities d) (4.6041.85)x10 e b 2x10 e b (k(T=1)=5.5) 6.8x10
~ ” ' -5 2
Lifetime and > -6 2 -4 2 8.8x10 "e b > -5
2.563-»0 El y-Intensities Z 4.5%x10 "e b. 9x¥0 e-b (k(1=1)=5.5) > 7%1)
- . : : -5 2
2. Lifetime and > 4. -6 2 . -3 2 1.6x10 e b > a3
598f)9 El y-Intensities > 4.5%10 "e b 2.4x10 "e' b (k(1=1)=5.5) > Tx19)
a)

b)

&) 2732
s, o - v i () R

d)

Summed E3 strength to septuplet.

2L
o

o]

1.2_A

1/3x-10-13cms.

Errors quoted do not include error in absolute efficiency of detector.

Assumes that the 7/2+ level has significant deczys to ground and f”2 only.

98
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since there exist transitions within the multiplét which were not observed
in this experiment.. The B(El) values were calculated from lifetimes given
by an ana}ysis of the Doppler-broadened lives. The Doppler effects were
small and so the resulting B(EL) valueé have a large uncertainty. However,
even an approximate number gives quite a sensitive test to the théory.

In addition to the reduced matrix elements discussed above, there
are several relative transition rates measured iﬁ the experiment that
can be compared with the theoretically predicted values. These are
shown in Iable 28-2 . Most of them came in a straightforward manner
from the relative y-ray intensities shown on Fig. 28-1 . Two of them
arise frqm an analysis of y-ray angular distributions.

The resu1t§ ﬁave been analyzed in terms of the particle-vibration
weak:coupling model. Initially, only the 2.6 MeV, 5—vibrational state

208

of the Pb core was allowed to couple--Approximation I. The B(E3)

for the octupole state was taken to be 0.58 e2b3.3 Calculations using
Apprpkimation I are given in column 5 of Table 28-1 . Agreement with
experiment is good for the B(E3) values only, and it is clear that other
degrees of freedom must be included to account for the other observed
transition strengths.

This has been done in Approximation II (column 6 of Table 28-1 )
in which the 2" state at 4.07 MeV and the 1~ state at 12 MeV in 2C°CPb
were also included in the coupling. The theoretical results given in
Table 28-2 were calculated als; using Approximation II. A B(E2) value
of 0.3.e2b2 for the 2+ étaté4 gives excellent agreement with experiment.
ihe coupling stréngth k(T=1) for the 1~ state was treated as a parameter.

All the data can be fixed with k(T=1) = 5.2 + 1.0, which is approximately

a constant as it should be. No attempt has been made to determine the
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Table 28-2 Relative Transition Rates.

Transitions Type Method of Ratio
: Measurement Exp. Theory
0.897 +GD "E2 Ang. Dist. 0.7 - 1.3 1.1
0.8975GD Ml
1.6080.897 E3 y-Intensities|  «0.07 107%
1.6084GD E3M2
. . 0.08

2,563-»0,897 El y-Intengities $0.08 (k(T=1)=5.9)
2.563GD E1+M2+E3. I

; 10-3
2.563-»1.608 E2 y-Intensities <0.20 KT=5.5)
2.563%GD E1+M2+E3 ‘ (kT=5.5)
2.581-+0.897 - El : y-Intensities 0.88 £..08 0.8
2.581~ CD EL+M2+E3 (kT=b.1)
%2,598 +1.608 MI+E2 y-Intensities 1.25 £ .09 | 1.2
2.598+GD E1+M2+E3 (kT=6.2)
2.615-+0.897 El y-Intensities 1.51 -fg 1.0 _
2.615-2GD M2+E3 ' -G (kT=5.5)
2.615-GD E3 Ang. Dist. 0.8 -25.0 8
2.615-+GD M2
2.740»1.608 MI+E2 v-Intensities l.44 + .18
Z.740-GD E3 : 3
2.822-+0.897 M1+E2 y-Intensities| 0.6 £ 0.3
Z.8225GD E2 2

- % geparate L1/2, 13/2% contributions unresolved:
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sensgitivity to thé values of the unbound single-particle energies used

in the calculations.

A more complete treafment.of the El transitions has Been‘made re-
cently5 in which the influénce of'the giant dipole is taken into account
| through an‘efféctive charée eeff(El)»= 0.3. The corresponding B(EL)
values are in good agreemeﬁt with this experiment.

A detailed rep;rt of this work has been completed and submitted

for publication.
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29. Alpha Particle Reaction Cross Sections on 208Pb and.zogBi
Below the Coulomb Barrier
A. R. Barnett, J. S. Lilley and F. Chwieroth
. 208_ . . :
Total (Q,n) cross sections for Pb between 16 and 22 MeV and for

209Bi between 18 and 22 MeV have been measured by observing the (-activity

of the residual nuclei ?llPo and 212At.
-The (¢¢,n) channel is the most important one at these energies. In-

elastic ¢ scatterihg is known to be small (approximately 0.3 mb at 19 MeV)

and is dominated by Coulomb excitation Vhich is calculable. Other possi-
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ble channels, (&,p) and (Q,y), also lead to charactéristic Q-active nuclei.
They are not expectea to compete significantly with neutron emission and
no evidence has yet been seen for them. Thus a meésurement of o(Q,n) below
;he (@,2n) threshold should be a good measure of the total reaction cross

section, o
> "R

Normally,,it is difficult to measure ok accurately, particularly for
energies below the Coulomb barrier. However, in this energy region it is
one af the few measurable quantities that is sensitive to the nuclear in-
teraction. - As soon as the bombarding energy'approaches and exceeds the
Coulomb bafrier, the elastic scéttgring deviates sign;ficancly‘from Ruther-
ford scattering. The scattering énd reaction cross section, determined for
a range of energies near the Coulomb barrier, will be analyzed using an op-
tical model description. 1In this way it is hoped to obtain information
about (-penetrabilities and to learn some details about the distribution

of matter in the outer regions of the nucleus.

Above 18 MeV the @-activity peaks wére bbserved in the energy spec-
tra of scalleired G pariicles. These peaks were clearly identifiable
among the prompt (Q-distribution. Their energies corresponded to the
known (Q-decay energies, their angular distributions were isotropic, and
they exhibited no kinematic shift with either bombarding energy or scat-
tering angle. Measurements relative to the elastic peak gave accuraté

determinations of the (Q,n) cross section since 0., ¥as measured inde-

£
pendently to within a few percent. Fig. 29-1 shows the (a,n) results.!
2 .
The 08Pb(a,n) cross section has been measured below 19 MeV using

a chopped beam and detecting the delayed activity. The beam was chopped
with a pneumatically operated Faraday cup in a time short compared with

the half-lives being measured. After each beam burst, the target was
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moved between two detectors giving a large solid anéle and complete freedom
from beam background. Operation of the experimental equipment and on—liné
analysis of the data was carried out by the CDC-3100 computer using a general-
purpose "activity" routine ACT. Both the Q-particle energy spectrum and the
measured half-1life Tl/2 = 0.505 + 0.035 sec confirm the identification of

the activity as gllPo.

Ctoss sections determined by both methods agree quite well. The advan-
tages of the latter technique allow measurements to be made down to energies
approaching the (,n threshold at 15.25 MeV. (See Fig. 29-1.)

We have also measured the elastic scattering angular distributions for
both 208Pb apd 20931 at 19, 20, and 22 MeV and normalized the data to dis-
tributions at 16 MeV which were taken to be pure Rutherford. The overall
accuracy of the data is about 2%. These data are given in Figs. 29-2 and
29-3 together with the results of a simultaneous optical model fit to all
the scattering data using the global search routine BOMB.2 The model para-
meters are given in Fig. 29-1 togethef with the predicted curves for the
o, excitation functions.

R

The calculated values for ¢, are unitormly higher than the experimental

R
ones by factors of 2 to 3, although the energy dependence of the reaction

cross sections is reproduced best by small values of the diffuseness para-

meters a and aI. A preliminary search for optical parameters which fit

the reaction and the scattering data simultaneously gives significantly

poorer fits to the elastic scattering data.

References
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/(.30- The Quadrupole Moment of the 2.6 Mev 3~ State in 208Pb

A. R. Barnett and W. R. Phillips

[N

The static quadrupole moment, Q, of the 2.614 MeV 3 level in 208Pb

has been measured by observing the angular distribution of inelastically
scatteréd 4He and 16O ions following E3 Coulomb excitation. The reduced
matri# element for the.E3 transition 0+(g.s.) - 3, BE3T, was also ob-
tained. The deviation of the angular distributions from first order
theory (the reorientation effect) directly depends on Q and in special
cases, as here, there are no other competing second order processes.

Both the sign and magnitude of Q can be determined. The results are

Q=-1.3+0.6b

and BE3T = 0.58 + 0.04 e2b3.

Experimental angular distributions were taken over the angular range
80°-170° using a multiple solid state detector array at ( energies of
19, 18, and 17.5 MeV and at an oxygen energy of 69.1 MeV. Differential
inelastic cross sections are in the range 10-40 pb/sr for a's, and 200-
300 pb/sr for oxygen*. As discussed earlier1 the 19 MeV data showed
strong interference between the CE amplitude and an a;plitudé from
direct nuclear excitation even though the bombarding energy was ''safely
below the Coulomb barrier" according to usual prescriptions. The other
three data sets showed no such interference and are considered to be

examples of pure E3 Coulomb excitation. They were analyzed simultaneously

*An example of the oxygen data is given in Fig. 31-1 of this Report.
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using the symmetrized semi-qlassica¥ Coulomb-excitgtipn theory of Alder.
et 312 in terms of the two parameters quoted above. . Fig. 30-1 shows the
correlation between BEéT and.Q; the curve encloses parameter regions such
that XZ for the 26 data points:SZXZhin and defines an acceptable region.
Our quoted errors are shown and are‘considéfably 1arger'£hah those arising
from the least squares analysis (also shown on the figure); however, we
feel they are appropriate to the data and the uﬁcertainties in‘the theore-
tical analysis. -

" Intetrim results of this study have been presented3’4 ;nd the final

report5 will ‘appear in The Physical Review.
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31. Neutron and Proton TunnellingﬁReactions on 208Pb

W. R. Phillips'and A. R. Barnett -

Neutron pickup and proton stripping reactions below the barrier

have been measured for 69.1 MeV 16O ions on 208Pb. The bombarding en-

ergy is 11 MeV below a 'barrier height" EC given by EC =~Z'22e2/R with

13, 173
Ay )F

Reaction products were observed over the angular range 100°-170° in

R = 1. S(A1

six solid state detectors arranged in a precision'scaftering chamﬁer. In
.order to observe the reaction groups below the'intensé elgétically scat-

tefed group, it was necessary to obtain a peak to valley ratio of. 105:1

in the detectors; this was achieved by careful attention to beam defini-
tion and collimator edgés. fig. 31-1 shows two typical spectra, at 160°

and at 170°. Below the elastic peak (whose scale is x 1/1000) is a

groﬁp arising from Coulomb excitation of the 37 level in 208Pb (see Sec-

tion 30 in this report). next an averlapping series of groups arising

from the stripping reaction 208Pb(160, )207 . The next series of
groups comes from the pickup reaction 20 Pb(160,15 )20931, the strong
15 209

state being from the Ng.s. + react1on The peak at

0 895 Mev
channel 295 is an elastically scattered 160 group of a different energy
and serves as a calibration line; the other groups were identified by
their kinematic variations with angle.

The differential cross sections were obtained in a straightforward

way by comparison with the elastic peak; the elastic séattering was shown
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to be pure Rutherford to + 0.34. Fig. 31-2 shows the values obtained

for the sum of all the transitions leading to levels in 170 + 207Pb, and

for the proton tunnelling leading to the 0.895 MeV £ 7/2 state of 2ogBi.
Table 31-1 gives estimates of the relative total cross:sections for the
individual neutron tunnelling reactions.

The total cross section for neutron pickup inveolving all levels is
2.2 £ 0.1 mb. This figure includes a correction for the Coulomb excita-

208Pb, which contributes to the partially

tion of the 27 4.07 MeV state of
resolved néutfon spectrum. Table 31-2 gives vélues for the_total'cross
sections for the individual proton tunnelling reactions. These data héve
been reportearaﬁ a reéent Heavy Ion Conference.

Tunnefling regctions below the barrier can be analyzed using DWBA;2
the distorted waves become Coulomb wave functions and uncertainties asso-
ciated with optical model parameters disappear. This and the increased
ver;atility of heavy ion reactions would make tunnelling a useful source
of spectroscopic information if the mathematical analyses could be im-
proved, as has been realized since the early work in the field.3 If one
makes various approximations‘in the CWBA expression4 for the transition
amplitude, then the angular distribution of the nucleon funnelling groups

is given by

Ju(®/fdg1 = ¢ cosec3e/2'exp[:zqgk’1 cosec 6/2] R

where n and k are the mean Sommerfelt parameters and wavenumber in the

two channels. The quantity y for neutron transfer is related to the neu-

tron binding energy in 170, B, by y = (Zman/hz)l/z, but for proton
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TABLE 31-1 208p, 4 165 . 175 , 207
. Main Configurapion of Q " Relative
17o Level 2°7Pb Level © MeV °Total
ds/2 : (pl/z)'l - -3.23 1.0
ds/2 “ (fs/z)’l' o -3.80 0.75 ¢ 0.15
a°s, | (3t |
1 ' 1 -4.,12 0.70 t 0.15
s /2 ' (p /2)
5 : .13, (-1
d /2 (i /2) _
51/2- '(p3/2)'l ' : -4,86 0.2 % 0.08
st/, (£t
L
TABLE .31-2 208g,  , 165,15 , 2094
Main Configuration of ) Q ‘ °'I‘_otal
15N Level '20931 Level " MeV _ ub
(ply 2 h9 -8.32 30 * 25
P/ /,
(plr )t £7 -9.22 302 t 16
P/, /q ,
1,°,-1 ' '
(p7/,) i13 : -9,93 80 * 20
2’ /s
(p'r )2 pl -11.43
2 /2
1. -1 : 100 t 18
(67/,) - Py [ - 1
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transfer a value larger tﬁan that corresponding to the proton separation
energy in 209Bi, Bp, should be used.2 This procedure leads to a more
rapid fall éff4with angle than for the neutron transfer. The prediction
for the angular distribution shape is nearly independent of angular mom-
entum and should apply to all the neutron transferﬁ and, separately, to
the prpton transfers. The full line of Fig. 31-2 is the curve for Bn=4
MeV and Bp =14 MeV. The good fits to the angular distributions using
the CWBA suggest that such treatments of proton and neutron tunnelling
reactions may be vayid.

| Recently5 Buttle and Goldfarb have examined the ¢ and Q value de-
pendence of the cross sections (§ = Mg -ni) and can account quite well
for the felative strengths of tPe different groups in both the prqton

and neutron cases. In particular, the very weak g.s. transition in the

2 .
proton pickup reaction, 15Ng s + 09Big s.? compared with 15N +

209

g.s.

Bi(0.90 MeV) can be understood. Further refinement in the calcula-
tions is needed before the absolute magnitude nf rhe proton transfere
can be predicted; for the neutron transfer the absolute magnitudcs agree

quite well with experiment.
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VI. ANALOG STATES AND COULOMB DISPLACEMENT ENERGIES

32. Isospin Mixing for Bound Analog States in 5600 and 5800

T. G. Dzubay and R. Sherr (Princeton University)
and

F. D. Becchetti, Jr.band D. Dehnhard

Transitions to levels in the vicinity of the ground sta;e analogs
Iin 56Co andZSSCo have been investigated uéing thé Fe(3He3t)Co reactions
at 24.6 MeV. Two.predominantly L=0 transitions, 70 keV apart, wére ob-
served ﬁheée the analog state in~56Co was expected to occur.A For the
analog state in 58Co two pure L=0 transitions spaéed at 20-kev were
obseryea; Tentative aésignments of d+ are made for all four levels.
These?phenomena are described in terms of large isospin mixing of the
analog state (T=To) with a T=To-1 state. The observed cross-section
ratios and splittings are used_to estimate off-diagonal matrix elements
for the charge dependent part of the nuclear Hamiltonian of 33 keV>for

56Co and 10 keV for 5800. The results are being prepared for publication.

33. Measurement of Coulomb Displacement Energies Using

theggue3,t) Reaction

F. D. Becchetti, Jr. and D. Dehnhard
and

T. G. Dzubay-(Princeton University)

Coulomb displacement energies for thirty-three isotopes between

Ca42 and qus inclusive have been measured using the (He3,t) reaction

i

at an incident energy of,24.6 MeV. Triton spéctré were taken at 6L=18°
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using a calibréted position-sensitive deﬁector in the focal plane of
the split-pole magnetic spectrometer. Most of the measurements were
made with isotopically enriched targets. The elastic He3 yields at 18°
were used to extract the target thicknesses and compositions from whish
absolute and relative (He3,t) cross sections were calculated.

In most of ;he spectra a single strong transition to the IAS
(isobaric analog state) of the targ;t nucleué could be identified and
an unambiguous Coulomb displacement energy calculated from the Q value.
For several §f the odd-even targets analogs to the first excitéd state
could also be identified. The triton spectra for several targets such
as Tiso, FeSG,AFeSB, and Ni64 showed several strong transitions in the
region expected for the analog state. In these cases the cross sections
to aﬁy single state were lower than expected from the (He3,t) cross sec-
tion sygtematics. Two cases in particulaf, Fe56--Co56 énd Fe58-0058,
were investig;téd further. For Co58 and probably 0056 the results indi-
cate isospin mixing of the analog state with other 0+ states in the re-
sidual ﬁﬁéléus (see»Sécqgon 32 ),

The triton sééctra obtained from Ni(He3,t)Cu~§ith A=58,60,61,62
and 64 are shown in Fig. 33-1 . One channel in the XE/E position spec;
trum corresponds to about 1.7 keV in energy. The bottom'spectrum was
obtained using a 68 u,g/cm2 natural nickel foil. The others are for 63,
31 and 34 p,g/cm2 enriched targets of Ni61’62’64 respectively on 15 p,g/cm2
carbon backings. The states identified as ground state analogs (IAS) and
first excited state analogs (IAS*) are labelled with arrows. The unlabeled
peak in the A=58,60 spectrum is the 1+ ground state in Cuss. In Ni64 two

peaks, 17 keV apart, are seen at the energy expected for the IAS.

The (He3,t) spectra are being analyzed using the peak fitting rou-
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tine GPF. Correction for energy losses in the target, etc., are included.
The final Coulomb energies for most targets should be accurate to better
than'+ 5 keV relative to the calibration energies.  The results are being

prepared for publication.

34, Calculations of Coulomb Displacement Energies

F. D. Becchetti, Jr. and G. W. Grececnleces

Calculations of Coulomb displacement enéréiES based on the model
of Nolen et al1 have been performed for several-lf-Zp shell nuclei as
.well as ZrQQ, Snlzo, and Pb208. This model yields a value for the ms
radius of the neutron excess from which an estimate of the differences
in the neutron and proton rms radii can be made. The result% in&icate

such differences, Ahp’ for Ni58 of 0.00 + .08 F, for Zr90 Ahp = 0.02 +

.08 F, for Sn120 Ahp = 0.05 £+ 0:10 F, and for Pb208 Ahp = 0.09 + 0.10 F.
The‘errors reflect uncertainties in th; exchange and core overlap correc-
. tiono, and the odro neuﬁion radii., Theoe reoulto are eimilar teo theae
obtained by Friedmapc et al,2 anq by Schiffer,3 and in Section 38 of this

Report, but indicate differences gmaller than thoge‘ca;culated from rea-

sonable single particle potentials.
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' VII. THE OPTICAL MODEL OF THE NUCLEUS

///35- The Elastic Scattering of 9.8 MeV Protons

Watson, Sievers, Greenlees, Poppe

During the past 1é months the measurements of the elastic scat-
tering of 9.8 MeV protons have been completed. Cross section and
polarization angular distributions have been measured for the isotopes
54Fe, S9Co, 58Ni, 64Ni, 6SZn, 90Zr, 12OSn, and 181Ta over the angular
range 17.5° to 160.00. The polarization data were taken using‘the
polarized beam from the Linear accelerator and the cross sections using

.a 9,8 MeV proton beam from the MP Tandem. The cross section daﬁa have
an absoldte no;malization uncertainty of at most'Z% over the whole angu-
lar range. The uncertainties in the polarization data'rangé'from 0.005.
at the forward angles to 0.05 at the backward angles.

The data are at present being analyzed in terms vl Lhe sltaudaid

optical model and also using the approach of Greenlees, Pyle,and Tang.

Figs. 35-1 and 35-2 show fits obtained to some of the data.

References

1. Greenlees, Pyle and Tang, Phys. Rev. 171, 1115 (1968).

36. The Elastic Scattering of 16 MeV Protons

W. Makofske, H. Liers and G. W. Greenlees

A number of experimental modifications in measuring absolute differ-
ential cross sections for proton elastic scattering have been made in the
. past year. The angular acceptance of the Ortec chamber Faraday Cup has

been enlarged to approxihgteiy'Qo in order to avoid beam losses due to
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multiple scattering at low energies. This allows absolute normalizations
to be determined with negligible error from multiple scattering for tar-
get thickne;ses of up to 5 mg/cm2 at an incident bombarding energy of 5
MeV. Tests have also been made verifying that errors in charge collec-
tion ar{sing from knockout electrons from the target are negligible for
an incident proﬁon beam.

A system of two fixed-angle monitor detectoré has also been designed
and built for the Ortec chamber. These detectors can be mounted out of
the scattering plane at a number of positions along the chamber wall.
They allow monitoring of target thickness variations due to beam movements
énd target deterioration at all angles without interfering with the present
method of measuring the cross section on either side of the beam at the
same angle to average out angular shifts due to beam movements.  This meth-
od also eliminates the need for overlap runs when changing target angle
since the target thickness is measured for every run.

These changes, coupled with small beam defining collimators, allow
ns to take data of about 17 rclative accuracy aud 2% absolute acciiracy
with the present system. Thus far, absolute cross sections have been
measured over the angular range between 15° and 160? in 2.5° stgps for

58Ni, 6ONi and 1ZOSn. Partial data bas been taken on 62Ni, 64Ni, 902r

and 208Pb.
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37. The Elastic Scattering of 40-MeV Protons by

Even Isotopes of Ni and Zn

H. S. Liers, R. N. Boyd, C. H. Poppe, J. A. Sievers and D. L. Watson

Measurements of the differential cross section and polarization for

the elastic scattering of 40-MeV protons by the isotopes of 58’60’62’64Ni

ana 64’66’68Zn1 have been completed. The data have been analyzed using
both the étandard optical model and the Greenlees, Pyle and Tang approach2
in which the real part of the central potential and the spin orbit poten-
tial are obtained from the two-nucleon éotential and the neutron, proton,
and matter point-density distributidns. Root-mean-square radii have been
extracted from the data, but no systematic trend is evident for an isotopic
sequence. Within the errors, no symmetry dependence is found for the ratio
of the volume integral of the rcal central potential to the mass number.

A manuscript describing the experiment and the results of the -analysis

has been prepared for submission to the Physical Review.
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38.

An Analysis of Proton Elastic Scattering Using Potentials Derived

from Nucleon Density Distributions and Two-Body Potentials
G. W. Greenlees, W. Maknfske and G. J, Pyle

Recently Greenlees, Pyle, and Tang1 déveloped an optical model in
which the real parts of the pbtential were derived from nuclear matter
distributions and the nucleon-nucleon force. When applied to proton
elastic scattering at 14.5, 30.3,and 40 MeV the model was'able go fit
the data as well as standard optical model treatments despite having
fewer adjustable parameters. For a given range of two-body force,
values for the nuclear rms matter radii could be obtainéd. These
values were greater than corresponding rms proton radii, derived from
electron scattering and muonic x-ray work, and implied that the nuclear
neutron rms radii were greater than the nuclear proton rms radii by
about 0.6 F for all nuclei considered when a Yukawa two-body force of
ms radius 2.25 Fz was used.

Although the model, as developed in Ref. 1, gives a first order
treatment of the problem, the actual analysis of data involved two ad-
ditional assumptions in the calculation of the isospin and spin-orbit
terms. In the present analysis, these approximations have been removed
and proton data at 30.3 MeV analyzed using the complete model. It is
found that the neutron-proton rms radii differences are reduced by 0.1-
0.2 F for a Yukawa two-body force of ms radius 2.25 F2. However, the

fits to the data are found to be relatively insensitive to both the
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magnitude of the isospin termAgnd the range of the direct part of the
nucieoq—nucleop force. When these quantities are chosen to agree with
a Feéent analysis of low energy'nucleon-nucleon data, which used a
Gaussiaﬁ shape, a further reduction isAeffected in the nuclear neutron-
proton rms radius differences to values around zero fo% medium-weight
elements and 0.1-0.2 F for heavy elements.

Confirmation is provided that the volume ihtegral and the rms
radius of the real central poten;ial are well-defined quantities which
can be extracted from elastic scattering data as was suggested in Ref.
1 and b& Becchett; et al.2 fhis result is insensitive to detailed form

of the potential used.

References

‘1. G. W. Greenlees, G. J. Pyle and Y. C. Tang, Phys. Rev. 171, 1115
(1968).

2. F. D. Becchetti, Jr. and G. W. Greenlees, Phys. Rev. (to be published).

39.

Further OptiCal.Model Analysis of 30.3 MeV Proton Elastic Scattering Data

‘G. W._Greenlees and W. Makofske

"Recently elastiévscattefing polarization data on 58Ni-; 1205n and

208Pb at 30.3 MeV have become available over the angular range from
10°-165° in'fiveldegree intervals with an absolute accuracy of 0.005-

0.02.1 These data, togethér with the corresponding differential cross

section daﬁa,2 are being analyzed with the standard opticél model and a
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version in which the real parts of the effective inﬁeraction potentiai
are derived from. the nuclear density distribution and components of the
nucleon-nucleon force.3 Preliminary results seem to indicate that the
model cannot fit medium weight nuclei nearly as well as heaﬁy nuclei.
This suggests that some feature, perhaps A dependent, is lacking in pre-

sent formulations of the optical model.
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40.

Optical Model Analysis of He3 and Alpha-Particle Elastic Scattering

J. S. Lilley and D. D. Leavitt

Optical ﬁodel analysis of 29 MeV He3 elastic scattering data1 re-
vealed séveral parameter sets thch gave ‘approximately equivalent fits.
Thg combination of largé radius and small diffuseness fits to the data
were as good as fits from a small radius and large diffuseness. Good‘
1/3 to 1.3 A1/3,

fits to the data were achieved with radii from 0.99 A ‘1

diffuseness from 0.6 to 0.89, and potentials from 90 to 360 MeV. The
potential form factors for all these fits shared a common point of in-
tersection at a radius in the interaction region. Volume integrals for

these fits ranged from 240 MeV-F2 to 825 MeV-FZ. Data analyzed extended

out to.less than 100 degrees. For larger angles, the predicted cross
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sections of the different fits varied significanfly. To see if some of
these ambiguities can be resolved, we are measuring scattering cross
sections over the éntire angular range. Measurements are presently being
made on:Ni58 and T148, and will be éxtgnded to other isotopes. Since
the counting rate at large angles is very small, the particle identifi-
cation computer routine has been modified to handle incoming data from
‘three detectors, allowing simultaneous measurements of three angles.
Compared - to He3 elastic scattering data, alpha scattering data dis-
pldys much more diffraction structure and thus allows less ambiguity in
the optical model parameters. Fits to alpha scattering data tend to favor
“a -large ;adius and $mall diffuseness. Again, iarge angle data is scant.

39,2 suggests a possible angular

‘However; .recent Polish daté, K39(a,ODK
dependence of the parameters, that is, better fits at large angleé with
large diffuseness and small radius, while the forward angles are better
fit with smaller diffuseness ana large radius. We plan to investigate
the complete angular scattering range for other nuclei to see if this

same dependence isAexhibited, and to determine what form factor is re-

quired to give a good fit over the entire angular range.
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41. Standard Optical Model Paramctcro

F. D. Becchetti, Jr. and G. W. Greenlees

The analysis of nucleon-nucleus elastic scattefing using the'sfand-.
ard optical model has been completed and the results are in press (Physical
Review). . |

The technique used in the nucieon-nﬁcleus analysis, i.e., the simul-
taneous fitting of a large amount of data in tefms of explicit parameter-
ization of the optical pafaméters with energy, (N-Z)/A, etc. is being
extended to the aﬁalysis of He3 and‘tritén elastic data. |

A prelimipary set:of pérametérs has been fouﬁd that gives a reasonable

fit to the'He3 and triton data analyzed (XZ/N::13). These parameters are:

He3: VR= 136.4 - 0.17E + 55(N-2)/A
Wy= 41.3 - 0.33E + 63(N*Z)/A
triton: VR= 165.0 - 0.17E - 7(N=2)/A
WV¥ 46 - 0.33E - 110(N-Z)/A

TR

= 1.20, a= 0.72, r_= 1.40,
*r Ty 140> 2y SF 0

= 0.86, w__= 0, VS =0

These parametefs are in no way unique and represent only one of sev-
eral sets that give comparable fits to the data. The inclusion of spin
orbit coupling improves the fits only slightly (XZ/N:=9) bu; for convenient

use in DWBA calculation the parameters given here arefféijvso=0.
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VIII. EXPERIMENTAL AND DATA ANALYSIS -PROCEDURES

42. Enge Split-Pole Spectrometer Programs

M. Oothoudt and P. Vedelsby

During the past year, five programs have beén written to aid in
analyzing photo-plate spectra. All of .the programs use calibrations
giving either the distance along the focal plane (d) as a function of
the radius of curvature (P) in the main field of the magnet or pasa
function of d. The calibration was obtained by making exposures at
several magnetic field settings for a peak of known energy; a separate
calibration must be made for each pair of settings for the screws wﬁich
pos?tion fhe plate holder.

PROGRAM MMM reads scanning results from the card reader and dis-
plays‘the‘spectrum on the oscilliscope. Tagging channels of'a peak re-
sult in integration of the peak -and calculation of its center of gravity.
From this distance the Bp value of the peak, its absolute energy, and its
Q value are calculated.

PROGRAM ESPKIN is a kinematics program to aid in identifying peaks
by their BP and d values found with MMﬁ. Given reaction dgta on a set
of up to 150 reactions, the program calculates relativistically correct
kinematics and prints out results in order of decreasing BP and d.

PROGRAM F calculates the frequency necessary toAplace a peak at a
given location along the foc#l plane. |

PROGRAM D calculates the location of a peak for given reaction para-
meters. Using PROGRAMS F and D, one may calculate the frequency neces-

sary to place the peak of highest BP of interest at the highest}convenient
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d of the plates while making sure that other peaks of interest do not
fall on file marks or in joints between plates.
PROGRAM Q calculates the absolute energy and reaction Q value of

peaks found at given d values.

43. Q-Value Computation.Programs

H. Ohnuma

A program which calculates nuclear reaction Q-values is developed.
This program is small enough to fit to the CDC 3100 computer, so that an
experimenter can calculate necessary Q-values in the course of his experi-
ﬁent. Q-vélués are based on the 1964 Mass Table1 and additions and co?rec—
tions are made according to recent 1iterature.2’3’4’5
" This program can
I) make a table of mass excesses and masses;:
I1) calculate Q-values for
1) one reaction on all known nuclei;

2) one reaction on all stable (normally available) nuclei;

3) reactions with one incident particle on one target nucleus

and various outgoing particles;
4) one reaction on one target;
III) make a Q-value for up to 11 incoming particles and 22 outgoing
particles on all stable (normally available) nuclei.

The program can take more than one outgoing particle for a reaction, thus

enabling one to calculate Q-values for reactions such as (@,3n).
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44. Digital 'Leaky Integrator'" Routine to .Compensate for

Beam Intensity Variations

A. R. Barnett, J. H. Broadhurst and R. W. Goodwin

The éténdard methods of determining the’effective chargé iﬁ an
activity measurement are:
15 Saturate the gctivity by Bombarding f§r a time T>>Tl/2, T1/2 =
fhe known Half-life, so that thé activity at the start of the counting
véyélé ié broportibnal to the curreﬁt (corrected for the time taken to
turn off the beam and begin counting).
2)'ABohbar& for a time T<<T1)2, thus approximating to an instantan-
eous charge Q@ at T=0, where Q = Idt(l-1/2)\dt+. .) and A is the decay con-
stant, 102/, /5. |
3) Use a leaky bhrrént integratbr and allow the accumulated charge
to decavaith a time constant set équal to thé decéy rate 6f the actiVity
to be measured so that.thé effectivé éharge at thevstart of the counting
period is proportional to thé activity.
' Each of these hetﬁods'has well known disadvantages. In method 1)

undesired background activities can be built up and ideally the current
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should be constant; in method 2) one approximates to the exponential ac-
tivity increase by its linear first part but may not produce enough acti-
vity per cycle, again the current is assumed constant; and in method 3)
one has the hardware problem of varying (often high) resistance values
in order to achieve. the correct decay‘constant in é separate preliminary
experiment.

We have overcome many éf these disadvantages in a simple manner by
multiscaling the beam current integrator output; that is, by.dividiﬁg
the total bombarding plus wait period into (in our case) 128 equal time
intervals and recording thg number of beam current integration (BCI)
pulses in each. For our ﬁCI, full scale current gives an output of 100
pulses/sec. The data can be recorded in an array and ﬁroceSsed on-line,
or subsequently. - The éffective'charge at any later time T (when the de-
tectors began recording activity data) can be easily calculated as
E:qie_k(TFti) where q; is the charge recorded at the time element labeled
ti;' The activity data are recorded in a normal multiscaling system such
as by the program ACT.1 Since the beam intensity fluctuations have been
recorded, accumulated over as many bombarding recording cycles as de-
sired, one is not restricted to the bombarding time inequalities of meth-
ods 1) aqd 2). An important additional advantage is that the effective
charge can be calculated for all of several activities which may be pre-
sent in the data, Qithou; répeating thé experiment.

An examplg of this technique‘arose when we were défermining fhe

’ 2
(¢&,n) total cross section of 208Pb and 0931 by Q-activity measurements

of the residual nuclei 211Po and 212At.2 In the first use, 211Po, only
one activity is present with a half-life of 0.505 sec, and the program

ACT was set up with a bombarding plus wait time of 2.56 sec, thus di-
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gitizing the beam in 128 channels of 20 msec/channel. This was followed

by 32 counting periods of the a-detectors of 100 msec, each recording

128 channels of energy information from the ADC. For the 2Ogbi(a,n)nzAt

21 212mAt

reaction, however, two activities are formed, 2At(0.309ec) and
(0.12sec) which have differenﬁ a-decay spectra. .By-aﬁalyzing ieparateiy
the‘different energy regions of the spectfa and evaluating the effective
charge for each activity, it is possible to measure simultaneously the
(a,n) total cross section to the ground sfate and to the isoﬁe:ic state
2;2A

of t. This information is of direct relevance to the total reaction

measurement of Q's on 209Bi at energies well below the Coulomb barrier.2
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45, 0° Measurements with the Split-Pole Magnetic Spectrometer

. W. W. Dykoski and .D. Dehnhard .

The double focusing properties of the Enge split-polé‘magnetié
spectrometer make it easy to do experiments at 0°. ;n many‘experimeﬁts,
the measurement of the cross section at 0° is of considerable interest.
We have performed several test experiments using the 29Si(3He,d) reaction
at 25 MeV. |

Between the target and spectrometer entrance ape;tdre we placed:a
set of guard slits to prevent thé‘beam‘ffom'hifting tha; éperturé. The
size of the guard slits was such that they did not limit the solid angle
given by the entrance aperture. A Faraday cup was placed in the focal
plane of the spectrometer and a-position-senéitive detector was placed
at a larger p-value. ‘The detector was covered with a polyéthylene absor-
ber foil of 30 millsAthickness to stop an& doublylscagtered 3He.

The position spectrum from the 29Si(SHe,d) reaction to the 0.678
MeV and 0.709 MeV doublet in 30P is shown in the Fig. 45-1 . We have
not yet tried to detect particles at a P-value smaller than that of the
particle beam bgcause‘we expected considerable background due to slit edge

scattering.
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B. EXPERIMENTAL INSTRUMENTATION

~

46. Vacuum Target Transfer System

H. Ohnuma

In order to make contamination-free targets for méterials which
are easily oxydized or absorb humidity.in the air, a new evaporation
chamber, transfer box, gnd a storage chamber were designed. One can
evaporate up to four targets in the chamber, put them in the transfer
box, and attach it to the target chamber fgr the split-pole spectfo-
meter, which is evacuated beforehand. One can store targets in a
vacuum storage chamber when they are not used. ‘This syétem has suc-

cessfully been used for calcium targets so far.

47. ' Target Preparation Facilities
George Ott

The last year has seen a.ppnsiderable expansion of the target pre-
paration faciiity.j A new vacuum system for evaporation and sputtering
'has been édmplétéd‘éiviﬂg the iaboratory a total of three vacuum systems
available'for target prepar;tioq., Two of.the systems use oil diffusion
pumps aﬁd the thifd'is.a turBo-moieéulér system. There has been put into
operagion a ong-kilowatt.épntinuous'duty R.F. generatofézhét provides
power for sputtering.

The chemical steps in target preparation have been made more effi-
cient by the establishment of a chemical laboratory in a room having a

fume hood which is adjacent to the target preparation room.
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The target laboratory.processed and completed over 150 requests for
targets making a:total -of nearly 500 individual targets from the follow-
ing elements:

Aluminum, Antimony, Barium, Bismuth, Beryllium, Boron, Cadmium,
Calcium, Carbon, Chromium, Cobalt, Copper, Erbium, Fluorine,
Gaddlinium, Cermaniﬁm, Gold, Iﬁdium; Iridium, Iron, Lanthanum,
Lééd,.Lithium; Magnesium, Nickel, Nitrogen;'Palladium, Phosphorus,
Samarium, Scandium, Selenium, Silicon, Silver, Tellurium, Terbium,

Tin, Titanium, Vanadium, Ytterbium, and Zirconium.
‘ Sama:ium.targets, Which héd preyiously been troublesome when using
Lanthanum for reducing the oxide of Samarium, have now been made with
great.succgss_using‘Titanium as the reducing agent. It was found that

Lead, which is furnished in isotopic form as the nitrate by 0Oak Ridge,

made target preparation easier if it was first heated in a test tube
over a Bunsen burner thereby reducing it to the oxide before it was

placed in the vacuum evaporator to make the target.

48. High Resolution Proton Spectrometer (HRS) for the Los Alamos

Meson Physics Facility (LAMPF)

N. M. Hintz

For the:past several years the author has been a member of the HRS
desién comﬁitceesat L&s Alamos.- The group has been responsible for es-
tablishing specifications and weighing design tradg-offs for a spectrometer
to be used primarily for proton-nucleus-experiments near 800 MeV. Also
the HRS group considered a number of problems associated with beam back-

ground, targeting, and detection systems:
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The LAMPF beam is to have a maximum‘engrgy of 800 MeV, energy spread
+ 3.5 MeV and emittance of 0.075 5 cm.mrad. Currents of up to 100 pa un-
polarized or 600 na: polarized should be available in the HRS area.
Early in the game it was realized that little useful nuclear structure
information could be obtained unless the overall energy resolution were.
considerably better than the a7 MeV béam spread. A figufe of 100 kevV,
FWHM, for p+Mg24 at 45° was originally chosen, but this has recently been
reduced somewhat and it is now expected that the overall resolution wili
be better than 50 keV, especially for heavier targets where kinemétic
energy variations with lab angles are less serious.

Various simple schemes were studied 'in first ordef by the committee,
after which detailed calculations were made by H. Enge (MIT) and K. Brown
(SLAC) on fancier systems. The nearly final proposal which has emerged

is as follows: An H beam from the linac is stripped, bent, dispersed’

(horizontally) and then "twisted" (x-»y, y—9x) to give a vertically dis-
persed beam 1 cm wide by 13 cm high on the target. The spectrometer,
whose dispersion is matched by the beam analysis system, is to consist
of a quadrupole followed by two 75° uniform field sections (QDD) with
shaped entrance and exit boundaries to correct aberrations. The bending
radius will probably be in the vicinity of 4 meters to giVe higher dis-
persion and to allow ground state (p,t) reactions éo be studied (~18 kG
at R=4m). An acceptance solid angle of 2;3 msr should be anticipated.
The entire system, magnets, mount, and shielding wiilrﬁéigh around 1000
tons'ana stand over 50 feet tall.

Because of the dispersion matching, the o;erall system will be
achromatic from linac output to magnet focal plane. Thus, §n1y energy .
loss in the target will be measufed.

Final calculations (by Enge and Brown) are now underway in second
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order and by ray tracing. Our schedule calls for final magnet and beam
handling optics to be completed by September 1969 so then éngineering

design can proceed.

49. Magnetic Pair Spectrometer

R. A. Wallen and N. M. Hintz

Wérk on this project was discontinued in the fall of 1968 because
of lack of the funds required to complete the needed electronics and

computer interfacing.
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c. ACCELERATOR PERFORMANCE AND DEVELOPMENT

50. Linear Accelerator Machine Operation

‘Peter Stasz

The Linear'Accele?ator was officially shut-down a£ 4:23 p.m. on
January 7, 1969. During-the final months of operation only necessary
repairs were done to the machine to keep it operational so as to make
available maximum.experimenta1 time. The ratio of 40 MeV to 10 MeV
experimental time waé roughly 55% t0‘45%. |

During the period from Se?tember 1968 until shutdowp the .time

available was divided as follows:

Experimental 2340 hours 78.5%

Trouble 382 hours 12.84

'Maintenance and Warm-up 1S§ hours 5.4%

Surplus 97 hours 3.3%
| 2978 hours 100%

Distribution of experimental time:

10 MeV Unpolarized 8 hours 0.49
10 MeV Polarized 1062 hours 45.49
40 MeV Unpolarized 1008 hours 43.14
40 MeV Polarized 262 hours 11.19
- - ===2340-ho u—rs::”:i]joo%:;: it ':V$"%T::’Lﬁf'f

The resnatrons operated well during the last year with resnatron 1
having logged 15,894 hours without repair.

Resnatron Nominal Power Level Hours Run Openings

1 . 0.6 MW 2815.5 None
2 2.4 MW 1850 1
3 3.2 MW : 0 None

4 (driver) 0.8 MW - 2815.5 1
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0[\ 51. . - General Operation of the Tandem Van de Graaff

C. H. Poppe and P. Stész

As in previous years, the Tandem was scheduled for 24-hour a day
operation, seven days a week, with the exception that Monday morning is
resgrved for regulér maintenance. In February it was decided to make'
the first Monday of every'month an extended maintenance so that jobs-
too long to beAcqmpletgd during the regu¥ar half-day maintenance could
bg completed at monthly intervais. ’

From August to December,.l969 the machine ran extremeiy well and
it was n&t necessary to enter the tank, By‘December, however, a large
bacqug of major maintenance and repair items had accumulated, so it
was decided to schedule a.shutdowp apd enter the tank. No unusual prob-
iems were encéun;ered and af;er checking resistors, screens, etc. énd
installing replacements.when neceésary, the tank inside was cleaned and
closed again. At this time a home-made einzel lens was installed in
the source, replacing the original HVEC unit on the duoplasmatron source
assembly. The glass in the HVEC einzel lens was attacked by Li vapor
from the Li charge exchange canal and had developed a leak. The new de- -
sign used a porcelain insulator instead of glass and is designed to that
it is difficult for Li to deposit on the insulator.

After this scheduled shutdown, the machine again ran well until
April 29 at which time the charging belt broke after 7394 hours of run-
ning time. Inspection of the belt tunnel showed that the breaking of

the belt had caused no damage to the belt guides. The belt had apparently



130

worn through in one spot and the subsequent tear developed from that
point. A new belt was installed and an attempt was made to align the
belt tunpels. At this time it was discovered that ;he support brackets
to which the belt guides are attached were cast in such a way that each
belt guide would be slightly bowed downward. This bowing could be as.
much as 0.070 in. at the center and was highly variable;' Furthermore,

in the dead sections between accelerating columns, the belt guides were
supported by a different kind of bracket which did not impart such a
bowing to the guides. Heﬁce, there would be a discontinuity in the belt
tunnel at each dead section. It was'suggested th;t this Qould be a major
contributor to belt wear and an attempt to improve the situation was made
by shimming the belt'guiaeS‘at the dead sections in such a way that they
would be bowed approximately the same as the others.

During the belt change a careful inspection of the accelérating
column was made, looking for sections which showed heavy tracks bethen
electrodes. On the suggestion of the High Voltage Engineering Compgny,
the worst of these sections .were shorted out. A computer program which
calculated beam trajectories through inclined-field accelerating tubes
was used to insure that the shorting.of sections was dbﬁe in.such a way
sa as to cause little or no change - in the position and angle of the beam

)
leaving the accelerator. In all, more than 10% ofrthe accelerating col-
umn was shorted out.

After the belt change, terminal voltage did not reach the former

maximum even after considerable conditioning. The columns appeared to
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condition well, but whenever the terminal was pushed beyond 7 MV, sparks
to the tank.wall would occur every 5 to iO minutes; Consequently, on
June 9 the tank was again entered. It was diséovered that a great deal
of belt materiél in the‘form of dﬁst‘and flakes was depqsited in many
places. The méterial was épparéntly coﬁing from wearing of the inside of
the belt on the bottom belt guides of the hpper belt tunnel. It was de-
cided to realign the upper belt tunnel in order to decrease belt wear.
All of the upper belt guides and belt guide brackets were removed and

' the brackets were machined so that the horizontal surface which supports
the belt'guide3wi1i transmit little if any torque té the guide. Hence,
the bowing of the guides mentioned above disappeared and the entire belt
tunnel could be aligned accurately wi;h respect to a piano wire stretched
over the hotdr and alternétor.

After thié tank Opening‘the hachine operation was complicated by a
series of minor problems, including low source output and trouble with
the 300 kV ‘isolation transformer. These problems were overcome and the
machine ran well at. 9.5 MV on the terminai. (The experimental program
did not require any higher voltages.)

In order_té check belt wear and to see if the realignment of the
belt tunnel was successful, the tank was opened again on July 28. The
‘inside was found to be unusually clean, so Ehat after. the usual resistor
check and a thorough clean-out of the false floor under the terminal, the
t;nk was closed up. By the next day a terminal potential of 8.8 MV had
been easily reached and machine operation has been satisfactory since

that time.
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2
Beams of 1H, H, 3He, 4He, and 160 have been used this year. lH
and 2H were used about two-thirds of the timg, while 3He and 4He the re-
maining third. . Only one run using 16O was made this year.

The operation of the accelerator is summarized as follows:

Used for experimental work ' 4,422 hours  50.49
Scheduled maintenance ~ 821 hours 9.49
Machine conditioning and operator training 1,217 hours L3.9%‘
Experiment set-up time - : 184 hours 2.1%
Machine deveiépment o ‘ " 88 hours “1.1%
" Trouble timé i,736 hours 19.84
Surplus ’ o : 36 hours 4%

Miscellaneous _ ' . 256 hours 2.9%

8,760 hours 100.0%

-Experimental time is up from last year.by 10%. Much of this haé come
from more efficient setting up of experiments and using only L% of avall-
able accelerato? time fof machine'development (most development has been
done with the accelerator running). The small amount -of surplus time in-

dicates the degree to which time on the machine is requested.
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/( 52. The Enge Split-Pole Magnetic Spectrometer

D. Dehnhard

The magnetic spectrometer of the Enge-split-pole type1 has been
used quite extensively during the whole year. Because of the obvious
advantage of having experimental data available for analysis on-line,
many experiments were performed with an array of three position-sensitive
detectors. In particular, when particle separation between deuterons and
tritons was required, position-sensitive detectors were preferred over
nuclear emulsion plates. Nevertheless, in many experiments photoplates
were used successfully taking advantage of the broad range of the spec-
trometer. In no experiment was the full eﬁergy range of the magnet
/E

(E =8) used.

max’ “min

In most experiments resolution was limited by target thickness and
not by sﬁectromgter aberrations, detector noise, etc.

In an early test run an array of six detectors was set up and XE
and E signals from three detectors were fed into two pairs of ADC's using
‘an existing routing unit. It turned out that '"cross talk" between various
detectors in one pair of ADC's could not be completely eliminated and la-
ter experiments were therefore done with the use of three detectors whose
signals were fed into three pairs of ADC's. A high quality routing sys-
tem is presgntly under construction (J.H. Broadhurst)'to be used for the
six detector array in the spectrometer and for an array of AE/AX-E systems

in the 8' scattering chamber or the ORTEC-chamber.
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The variable (width and height) spectrometer entrance slit system--
provided by the manufacturer--was found to be very unreliable. It was
replaced by a slit system that allows use of five fixed size apertures
without breaking vacuum. To determine the maximum vertical ppening ZZi
for the spectrometer entrance aperture (see. Ref. 1), when a beah spot
height of 2 mm is used, we have measured the counting rate as a function
of the vertical opéning for a set of five slits, 8.3 mm wide and 4, 6, 8,
10, and 12 mm high at a distance of 24.3 cm from the target. The beam
was sliéhtly“defocused to assure uniform illumination of the target.

We found (see Fig. 53-1 ) that at the high energy end of the focal plane
(p=pmax) the counting rate will be limited by the magnet.pole faces at

a verticél opening of 22{1= 0.037rad. This ié just slightly smaller than
the. 0.04 rad. opening recommended by H.E. Enge.1 The difference is pro-
bably related to thé finite target spot size. At smaller p-values, lar-
ger vertical openings.éanbeﬁsed. They were determined by measuring the
counting rate as a function of'p with a fixed vertical aperture.

The position accuracy an& reproducibility of the existing chain driven
position detector mount was found to be too poor'for éxperiments in which
the detector position was to be changed. A new array mount and drivelusing'
a lathe screw was‘deéigned (W.W. Dykoski) and construction has begun. The
detector position is aesigned to be reproducible to bétter than 0.05 mm
corresponding to about 1 keV at 20 MeV at the high energy‘énd. ‘Fortunately,
in most expéfiments detectors are kept at a fixed position and calibration

is done by sweeping a peak of known energy across the detector by varying
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the magnetic field. This can be done to very high accuracy and excita-

tion energies have been determined to better than 2 keV up toiabout 2 MeV.
Existing computer programs for use with the spectrometer have been

improved'and new codes have been written. They are described in Section

42 of this report.

References

1. J.E. Spencer .and H.E. Enge, Nucl. Instr. and Methﬁlﬁg, 181 (1967).

53. On-Line Computer System

R. K. Hobbie, J. H. Broadhurst, R. Goodwin and B. Brown

The CDC-3100 computer in the Tandem Laboratory operated 8000
hours during the past year, or 160 hours per week. As in the past,
the heavy demand for computer time for off-line analyses has been met
only during occasional failure of the accelerator. The new disk)
display system, mentioned in last year's‘progresé report, ié 90%
complete. Funds for components for this unit have been providea
by the Graduate School. Programming for this new system is .in the

planning stage.
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54. Linear Accelerator Polarized Ion Source Qperation

D. Watson and C. H. Poppe

During the period from August 1, 1968 until January 7, 1969, when

the linear accelerator was shut down, the polarized ion source was sched-

<
R

e

uled for experiments for 1334 hours. This was approximately 57% of the
available experimental time. There were 1062 hours of operation at 10 MeV
compared to 262 hours at 40 MeV.

V The continued use of silicone based oils in the diffusion pumps main-
tained'the relatively 1qng period between shutdowns .due t§ oil contamination
Tﬁe time between major shut downs due to all causes, filament breaks? mirror
wire £reaks, diffusion pump failure, etc. ﬁas of therrder of '400hours.

Because of the impending closedown of the linear accelerator, no major
modificatians or improvements to the source were carried out during these
final months of operation. The ionizer and sixpole magnet from this source,
with minor modifications, are to be used in the polarized negative ion

source now being built for the MP Tandem.
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55, ‘ Polarized Negative-Ion Source for the MP Tandem

C. H. Poppe, V. Shkolnik, D. L. Watson, J. J. Turgeon, T. O. May,
D. Tweeton and J. H. Broadhurst

A basic description of the polarized negative-ion source now under
construction was given in the 1968 Progress Report. At this writing,
construction and assembly have been complefed on the atomic beam system
and differential pﬁmping column. Tests on the atomic beam wili begin
after modifications. to the sextupole magnet return yoke are completed.

Designzqf most of the remaining components has been completed and
construction is under way. The tandem injector cage has already been
enlarged to accommodate the source and construction of the insulating
platform which is to support the source at the injector potential will
start soon.

Fig. 35-1 gshows an elevation of the polarized source assembly. Four
vaciim hnxes are supported from an I becam framewurk. The glght-hand box
houses the three-stage differential pumping column for formation of the
atomic beam. fhe first stage is pumped by a 850 cfm Roots blower backed
by a 140 cfm Stokes mechanical pump. The next two stéges aré pumped by
two 6-in. o0il diffusion pumps on each stage. After testing a number of
pumps, the NRC VHS-6 with a measured speed of 2300 ¢/sec was chosen.

Attéched to the atomic-beam box is the box housing the sextupole.
magnet and the low-field r.f. transition unit. The next two boxes house

the ionizer and charge exchange system, respectively. The ionizer box
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will be pumped by a Granville-Phillips Electrb-Ion pump, while an oil
diffusion pump will be used on the charge-exchange box.

Details of the beam transport system between the charge exchange
region and the tandem have been completed and the design of the foil
stripper assembly for installation in the tandem terminal has been sub-
mitted to the shop. Tests on the production of negative ions by charge
exchange in Cs vapor have continued throughout the year gsing the faci-
lities described in the 1968 Report.2

The following sections detail progress made in certain areas:

1. Charge Exchanée Tests with Cesium Vapor.

Tests of our alkaliAQapor-chérge exchange‘system as described in
last yearfsiProgféss‘Reportz‘have continued intermittently throughout
the'past.ygér. ,Howgvgr, wi#h this system it was not possible to make

i

any quantitativé measurements because the component of the negative beam

due_towa'prodﬁced ffdm'ﬁI

and other negative componehts of cthe beam. 10 overcome thls

60u1d'not be separatea from the H produéed
trom H; Qr H;
difficulty the equipﬁen; has,béen rebuilt with a mass spectrometer as the
detecting unit. 1In conjﬁnction with this an einzel 1¢ns has been placed
after the charge exchange canal to focus the negative beam into the mass
spectrémeter.

Measurements with this new system have been underway for about 6

weeks. The investigations being carried out at present are:

(a) Variation of the overall charge exchange efficiency with vapor

thickness.
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(b) vVariation of the exchange efficiency as a function of inci-

dent beam energy.

Preliminary indications show that an incident energy of 2-2.5 keV
and a canal temperature of 180°-200° ¢ (i.e. cesium thickness of 15-20 .
p=cm in the canal) will yield the highest charge exchange efficiency.
The ionizer, charge exchange and beam t;ansport systems are being designed

to operate in this energy region.

2. The Foil Stripper.

The proposed foil stripper is to be mounted in the first access
opening downstréam from the gas stripper canal in the high voltage ter-
'minal of the tandem Van de Graaff. When the foil stripper is in use,

;he gas canal now being used for stripping will be lifted 1.75 in. and
out of the way of the beam by two air cylindcrs aetivated by a two-way
valve w;th gas pressure from a nitrogen bottle inside the terminal.

(The two-way valve is to be controlled from the ground end by the usual
Lucite rod.) Each cylinder is attached to the flange carrying the ex-
'isting adjustable cradlé'with the 1ift points close to the cradle and the
restraining spring. When the cylinder retracts to -the down position the
spring returns the canal .tube to the cradle and the canal's alignment is
left unchanged. Thé mechanical connection between cylinders and the canal
tube incorporates metal bellows rated more than 180 PSI, eliminating
sliding seals between the tank atmosphere and the accelerating tube.

The stripper consists of 72 frames with 1/2 inch dia. 10 p,g/ém2 c;r-

bon foils backed by Formvar, mounted on a 35SS Boston Gear chain with A-1
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attachments. Fig. 55-2 shows details of the mechanism.

1.- Foil intposiéion | 7; ;The driving Alnico magnet

2. 8-tooth chain sprocket 8. Alignment bolts

3. 5:1 gear reduction | 9. Chain tensioning shims and bolts
4. Sapoiht Gencva drive 10. Foil guard plates

5. Shaft éoupling 11. Mounted foils

6. The driven Alnico magnet

The outside magnet is driven from the ground end by a reversible
geared-down motor via another long rod, with a Theta Instrument Co. 3-digit
shaft encodér attached to it (through another 10:1 gear reductian). The
disblay unit at the operator console gives infofmation concerning the posi-
tion of the driQing magnet.‘ The two features of the Geneva mechantsﬁ, in-
terhittent motion and self—locking; require (for an 8-point‘dévice and 5:1
reduction)‘that the driven magnet mistracks fér more than three.turns in
either direction before this starts to affect the positiun of the cﬁain.
The mistrackiﬁg is not expected to exgeed a [ew degrees. Tho chaft frir-
tion will be reduced by incorporating several miniature bearings (not shown
on Fig. 55-2)and by applying high-vacuum lubrication grease. V

In ordef to insure the ease of ﬁounting of a loaded stripper in place,
a full-sized model was built aﬁd positionéd without touching any part of
the terminal structure.

3. The Beam Transport.

The version of the beam transport which is to be built first is in-

tended to produce only transverse vector polarization. Its elements are
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shown on Fig. 55-3 and are all designed excépt for the 45° inflection
magnet.

A valve (i) sepérates the charge exchange box from the first gridded
Einzel Lens (2) which focuses an iﬁcidént parallel beam iﬁ the plane of
the figure at exactly the middle of the spin-rotating solenoid (5). Before
entering the solenoid, however, the beam passes through an electrostatic
mirror housing (3) ‘and an electrostatic mirror (4). The latter changes
the spin orientation of the beam from axial to transverse and its rela-
tively large effective depth of 1 inch separates spatially thé'qnwanted
component

Hy— 2HY—2H
generated by scattering inside the charge exchange. This component has
onl& half the energy of the polarized‘beam and they emerge from the mirror
0.5 in. apért, which is more than the beam diameter at this point. A
baffle at the mirror exit stops the unpolarized component after which it
is pumped out. At the same time the mirror removes the positive (unex-
cﬁanged) beam and an aﬁtempt will be made to use this beam for continuous
monitoring of the intensity and positioﬁ of the polarized component. It
is also recognized that the mirror introduces an axial asymmetry in the

plane perpendicular to the drawing, as follows from the matrix elements

pertaining to this mirrer __ . .. . e e

[+ o ' _ /1 sé6
Mhor»—(o 'I), - Mvert'— 0 /
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Beam Transport for Negative Polarized Ions
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If the beam is focused to have the crossover at the point M, this asym-
metry disappears..'F;r'fine ad justments of the beam position the mirrof
can be inclingd'rémotelyIQith regéect of the plane of the drawing and
rotated abéﬁt thé'éxis perpénéicular to this plane and passing through M.

The spin-rotating solenoid is of the sheathed design and capable of
producing 53 k-gauss-cm of magnetomotive force needed to rotate spins of
5.0 keV deuterons by 180°. 1t is wound with square wire and water cooled.

The 45° inflection magnet (6) will be'designed either with vafiable
shim anglé; ‘(in order to compensate for the ax;ai asymmétry) or with
fixed §him angles gomputed to preserve the axial symmetry for a beam
with tpe cfossover in the middle of the pregeding solenoid.

The second gridded Einzel lens (7)_and the 3cceierating column (8)
accelerate the beam to about 20 to 40 keV and focus it onto the first
fixed aperture of 0.170 in. diametef and:50 inches away. The accelerating
column has twelve electrodes of'spun stainless steel separated by 0.750
in: porcelain riugs 8.0 In. 0.D. The rings and the electrodes are aligned
and glued togefher in the same fashion as thé Einzel lenses. For polar-
ized beam, the inflection magﬁet iﬁ the injector proper will be well de-
gaussed. A second valve (9) separates the beam transﬁort from the injec-

tor's pumping manifold.

The beam transport system will be pumped through its own manifold . .

by an oil diffusion pump with a freon-cooled baffle. The manifold con-
nects onto ‘the system at the two mirror housings and between the inflec-

tion magnet and the solenoid.
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In order to provide longitudinal polarization for the deuteron
beam, the transport system will be rearranged permanently by mirror
imaging the electroééatic mirror (4), the solenoid (5), the inflection
magnet (6), by adding a mirror to the housing (3) and another identical.
solenoid between the two mirrors. The first Einzel lens will then be
adjusted to produce the beam crossover at the symmetry point M of the
second mirror.

The transmission of the described beam transport will depend mostly
on the beam emittance determined by the ionizer and the charge exchange.
An estjméte based on the emittance of the Giavish strong-field ionizer,
neglecting scattering in the charge exchange canal, suggests a trans-
mission of roughly 50%.

4; Electronics.

Thé.negqtive polarized-ion source is designed to operate at a nega-
tive poteﬁtial of up to 380 kV. The power for the source (approximately
50 kw will be required) will Be provided by a 65‘kw generator situated
.on the high voltage platform. The generator will be belt-driven by a
100 h.p. mot;r fixed to the ceiling of the injector basement.

To make the most efficient ﬁse4of the ion-source on the tandem, the
source is being designed so that it can be tuned for optimum output while
the tandem is being used for experiments requiring non-polarized beams.
This requires that the source be esseﬁtially independent of the present‘
injector with regard to such equipment as power supplies and controls .and

that these be remotely operable from outside the accelerator hall. To
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facilitate this type of operation it has been decided that wherever
feasible, the remote programming of the power supplies, etc., will use
a+ 1v full scale reference voltage. This reference voltage will be

used in conjunctioﬁ with a reversible motor-driven iO-turn Helipot to
control the power.supplies. Fig. 55-4 is a schematic diagram of one
component of the proposed control system. The 'raise'|"lower" fﬁnction
is provided by a spring-loaded rocker switch which recﬁrns to the neutral
position when not in use. Bqth the "raise'" and "lower'" parts of the sys-
tem are identical except for the connections to the helipat motor. The
siénal from the rocker switch (at the remote loéation) is used to drive

a neon bulb optigally coupled to the ground end éf a lucite light pipe.
This light signal is detected by a photo-transistor at the high poten-
tial end and is converted into the drive voltage for the helipet.

A system of this type has béen built and tested over a period of
several weeks and its performance  has been found to be very satisfactory.
Sixteen of these dual light pipe systems will be assembled inéide an in-
sulating tube approximately 4 in. in diameter and 8 ft. long. The values
of the paramgters set by these systems will be read from meters ?iewed
.by closed circuit television. A vol;age-to-frequency'converter will be
used to measure the more critical parameters.

Most of the power supplies to be used for the sourcé are standard
commercial units. However, ind§rder to make the best use of the avail-
able space, the-large higﬁ current supﬁlies (350A at 35v) for the six-

poie magnet and the various solenoids will be built to our own design.
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For the dissociator section of thé atomic beam, a 2 kw 27 MHz self-
excited oscillator will be used. The use of this type of oscillator
avoids problems due to mismatching that can be caused by changes in the
dissociator pressure and temperature.

To avoid having to shut the polarized source down completely when
it is not in use, an automgtic interlock and protection logic system is

being developed.

References
1. Williams Laboratory of Nuclear Physics Annual Report, (1968) p. 204.

2. 7Ibid., p. 209.
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APPENDIX

56. _ Laboratory Personnel .
Research
Faculty ' Research Associates

J. Morris Blair A. Ross Barnett
George W. Greenlees , William Makofske
Norton M.{Hintz , Hajime Ohnuma
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Ronald E. Brown ' | Poul Vedelsby2
Russell K. Hobbie ' | Douglas L. Watson

Carl H. Poppe
William R. Phillipsl
Dietrich Dehnhard

John S. Lilley
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Frederick Becchetti, Jr. Lyle Johnson4
Clark Bergman3 . Ting Chen kan3
JoneS'Cﬂien o » ' vAlbert Kuhfeld
Robert Cornetta . Dennis Leavitt
Frank Qhwierotha. . Henry Liers

Philip Debenham Nanjappa Lingappa3
Ralph De Long David Madland
William Dykoski ' Peter Mailandt

Daniel Fitzgerald James Morgan
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Roscarch Assistauls (Contiruéd)

David Olgen

Michael Qothoudt

Arimilli Padma

nabham

Phillip Pooley4

" Pedro Ruenes

Engineering

Jerry Sievers
Robert Snyder
Allgn Sourkes
Daryl Tweeton
Richard Wallen

David Weisser3

Electrical Design and Manufacture and Accelerator QOperation

Donald Bauman5
’ 6
Rarry Brown (
Robert Feather
Robert Goodwin
Michael Lamats
Peter Stasz (T

David Freeman5

Richard Hendri

DeWayne Varnes

Victor Christianson

Jon Dalrymple

(Tandem Engineer)
Computer)
stone7 (Linac Engineer)
2
(Computer)
5 .
ch™ (Tandem Engineer)

andem Engineer)

~James Heinen
Frank Lang
Curtis Lehrke
) 8
Russel Lund
Thomas May
Dennis Olson
Warren Rauch

James Turgeon

Mechanical Design -and Manufacture

cks9 (Design Engineer)

(Tandem Shop Foreman)
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Milan Kalish10
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Others

10.

Nancy Strebe (Secretary)

Marjorie Maloney (Nuclear Plate Scanning, part-time)
Mary Evanson (Nuclear Plate Scanning, part-time)
George Ott (Target Preparation)

Gordon Schissel (Principal Stores Clerk)

12 part-time student technicians- '

Visiting Associate Professor, terminated December 1968.
Terminated, July 1969.

Terminated.

Summer only.

Terminated, March 1969.

Joined project June 1969.

Terminated, September 1968.

Terminated, January 1969.

Terminated, June 1969.

Terminated, February 1969.
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57. Advanced Degrees Granted, Academic Year 1968-9

T. C. Kan, M.S. "Sources of Error in Cross Section Measurements with a

Gas-cell Target"

David G. Madiand, M.S. "A One-dimensional Spark Chamber for Energy Analyzing

Magnets"

D. C. Weisser, Ph.D. "A Scarch for an Excited State in He4 Near 30 MeV and
an Optical Model Analysis of Alpha Particle Scattering"

J. F. Morgan, Ph.D. "Elastic Scattering of Alpha Particles: by 012 Between
19 and 30 Mev"

Clark Bergman, Ph.D. 'The Scattering'of Alpha Particles by 016 Between 18.9
and 30 MeV"

Henry Liers, Ph.D. 'The Elastic Scattering of 39.6 MeV Protons by the Nickel

Isotopes"

Nanjappa Lingappa, Ph.D. "Inelastic Scattering of 40 MeV Protons by Nis8

and Ni60 and Coupled Charinel Analysis"
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58. Reports and Publications

(a) Internal Laboratory Reports

Control System for 90° Analyzing’ Magnet ;
C. Bergman and R.K. Hobbie
€00-1265-70.

Computer Subroutines for Quadrupole Calculat1ons

C. H. Poppe
UMWI. 34, May 22, 1969.

(b) List of Publications

Experimental Study of the (d,He ) Reaction on Even-A Isotopes of Mo
H. Ohnuma and J.L. Yntema
Phys. Rev. 176, 1416 (1968)

. Study of the Ca (He sP)Sc 50 Reaction
H. Ohnuma, J.R. Erskine, J.A. Nolen, Jr., J.P. Schlffer, and P.G. Roos
Phys. Rev. 177, 1695 (1968).

Study of the J Depéendence in the (d,He ) Reactlon
- H. Ohnuma and ‘J.L. Yntema
Phys. Rev. 178, 1654 (1968).

Experimental Study of the (d,t) Reaction on Even-Mass Mo Isotopes
H. Ohnuma and J.L. Yntema
Phys. Rev. 178, 1855 (1968).

Study of the ngé(HeB,d)Nbgs Reaction
H. Ohnuma and J.L. ¥Yntema - - .
Phys. Rev. 179, 1211 (1968).

Computer Control of the Analyzing Magnet of an MP Tandem Van de Graaff
Accelerator

C. Bergman and R.K. Hobbie

Rev. Sci. Inst. 40, 1079 (1969).

Search for Unbound States in He3.Through Lib(P,a)
D.K. -Olsen and R.E. Brown
Phys. Rev. 176, 1192 (1968), C00-1265-65.

Study of He3-+He4 and H3+He4 Systems with the Resonating-Group Method

R.E. Brown and Y.C. Tang
Phys. Rev. 176, 1235 (1968) €00-1265-63

160 Analogue States in the N(p,n) O Reaction
A.R. Barnett
Nucl. Phys. Al120, 342 (1968).
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The University of Minnesota Polarized Proton Source
R.N. Boyd, C.G. Hoot, C.H. Poppe, J.A. Sievers and J.H. Williams
Nucl. Instr. and Meth. 63, 210 (1968).

A Beam Bunching System for a Tandem Electrostatic Accelerator U31ng
Solid State Circuitry

H. Fanska, N.G. Ward, J.S. Lilley and C.G. Wllliamson

Nuc. Instr. and Meth. 63, 93 (1968).

Elastic and Inelastic Proton Scattering from Even Isotopes of Ca, Sn, and Te
W. Makofske, W. Savin, H. Ogata and T.H. Kruse .
Phys. Rev. 174, No. 4, 1429 (1968).

Thin Lithium Targets Sealed in Nickel for Low Oxygen Contamlnatlon :
D.C. Weisser and R.K. Hobbie
Rev. Sci. Inst. 40, 683 (1969).

The Determination of Nuclear Matter Sizes in the Tin isotopic'Sequence
R.N. Boyd and G.W. Greenlees
Phys. Rev. 176, 1394 (1968).

An Analysis of Quasi- Elastic (p,n) Reactions Using a Reformulated Optlcal
Model

C.J. Batty, E. Friedman and G.W. Greenlees

Nuc. Phys. Al27, 368 (1969)

Nuclear-Matter Radil from Analysis of 14.5 MeV Proton and Neutron Scatterlng
G.J. Pyle and G.W. Greenlees

Phys. Rev. 181, 1444 (1969).

l(He3,a) Reaction at 33 MeV
D. Dehnhard, N. Williams and J.L. ¥Yntema
Phys. Rev. 180 (4), 967-70 (1969).

The Use of an On-Line Computer to Divide Signals from a Position-Sensitive
Detector

P.H. Debenham, D. Dehnhard, and R.W. Goodwin

Nucl. Instr. and Meth. 67, 288 (1969).

(c) Papers in Press or Submitted for'Publication

Study of the A127(He3,p)Si29 and Al (He ,py)8129 Reactions

L. Meyer-Schutzmeister, D.S. Gemmell, R.E. Holland, F.T. Kuchnir, H. Ohnuma,
and N.G. Puttaswamy

submitted to Phys. Rev.

208,
Coulomb Excitation and Reorientation of the Octupole State in 0 Pb
A.R. Barnett and W.R. Phillips
to appear in Phys. Rev.
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Energy Levels in 33P

G. Hardie, R.E. Holland, L. Meyer Schutzme1ster, F.T. Kuchnlr, and H. Ohnuma
submitted to Nucl. Phys

Quadrupole and Octupole Transitions in F19 from Deuteron Scattering
D. Dehnhard and N. Hintz
submitted. to Phys. Rev.

Coulomb Excitation of Bismuth and the Weak Coupling Model
R.A. Broglia, J.S. Lilley, R. Perazzo and W.R. Phillips
submitted to Phys. Rev.

Nucleon-nncleus Optical Model Parameters, A»40, E<50 MeV
F.D. Becchetti and G.W. Greenlees
to appear in Phys. Rev. (C00-1265-59).

Proton and Neutron Distributions Calculated Using an Effective Single
Particle Potential

C.J. Batty and G.W. Greenlees

to be published in Nuc. Phys.

The Elastic Scattering of Protons by 016 in the Energy Range 16-30 MeV

0. Karban, P.D. Greaves, V. Hnizdo, J. Lowe, N. Berovic, H. Wojciechowski,
and G.W. Greenlees

to be published in Nuc. Phys.

Elastic and Inelastic Scattering of 15 MeV Deuterons by F19
D. Dehnhard and N.M. Hintz

submitted to Phys. Rev.

The Elastic Scattering of 39.6 MeV Protons by Even Isotopes of Ni and Zn
H.S. Liers, R.N. Boyd, C.H. .Poppe, J.A. Sievers, and D.L. Watson
submitted to Phys. Rev.

(d) Papers Presented at Meetings and Conferences
Coulomb Excitation of 20981

J.S. Lilley and W.R. Phillips

Bull. Am. Phys. Soc. 13, 1471 (1968).

Complex Particle Scattering on Even Isotopes of Sn and Te
W. Savin, W. Makofske, H. Ogata and T.H. Kruse
Bull. Am. Phys. Soc., 14, 4, 491 (1969).

Physically Related Spin-QOrbit and Isospin Form'Factors in the Optical Model
G.J. Pyle, W. Makofske, G.W. Greenlees .
Bull. Am. Phys. Soc. 14, 4, 573 (1969).
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Evidence for Splitting of a Bound Isobaric Analog State in 0058

F.D. Becchetti, Jr., D. Dehnhard, and T.G. Dzubay
Presented at the Second Conference on Nuclear Isospin, Asilomar,
California, 13-15 March 1969.

Gamma Decay of the 8.31-MeV Analog State (Jﬂ~5/2+, T=3/2) in Siz9
F.T. Kuchnir, T.. Meyer-Schutzmeister, N.G. Puttaswamy, H. Ohnuma,
R.E. Holland and D.S. Gemmell

"Bull. Am. Phys. Soc. 13, 1371 (1968).

c 5(d;t)Sc44 Reaction
H. Ohnuma, A.M. Sourkes, and N.M. Hintz
Bull. Am. Phys. Soc. 14, 601 (1969).

States in 0dd-0dd Sc Nuclei from (d,Q) Reactions on Ti
R.A. Wallen, H. Ohnuma, and N.M. Hintz .

Bull. Am. Phys. Soc. 14, 601 (1969).

Experience with the Williams Laboratory On-Line Computer System

K.K. Hobbie and R.W. Goodwin

Prasented at the Conference on Computer Systems in Experimental Nuclear
Physics, Skytop, Pennsylvania (C00-1265-76). '

Experlence w1th Williams Laboratory Users Programs

R.W. Goodwin and R.K. Hobbie

Presented at the Conference on Computer Systems in Experimental Nuclear
Physics, Skytop, Pennsylvania (C00-1265-77).

D1fferent1al Cross Sections and Polarization for 40 MeV Protons Elastically
Scattered from Zn Isotopes

R.N. Boyd, H.S. Liers, C.H. Poppe, J.A. Sievers, and D.L. Watqon

Bull. Am. Phys Soc. 13, 1446 (1968).

Proton Elastic Scattering Cross Section and Polarization Measurements on
the Ni Isotopes at 39.6 MeV

H.S. Liers, R.N. Boyd, C.H. Poppe, D.L. Watson, and J.A. Sievers

Bull. Am. Phys. Soc. 14, 623 (1969).

New K=0 Rotational Bands of Yb174 from the Yb176(p,t) Reaction

M. Oothoudt, P. Vedelsby, N.M. Hintz

Bull. Am. Phys. Soc. 14, 509 (1969).

States in Sm150 from the Smlsz(p',t)Sm150 Reaction

P. Debenham and N.M. Hintz

Bull. Am. Phys. Soc. 14, 509 (1969).

45(d,t)Sc44 Reaction
H. Ohnuma, A.M. Sourkes, and N.M. Hintz
Bull. Am. Phys. Soc. 14, 601 (1969).
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