
I 

UCRL-10480 

University of California 
" . 

0 

Ernest 0 .. Lawrence 
Laboratory Radiation 

TWO~WEEK LOAN COPY 

This is a library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy. call 
Tech. Info. Diuision, Ext. 5545 

Berkeley. California 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



I. 
I . 

I 

Submitted for Pub. in Physics Letters 

UNIVERSITY OF CALIFORNIA 

Lawrence Radiation Labor~tory 

Berkeley, California 

Contract No. 7405-eng-48 

10 MeV PROTON REACTION CROSS SECTIONS 

G. Igo and B. Wilkins 

September 26, 1962 

UCR~l048o 



10 MeV PROTON REACTION CROSS SECTIONS 

G. Igo and B. D. Wilkins 

Lawrence Radiation Laboratory 
Unive~Gity of California 

Berkeley, California 

September 26, 1962 

UCRL-10480 

Proton reaction cross sections measured at energies near the coulomb 

barrier height should be sensitive to the nuclear potent:Lal. Small variations 

in barrier height due to the shape and -~haracter of the nuclear potential can 

alter the reaction cross section by a large amount. We therefore have obtained 

proton nonelastic cross sections near 10 MeV from Be 1 C, Al, Ti, Mo, Zr 1 Fe, 

Ni, Zn, Cu, V 1 Rh, Nb, Ag, Sn, Ta, Th, Au, and Pb. 

The most s~ gnificant features of the data e.re the appearance of a 

minimum in the vicinity of nuclei with Z ... 2'3 protons, an anomalously low 

erose section for carbon, and a systematic deviation from opt~.ca.l model pred\_c-

1 2 . 
t1ons ' for heavjer elements. 

The beam preparation is shown schematically in Fig. 1, and the parameters 

for the proton measurements are q_uoted below. The exte~al beam :fi."Qll the C-.o-·!nch 

cyclotron is focused by a quadrupole and a bending magnet on a 1/8 tn. diameter 

tantalum collimator slightly thicker than the range of the ion in the beam and 

followed by an antiscattering baffle. This beam was incident on a scattering 

foil that for some measurements was a lead foil enriched in Pb
208 (l!E m 1.0 MeV 

for 12-MeV H+ ions) and a thorium foil of approximately the same stopping power 

tor the rest ot the measurements. 

Scattered part\ _cles at 15° can pass through a colHmattng system 

consisting ot t'WO··anti-wall scattering bm.:f'flea and then through a o.o62-in.-

collimator placed 10 in. from the lead foil followed by an antiecatter1ng 

baffle. The collimated beam produced by th:s system passes through two '-mil

thick plastic scintillators {counter 1 and counter ') spaced 22 ln. apart. 
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In order to remove protons multiply-scattered away from the axis of 

.the beam line, a 0.180-in.-plasti!l scintillator collimator counter (counter 2) 

was placed directly in front of counter 3. Counter 1 and counter ~ output 

pulses were put into :fast coincidence ( T = ~ sec) 1 and pulses from counter · 2, 

after having passed through a tunnel diode discriminator circu:tt.3 that produces 

shaped pulses of uniform height and of vidth 20 JDI.lSeo 1 vere put into anti-

coincidence. 

Counter 4 is a !a.-in. -long cylinder of plastic scintillator v:tth a 

0.,-in. wall thickness and an inner diameter of 0.20-in. It is ·viewed by a 

6810 photomultiplier 1 and it serves further to collimate the beam, since some 

particles are multipl(Y·Coulomb scattered out of the beam line in counter .3· 

Counter-4 pulses also pass through a tunnel dio~e discriminator circuit and 

are put in:t;o anticoincidence. Finally 1 then, a beam particle is defin.ed by 

an event of the kind 1 2 ~ 4, and in what follows ve understand that the 

intensity 1
0 

represents the frequency of events of this kind, .Le. 10 • 1 2 3 1';. 

In the attenuation technique utilized here the qus.n~ity I0~I is measured by 

placing counter ' (see Fig. 1) in anticoincidence, Le~_, 10-I • l 2 .3 li 3'. 

The advantage of this kind of mea.aurement over mea.auring ! 0 sal I oepa.rately 

ia obVious. 

At the beam levels used in this experiment, significant gain ah1:t'ts in 

counter 5 are to be expected. It is therefore extremely difficult to eliminate 

inelastic events ocCUirlng in the target by pulse-height analysis. A simpler. 

and reliable way ia to place an energy-degrading toil in front of counter 5 

thick enough to stop protons that have been inelastically scattered in the target. 

In pract:1.ce the degrader was adjusted so that 6.5-MeV protons produced by 

inelastic events at tbe center of the target (tbiekneas • 1 MeV) were unable to 

pass through the degrader. 
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Absorption of the protons occur more frequently in the Al degrader, 

s1nce it is several times as thick a.s the targets. This contribution had to 

be subtracted. This is done by removing the target and plac1ng a "dummy". · 

target in the beam ahead of the scattering foil of such a thiclmeaa that the 

beam energy incident on the degrader foil is the same, and the numbers 'Jf 

10 (• 1 2 3 4) and 10 .. 1 (::: 1 2 3 4 5) events are measured. 

Combining the results of thie mea.surement and the elastic aeattering 

data, 4,5 ' 6' 1 we obtain the quantity 

es N 

. aR - aCE - J z a~ (e) d n, 
0 1•1 . 

.. ..... 

where aCE is the compound elastic cross section, aR is the reaction cross 

section, ai (e) is the differential cross section for inelastic scattering to 

the ith excited state, N is the highest excited state from whioh inelastic 

protons may pass through the degrader, and e
5 

is the angle subtended by oou.nter ' , 

at the target. 

As we improve the energy resolution, the 1nelastj.c. scattering term may 

be reduced but aCE remains. It may be l.a.rge compared w1 th the value of aR 

at low energies for light targets. At high energies it generally vtll,be ot 

negligible importance. For the 10-MeV proton measurements, the compound 

elastic correction may be very large; Since the inelastic-scattering term can 

8 
be estimated from 1nela.stic-scatter1ng data., the extracted quantity 1a 

ct8 • "cE' the nonelastic cross section. It should be noted that optical-model 

calculations generally predict aR. 

In Fig. 2 the predicted reaction cross sections aR at 10 MeV for a 

1 surface absorption potential that fit the elastic-scattering data are plotted. 

Also plotted are the measured values of oR - aCE' The agreement with the 

results from the surface-absorption model is qualitatively good for A2/3 > 16 
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(where A in the atomic Ill!l.ss), although the measured values tend to be 

ayste:matically larger. The solid and da.shed curves representing the optical-

model predictions show the change 1n the cross section resulting :from the 

beam energy difference on the tvo experimental runs when the data were 

collected. The experimental points systematically reflect a similar dif

ference. For A '2/3 < 16, tbe strong minima. near Ni and C cause large 

deviattons trom the predictions, but it should be er:xpha.sized that ve meuure 

aR- a0E. It is q,uite possible that these deep minima may be due to l"esonances 

1n aCE near C and Ni • Such an interpretation of neutron reaction cross-section. 

data has been suggested by Perey. 9 At 10 MeV 1 C 1e certainly ~xpected to have 

a laz'ge cross section for a
0
E. Because of the high (p,n) threshold, 18 MeV, 

only two states, the ground state and the first excited state, are a.pprec1ab~ 

. 10 / 
populated from the compound nucleus a.t 10 MeV. One expectfi: these at&tea 

' ·~· 

to be roughly of equal intensity 1 thus explaining the_ 4:eep minimum we get 

1n aR .. cr CE for C • 

An alternative viewpoint, tru.tt the minimum in the vicinity of Ni is 

asaociawd 'With G'R' cannot be ruled. out •. Tilts would ~ly that the nuclear 
•:;a.. 

area presented to the projectile shrinks by about 12i 1ri the vicinity of the 

proton closure at 28 protons, or a size resonance occurs. 11 Measurements of 

4o•MeV alpha-particle reaction cross sections (soon to be reported) also show 

a minimum near Z = 28. This tends to 11upport the viewpoint that the nucleus 

shrinks there, since "cE should be ~1D1gni:f'ica.nt at 110 MeV for alpha particles 

and si~e resonances sho'4d have a small effect. 

Figure 3 shows the predicted range of values for the rea.ctjon erose 

section by use of a Woods-saxon potential {volume abeol-ption) adjusted to 

fit the elastic-scattering data. The experimental reaction cross section is 

not inconsistent w1 th the upper limit predicted by volume absorption. Note 

in Fig. 3 that the calculations were for specific elemc·nta. 2112 As an exemple 1 
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the range of reaction cross sections predicted as in Fig. 7 in the vicinity 

of A'2/3 • 16 should be compared with the Cu ru.:ta point and not with the 

experimental measurements for nearby clements. 2/3 For larger values of A , 

the shaded bar represents only regions where good fits could be obtained 

and does not necessarily represent limits of aR. Although greatly restricting 

the sets of :pa.razneters that one may use, the oR data have not yet enabled one 

to choose between surface and volume absorption. 
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Degraders 
Collimator 
0.250-in. i.d. 

Scintillator No.4 
0.200-in. i.d. 

Scintillator No. 3 
.6.E = 0.25 MeV 

MU -27963 

Fig. 1. Schematic diagram of the experimental area. 
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Fig. 2. Proton crR - crCE around 10 MeV: ~- the experi

mental points at 10.1 to 10.2 MeV, ~ - the experi

mental points at 9.9 to 10.0 MeV. The solid and 
dashed curves are the theoretical predictions of 
crR at 10.1 and 9.9 MeV~ using an optical model with 
surface absorption.9,17 
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Fig. 3. Proton reaction cross sections showing predictions 
using both volume and surface absorption. The symbol 

~ represents the experimental points; the solid 

curve, surface absorption predictions of Bjorklund and 

Fernbach; and~, range of values predicted by the 

Woods-Saxon potential (volume absorption) as calculated 
by Glassgold et al.2 and Nodvik and Saxon.l2 
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