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Proﬁon reaction cross sectlons measuged at energles near the doulomd
barrier height should be sensitive to the nuclear potential. Swall vﬁriations
in barrier height due to the shape and ~haracter of the nuclear potential can
alter the reaction crosg section by a large amount. We therefore have'obtained'
proton nonelagtic cross sections near 10 MeV from Be, C, Al, Ti, Mo, Zr, Fe, |
Ni, Zn, Cu, V, Rh, §b, Ag, Sn, Ta, Th, Au, and Pb.

The most significant features of the data are the appearnnce of a
minimum in the vicinity of nuclei with Z = 23 protons, an anomalously low
crose gection for carbon, and a systematic deviation from optical model predic-
tionsl’2 for heavier elements. |

The beam preparation is shown gchematically in fig. 1, and the parameters
for the proton measurements are quoted below. The éxternal bean fign the GO-inch |
cyclotron is focuged by & yuadrupole and & bending magnet on a 1/3 in. diameter
tantalum collimator slightly thicker than the range of the ion in the bean and
folloved by en antiscattering baffle. This beam was incident on a scattering
foil that for some meagurements was e lead foll enriched in Pb208 (28 = 1.0 MeV
for 12-MeV H' ions) and a thorium foil of approximately the seme atopping pover
for the rest of the measgurements.

Scattered particles at 15° can pass through e collimating system
consisting of two-.anti-wall scattering baffles and then through a 0.062-in.-
collimator placed 10 in. from the lead foil followed by an antiscattering
baffle. The collimated beam produced by th.s system passes thréugh two 3-mil-

thick plastic scintillators (counter 1 and counter 3) spaced 22 in. apart.
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In order ﬁo-remove protons.mulfiply-scattefgd awey from the axis 6!

' the beam line, & 0.180-1n.-§1aat1c aéintillator collimator counter (counter 2)
wag plaqed directly in front of counter 3.. Countét-l and counter 3 output

pulses were put into fmst coincidence (% = 2mp sec), and pulses from éounter'2,#;
after having passed through a tunnel diodé discriminator circuitj»that_ptoducesif

shaped pulses of uniform height and of width 20 mpsec, were put into anti-

- coincidence.

Counter 4 is a h-in.-long’cylinder of plastic scintillator with a
0.3-in. wall thickness and an inner diameter of 0.20-in. It is viewed by a
6810 photomulﬁiplier, and it serves further to c¢ollimate the beam, since gome
particles are multiply -coulomb scattered out 6f the beam line in counter 3.
Counter-b pulees also pasé through & tunnel diode discriminator circuit and
are put into anticoincidence. Finelly, then, & beam particle 1s defingd by
an event of the kind 1 3 3 &, and in vhat follows we understand that the
intensity I

¢
In the attenuation technique utilized here the quantity IceI i measured by

represents the frequency of events of this kind, 1.e. Ip=1 23 f;w
placing counter % (see Fig. 1) in anticoincidence, i.e., Iyl =1 3305,
The edvantage of this kind of messurement over measuring IO and X aeparataly:
is obvious; |

At the beau levels used in this experiment, significant gain shifts in
counter % are to be expected. It ig therefore extremely difficult to e11m1na£§
inelastic evghts occumring in the target by pulse-height analysis. A simpler
~ and reliable vway is to place an energy-degrading foil in front of counter 5
thick enough fo stop protons that have been inelastically scattered in the target.
In practice the degrader was adjusted so that 6.%5-MaV protons produced by '
inelastic events at the center of the target (thickness % 1 MeV) were unable to

pass through the degrader.
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Absorption'of the protons occur more rréqﬁently in the Al degrader,
since'it 15 geveral times as thick &g the tergets. This contribution had to
bé gubtracted. This is done by removing.the target and placing & "dummy"
target iﬁ the beam ahead of the scattering foil of such a thicknesas that the
: beam ehergy incident on the degrader foil 1s the same, and the numbers of L
(- 1838 ena sy -1 (=2 33% 5) events are meagured. |

Combining the results of this measurement and the elastic scattering

. data, 65,67 o obtatn the quantity
. % §
; 0 » .

iﬁhere Ocg 1s}the compound elagtic cross section, %n is the reaction cross
section, oi'(e) ig the differential cross section for inelastic scattering tov
the ith excited state, N 1e& the highest excited state from which inelastic

: protone may psas through the degrader, and 95 is the angle subtended by counter 5

at the target.
Ag we improve the energy resolution, the inelastié-scattering term may

be reduced but Sop remains. It may be lsrge compered with the value of Op

at lov energies for light targets. At high energies it generally will be or.:
neéllgible importance. For the 10-MeV proton measurements, the compound |
elagtic correction may be very large. Since the inelastic-scattering term can
be estimated from inelastic-scattering data,8 the extracted quantity 1is

dg - dCE’ the nonelastic cross section. It should be noted that optical-model -
calculations generally predict Op-

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

surface absorption potential1 that f£it the elastic-scattering data are plotted.

Also plotied are the measured values of ¢ The agreement with the

R~ g
results from the surface-absorption model is qualitativoly'good for A2/5 > 16
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(where A is the at&mic @asa), although the measured values tend to be
syétem&tically larger. The solid and daghed éurves representing the opticai-
model predictions show the change in the crosg section resulting from the
beam enefgy-difference on the two expesrimental runs when the data were

' collected. The experimental points systematically reflect a similar dif-
ference. For A2/3 < 16, the strong minime near Ni and C cause large
deviations from the predictions, but 1% should be emphasized that ve measure |
I~ Ycp” It i8 quite possible that these deep minima may be due to feson&ncea

in 0, near C and Ni. Such an interpretation of neutron reaction cross-section

data has been suggested by Perey.9 At 10 MeV, C 18 certainly expected to have

| a large cross section for 6., Becsuse of the high (p,n) threshold, 18 MeV, -
only two states; the ground state and the first excited atate, are appreciably
populate& from the ccmpound nucleus at 10 Mev.lo One expectg these states

to be roughly of equal intensity, thus explsining the. deep minimum we get
dvUCE for C.

An alternative viewpoint, that the minimum in the vicinity of Ni is

R
associated with dp, cennot be ruled out. Tais would imply that the nuclear
area presented to the projectile shrinks by sbout 12% in the vicinity of the
proton closure at 28 protons, or & gize resonance occura.11 Meagurements of
40-MeV alpha particle reaction cross sections. (soon to be reported) also show |
8 minimum near Z = 28. This tends to support the viewpoint that the nucleus

shrinks there, since ¢ ., should be #significent at 4O MeV for alpha particles

CE
~ and siqe resonances should have & smsll effect.

Figure 3 shows the predicted rangé of values for the reaétion cross
section by use of a Woods-Saxon potential (volume absorption) sdjusted to
it the elastic-scattering data. The experimentsl reaction cross section is
not inconsistent with the upper limit predicted by volume absorption. Note

in Fig. 3 that the calculations were for specific elemr:-nta.a’l2 As an example,
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the range of reaction cross sections predicted a8 in Fig. 7 in the vicinity
of A 2/3 u 16 should be compared with the Cu aata point and not with the
- experimental measurements for nearbdy elements. For larger values of A 2/3 .
- __tﬁe shaded bar represents only regions where good fits could be obtained

and doeg not necesearily reﬁfeeent linits of op- Although greatly restricting
-the gets of parameters that one may use, the N data have not yet enabled one

to choose between surface and volume absorption.
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Fig. 1. ©Schematic diagram of the experimental area.
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Fig. 2. Proton op - OCE around 10 MeV: {- the experi-

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

mental points at 9.9 to 10.0 MeV. The solid and
dashed curves are the theoretical predictions of
oR at 10.1 and 9.9 MeV, using an optical model with
surface absorption.9: 5
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Fig. 3. Proton reaction cross sections showing predictions
~using both volume and surface absorption. The symbol

_II_ 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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