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The reaction cross section for deuterons is a subject of considerable
interest. The deuteron is known to be a .relatively-=ldarge, loosely-bound sys=~
tem subject to electric breakup i;rocessesl in collisions at interaction dis-
tances larger than the nuclear radius in heavy elementsg. In.addition nuclear
breakup processes3 at the nuclear surface in . light elements have large cross
sectionse. If interactions occur at a larger radiusLL than is the case for
alpha particles or protons, the.total reaction cross section might be expected
to be enhanced. Indeed, Hamburger, Cohen, and Priceg‘have found. that at about
15 MeV the deuteronvbreakup cross»éection is of the order of a factor of two
lJarger than the predicted values for electric breakup orunuclear.breakupl)B.
The measurements reported in this Letter show.that the reaction cross sections
are apparently not enhanced by the large magnitude of the breakup-process
cross sections. A comparison éf 22.4 MeV deuteron reaction crosé sections
‘with 40 MeV alpha particle reactions cross sections (soon to be reported)
show them to be almost identical for all elements investigated. The com-
parison is valid since the coulomb barrier effects are almost identical in
these two caseé.

The experimental apparatus used in the reaction cross section measure-
ments (see Fig. 1) has been described in detail elsewhere5 and will hot be
discussed here except where parameters of the experiment have been altered
because of the change in the projectile. The raw cross section ¢, obtained

from the target-in and target-out measurements, is listed in Table I. Three
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Fig. 1. Schematic diagram of the experimental area. v
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Table I. The raw cross section o, the counter 3 scattering-out correction
N, » the inelastic scattering correction Osn 2 the elastic scattering
cgrrection 0oy 7 and the non-elastic cross section GR -a

CE
Element g Nz Oip Oel OR - O¢E
(mb) (mb) | (mb) (mb ) (mb)

Be 858 £10 -2tk 6018 5;113 865 + 21

c 885 £18  -ht7 65+18 50 +8 896 + 28
Al 1098 + 31 +2 %9 75 £ 13 b £ 2 1134 £ 35
Cu 1537 + 56 + 7 £17 - 99.% 16 04k £ 5 1539 + 61
7n 15% + 58 +7 +17 100 £25 108 +5 159k + 65
Ni 1486 £ 55 + 7 £ 17 92 + 25 ok + 5 1491 + 63
Rh 1899 £82 -k +27 82 k21 230 £11  17hT * 89
Ag 1801 £ 81 #6627 78 +1l2 250 12 1635 £ 87
Ti 158i +57 . =61 +20 85 % 2k 58 £ 9 - 1347 £ 66
v 112 + 56 | -2k £ 19 85 x 2k 63 +9 . 1410 + 6k
Fe ko6 £ 61 -39 % 21 90 + 25 87 = 14 1370 £ 70
Nb 1789 + 80 -23 + 27 90 + 23 190 + 22 1666 *:90.
Sn 1863 + 101  -95 + 36 79 + 17 28k £ 33 1563 + 117
Zr 1937 = 96 -328 + 34 9k + 15 182 * 27 1521 + 106
Au 1773 £ 117 +9 £ 4o 96 + 22 246 + 12 1632 + 126
Pb 1891 £ 122 -6 £140 95 + 24 266 + 4o 1714 + 136
Bi 1952 % 121 0+ 4o 93 + 23 272 = L1 1773 + 136
Th 1772 + 147 -97 * 53 95 # 24 319 = 48 1451 £ 165
Ta 1843 + 128 -91 * 46 95 * 20 210 £ 31 1637 + 140
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principle corrections mist be made to ot A "dummy" foil is placed ahead of
the counters when the target is out so that the energy incident on the stop-
ping counter will be the same in the target-in.and target-out measurements.
The deuteron energy in counter 3 is therefore different for the two con-
figurations. TFortunately the counter 3 scattering-out correction n3 can
be measured quite accurately5. A second correction 9.1 to be considered
is due those elastic events where scattering océurs outside of the solid angle
subtended by counter 5, the stopping counter. The corresponding plane angle
6 _(lab) was set at 28.7° for light and intermediate elements. For elements

5

heavier than tin 95 was set at 45.00. The third correction Gin is comprised
from all inelastic events scattered into the solid angle subtended by the
stopping counter. In order to facilitate the separation of elastic events
from the inelastic events, a degrader foil is placed between the target and
counter 5. The thickness of the degrader foil was adjusted so that 10.5 MeV
protons and 14 MeV deuterons would be stopped by it. The correction Osn
will be due chiefly to (d,p), (&,d') and (d,pn) events. Correction for Oip

and gel have been estimated from the literature2’6—ll. The elastié

scattering data is the sum of sghape elastic scattering o and compound

SE
elagtic scattering GCE . The latter is not included in the measured quantity
in these experiments. The final result GR - OCE , where ﬂcR is the total
reaction cross sectioh, is listed in the last column of Table I (see also
Fig. 2).

The importance of having reaction cross section measurements for
determining optical model potential parameters at least under some conditions

1
has recently been shown by Olkowsky e in the optical model analysis of 10 MeV

proton elastic scattering data on Cu. The same situation apparently holds
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Fig. 2. Proton non-elastic cross sections OR - OCE

for 22.4 MeV deuterons plotted against the
two-thirds power of the atomic mass, A.
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| 1
for the deuteron optical potential. Halbert et al >

have obtalned striking
fits to the comprehensive elastic scattering data at 11.8 MéVlu. They. obtain
2051 mb and 2217 mb for the predicted reaction cross section for Sn in two
analyses15 of 11.8 MeV deuteron elastic scattering datala. The measured
value at 22.4 MeV for tin is 1563 %+ 117 mb (see Table I and Figure 2). The
theoretical values for Ni at 11.8 MeV, 1360 mb and 1396 mb, .and the measured
value for Ni, 1491 £ 63 mb, at 22.4 MeV are in better agreement. It should
be noted that the reaction cross sectioné at 11.8 MeV will be lower than at
22.4 MeV due to coulomb barrier effects. Elastic scattering data by itself
even when very comprehensive and with small experimeﬁtal error is apparently
not sufficient to predict the correct value of the reaction cross section in

this case also. Conversely the experimental values of the reaction cross sec-

tion are apparently necessary data for optical model analyses.
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