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Lowic E. Agnew, Jr., Tom Elioff, William B. Fowler, Louis Gilly,
Richard Lander, Larry Oowald, Wiloon M, Powell, Emilio Segx2,
Herbert M. Steiner, Howard S. White, Clyde Wiegand,
and Tom Vpsilantis

Radiation Laboratory
Univereity of California
Berkeley, California

April, 1988

In 2 previous letter we have reported preliminary results of m :asurc-
meani¢a of the antiproton-proton elastic-scattering cross section at ene: gics
ranging from 30 to 200 Mev (lab).l The antiproton interactions were obaserved
in a 30-inch-long liquid propane bubble .e:hamber. Further measurements have
yielded information on the antiproton-carbon scattering cross section for
scattering angles of 5° (1ab) or more. A typical p-C scattering event is shown
in Fig. 1.

We have seen a total of 70 antiproton-carbon scattering events in a totai
antiproton path length of 179 metere of li@uid propane {denpity = 0.42 g/cm3L
In order to get an eotimate of the true number of scattering events, we have
multiplied the chserved nurnber by a correction factor to compensate for ccanning
inefficiency, This correction factor, which hae been determined empirically,
ic about 1.7 at a2 scattering angle of 5%, 1.2 at 10%, and 1.1 at 20°. Scaitering
events at less than 5° were excluded because the gcanning inefficiency becomes
very large for thece small angles. Although we cannot distinguish p-C ccatteringe
from p-p ecatterings for angles leos than 7.5° because the energy of the recoil
proton in p-p scattering becomes too small to make a visibloe track, the contributir:
from p-p scattering to our moacured p-C scattering in the region 5% ¢o0 7.5 i
negligible.

"~ In Fig. 2 we chow the corrected p-C elastic scattering croos cection ac
a function of antiproton energy. The p-C crcos sections reportec by Dickson znd
Salterz" 3 arc also chown for comparioon,

The differentic! ycattering eroce secticn per unit volid angle as = function
of scattering angle in shown in Fig, 3. Here we make no attempt to group the
avents according 10 ocaticoing energy :achuse of thoe limited number of events:
conseguently, thin Jifceo-ii-’ -ony elion repran.nt. wm fverips over eatipoe
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In Fig., 3 we have also plotted the repults of an optical-model calcvintic .
by Bjorkluad and Fernbach for 140-Mav antiprotons on carbon, 4 Th: vwoton-
cashon scattering measuremento by Dickson and Saiterz ot 135 bev auw: aloo
shown. The optical-model pbtentinl used by Bjorklund and Fernbach io

; b2 - =
Vzo(Vep +iVedolr) # (Vgp #iV ) (V" 2GR 0 - L,
where
plr) = L +exp [ ‘-'-350 1, Veg ® -15 Mev, V., =65 Mev, Vo = 3.3 Mev,
Vg » 1.8 Mev, a= 065 x107 0 cm, R =1.25 a1/3 10713 cm.

The values of the weli-depth parameters were derived from the phane shifto
obtained from the Ball-Chew model for nucleon-antinucieon scattering;s Coulomb
effects are clso included. The connection between the Ball-Chew phagce shifte
and the potentials wao obtained by Dro. Geoffrey Chew and Kenneth Watoon
following a method of Riesenfeld and Watson.6 From Fig. 3 one can obsorve
{outoide the Coulomb region) the large forward scattering that is precent in the
p~-C caoe and absent in the p-C scattering. This is interpreted ag the diffracticn
scattering correspondiag to the large total crosa section of the antiprotons, and
is related to the large value of "cx for antiprotons in the optical model. As o
comparisgon, if one makes a black-disk calculation, teking the radius of the divk
as 'J' 5%132. and the aboorption croos section as opproximately 500 mb, the firast
minimum occurs at 8 = 22°, in agreement with the optical-model calculation.
In concluocion, we remark that the high rotio of the total entiproton eroos
ocsction to the totel proton crooo section that has been choerved at higher energic:,
on several elemento also extends to the lower energies considercd here., These
reoults and nico details of the antiproton annihilation process in carbon will he
presonted in o lnter paper, ao coon ao the analysis of all eventc io comploted.
Wo wish to thank Dri. Bjorklund and Fernbach for communicating to us

thoir anpvblished renultn, and Dre. Chew and Watoon for instructive digcucsionc.
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Figure Captions
Fig. 1.  p-C Scattering. The antiproton {dencer track) enters from tho top
and left of center. At an energy of ~65 Mev, the antiproton ccatters 28°
to its left and continues for 7.9 cm to the lower center of the picturs, where
it annihilates within a carbon nucleus. The visible products of the i
annihilation are three v~ and two v mesons.
Fig. 2. Elastic pcattering crons gections.
for p-C, ao a function of antiproton energy {for e!ab > 50)
& for p-C, as a function of proton energy {for elab > 59)
Fig. 5. Differential scattering cross section ap a function of @hb'
wwew=a  p=-C gcattering {200 > E§ > 30 Mev) (observed histogram,
wnmsme  p-C scattering (Histogram corrected for scanning inefficiency)
= wwe » = peC optical model calculation (E§ 3 140 Mev]} by Bjorklund and
Fernbach

- - - p+-C scattering (Ep+ = 135 Mev) by Dickson and Salter.
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