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We raport here measurements of the antiproton-proton, elastic,
inelastic, and charge-exchange cross sections for antiproton cncrgi",,,fif .

534, 700, 816, 948, and 1068 Mev. The total cross saction remains large

with respect to nucleon-nucleon cross sections in the same energy ru’zg:}t‘; :

It has not yet been possible to determine precissly what fraction of thtf s

inelastic cross section is due to annihilation. | E
The antiproton beam was formed in a manner similar to that of

1,2

previous oxpcrimint.. A schematic diagram of the exporimontﬂ,, wu

is presented in Fig. 1, and Table 1 identifies the principal comp‘on'oatl;-’i -

The 6-Bev internal proton beam of the Bevatron impinged on a carbon or
polysthylene target at one of three different target positions uehemsticmy\
reprluntod by T. Choice of the proper target enabled our mass |
lpcctrogzaph to select antiprotons within the desired energy range at
angles from 0° to 5° (lab) with respect to the direction of the incident

proton beam. The ratio of antiprotons to other negative particles

(mostly pions) transmitted through the spectrograph was about 1/20,000 e
for the highest antiproton energies.

e lcxumbermn. Segré, Wisgand, and Ypsilantis, Phys. Rev. 100, 947 (1955).., S
Agnew. Ghambcrhin, thr. Mormod Rog‘r-. &oincr. and Wicnad. :

l-_;Phyt. n.v.; ms, :m mm
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Table I

Experimental components of Fig, 1

Symbol Component description
T Bevatron target area
W Thin window of Bevatron vacuum system |
C - Brass collimator 6-in, -diam by 8-in. -thick
Ml, M2 60-in, -long deflection magnets with 12-by 7-in. ap
| 0 = 17% 0, = 250 ‘
Ql, Q2, Q3 Sets of quadrupols focusing magnets of 8-in. aper
8, Flastic scintillation counter 31 in. diam. by{in
8, Plastic scintillation counter 3 1/16 in. diam. by
1/4 in. thick , ’
vac 11 Antipreton narrow~band uloﬁty-uleeting Ch.r
counter which utilizes a cyciohuano
n = 1,46, f = 0.8) radiator 34 in. dhm
and 4.7 in, long. The velocity reaolntion i:
AB = .03 in the ra.ngeO 95 >p>070
< Meson Cherenkov counter which utilizes the same
radiator as VSC II but views bnly Chorcnkav
light that is totally iﬁte’rnany reﬂccﬁ;i:’ii;i ‘
for §>0.95 | ; i
Plastic scintillation counter 5 in. diam by 3/ 8 in.

: Aren for H2 target and final counter system
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The antiprotons were distinguished from other particles ux tha 3

by their tims of flight between the scintillation counters 8, 8,, and 83
coincidence with a count from the antiproton velocity-selecting Channkw
counter, VSC II. In addition it was required that the meson Chounkov
counter, T, did not count. The ratio of pions counted accidentauy to piom
transmitted through the system was less than 10 /
Identified antiprotons which traversed the maygnetic channel enm;

a target positioned immediately bahmd 5,. This target could be ﬂncd“ wf
sither liquid hydrogen or deuterium and was completely surrmd.d hy
array of scintillation counters. ‘Figure 2 displaye a side view of the uxg;
and counter system. Figure 3 shows the counter system from the bcm-“
end. Counters S, and S; detected the transmiited antzprotcal. Th :
25 counters detected sither a scattered antiproton or the products Irom
inelastic antiproton-proton collisions. The coincidence counts botwnn;t
incident antiproton and the 27 counters were displayed on an oncﬂlaseopc
and photographed whenever an antiproton entered the target.
The pulses photographed on the oscilloscope film were chniﬁcd a
follows: | ’
{a) Ii S‘ and 85 counted or if 85 counted aione, the anti‘pi‘ét,o# :

did not interact. 5
(b} Elastic scattering occurred if a single count was dctccta& in cm

of the counter rings (see Fig. 3) or in counters 8-1 through 8-16 Aromult
target. For scattering angles greater than 15° in the laboratory :ynum.
~ the recoil proton was also obutvablo
(c) Inelastic lcutcring or mnihﬂa.tmn acc\urod w&en ;ny tkre@

: 7mor¢ cwmn ngittcred or whea twa ccmnter: registured and tha kinsmt‘ef
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(d) A charge-exchange collision occurred whch none of the comtnf ;

registered, e

The analysis of 70% of the film data has yielded the crotusivgéﬁqi;n;‘
shown in Table II. These cross sections include small corrcctio#t far
accidentals caused by neutron background in the Bevatron area, annihilntiam

in counters, and the escape of particles through small spaces b‘ , o

counters. In the case of the total and the élastic cross sections, an expert«-»
mental correction has been made to include forward scattering by extrzp&

total cross-section measurements at small cut-off angles to zero sohamg;

Table 11

p-p Cross sactions at various energies

p-p Cross section (mb)

e —

Chatgu

P energy Total Elastic Inelastic cxehang ;
(Mev)
534 # 25 119 %6 4426 69 %5 6wz
700 433 11445 4345 64 + 4 Tez
816 £137 105 %6 T4l 60 25 8a2
948 242 96 4 3 3323 56 & 3 B2
1068 = 46 96 % 4 3043 58 3 @u;f:"

Figure 4 shows the cross sections given by this experiment md fa’

comparison, the results of previous experirmaents. 3.4,5

Coombel. Cork, Galbraith, Lambertson, and Wenzel, Phyl Rev 112,
1303 (1958). L
| Agncw. Elioff Fowler. Giny. Lnndn, O-w-ld, Powcil. Segre* ﬁttl



T tj»:en“mghwﬁurgy Physica at €2ERN (CER.N,, Gancva.. 1?58). p. 74,
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In order to obtain assurance that our system could repr‘oﬂnci kzmvm
cross sections, a positive proton beam was sent through our apparitﬁo; ":"P‘
was done by scattering a 1.2-Bev internal Bevatron beam irom;ka» fourth
target positioned near the region T of Fig. 1. We obtained the proton-prom:a
cross sections at 2 energies and the results are tabulated in Table III. P‘r 1

6,7 |

agreement was obtained with the results of other experiments.

Table 117

p+-p Cross sections for two energies

+

P+ energy P -p Cross sactions (mb)
(Mev) Total Elastic Inelastic
528 307 24 2 5 ' 6as ok

940 4925 26 &3 2323

The new antiproton results presented here agree reasonably well :
with the results of a previous experiment at 457 Mev. 8 An apparoﬁt .
paradox drawm from the information of two prior experimentss‘ > uem .
to be nonexistent. The somewhat incomplete prior data (incomplete i.n th.c ;
sense that the olastic-scattering cross section was never measured)
indicated a very large absorption cross section with little or no éiffraction

9

scattering--a phenomenon that is difficult to explain. ° A clarification ofa&i

‘the situation can best be seen by the comparisons of Table IV.

bRcfcrencu DI1, BS, and Sl in W. Hess, Summary of High-Fnergy ﬂncuonw

Nucleon Cross Sacuon Data, Reve Modern Phya. 30, 368 (1958).
7

Batson. Cukwick, Clepp. and Riddiford m Proc. 1953 Intcrnaticmal Cenfa enc

Proc. 1958 International Conference on Hioh.Fnammie Bkeaiaa —s  Aewas
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Table 1V | fe

Comparison of p~-p cross sections near 500 Mev

p-p Cross sections {(mb)

Experiment Total (0°)  Total (14°) Inelastic  Elastic e

Reference 8 i04 28 89 &7 -
(457 Mev)
Hetevance 5 97 44 . -
(500 Mev) |
This experiment 119 26 93 6 69 = 5 44%6
(534 Mav) '

From the 534-Mev data, one observes that more than half of th.
scattaring is strongly peaked forward within a 14° laboratory wgla. ‘rhc
l.a.telt results aleso indicate that the total elastic-scattering cross nction
coastitutu ~’ 1/3 of the total crose section in the energy range we havc
measured. This ratio has been indicated by a phenomenological Nack- :
sphere model of Koba and Takeda for a sphere radius of ~2/3 lx/m <. 1o

It is surprising that the inelastic cross section does not docrmgf
appreciably with increasing energy which may indicate a longcr-ruigé
annibilation interaction than expected. ? The Ball-Chew theory, ! which 1
agreement with the low-energy antxproton data, attributes the nanimu on .

interaction to airather short-range absorbing core. Of course the incLuti

‘ wz Eoba and G. Takeda, Progr. Theoret P’hy&.y(»iyetol 1?.

1y pan de. Ch.w. Phye. ev. 109. 1395 (1
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crogs section as presented here includes both annihilation and nidebn"

producticn. From the partial analysis of the 948-Mev inelmic eventn. "

it appears that not more than about 10 mb of the inetastic cross aectwn can

be due to meson production. (The remaming 46 mb must then be attti!mt ‘\ L
to annihilation.) This analysis is based on the assumption that prqductzenjcfé
Z or more mesons is negligible except in annihilation. The auumptxon ‘
seems warranted because double meson production is known to be veiy; : i
small in nucleonnﬁuclean collisions at this energy. 7.12,13

Upon completion of our analysis we hope to more fully ducuu thc
inelastic process. In addition to the antiproton-proton cross uctmnu. :

we have the antiproton-deuteron cross sections at the same five anergitii

These results will be presented in a later publication.
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PIGURE LEGENDS ’ ’

Fig. 1. Schematic visw of the Bevatron experimental area. See i‘abhsl ;

Fig. 2. Side view of target and counter systern. ior clarity, the &gureu /k
not shown precisely to scale. The container @ which could be ‘k
filled with liquid hydrogea or deuterium is a stainless steel cyhndct 2
12 1n. long and & in. in diameter with 0.008-in. wails cxccpt for tiu |
bcnm entrance wall witch is 0.010-in. mylar. Sixteen scintillation |
counters, S-1 through $-16 cylindrically surround the container fA. o
Each has dimensions 38 by 4.1 by 0.375 in. Sciatillators S, A.;‘,a.‘,e;.; a
4. P Y, 8,8y, and 8; are shown more explicitly in the next figure. | ’I‘h& . ’?i
lead between the target and tie sciatiliators is removable. Tae heat o

shield x; is 90.003-in. copper; ’L i a thin region of the vacuunf ;k s

. wall which is 0.035-in. aluminum.

Fig, 3. Schematic view from the beam-exit end of the counter lyétcm., o

which displays counters A, £, C, D, a,§, v, &, S¢r aud-iss aad their

overlapping regions as well as an end view of counters 8-1 throughs.L
Tig. 4. Antiprotan; proton total, elastic, inelastic, and charge-axchané&:"f

cross sections as a function of antiproton laboratory kinetic encrgy. :

The round points are the resulis of this experiment. The triangniar

points are from reference 5 and reference 3. The Square points are

from reference 4. For clarity tae inelastic points are darkened.







g *3tg

an'g'y
gU'g'e
vm Sg

’
:
4]

| B ol

g
o |j&

M
ol MBI

ANNSSSNN NSNS
H 7




743




(A3 ) (qoy) ABaaua aiyaury

000l 008 009 (8]0} 4 002 0
m%%_cc_muww_vn T n T u_ m T 3 T T 3 T 3 T T
v ¢
u:wc_wbtm
g
Fousojour = 1 ! t ¢ 1 M i
- _Uuoﬁb.VW m % % @ 4
i } ! ¥ ; ]
Kioay] moyn-{og —
1048 mauby o %
B |D }2 S3qQWI00Y ¢ ) B
1D }3 13013 o suotjoas ssoipn d-d %

(0T

09

00l

ovIi

o8l

(quw) o



