
INFN/AE - 67/10 
30 Settembre 1967 



ANTIPROTON - PROTON ELASTIC SCATTERIN(; 

BETWEEN 63 and 175 MeV 

B. Conforto, (;. Fideoaro and H. Steiner (0) 

CERN - Geneva 

R. Bizzarri, P. Guidoni and F. Marcelja 

Istituto di F18108 dell'Universita Rom a 

Istltuto Nazionale di Fisica Nucleare - Sezione di Roma 

G. Brautti, E. Castelli, M. Cesohia and M. Sessa 
!stltuto di Fisica dell'Univeraita T r i e 8 t e 

Istituto Nazionale di F1810a Nuoleare - Sezione di Trieste 

(0) J .S. Guggenheim Fellow. Permanent addre s .. 

University of California, Berkeley, California. 

2 () '. 



8UMl1ARY 

The pp elastic scattering differential cross-sections have been determined at nine 

energies between 63 and 175 MeV, from 11000 soattering events measured in a Ilydrogen Bu~ 

ble Chamber. The results are compared with existing theoretical models and good agree

ment i8 found with the calculations of Bryan and Phillips. 

8011llARI0 

Sono state determinate Ie sezioni drurto differenziali elastiche pp a nove energie 

tra 63 e 175 MeV, da 11000 eventi in oamera a bolle a idrogeno. 8i fa 11 confronto dei 

risultatl ottenuti con gli 88istentl modelli teorioi, trovando un buon aooordo con i ca! 

coli di Bryan e Phillips. 
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INTRODUCTION 

This work is part of a study on antiproton interaotions in hydrogen at low energies, 

using the bubble ohamber teohnique. 

The behaviour of annihilation, total elastic and total zero-prongs cl'Oss-seotiona 

has been the objoot of a preTious paper ('), henoeforth referred to as I. lie"" we present 

the results on the elastic-soattering differential oross-section. 

These distributions have already been measured by Coombes et al. (2) down to 133 MeV 

using oounter detectors, by Cork et al. (') from 45 to 245 MeV using hydrogen bubble 

chamber and by Hossain 8Ili Shaukat (') from 5 to 60 MeV using nuclear emulsions. In order 

to achieve a higher energy resolution and a better statistical acouraoy we haYe analysed 

42,000 picture. taken from the 81 cm Sacla,y HydrOgen Bubble Chamber exposed 10 a separated 

beam ot antiprotnns from the CERN PS. From these we obtained 11,000 events, divided in 9 

energy intervals trom 63 to 175 MeV, and the oorresponding angular diotributions were co~ 

puted. These di.tributions, when fitted with Legendre polynomials, show the oontribution 

ot angular momenta up to (at leaot) L. 2 balo .. 100 lIeV kinetic energy, and (at leest) 

L = 3 above that lillit. The distributiOru5 of tm same events as a funotion of the tour

momentum trsllId"er show a slope corresponding to an "effective radius" decreasing with 

energy, acoording to ~ff • Ro + '!. (Ito is about 1 Fermi, and '!. io the wave length of the 

relative motion in p-p oenter of mass). 

Several simplified theoretioal models have attempted to describe the non-r6Udivistio 

pp interaction. Our data show a very good agreement with re8ul.ts from a calculation by 

Bryan and Phillips ("). 

A preliminary aocount ot this expo riment has already been published ('). 

1. - EXPERIMENTAL PROCEDURE 

The picturea used. for this experiment were obtained exposing the 81 em Saclay HBC to 

a separated beam of low energy antiprotono at the CERN PS (6). 

Three exposure8 of the HBC have been made, covering the energy interval tram 50 to 

190 MeV. The exposure conditiOns, and the determination of the beam energies at the en

tranoe in the bubble ohamber (125, 156 and 190 MeV) have been desoribed in I. 

42,000 pictures were scanned for elastio antiproton interaction. The ela8tic eTents 

are easily recogni.ed (V8 two prong annihiletiono) at the .canning table, due to the heavy 

ionization of both the outgoing prongs. The fT contamination of the beam was negligible, 

«0.1%) as disoussed in I. 

The events were measured by projecting the film at about life size magnifioation on d! 
gitized tables with a typical mea8uring error of 0.1 mm. The meaaurementB were processed 

through the ohain of CERN programs THRESH, GRIND, CULL, SUMX. 

Since very backward scatterings have a higher failure rate due to the ahort traok 

length of the soattered antiproton, to avoid biaoes all the events that failed in geometry 
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or kinematics have been remeasured. About 1% of the events still failed after the third 

measurement. These events did not show any appreciable bias. For each of them the center 

-of-mas8 scattering angle has been computed by hand from the available geometrical info~ 

tiona. 

The incoming antiproto~ have been accepted for further analysis only if they entred 

the chamber wi thin a predetermined "beam window", and wi thin a small cone around the average 

beam direction. The determination of the acceptance criteria bas been tully described in I. 

The events collected from each exposure have been further divided into three groups, 

according to the path length of the incident antiproton. In Table I we give the avere.ge 

incident energy for each of the nine groups, as determined from the known beam energy tak

ing into acoount the energy lost in the hydrogen. The values agree with those obtained 

fro. the kinematio fit. 

TABLE I 

Laboratory Total Total elastic [Im f(C)]' Number 

kinetic cross-section cross-section 
of events at a. (mb/sr) 

energy (MeV) (mb) (mb) (oosQ·S. 0.970) 

62.7 ! 13.3 224.5 ! 6.6 77 .6 ! 3.3 24.17 :t 1.42 1281 

83.5 ! 10.5 199.7 :t 5.5 71.1 ! 2.8 25.45 ! 1.40 1364 

99.8 ! 9.1 188.0 ! 4.9 68.7 :t 2.5 27 .00 :t 1.41 1465 

110.0 :t 8.4 179.5 ! 4.5 62.0 ! 2.2 27.12 :t 1. 36 1522 

124.3 :t 7.0 171.1 ! 4.5 62.6 :t 2.3 27.86 :t 1.47 1186 

136.8 ! 6.5 169.2 ± 4.1 59.5 ! 2.1 29.98 ! 1.45 1240 

150.9 :t 6.7 167.6 :t 3.5 63.5 :t 2.2 32.46 :t 1.36 904 

163.3 ! 6.3 161 .1 :t 3.2 61.3 :t 2.0 32.44 :t 1.29 974 

175.0 :t 6.0 154.3 :t 3.0 57.3 :t 1.8 31.90 :t 1.24 1038 
---

Total 10974 

To obtain the energy distribution of the events in eaoh interval, the residual range 

distribution of the beam (very nearly a gaussian, see I) "as folded in. The resulting di

stributf:on is sholm in Fig. 1. From the range spread fiR, oalculated a8 half width at half' 

heigth of the ourve, \'ie compute the energy spread fiE as given Table I. In this way 80% of 

the events are contained in the interval ±fiE around E. 

In Table I we also report, for each energy interval, the values of the total. (at) and 

the elastio (us) cross-section as determined from the data obtained in I. From the value 
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Fig. 1 - Distribution of residual range around the cent ral value for 
each energy interval. 

of at, the square of the imaginary part of the forward scattering amplitude bas been com

puted by the use at the optical theorem. In the last column of Table I the number of mea

sured elastic scattering events that satisfy our selection oriteria is given for each e

nergy interval. 

2. - DIFFERENTIAL GROSS-SEC'l'IONS 

The coaine of the center-ot-mass scattering angle CD8 iJ* bas been computed for each 

measured event. 

To avoid large and Wlcertain efficiency corrections, all the events found in soanning 

have been measured but only those with a laboratory scattering angle large than 7° (C08~~ 

i 0.97) have been retained, since the detection probabilit,y of an event deoreases rapidly 

with deoreasing scattering angle. 

The event.s within eaoh energy interval lBve been divided into 40 bins according to the 

value of 008 n.. Each bin oorresponds then to an interval ~oos fJ. = 0.05, except the last 

one, for whichlloo.lI' = 0.97 - 0.95 = 0.02. 

For the events in eaoh bin the distribution of the normal to the scattering plane ab:rut 

the direction of the incoming track has been examined. In the last 4. bins some losses of 

events with a scattering plane almost normal 'to the bubble chamber windows are apparent. 

This 108 8 has been CJ) rrected by requiring the above mentioned distributioIl8 to be uniform. 

The resulting correction amounts to about 3% of the total of the events. Finally in eaoh 

bin the oontribution of Coulomb scattering has also been subtracted. No attempt to take 
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into account the possible contribution of interference between Coulomb and nuolear soatte! 

ing has been made. 

where 

The differential. scattering cross-section has then been computed as 

= oorrected number of events in the interval .1 C08 8i around oos Of 

•• 
N = number of events = fi Di 

c~ = the integral of the :i'; (oos 0» between -1 and 0.97 .s determined in r. 
(We reoall that i. c ~ the experimentelly aooessible quantity. while the ~ 

tal elastio oross-seotion c s has been obtained through an extrapolation). 

The resul.ting values of ~ with their statistioal errors are given in Table II and d.! 
.splayed in Fig. 2. On the same figure the Coulomb contribution which has been sUbstracted 

frem the raw data is shown as a full line; the solid dot represents the minimum forward 

cross-section predicted by the optical theorem. The shaded areas represent the contribution 

of the corrections for the events lost due to the orientation of the scattering plane. These 

angular distributions are in good agreement with the ones obtained by previous experiments 

in the same energy range (2,3) with sma.ller statistios. 

:For eaoh event the square of the four momentum transfer t has also been computed am 

au/dt has been eval.uated in a. way comp1etely anal.ogouo to dD/ml. The cut at small scatte

ring angles (cos f)* So 0.97) COrr8spond.s to a cut in the low momentum tramfer which varies 

with the inoident energy from -0.002 to -0.004 (Gav/o)'. The results for da/dt are shown in 

the 9 histograms of Fig. 3 for It I ~ 0.2 (Gav/o)'. For typographioal reasons in the last 6 

histograms respectively 3. 20. 23. 17. 20. 28 events with It I > 0.2 (Gav/o)' are not shown. 

3. - DISCUSSION OF RESuurS 

At each energy the angular di8tribut1.on has been f1 tted wsing a marlmum likelihood pr.2, 

oedura to a Legendre polynomial expansion 

-tr (oosl1» = t an Pn (cosO» 

The optical point has been introduced with its error as an indipendent 10wer limit to 

the forward cross-section. 

Resulting ourves for the oase L = 3 are shown in Fig. 2 (dashed lines). They give a good 

fit at all the energies and no oontribution of L = 4 is required. lor the three lowest ener

gies (below 100 lIeV) a satisfaotory fit is obtained also with L = 2. Above 100 lIeV however 

L • 3 is neoessary (». 

(*) From a comparison of the elaatic to the total pp cross-seotions, in I was shown that iE: 
aident waves with aDBUlar momentum up to 2 must oontribute to the annihilation. 
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'l'AllLE II 

Laboratoryl ________ -r ________ -,r-__ ~~~~~::~~~=---------r_----~~_r--~~~--r_--~~~~--~~:-~ kinetic 
energy 

(MeV) 62.7 83.4-

CENTER-OF-MASS DIFFERENTIAL CROSS-SECTrONS (mb/or) 

99.8 110.0 124-.3 136.8 150.9 163.3 175.0 
cos o. 
-0.975 
-0.925 
-0.875 
-0.825 
-0.775 
-0.725 
-0.675 
-0.625 
-0.575 
-0.525 
-0·4-75 
-0.425 
-0.375 
-0.325 
-0.275 
-0.225 
-0.175 
-0.125 
-0.075 
-0.025 
0.025 
0.075 
0.125 
0.175 
0.225 
0.275 
0.325 
0.375 
0.4-25 
0.475 
0.525 
0.575 
0.625 
0.675 
0.725 
0.775 
0.825 
0.875 
0.925 
0.960 

Optical. 

0.4- ± 0.3 
0.0 ± 0.0 
0.2 ± 0.2 
0.0 :t 0.0 
0.7 ± 0.4 
0.2 ± 0.2 
0.7 ± 0.4 
1.1 ± 0.4 
0.9 ± 0.4-
0.2 ± 0.2 
1.1 ± 0.4 
0.9 ± 0.4 
1.1 ± 0.4-
1.4 ± 0.5 
1.6 ± 0.5 
1.6 ± 0.5 
3.2 ± 0.8 
4-.5 ± 0.9 
2.1 ± 0.6 
2.7 ± 0.7 
4.5 ± 0.9 
4.1 ± 0.9 
6.1 ± 1.0 
3.6 ± 0.8 
6.1 ± 1.0 
7.7 ± 1.2 
7.7 ± 1.2 
7.1 ±1.1 

11.1 ± 1.4 
8.4±1.2 
9.8 ± 1.3 

11.1 ± 1.4-
13.6 ± 1.6 
15.3 ± 1.7 
15.7 ± 1.7 
16.0 ± 1.7 
14.7 ± 1.6 
17.0 ± 1.7 
18.1 ± 1.8 
18.0 ± 2.8 

0.2 ± 0.2 
0.0 ± 0.0 
0.2 ± 0.2 
0.2 ± 0.2 
0.3 ± 0.2 
0.3 ± 0.2 
0.2 ± 0.2 
0.2 ± 0.2 
0.0 ± 0.0 
0.2 ± 0.2 
0.2 :!: 0.2 
0.6 ± 0.3 
0.8 ± 0.3 
0.8 ± 0.3 
0.9 ± 0.4-
1.1 ± 0.4 
1.4- ± 0.5 
1.7 ± 0.5 
3.5 ± 0.7 
1.5 ± 0.5 
1.8 ± 0.5 
2.9 ± 0.7 
5.1 ± 0.9 
4.8 ± 0.9 
4-.2 ± 0.8 
5.4 ± 0.9 
4-.2 ± 0.8 
8.8 :': 1.2 
6.9±1.0 
8.6 ± 1.2 

11.5±1.3 
9.7 ± 1.2 

10 .9 ± 1.3 
11.7 ± 1.3 
12.6 ± 1.4-
17.8 ± 1.7 
18.4±1.7 
20.4- ± 1.8 
20 .5 ± 1.8 
25.0 ± 3.1 

0.8 ± 0.3 
0.3 ± 0.2 
0.1 ± 0.1 
0.1 ± 0.1 
0.6 ± 0.3 
0.3 ± 0.2 
0.3 ± 0.2 
0.0 ± 0.0 
0.3 ± 0.2 
0.0 ± 0.0 
0.6 ± 0.3 
0.4 ± 0.2 
0:4 ± 0.2 
1.0 ± 0.4 
0.7 ± 0.3 
1.0 ± 0.4-
1.2 ± 0.4-
1.4- ± 0.4 
1.2 ± 0.4 
1.9 :': 0.5 
1.9 ± 0.5 
2.1 ± 0.5 
3.6 ± 0.7 
1.8 ± 0.5 
5.0 ± 0.8 
4.0 ± 0.7 
6.0 ± 0.9 
6.1 ± 0.9 
6.4- ± 0.9 
8.7 ± 1.1 

10.7 ± 1.2 
10.9±1.2 
13.8 ± 1.4-
11.5 ± 1.3 
13.3 ± 1.4 
15.1 ± 1.4-
20.2 ± 1.7 
21.8 ± 1.7 
18.6 ± 1.6 
22.9 ± 2.8 

0.5 ± 0.2 
0.1 ± 0.1 
0.2 ± 0.2 
0.5 ± 0.2 
0.5 :': 0.2 
0.1 ± 0.1 
0.0 ± 0.0 
0.1 ± 0.1 
0.1 ± 0.1 
0.1 ± 0.1 
0.1 ± 0.1 
0. 2 ± 0.2 
0.2 ± 0.2 
0.2 ± 0.2 
0.6 :': 0.3 
0.8 ± 0.3 
0.7 ± 0.3 
0.7 ± 0.3 
1.4 :': 0.4-
1.8 ± 0.5 
1.5 ± 0.4-
2.1 ± 0.5 
3.0 ± 0.6 
3.4- ± 0.6 
3.8 ± 0.7 
4.5 ± 0.7 
4.9 ± 0.8 
5.9 ± 0.8 
6.5 ± 0.9 
6.8 ± 0.9 
8.7 ± 1.0 
8.0±1.0 
8 .9:':1.0 

14-.0 ± 1.3 
10.6 ± 1.1 
14.1 ± 1.3 
15.5 ± 1.4 
19.0±1.5 
20.5±1.6 
25.0 ± 2.7 

0.9 :': 0.4-
O.B :': 0.3 
0.8 :': 0.3 
0.6 :': 0.3 
0.6 :': 0.3 
0.0 ± 0.0 
0.2 ± 0.2 
0.2 ± 0.2 
0.3 ± 0.2 
0.0 ± 0.0 
0.2 ± 0.2 
0.5 ± 0.3 
0.2 :': 0.2 
0.0 ± 0.0 
0.3 ± 0.2 
0.5 ± 0.3 
0.2 ± 0.2 
0.6 ± 0.3 
1.5 ± 0.5 
1.4- ± 0.5 
0.9 ± 0.4-
1.5 ± 0.5 
2.2 ± 0.6 
3.1 ± 0.7 
2.3 ± 0.6 
4.9 ± 0.9 
5.1 ± 0.9 
6.9 ± 1.0 
6.0±1.0 
7.1 ±1.0 
7.5 ± 1.1 
9.1 ± 1.2 
9.1 .. 11 .. 2 

11.7:': 1.3 
12.3 ± 1.4-
13.8 ± 1.5 
16.7:':1.6 
18.8 ± 1.7 
24-.8 ± 2.0 
22.2 ± 2.9 

0.7 ± 0.3 
0.8 ± 0.3 
0.6 ± 0.3 
0.3 ± 0.2 
0.7 ± 0.3 
0.6 :': 0.3 
0.0 ± 0.0 
0.1 ± 0.1 
0.0 :': 0.0 
0.1 ± 0.1 
0.0 ± 0.0 
0.3 ± 0.2 
0.4 ± 0.2 
0.1 ± 0.1 
0.1 ± 0.1 
0.4 :': 0.2 
0.0 ± 0.0 
0.7 ± 0.3 
0.7 ± 0.3 
1.3 ± 0.4 
1.4- ± 0.4 
2.4 ± 0.6 
1.5 ± 0.5 
2.0 ± 0.5 
2.5 ± 0.6 
3.6 ± 0.7 
2.4- ± 0.6 
4.6 ± 0.8 
7.0 ± 1.0 
6.7 ± 1.0 
6.0 ± 0.9 
8.8 ± 1.1 
8.5 ± 1.1 

11.2±1.3 
13.3 :': 1.4-
14-.4 :': 1.4 
15.9 ± 1.5 
22.3±1.8 
21.6 ± 1.7 
23.4- :': 2.9 

0.2 :': 0.2 
1.0 ± 0.4-
0.6 ± 0.3 
0.4- :': 0.3 
0.2 ± 0.2 
0.4 ± 0.3 
0.2 ± 0.2 
0.2 :': 0.2 
0.2 ± 0.2 
0.0 ± 0.0 
0. 0 ± 0.0 
0.0 ± 0.0 
0.0 :': 0.0 
0.2 ± 0.2 
0.0 ± 0.0 
0.2 ± 0.2 
0.8 ± 0.4 
0.0 ± 0.0 
0.2 ± 0.2 
0.2 ± 0.2 
0.6 ± 0.3 
0.4- :': 0.3 
1.2 :': 0.5 
1.8:,: 0.6 
2.2 ± 0.7 
3.2 ± 0.8 
3.4- ± 0.8 
3.8 ± 0.9 
4-.6 ± 1.0 
5.8 ± 1.0 
8.2±1.3 
8.6 ± 1.3 
8.8 ± 1.3 

10.9 ± 1.5 
14.9 ± 1.7 
18.1 ± 1.9 
20.5 ± 2.0 
25.1 ± 2.2 
20.9 ± 2.1 
36.1 ± 4-.3 

0.2 ± 0.2 
0 .2 ± 0.2 
0.4 ± 0 .3 
0.4- ± 0.3 
0.2 ± 0.2 
0.2 ± 0.2 
0 .4- ± 0.3 
0.7 ± 0.4 
0.2 ± 0.2 
0.0 ± 0.0 
0.0 ± 0.0 
0.7 ± 0.4-
0.0 ± 0.0 
0.2 ± 0.2 
0.2 ± 0.2 
0.2 ± 0.2 
0.4- ± 0.3 
0.4- ± 0.3 
0.0 ± 0.0 
0.2 ± 0.2 
1.1 ± 0.4-
1.3 ± 0.5 
1.3 ± 0 .5 
1.8 ± 0.6 
0.9 ± 0.4-
2.5 ± 0.7 
3.1 ± 0.7 
2.7 ± 0.7 
4-.1 ± 0.9 
6.7 ± 1.1 
6.8 ± 1.1 
7.4- ± 1.2 
8.7±1.2 

12.1 ± 1.5 
10.6 ± 1.4 
16.4-±1.7 
19.6 ± 1.9 
24-.8 ± 2.1 
27.6 ± 2.2 
28.3 ± 3.6 

0.5 ± 0.3 
0.5 ± 0.3 
0.8 ± 0.4-
0.2 ± 0.2 
0.2 ! 0.2 
0.5 ± 0.3 
0.3 ± 0.2 
0.3 :': 0.2 
0.3 ± 0.2 
0.3 ± 0.2 
0.3 ± 0.2 
0.0 ± 0.0 
0.0 ± 0.0 
0.3 ± 0.2 
0.0 ± 0.0 
0.0 ± 0.0 
0.0 ± 0.0 
0.0 ± 0.0 
0.0 ± 0.0 
0.5 ± 0.3 
0.5 ± 0.3 
0.8 ± 0.4 
0.6 ± 0.3 
1.4 ± 0.5 
1.6 ± 0.5 
1.6 ± 0.5 
2.8 ± 0.7 
3.2 ± 0.7 
3.0 ± 0.7 
4.7 ± 0.9 
5.8 ± 1.0 
7.3 ± 1.1 
9.5±1.2 

10.1±1.3 
14-.0 ± 1.5 
12.3 ± 1.4 
18 .6 ± 1.7 
23.0±1.9 
27.0 ± 2.1 
28.0 ± 3.3 

point 124-.2 ± 1.4- 125.5 ± 1.4- 1 27.0 ± 1.4- 1 27.1 ± 1.4- 127. 9 ± 1.5 130.0 ± 1.5 132.5 ± 1.4- 1 32.4 ± 1.3 131.9 ± 1.2 
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The distribution in t show a diffraction-like behaviour, the width of the diffraction 

peak increasing with the antiproton energy. 

Tiu distribution of the diffraction 8cattering from a black sphere of redius R can be 

expressed in the farm 

provided the wave length" of the relative motion of the colliding particle8 is small oom

pared to the radiu8 R. This is not the case in this experiment, li. ranging from 1.15 to 0.7 

fm. We have however attempted to fit the forward part of au/dt, for -t < 0.05 (GeV/ c)',with 

an expression of the ~e 

(1 ) du 
dt : Ai 

Jf (*JtT) 
It I 

~ and Ri being free paramete18 to be determined for each of the 9 values of the inoident 

energy Ei- The result of the tit 18 very satisfactory, the probability associated with 

the overall X2 being 30%. Of course the agreement is limited to the small momentum tran

sfers, the experimental data presenting a tail of high momentum transfer events not repro

duced by formula (1). 

The values of the diffraction radii Ri decrease with increasing energy corriaponding 

1:0 the increase in the width ot the peak. This variation of R with energy can be well re

presented by Ri = a + '"i. In fa.ct a f'i t to the expreeeion 

(2) 
J,z [(~) j[tf] 

It I 

with.! intlependent ot the inoident energy, gives an equally satiBtaotory result, the asso

ciated X· probability being 88ain 30%. The value of .!! i8 .!! = 1.03 fm, in reasonable agree

ment with the value a : 0.90 fm obtained in I by f1tting the annihilation cros8-8ection to 

the form U a a" (a+li.)'. 

No clear energy dependenoe ot the coeffioientB A1, is apparent. However a simple tit 

to the 9 distributions aocording to the ~orm 

(3) 
dU 
dt 

Jf[(T)JftT] 
Itl 

gives a reasonable fit (p(x') : 4%l with the following values for the p'rametera 

a : 1.04 fm 

b : 29.4 IIIb 

C : 49.5 IIIb fm-' 

if GeV·fm " is expressed in fm and then h : 0.197 =-'--''-''
c 
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The resulting ourves are deaplayed in Fig. 3 aa d.aahed linea. They are very olose to 

those from the 10 parameters fit. 

In Table III the values of (*' 8a obtained from the optical point are compared, 
}1;:0 

(du~ ~ Ca+~)' 
for the 9 ..alues of ~,wi th the velue. dt) " 4 ---w- obtained from formula (2) 

and (do') "Cb'-c'!.) C .... J) , obtained from form.1:° (3). 
dt 1;:0 4 

4. - COIIPlIRISON WITH TllEORETICAL MODELS 

In the low (non relativistic) energy range, the NN interaction oan be treated by a P,2 

tential whose real part can, at least in principle, be deduoed from t he NN potential by 

changing the sign of the contributioll8 due to exchange of an odd c;. parity siatem. The oo~ 

trlbution of the annihilation process (which has no analogue in the NN case) in then added 

in a phenomenological way either by introducing a completely absorptive central core or by 

means of an iDBginary potential. A comparison of the different existing calculations with 

the measured total elastic and inelastic cross-seotions has been done in I. 

In oomparing the predicted Shapes of differential scattering cross-seotions with the 

experimental results, if must be kept in mind that tha bulk o~ tho elestic scatterings i. 

contained in t he forward d1tfraction peak. As a consequence 8ll3" theoretical model capable 

of predioting the total elastic and inelastic oross-section3 will reproduoe also the gross 

features of the angular distributions. Predictions of different models will however differ 

when considering finer details J for example the amount of backward scattering. 

The first quantitative attempt to describe the NN interaction along these lines is due 

to Ball and Chew C). They represent the enn, hi , etion interaction by a oompletely absorp

tive cere J aDd wsing WKB approximation they oompute cross-seotions which are independent r£ 

tha oore radius. This model has boen applied by Fulco (.) and by Ball and Fuloo (') to oa1 
oulate the elastic angular distribution. The results are in only qualitative agreement 

with experiment, the main difficulty being that the elastic cross-section is overestima.ted. 

The same model has been used by Ceschia and Perlmutter t) J who however avoided the 

use of WKB approximation and explioite~ solved the Sohroedinger equation by introducing a 

boundary condition of the type e-iKr at a certain value r = R of the radius. The two pa

rameters R and K/t (k = wave number of the incident wave) are fitted to the experimental 

data. In I it was shown that a fair agreement with the measured cross-sections was obtai

ned in this way with the choice R" j ~, K/k "1/2. The oorresponding angular di.trib.!! 

tions are oompared with the deta in Fig. 4.b,c,d. While the forward part of the angular 

d18trl.butioDS is reaaonably well reproduced, an exoeed.in&l.Y large amount of backward scat

tering is predicted, possibly due to refleotion of the incident wave at the sharp boundary. 

Spergel Ct
) used a similar model. He ohoses the wave munber K of eaoh partial wave 

inside tle oore in such a way 88 to maximize the absorption. This reau1ts in a strong r,! 
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TABLE III 

T I- Optical point (d<r/d t ) t = 0 

[MeV] [rmJ [mb/(GeV/c)'j Fomula (2) Formula (3) 

62.7 1.149 2569 ! 151 2690 2656 

83.5 0.996 2033 ! 112 2120 2095 

99.8 0.911 1803 ! 94 1884 1820 

110.0 0.867 1644- ! 82 1586 1691 

124-. 3 0.816 1494 ! 79 1454- 1544-

136.8 0.778 1461 ! 71 1355 1441 

150.9 0.740 1433 ! 60 1438 1345 

163.3 0.712 1324- ! 53 1335 1274 

175.0 0.688 1215 ! 47 1223 1216 

duction of the backward soattering. The main difficulty is now that the value of core ra

dius that predicts the correct elastic cross-section gives systematically a much too low 

annihilation cross-section. A8 an example in Fig. 4 0, a OUl"'f"e is plotted, corresponding 

to the choice ot the core radius and of the real potential that gives the best value tor 

the total scattering cross-section. Tbere is an improvement of the tit the backward di

rection but the forward cross-section is now too small. 

The intr.oduction of an imaginary potential leaves a large freedom tor the choice of 

its .hape. Naniro".kii and Strokov C'l have assumed an imaginary potential V = V, exp(-r/c) 

and a phenomenologioal description for the real part. With their best choice Vo = -4 GeV; 

c = 0.2 ~ the elastic cross-section results too low on the average (see I) but there is 

still with an overestimate of baokward events. 

The most satisfaction oaloulations have been made recently by Bryan and Phillips (0). 
They use an imaginary potential of the form V = V,/[ 1+exp(r/c)]. Tha real part was obtai

ned from the Bryan and Soott ('") NN potential, this being a sum of one-boson-e:mhange tm-mB. 

Sinoe eaoh oontribution to the real potential has a definite G parity, the modification to 

the Nt; oaoe in unambiguoua. The two parameters V, and 0 describing the imaginary potential 

are then fitted to the experimental data. Preliminary results show that an excellent agre

ement can be obtained both to the total cross-sections and. angular distributions with the 

choioe V, = -60 GeV, c = 1/6 fm. 

In Fig. 4, b, d the predicted differential oross-sections at 62.7, 99.8 and 163.3 MeV 

are oompared with the data. 

22': 
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The energy interval explored by this experiment covers the mass of the S meson C'). 
In terms or the laboratory kinetic energy of the inoident antiproton this meson would 

be formed at 104 , 28 MeV, with a width of 70 MeV. No signifioant ohanee. in both the 

magpitude and shape or the differential cross-section are observed going accross this e

nergy, indioating that this meson does not gi va rise to any prominent effect in the pp 

elastio channel. 

• • • 
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