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DISCONTINUOUS BEHAVIOUR IN LARGE ANGLE PROTON - PROTON

ELASTIC SCATTERING AT HIGH ENERGIES

J.V. Allaby, G. Cocconi, A.N, Diddens, A. Klovning,
G. Matthiae®, E.J. Sacharidis and A.M. Wetherell

ABSTRACT

Measurements of elastic proton- proton differential
cross sections for angles between 65° and 90° c.m.s. have been
made at 8, 9, 10, 11, 1k, 15 and 21 GeV/c. The shape of the
angular distribution is found to change suddenly between 8 and
11 GeV/c. An interpretation of this discontinuous behaviour in
terms of the reactive effects of baryon- antibaryon pair production

is proposed.

*) Now at Physics Laboratory, Istituto Superiore di Sanith, Rome , Italy.
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leferentlal cross sections for elastic proton--proton scattering
in the large angle region (65°=90° c.m,s.) have been measured at incident
proton momenta of 8, 9, 10, 11, 14, 19 .and 21 GeV/c. These measurements
were stimulated by the result of an experiment'’ performed at 16,9 GeV/c -
which searched for Ericson fluctuations®’ in the angular distribution. In
that experlment no ev1dence for fluotuatlons was found, the angular
dlstr;butlon}between 67° and 90° c.m.s. being smooth and well represented

by the formula

(E‘B) o _ GXP( "‘P sin e/ b) ‘ o (1) -

¢.m,

where p and © are the momentum and the scatterlng angle in the  centre-of-
mass system. The parameter b was found to be 2254 MeV/c. - .

Since other measurements at 3, 5“and'7 GeV/c, performed at
Berkeley3 could also, be fltted with an exponential in transverse momentum o
but with rather d‘:lfferent values for the parameter b, the experiment reported |
here was undertaken spe01f10ally to. make a systematic studyi.of the energy
dependence of b and, more generally, to measure the form of the angular :

distribution over as wide an energy range as possible.

The experimental layout and technique were essentially the same
as for the 16.9 GeV/c experiment‘), in which both protons emerging from a
liquid hydrogen target, bombarded by a long pulse:eimracted proton beam
(~ 3+10'"" protons per pulse in ~ 50 ms), were momentum analysed and
detected by two scintillation counter telescopes. At 8, 9 and 10 GeV/c,
however, targets of CHe (3 om thick) were used rather than;liquid;hyarogen.

The monitorlng of the beem 1nten51ty was done, as before, u51ng a
secondary emission chamber and two counter telesooPes for relatlve measure-
ments. The absolute oallbratlon was taken. from the amounts of 24Na and
22Na activities produced in thin alumlnlum f01ls plaoed 1n the beam, The
activitation cross sections used were obtalned from referenoe 4 The intens—
ities obtained from the 24Na and from the Na act1v1t1es agreed w1th1n the

statistical accuracy of the cal:x.'bra'tlon(+ 597)
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The rate of registering elastic scattering events ranged from
about 10 per hour at 21 GeV/c to about 1500 per hour at 9 GeV/c. The very
low cross sections at the highest momentum proevented extension of the experi-

ment to still higher momenta.

The measured differential cross sections are given in Table 1.

for empty hydrogen target background was negllglnie, while fm.the
Carbon in the CH: target it was about 2% . Accidental coincidences

and dead time losses gave rise to corrections usually less than 555,

Corrections for absorption of the protons in the target, in the air and in

the detectors were about 1O9§°5) The errors quoted in the table result

from the combination of statistical errors (~ 2-15% ) and systematic errors
from point to point in each angular distribution (~1 =~ 5% ). Relative un—_
certainties from one momentum to another due to the monitor calibration are'
abeut 3% . The absolute scale is subject to an error of + 7% due to the

unsertainty in the ®**Na cross section®

Fig. 1 shows a logarithmic plot of s(d G/dQ)Gcme, where s is the
- square of the total c.m.s. energy , as a function of the transverse

momentum' psin O, It is evident that the angular distributions deviate

from the dependence which Orears) found to give a reasonable overall |

representation of the Cornell-BNL wide angle measurements ’’, namely

s .%%> = Aexp(-psin®/p) (2)

c.m,

with A =595 * 135 (GeV)® mb/sr and b = 158 * 3 MeV/c.

The angular distributions at each momentum have been fitted by

(do‘/dQ)C.m.oc ‘ oxp( -p sin®/b ) taking b as a parameter. The _

best fit values of b from the present experiment are given in Table 2?‘
together with that from Allaby et al.1), those from the daté Qf Clyde et al’
and from the new data of Ankenbrandta), the last two for c.m;.ahgieé larger
than 50° , The exponential fits gave good x2 probability leveis except
in the region of 8- 11 GeV/c where the x® probability was ~1%. In this
latter momentum range, a linear dependence of log( do/d0) on the transverse
momentum would seem to be unlikely. The rather large uncertainties assigned
to b (Table 2) between 8 and 11 GeV/c arise partly from the poor fit.




The inset to Fig, 1 shows b as a function of the incident proton momentum
(Laboratory system) The rapid change of b between 8 and 11, GeV/c,
correspondlng to a flattenlng of the angular dlstrlbutlon ) 1s strlklng,

This sharp change in b is related to a phenomenon found recently
by Akerlof et al 1°_) who measured p-p elastic differential cross sections
- at 90° Cele 8, for incident momenta between 5.0 and 13.4 GeV/c. They found
| that the:Lr data .could. be fltted by the formula

82 o exp(-Dp%) - (3)

with D = 3.29 (GeV/e) ~? up to'an incident momentum of about 8 GeV/c . ..
(p? =-3.4 (GeV/c)?) beyond which the best fit was obtained for o
= 1.51 (GeV/c)™? . . It seems clear that the change in behaviour of the:
90° elastic p- p .cross seétion at around 8.GeV/c is related to.the.
change in slope ofthe.angular distributions (50% -.90° c.m.s.) between:8
-and»Hf‘GeV/c.- e : -

_ In view of the conslderable amount of accurate data now avallable
1t :Ls 1nterest1ng to search for some emp:.rloal funotlonal dependence wh::.ch
can represent all of the resu] ts. After many trlals it was f’ound that a use-

ful: kinematic variable. is

s“é,ijﬁ,.,@e”upf+m2>..s_in@,e . )

‘ Flg. 2 shows the data gbove 50° from Clyde et al. 3) _
Anken‘brandtB ),VAllaby et al . and from the present experlment, together
with the 90° data of Akerlof et al "O_). s plotted on a logar:.thm:l.o scale o
agalnst s s:.n @ The experlmental p01nts, Wh:Loh span an incident momenltnm
range from 3 to 21 GeV/c and cover almOSt 8 deoades of cross soct:l.on, fall

on two ourves each of which can be well represented by the formula
89 _ 3 exp (:—s:sin@/ ) (5)
gt = P exp (=38 su g/ » ST
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The best fit values for g and B " are as follows;

' 5'sin® < 16.0 GeV?; g + 0,01 GeV2, B

]
-
[\
=

134 6 £ 11, 7mb(GeV/c) 2

i

s sin® » 20,0 GeV? g = 2,77 * 0.02 GeV?, B 56,4 ¢ 3.0 ub (GeV/o)?

Tt should be remarked.that, according to considerations of thé _
analyticity and boundédness of the scattering‘amplitude12), the relation (5),
for fixed scattering angle, cannot be satisfied indefinitely and a slower

fall off with energy should p&evail ags s o,

. Neither the significance of' the dependenceicn the variable
s sin® nor the reason for the break in the curve of Fig. 2 are clear,
With regard to the latter and to the related change of slope of the angular
distributions an interesting connection with the onset of antibaryon .
production may be rémarked. The threshold for nucleon pair production is:
at about 6.5 GeV/c incident proton momentum but between.8‘GeV/c and: . .
10.9 GeV/c many hew channels (28 taking account of charge multiplicity)
open-for:the pair. production of the baryons with mass between that of the. -
A and of the N(1400). Such baryon pair production processes near threshold
are surely the result of low impact parameter COlllSlOnS and thelr reactive
effects should be such'as to change the low partlal waves of” the elastlc

scatterlng, thus modlfylng the angular dlstributlons at large angles. N

The change of slope in Fig. 2 has been discussed.by Akerlof et .
al.1°) in terms of diffraction from a nucleon “core" or "inner shell",
The effects of baryon pair productlon is dbv1ously another, and more
speclflc, way of describing "core" processes° Furthermore, Akerlof ct al.
have commented on the sharpness of the break in Fig. 2, notlclng that if
the 31tuat10n Were to be described by two amplitudes, then conslderable
destructlve 1nterference between them Would be requlred to obtaln such’ ai;z
violent change of slope. In the' ploture described above, the reactlve'””f
threshold effect 51nply changes, suddenly, the partial wave constltutlon '
of the scatterlng amplltude '

If thesec ideas are meaningful, the change in the elastic
angular distributions at wide angles can, perhaps, give some measure of
the total baryon-antibaryon production and also some information on the

relative amounts of real and imaginary parts of the scattering amplitude. = " *°




We are greatly indebted to H. Ravn and Mme W. Stdtzel for the
measurements of the activities of the aluminium monitor foils. Thanks are

due to the members of the MPS Division (Proton Synchrotron) who operated
the machine and the beam extraction equipment during the experiment.
Excellent technical assistance was. provided by R. Domnet, M, Ferrat, and
C.A. Stahlbrandt.
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TABLE CAPTTONS

Table 1 : Measured values of the differential cross sectidrf‘--"ff'o‘i‘ﬂf-p:‘;'p
elastlc soatterlng at varlous incident momenta., The values

| at 16 9 CreV/c are from Allaby et a11) corrected by ~ 107

IOI‘ aosorpm.on. ]

Table 2 : Values of the parameter b, in the relation (dO‘/d.Q)
exp ( = p sin®/b), obtained: from the best fits ito large ‘angle

p~-p elastic scattering datasat verious incident momente,
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TABLE 1

Incident G _@9_’)
Momentum c.m. aqQ
[ GeV/c ] [degrees] [em®sr—']
8.1 68.8 ( 5.43+0,16)x 10~ **
72.2 ( 4.55* 0.20)x 10~ >*
76.2 ( 3.2320.10)x 10~ >
82.2 { 2.44:0.07)x 107
9.1 68.1 ( 1.88£0.05)x 10~ 3"
The2 ( 1.1820.03)x 10~ %"
82.2 ( 0.9%%0,03)x 10~ >"
10.0 67.0 210.62: 0.17) x 10~ 32
70.0 7.91 % 0.17) x 10722
75.0 ( 5.89%0.15)x 10~ *2
83.0 ( %94t 0.11)x 1032
11.0 73.0 ( 3.60%0.09)x 10~ 32
78.0 E 2.96 + 0,07)x 10™>2
86.0 2.69* 0.09) x 10732
14.25 67.0 ( 7.58¢% o.25§x 107272
71.0 ( 5.86+0.19)x 10~ 33
77.0 ( 4.36%0,14)%x 10733
90.0 ( 3.31 io.o9gx1o-”
16.9 67.0 ( 2.01+0,04)x 10737
70.0 g 1.58+0,06)x 10733
72.0 1.43+0.05)x 10737
75.0 ( 1.2110.043x10"33
77.0 ( 1.03+0.03)x 10733
80.0 ( 0,922 0.04)x 10~ 37
82.0 ( 0.86+0,03)x 10773
85.0 ( 0.81%0.04)x 10" >3
90.0 ( 0.75%£0.05)x 10~ >3
19.3 64..0 ( 6.82%t0,29)x 107>
69.0 ( 4.19%0.26)x 10”2
75.0 ( 2.70%0.20) x 10~3*
90.0 ( 1.88+0.17)x 10~ 3*
21.3 66.0 E 2.20+0,18) x 10734
70.0 1.35%0.11) x 10-3*
75.0 ( 1.01+0.08)x 10" 74
87.0 ( 0.61%+0.09)x 10~

SiS/K 0113







TABLE 2

Incident
momentum b Reference
[GeV/c] [ MeV/c]
3,0 251 = 12 3
3.0 179 = &
4.0 120 + 6 8
5.0 W7+ 3 5
5.0 158 * 6 8
6.0 152 + 6 8
7.1 154 = 6 3
7.1 132 *+ 12 8
8.1 118 = 13 present work
9.1 172 £ 27 " "
10.0 191 £ 21 " "
11.0 294 £ 50 " "
14.25 240 £ 2 " "
16.9 225 £ 5 1
19.3 224, * 9 present work
21.3 209 * i? " "







Figure 1

Figure 2 :
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FIGURE CAPTIONS

Logarithmic plot of s(dd/dﬁ)c'm. as a function of p sin®,
The angular distributions at various incident proton momenta
are from Clyde et al, 3) and from the present experiments.
The broken line represents Orear's £it®’ [equation (2)] to
previous data. The inset shows values of the parameter b
obtained from a fit to the angular distributiorsby

(do/ dQ)c.m. e exp( - p sin® /b). Results from the data of
Ankenbrandt®’/ are also included,

Logarithmic plot of (do/dt) as a function of s sin®, The dataare
from Clyde et al.’/,Ankenbrandt®’, Akerlof et a1.1°> and the
present experiments. The lines in the figure result from a

fit to the points by (d¢/dt) o« exp (-~ ssin®/g )., The inset
gives values of g obtained from the individual angular
distributions, the two horizontal lines indicating the values

obtained from the overall fit shown in the Figure.
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