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EXPERIMENTAL RESULTS ON pp FORWARD ELASTIC SCATTERING
AND THE POSSIBILITY OF UNIVERSAL SHRINKAGE OF THE HADRONIC DIFFRACTION CONE
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ABSTRACT

The differential cross—sectibn of pp scattering has been measured in
the energy region 100-300 GeV and in the t-range .002 < |t] < .04 (GeV/e)2.
The results on the real part of the séattering amplitude agrees with
dispersion relation calculations. We also report on our determination of
the slope parameter b together with an analysis of the world data of b for
different hadrons and different t-values. It is shown that the data are
consistent with the hypbthesis of a universal shrinkage of the hadronic

diffraction cone at high energies.
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A small angle elastic scattering experiment has recently been
performed at the CERN SPS. The main aim of the experiment was to study
high energy 7 p elastic scattering in the Coulomb interference region.

The results of this part of the study are presented elsewhere [1].

In the experiment the differential cross-sections for pp elastic
scattering were also measured at incident momenta of 100, 150, 250 and
300 GeV/c. Here we report on the results of these measurements and on the
results of our analysis of the world data on the slope parameters of the
diffraction cone. It will be shown that the data are consistent with the
hypothesis of universal shrinkage of the hadronic diffraction cones at high

energies.

The differential cross—-sections were measured in the t~range
002 < |t| € ,04 (GeV/e)?2. The absolute normalization of the
cross—sections has been measured with a precision of *1%. The absolute
t-scale was known with a precision of better than .5% in the measured
t-interval. The corrections for the background and for the inefficiency of
the detector system were determined experimentally with errors of less than
1. #. The details of the experimental technique used for these

measurements can be found in Refs [1-4].

The measured cross~sections were fitted with the Coulomb-nuclear
interference formula in the same manner as described in Ref. [l]. Two
parameters were left free in the fits: the ratio of the real to imaginary
part of the forward scattering amplitude ppp and the exponential slope
parameter bpp' The values of o, _(pp) used in the fit were taken from

tot

the measurements of Carroll et al. {5). In the fits Oot and K, the .

normalization parameter of the differential cross-section, were constrained
within the limits of the error bars (Aoﬁot is given in Ref. [5] and AK/K = #1%).

The results of the fits are presented in Table 1. The errors for bpp:and ppp

shown in the table include statistical errors, the errors in the normalization
tot® The correlation between bpp_and ppp is very small:
dp/db = -.003 (GeV/c)?. Furthermore, a change in o, . by +.1 mb gives Ap = +.004.

and the errors in o
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The Qpp data are shewn in Fig. 1 together with results frem ather
experiments. At the IBR ppp has been measured up ke Py, & 2000 BeV/e [6].
Using dispersien relatiens, Ehe authers were able te prediet a eontinueus
rigse in 6op(pp) up to at least py,y % 40,000 BeV/e. However, veecent measurements
at Fermilab [7] shewed deviatiens from dispersien relation ealeulations in
the range 100-200 GeV/e. The authers aleo reanalysed eld data from a jet
target experiment [B] im the momentum regien 200=400 GeV/e by intredueing
bigger values of b__, As a resulk, the p=values ealeulated from the
jet target data were shifted by Ap ¥ .04 and then alse disagree with
digpersion relatiens. As ean be seen frem Fig. 1, our data in the range
166=300 GeV/e do not eoafirm these deviatiens. Meoreover, using values ef
b?? that we derived frem fits te all existing data en pr (see belew)
we obtain a shift of the Jet target data of net more tham 4p f .02,
Furthermere, it may be noted that if ene disregards the poiats with
le] ¢ .002 (GeV/e)? {a the Jet target differential cress=seetions p
ig shifted by Ap = =.01 and thus the everall shift becemes ingignificant.

We thus esnclude that the results from our experiment, like these frem
Ref. [B], suppert the validity of the dispersion relatien ealeulations and
also the validity of the eenclusien of the IBR group [B] absut rlsiag tetal
eross=geckionsg.

Glassieal Pemeren theery predieted a legarithmie shrinkage of the
diffraction eone at large energies!

blp) =5, + Zaélnp

where &' is the slepe of the Pomeren trajeetery and p the mementum of the
ineident partiele. According to the theery the shrinkage sheuld be similar
for all kinds of {meldent hadrens and it sheuld have ne strong
t=dependenee. Our reeent data on 7p seattering tegether with ether data
available at other E=values led us ke the econelusien {1] that the shrinkage
of the 7p diffraction cone at |t| = .02 (GeV/e)*® does not differ from

that at €| = .2 (BeV/e)! or |t} = & (GeV/e)? (Fig. 2).



-4 -

The situation‘fOr'the pp—sjétem has so far been thought to be
different. High energy pp data at |t] = .2 (GeV/c)? showed considerably
less shrinkage than at lt] = .05 (GeV/c)?, where a value of
ZGQ‘X 6 (GeV/c )™ 2 was found [9,10]. One of the interests in the
present experiment was therefore to investigate the shrinkage at small

t-values in pp scattering.

Our data are plotted in Fig. 2 together with other small angle data,
corrected if necessary for t-dependence to corresﬁoﬁd to the same t—valué,
i.e. |t = .02 (GeV/c)2. Note the good agreement of our points with
those of a recent Fermilab experiment [7]. On the other hand, our data
disagree in the absolute scale ﬁith the jet target data of Ref. [9]. The
disagreement is of the order of Ab = +.4 (Gev/c)-? after the correction

for t—depéndence has already been applied.

The data at |£] = .02 (GeV/c)? have been fitted with the following
simple parametrization compatible with the Regge pole model:
b, .
b(p) = by, + — + b, * lnp _ (1)

8
P

where the b1/pB term with B = 1/2 originates from the interference
between the Pomeron and secondary trajectofies. 'In this fit the absolute

scale of the data of Ref. [9] was left free.

The results are given in Table 2. It is seen from the table that the
shrinkage parameter b, = 2aé is close to the value fogqq inlEhe Tp case
;and not equal to the much higher value & .6 (GeV/c)~? found previously.
The origin of this is twofold. Firstly, our data together with ;he‘rgcéﬁt data
from Fermilab certainly decrease-the value of 2a'. Sééopdlf, the big value
quoted was.obtained .not using the tgrm-bl/p?,in_qhe,paramgggization__,

(1). ..Table. 2 shows that:this term is importan; igﬂthg pp.case,.

The similarity of the value of the shrinkage parameter for wp and.bb
scattering at |t| = .02 (GeV/c)? has led us to perform a similar analysis
of existing data on pip, Kip and nip. This was done at |t]| = .2 (GeV/c)?
where data are most abundant. Figure 3 shows our compilation of the world

data. The data were analyzed with the simple parametrization (1). The
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details of this analysis and the tables with the experimental values will
be published elsewhere. The particle-antiparticle data were fitted
simultaneously with four free parameters (b, was allowed to be
different for particles and antiparticles). The results are presented in
Table 2. MNote the remarkably good values for x?/N which is somewhat
unexpected, taking into account the simple form of the parametrization and
the big p-range used in the fits. The shrinkage parameters were found to
have nearly the same value for all partiéles:
' L .

Zo:p = .26 t .05 (GeV/c)~?

The results have been checked for stability. For example, if we take away

all p-p points below 10 GeV we obtain
b,{pp) = .26 * .08 (GeV/c)~?

We have also performed fits with the parameter 8 free and as can be seen

from Table Z the shrinkage parameter did not change much.

We conclude that the present exper1mental data are ébn51stent
with the hypothesis of universal shrinkage of the hadroé dlffractlon
cone independent of incident partlcle and 1ndependent of t-values for
el < .4 (GeV/c)?. This conclusion depends of course on the
parametrization used, but the good quality of the fits shows that 1t

cannot be changed on the basis of statistical criteria only.



Table 1
Values of p and b in pp scattering as obtained in the fits to the data.

N is the number of degrees of freedom in the fits.

Energy No. of opor * 40 p t 4p b £ & x2/N
(GeV) events from Ref.[5] (GeV/ic)-?
(mb)
100 85,000 38.46 + .04 -.092 = .014 12.01 £ .29 81/69
150 130,000 38.69 + .04 -.040 + .014 12.09 + ,28 73/64
250 120,000 39.29 t ,04 -.041 £ 014 12.17 * .29 4460

300 80,000 39,53 .32 63/56

I+

.06 -.,028 £ ,016 12.40

I+
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FIGURE CAPTIONS

Fig. 1 : Experimental data on p for pp scattering. The dashed line is
taken from a dispersion relation calculation by Amaldi et al. [6]
and the full line from a calculation by Grein [23). The dashed

area corresponds to the uncertainty estimated by Grein.

Fig. 2 : The slope parameter b at different t-values as a function of
incident energy for n p and pp scattering. The points at
lt] = .2 (GeV/c)? and at Iti = .4 (GeV/c)? represent our

compilation of the world data.

Fig. 3 : Our compilation of the slope parameter b as a function of energy at

- - + - +
lt|] = .2 (GeV/c)? for pp, PP, Kp, Kp, mpand mp scattering.
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