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SUMMARY

The small angle elastic scattering of protons with protons and anti-
protons has been measured at 52.8 and 30.4 GeV center-of-mass energy.
Using the known total cross-section for pp scattering, a simultaneous fit
to the pp and pp differential cross sections allows to determine the dif-
ference between the pp and pp total cross-sectionsand the ratio of the
real-to-imaginary part of the pp and pp forward nuclear scattering ampli-
tudes at both energies. In addition, the nuclear slope parameter at Tow
momentum transfer is obtained for pp and pp at 52.8 GeV.
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The comparison of proton-proton and proton-antiproton interactions
at very high center-of-mass energies has been accessible to experiment over
the last two years owing to the successful operation of the antiproton ac-
cumulator at CERN and the possibility to store a beam of antiprotons in one
of the CERN intersecting storage rings (ISR). The Louvain-Northwestern
collaboration [1] has endeavoured into a series of accurate measurements of
pp and pp elastic scattering at small momentum transfer, aiming at the de-‘
termination of the difference Ao between the pp and pp total cross-sections,
the ratios p(pp) and p(pp) of the real to the imaginary part of the forward
nuclear scattering amplitudes and the slopes b(pp) and b(pp) of the nuclear
elastic differential cross-sections.

The experiment uses the method and part of the equipment of the CERN-
Rome collaboration which, together with the Pisa-Stony-Brook collaboration,
discovered the rise of the pp total cross-section at the ISR [2] and perfor-
med the measurement of the p(pp) parameter [3]. Four miniature (48 x 28 mm“)
scintillator hodoscopes are installed above and below the two beams, in mova-
ble sections of the vacuum pipes ("Roman pots") at 8.7 m downstream of the
intersection region. The pots and the hodoscopes can be accurately moved
(+ 0.02 mm) under remote control and can approach the circulating beams to
explore scattering angles down to 1 mrad. With the use of the Terwilliger
focusing mode of momentum compaction, the spatial extension of the beam in-
tersection region is much reduced. The triggering of the data acquisition
can be simply made on the coincidence between the upper hodoscope in one arm
and the lTower one in the other and provides an almost background-free sample
of elastic events. The 1um1nos1ty of the intersection is monitored with four
pairs of large (0.5 m ) scintillator counters located symmetrically above and
below the beam and carefully calibrated through the van der Meer beam verti-
cal displacement method [4]. Such calibration was repeatedly performed
during the pp and pp data taking runs, showing reproducibility at the percent
level. Details on the apparatus, the information recorded, the background
subtraction and the data reduction can be found elsewhere [5,6].

Data have been collected at three center-of-mass energies : vs = 30.4,
52.8 and 62.3 GeV in successive pp and pp runs. During the pp runs, the
antiproton beam intensity was of the order of 2 to 4 mA whereas the proton

beam intensity was about 10 A, giving luminosities up to 7. 1026 cm 2s 1.
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For the pp runs, both beams were kept at 5 A resulting in a luminosity of
about 5.102° cm™%s™!. The total pp statistics collected was 1.7 10° elas-
tic pp events at 52.8 and 62.3 GeV and 0.55 105 events at 30.4 GeV. The
statistics of the pp comparison runs were of the order of 2.106 events.

We show in figs. 1 and 2, typical differential cross-sections observed for

pp and pp collisions at v§ = 30.4 GeV and 52.8 GeV.

The data were fitted to the standard expression of the differential
cross-section :
99 = nf, + fyl® (1)
where the Coulomb amplitude fc and the nuclear elastic scattering amplitude
fN at small momentum transfer squared t are parametrized in the usual way :
2

fo =7 2 f§q-et‘“° (2)

£ bt/2 (3)

N i%'(i *p) Oyt ©

In the expression (2),6 = (1 + CF7H]2 is the proton electromagnetic
form factor and a$ is the Coulomb phase taken from reference 7 :
ad = a[zn %ng - 0.577] ; the upper and lower signs are for pp and pp
scattering respectively.
The results obtained at ¥S = 52.8 GeV have already been published [6]. They
were obtained through the simultaneous adjustment of expressions (1-3) to pp
and pp data, using the known pp total cross section ctot(pp) [8] as input to
the fit and adjusting the following parameters : ctot(pﬁ), o(pp)s o(pp), blpp),
b(pp), N, ah. N is an overall normalization factor which allows for small event
selection inefficiencies and absolute lTuminosity calibration error, and is
assumed to be the same for pp and pp measurements ; and Ah represents the mean
deviation of hodoscope vertical separation from optical survey measurements
and is essentially a correction to the t-scale. The procedure used in the
analysis of the v/s = 30.4 GeV data is basically the same. However, at this
energy the momentum transfer range explored is restricted to a maximum value
|t] = 0.015 GevZ and does not allow for an accurate determination of the
nuclear slopes. The analysis of the /s = 62.3 GeV run is still in progress.
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The input to the fits and the results obtained are summarized in
table 1. The errors shown are the statistical errors combined with the
contribution of a possible 2 % systematic difference between pp and pp
normalizations and a position uncertainty of the detectors of 0.02 mm
between pp and pp runs. It should be noted that the total cross-
section difference Ac is essentially independent of the ctot(pp) input
value, whereas otot(pﬁ), given for convenience of comparison with
similar data, directly depends on this input to the fit.

In fig. 3, we compare our results for Ac with Tower
energy data and a conventional fit [11] to these low energy data. The
extrapolation of the latter which predict that Ac+0 as s + » , is in good
agreement with our results. It has been observed [12], however, that one
cannot yet exclude an unconventional contribution to the scattering ampli-
tude (the so-called odderon [13])which, at ISR energy, would be of the
order of the odd-under-crossing Regge contribution to this amplitude and
such that |Ac| would asymptotically become proportional to &ns. The Ac
data at the highest energy accessible (Vs = 62.3 GeV) will be critical for
this issue. We note also the agreement at vs = 52.8 GeV between our value
for Ao and the latest value reported by the CERN-Napo]i-Pisa-Stony4Brook
collaboration, Ac = 1.49 + 0.35 mb [14]. In addition, the comparison of
the total pp cross-section measured vs = 30.4 and 52.6 GeV with the highest
energy Fermilab data [10], shows conclusively that thiscross-section is rising
in the ISR energy domain. Indeed, the rate of increase of ctot(pﬁ) is compa-
tible with a ansbehaviour, as fast as allowed by the Froissart bound.

The values of p(pp) and p(pp) measured in this experiment are displayed
in fig. 4 together with previous data. It can be seen that p(pp) is positive
and increasing over the ISR energy range. This behaviour is predicted by
models where both pp and pp total cross-sections are assumed to rise with
rate close to the Froissart bound while Ao+ 0 for s + «», As an
example, we show in fig. 4 the dispersion relation fit of Amaldi et al. [3]
which is made under these assumptions.

It has been observed earlier [16] that the values of the low-t slopes,
b(pp) and b(pp), measured at /s = 52.8 GeV are not significantly different
from each other, as expected if the ratio of the widths of the diffraction
peak approach unity at high energy ; this prediction of asymptotic theorems [17].
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seems already fulfilled at ISR energies at the level of experimental accu-
racy. Finally, the elastic cross-section Ogy Can be determined from our
measurement, through integration of the differential elastic cross-section.
We find that the ratio of the elastic cross-section to the total cross-
section is the same for pp and pp, within .experimental errors, and close to
the values previously obtained at lower energy (p.Iab % 100 GeV/c), a feature
predicted by optical models with goemetrical scaling.
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Table 1

N

Input and result of the simultaneous fit to the pp and pp
differential elastic cross-section data. Results at 30.4 GeV
are preliminary.

/s(GeV) 52.8 30.4
Input °tot(pp) = 42.67 mb °tot(pp) = 40.14 mb_2
b(pp) = 12.2 GeV
b(pp) = 12.6 Gev™2
Result Ac = 0.98 + 0.36 mb Ao = 1.5 £ 0.5 mb
otot(pﬁ) = 43.65:0.41 mb °tot(pp) = 41.7+0.5 mb

0g1(PP) = 7.36£0.30 M o 4(pp) = 7.1:0.3 mb

p(pp) = 0.060:0.0006 o(pp) = 0.040:0.005
o(pp) = 0.101+0.018 o(pp) = 0.031x0.021
b(pp) = 12.85:0.12 GeV ™2

13.36+0.53 GeV 2

b(pp)
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FIGURE CAPTIONS -

Fig. 1. The measured differential cross-section do/dt for elastic scatte-
ring of protons onprotons (upper) and antiprotons (lower) at
/s = 52.8 GeV, as a function of |t|.

Fig. 2. Same as fig. 1 for vs = 30.4 GeV. .

Fig. 3. The difference Ao = otot(pﬁ) - °tot(pp) versus laboratory momentum
Piap [9» 10, 14]. The curve is the result of the fit of Bartel
and Diddens [11] to the lower energy data.

|

Fig. 4. The parameter p for pp and pp scattering [15] as a function of
vYs. For clarity, the pp data of Fajardo et al. which lie above
the other pp data have been omitted. The curve is the result of
the dispersion relation fit of Amaldi et al. [3] to total cross-
~section and p data.
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