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ABSTRACT

The results of Experiment R210 on the measurement of the total cross-section
in pp and pp collisions at the CERN ISR are summarized. Fits to the data, using
various parametrizations, are discussed. The status of the data on o, t(pp) at
ISR energies is also mentioned.
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In an experiment performed at the CERN ISR we measured the total cross-section
in pp and pp collisions at vs = 31, 53, and 63 GeV. The total cross-sections —-
Otot(pﬁ) and Gtot(pp) --— were measured using the total-rate methodl’z). The method
consists of the simultaneous measurement of the total interaction rate (Rtot) and

the ISR luminosity (L), providing the total cross-section via:

Otot = Rtot/L

The experimental apparatus (Fig. 1) has been fully described elsewhere3’“x

Briefly, it consisted of large scintillation-counter hodoscopes covering the entire
solid angle (CI-CO, H1-H2, H3-H4, HSA—HS
(1.9 x 10

plemented by finely divided scintillation-counter hodoscopes located directly be-

B’ TBA—TBB), except for two narrow cones
sr in total), which accommodated the beam pipes. The system was sup-

4
hind the trigger counters, which were used to measure the polar and azimuthal co-
ordinates of charged secondaries. The two arms of the detector were mirror images

of each other.

The trigger required the presence of hits in the left and in the right arm of
the detector. For each event the timing of each hodoscope pair with respect to
the trigger was recorded, together with the live time of the experiment, and the

presence of hits in all the cells of all hodoscopes. The rate R0 measured by

bs
the detector differed from the total rate Rtot because of the incomplete coverage
at small angles. The great majority of the events lost at small angle were elas-
tic or single-diffractive events. The corrections for losses were calculated from
the data by extrapolating the appropriate measured angular distribution over the

regions of the holes.

Tsm
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Fig. 1 Layout of Experiment R210.
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The measurement of the ISR luminosity was achieved using the van der Meer
method®™5) of vertically displacing the beams in special runs interleaved with
data taking. The vertical displacements were calibrated by precision scrapers
specially installed in our intersection region. In this way, the absolute scale
error on the luminosity, a plague of early ISR experiments, was reduced to about

+0.3%.

The main source of background resulted from the upstream interactions of
either beam with the residual gas in the vacuum chamber or with the vacuum chamber
itself, interactions that produced jets of particles entering the apparatus from
the sides and which were distinguished from beam-beam events using the relative
timing of left- and right—arm hodoscopes. This background was virtually absent
in the pp runs, owing to the very good conditions in which the ISR is currently
operated, but was an important problem in the pp runs, owing to the large imbalance
of current (I_ = 10 A, I_ = 2-4 mA) necessary to obtain a decent luminosity
(L =10%7 em™? s7%) given the limited antiproton current. The ratio of background
to beam-beam events, at the trigger level, was typically 10:1 in pp runs. With
this severe background, the left-right time information was not sufficient to re-
move all "single-beam'" events and a subtraction was needed. For this purpose, we
varied the ISR luminosity, taking many pairs of runs with beams at full overlap
(recording beam-beam and background events) and with beams completely separated

(only background events were recorded). We then subtracted and averaged“).

Total cross—section results are shown in Fig. 2, together with FNAL®»7) and

)

previous ISR data’’, and prove that Gtot(PE) rises with energy in the ISR energy

range, asymptotically approaching o (pp) from above. The same data are replotted

tot
on Fig. 3 over a broader energy scale, including the point of UA4 8). In both

figures, we show a simultaneous fit to the pp and the pp data of the form:

= 2
Gtot(pp) =0y + v, In® (s/s)

- o-1
Otot(pp) = Otot(pp) + BR s .

The results of the fit are presented in Table 1 (Fit A).

The difference in the pp and pp cross-sections is shown in Fig. 4 including

data down to very low energies and measurements of the annihilation cross-section.

Table 1

Results of fits to Oto:(Pp) and Utot(pp)

x2/DOF To Ye s, 8 a Y s—

FIT A
FIT B

l.44 | 38.3 + 0.02]|0.50 £ 0.02 117 + 3.0|78.3 £ 6.0]0.425 ¢ 0.02 - -
1.33 |38.3 £ 0.02|0.49 + 0.02 | 115 + 3.0 80.1 + 6.0 [0.42 * 0.02|(-1.0 £ 0.3) x 107* [ 0.01 + 0.1
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The new data, in good agreement with extrapolation from lower energy, show that

the two cross-sections converge in a way compatible with the power law expected

in Regge theory. This convergence is not demanded a priori by any theoretical
constraint. The Pomeranchuk theorem, for instance, states that for asymptotically
rising cross-sections, the ratio Otot(pﬁ)/otot(pp) tends toward unity, but still
allows the difference, in absolute value, to increase with the energy. Models
along these lines have been developed, introducing "odderon' terms, i.e. asymptotic
9,10)

terms odd under crossing We have analysed the data including in the previous

9%

fit an "odderon'" term

Otot(pp) =00+, 1n? (s/s+) + v 1n (s/s_)

3

Otot(pﬁ) = Otot(Pp) + BR &7 - Y_ 1n (s/s_)

To constrain better the fit, FNAL and ISR data on p (the ratio of the real
to imaginary part of the forward nuclear elastic scattering amplitude) both for
pp and pp scattering were taken into account, by exploiting dispersion relationsll).
Preliminary results are reported in Table 1 (Fit B). The two fits virtually co-
incide, leading to the conclusion that any "odderon'" contribution to the cross—
section is less than 1% of the Regge term, up to ISR energies.

A final comment is needed on the differences amongst the values of Gtot(pp)

4,12-14)

as measured by this experiment and by previous ISR experiments?® Figure 5

shows a compilation of all existing results. Some of the experimentsz’lz) per formed
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Fig. 5 Compilation of all available data on Otot(pp) at the ISR. The open points
are obtained with the optical-theorem method, the full points are obtained
with the total-rate method. The dashed part of the error bars are scale
errors.
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the measurement of otot(pp) both by the total-rate method and by the optical-
theorem method (extrapolating the nuclear elastic scattering cross-section to

t = 0 and invoking the optical theorem). In Fig. 5, no inconsistency appears in
the data, at a one-standard-deviation level. However, a careful investigation
shows that at Vs = 63 GeV, the results obtained by the optical-theorem method are
systematically lower than those found by the total-rate method. Since the former

14
ale) cross—

have a higher statistical weight, they pull down the "best average
section, which is then statistically inconsistent with our point. To make the
argument more explicit, we have plotted in Fig. 6 the difference in Otot(pp) as
measured in two experimentsz’lz) by the two methods: AC = opp(tot. rate) -

- Gpp(opt. theor.). Some energy dependence may be present in these data at the

limit of statistical significance: three negative points below Vs = 40 GeV and

four positive and two negative above. This suggests that the two methods might

systematically disagree -- at a 1% level -- at the top ISR energy.
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Fig. 6 Difference in the pp total
cross—-section as measured
via total-rate and optical-
theorem methods.
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It is very important to resolve this question and, in particular, to place

on solid grounds the value of © (pp) at Vs = 63 GeV. For this reason, we plan

tat
to remeasure, in the forthcoming months, the pp total cross-section with high pre-
cision (better than *0.5%). Both the total-rate and the optical-theorem methods

will be employed, with the aim of resolving the present inconsistencies by cross-

checking the results.
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