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ABSTRACT

We measured the total cross—section for Pp scattering at Ys = 52.8 GeV at the

CERN ISR, using the direct, total-rate method. The result obtained, Utot(ﬁp) =

= 44.70 * 0.53 mb, shows that, in common with Gtot(pp), this cross—section also
starts to rise in the ISR energy range. We remeasured the total cross-section for

pp scattering at the same energy, obtaining © (pp) = 43.26 + 0.33 mb, and found

tot

for the difference, AC = (pp) - &

ot - Ytot (pp), a value of 1.44 * Q.45 ub.

tot
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Since the introduction of antiprotons into the CERN ISR in April 1981, the
CERN-Napoli-Pisa-Stony Brook experiment has been installed in Intersection Region 2
with a set of detectors covering virtually the entire solid angle. The primary aims
of the experiment are the measurement of the total cross—sections for pp and pp
collisions via the observation of the total interaction rates, the measurement of
the differential cross—sections for small-angle elastic scattering, and a comparative
study of the general features of multiparticle production through measurements of
multiplicity and pseudorapidity distributions. The determination of Oiot in this

experiment is quite direct: the observed collision rate is 94% of the total inter-

action rate and so only small corrections are required.

Preliminary results obtained during early Pp runs have already been reported
[1,2]; however, poor statistics due to the lowness of the machine luminosity was
not sufficient to establish unambiguously the rise of the pp cross-section in the
ISR energy range. The results reported in this letter come from a l4-day run in
October 1981, in which a stochastically cooled P beam was in circulation with a
current of 2mA. This beam collided with a p beam of about 10 A, giving a luminosity
of approximately 7 X 102% cm~ 2 57!, The mean centre-of-mass energy was Vs =

52.8 GeV. Proton—proton data were also collected for comparison (mainly with equal

‘currents in both beams), and both sets of data were analysed in the same way.

The experimental arrangement is indicated in fig. 1; the apparatus has left-
right symmetry with respect to the beam crossing. Both the left arm and the right
arm consist of five sets of hodoscopes spanning the polar region 0.2° < 8 < 90° in
successive steps. Each set of hodoscopes comprised two planes of triggerx counters
operated in coincidence and a further plane of small counters used to localize
particle hits in § and ¢. In addition, a drift-chamber hodoscope was sandwiched
between the CI and CO hodoscopes. The drift chambers were mainly used to study
multiplicities in the polar range In] < 2, but in the results presented here they
were used to establish the event vertex for certain classes of events thus discrimi-
nating against background. Finally, the TB hodoscope was also equipped with two
planes of drift tubes, which served to determine the slopes of the differential

elastic cross—sections needed to estimate a small correction term for elastic losses.
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The trigger for the experiment was the requirement of a coincidence of hits
in the left and right arms. A hit in either arm was signalled by the sum of the

coincidences between overlapping elements in each hodoscope set:

T = . + . + . + . + . .
Hit) p = (CI*CO + Hi*Hp + Hs*Hu + HspHsp + TBy-TBy)| o

For each trigger, the presence of hits in all cells of all hodoscopes was encoded
and recorded. The time difference between a master pulse and each coincidence in

the trigger was also recorded.

In the off-line analysis, we formed the time difference between the signals
from each left—arm hodoscope set and the signals from each right-arm hodoscope set.
Twenty—five left-right time differences, £ could thus be constructed if all hodeo-
scopes in the experiment were struck in a particular event. In practice, most
interactions resulted in hits in a majority of the hodoscopes, so the timing in-

formation was highly redundant.

¥rom pp data, the mean time difference (ti), characterizing beam-beam events
for each left-right combination i, was obtained and also the FWHM Ti of each dis-
tribution (= 6 ns). Triggers resulting from the upstream interactions of either
beam with the gas iﬁ the vacuum pipe or the pipe itself had a time-ordered sequence
of hodosceope hits as the secondaries swept through the apparatus from left to right
(or vice versa), resulting in t. values that differed from the (ti) values in pro-

pertion to the physical separation of the hodoscopes involved.

From the available timing information we formed the quantity

N
td )
P Z (t; <ti})
N 2
T B

to test the hypothesis that an event arose from the beam—crossing region (Ntd de-

notes the number of time differemces observed for the event)}.

The distribution of events in T? is shown in fig. 2 for both pp and pp runms.

The pp run shows virtually no events with T2? > 2, in accordance with the negligible
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contamination from single-beam background. For the pp rum, in addition to the low-
T2 peak seen in pp, there is a broad peak centred at T? = 5 consisting of single-
beam events. The events with 72 < 2 formed our candidate beam-beam sample; those
with T2 > 2 were used to monitor the amount of background contaminating this

sample.

In pp runs, single-beam background was particularly troublesome for the subset
of events in which the only hit on the right was CI'COR, gince time differences in-
volving this hodoscope did not discriminate well between beam-beam and single-beam
events. The beam~beam content of this set of events was small (= 0.5% of the total
beam-beam rate) and was overwhelmed by background events from the proton beam.
Consequently, a partial rate R; was computed neglecting this set of events. Events
in which the only hit on the left was in the central box, i.e. the triggers (CI-CO)L
+{Hi*Hy + Ha*Hy + HSA'H5B + TBA'TBB)R’ did not present the same problem because of
the asymmetry of the background. The rate R; of the latter events was obtained sep-—
arately. Because of the symmetry of the apparatus and of the reaction R is also the
rate lost because of the exclusion of the events (H,*H, + Hy*H, + Hsp*Hsp + TBA'TBB)L
(CI°CO)R from the initial sample*). Finally, the rate R; of the events firing the
central detector only had to be taken intec account. TFor pp interactions, Rj was
determined directly since the contamination from single-beam background was so
small: 0.025% of the observed beam-beam rate triggered omly (CI;CO)L-(CI'CO)R; In
the pp case, We discriminated between beam-beam and single-beam events by'rééoﬁstruc—
ting the event vertex with the central chambers. The central-hodoscope contribution
to the pp cross-section determined in this manner was found to be of the same order

as in the pp case.
The total observed rate was thus defined as

Rops = R, (T2 < 2) + Rp(T? < 2) + Ry(T? < 2).

As can be seen from figs, 2b and 2c, a relatively large amount of background st111

survived at T? < 2, affectlng R obs particularly in the 10w—1um1n051ty PP TURS.

*) The left-right symmetry of the apparatus was checked to a precision of 0.1% during
pp runs.
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To separate the beam-beam signal from this background, we used the method [3] of

varying the maechine luminosity L.

At each luminosity, the measured rate RObs consists of the beam~beam inter-

action rate, gobs L, and a rate of background events:

Rbs = %obs L ¥ Ry - 2 !

The rate‘RB;was found to be proportional to the rate of events having T? > 2,

so -that-eq. (1) could be rewritten:

- 2
Robs—cobSL+BR(T > . (2)

By repeating the meaurement at different values of L, 8 and Ops Vere obtained

by fitting eq. (2) to the data. The method was very insensitive to the background,

prcvided thatAlARB| << oobSIAL : typically, L.was varied by a factor of 10°%, while
the backgroundichanged by less than 10Z. The required variation in the luminosity
was aqhieved bytdisplacing the beams vertically so as to change their overlap. ;n
prggtice, PP dg;a were taken during special calibration runs, when the machine Tu~
mipési;y.ﬁgsmmggsured by the Van der Meer method [1,4]. The pp data were collected
with the beams at full overlap (signal runs) and with the p beam displaced 4 mm
vertically 80 that no beam-beam interactions occurred (background rumns). The

p beam was not moved to avoid influencing the background. Many such pairs of funs

were taken and their duration (v % hour) was kept much shorter than the time scale

of background eveolution.

The luminosity was obtained using a system of momitor coincidences which were

chosen with particular care to be sensitive only to beam-beam interactions.. For .

-

pp runs, the monitor

M, =.(H3'Hu)L'(H5A'HsB)R

satisfied this requirement. In the case of pp runs, we took advantage of the much

cleaner conditions to use the entire apparatus as a monitor:

M, = HltL‘HltR .
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The monitor rate Rmon vielded the luminosity directly:

where O on denctes the inclusive cross—section for events triggering the monitor.

{In the case of the monitor M, Chon W28 just the observed cross-section G This

obs)'
parameter was measured repeatedly by the Van der Meer method [1,4] in special runs

interleaved with the data taking.

During pp calibration rums, ¢, Wwas also obtained, in order to check the re-

My
producibility of this monitor. The results from several runs are shown in table 1.
The pp data were taken over a large range of beam currents, as a check against
potential rate effects, and one measurement was made with unbalanced currents

(10 A vs. 5 mA) to simulate conditions encountered during pp running. As table 1

shows, high and low luminosity values agree to within 0.5%, the intrinsic precision

of the Van der Meer method.

For both the pp and the pp reaction, the observed cross—-sections had to be

corrected for two sources of loss:

i) elastic events where one or both of the elastically scattered particles did not
emerge from the vacuum chamber, and
ii) single—-diffractive events where the quasi-elastically scattered particle re-

mained in the wvacuum chamber.

Elastic scattering was measured in special runs using the small-angle TB hodo~
scopes. In the analysis, we demanded a collinear pattern of left and right TB hits
with no evidence of extra particle production in the large—angle hodoscopes. The
distribution in t of elastic events was obtained in the regionm 0.01 < |t| < 0.05 GeV?
and the exponential.slope extrapolated to |t] = 0. Integrating over the region
of the holes in the detector (|t| < 0.06 GeV’), we obtained the elastic correction

Aoel.

The inelastic loss Aoin was obtained by a similar extrapolation. We selec-

el

ted a sample of events in which there was a hit with 6 > 40 mrad in ome arm, thus
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excluding elastic events. The collection of hits in the opposite .arm was then exa-
mined and the hit of largest angle, emax’ found. The distribution of these events

was obtained as a function of t! = (pema )2, where p is the beam momentum. The

X
small-t’ behaviour was found to be exponential with a slope of about half that for
elastic scattering. Extrapclating and integrating the distribution, we were able

to predict the magnitude of this loss in a straightforward manner.

The size of the small-angle corrections was not sensitive to the values of the
slope parameters used in the extrapolations: in the elastic case the [t| = 0 inter-
cept was fixed by the optical theorem; in the inelastic case the slope was rela-

tively small.

The final results, Otot(ﬁp) and otot(pp), are listed in table 2 along with the
values of the observed cross-sections and the increments used to correct for losses.
The relatively large errors in the small-amgle correction terms are due to imperfect
knowledge of the geometry of the TB hodoscopes. These cancel to first order when
pp and pp results are compared, so we regard Ao = 1.44 % 0.45 mb as the most re-

liable determination of Otot(ﬁp) - (pp).

Utot
In fig. 3 our cross—sections are compared with earlier results over a broad
energy range. The valﬁe we found for Gtot(pp), 43.26 £ 0.33 mb, is slightly higher
than the currently accepted value at vs = 52.8 GeV [5]. Qur result would be in
better agfeement with earlier ones but for the recent discovery that the vertical-
beam-displacement scale at the ISR is (2.0 * 0.2)7 higher than the nominal one at
26 GeV/c momentum [6]. This discrepancy results in an overestimate in the luminosity
if the nominal displacements are used, but whether the same correction is necessary

for pre-1981 data is not clear.

We compare our value for the pp total cross-section at vs = 52.8 GeV, Utot(ﬁp)

44,70 * 0.53 mb, with the value found at vs = 19.4 GeV, 0, op(PP) = 41.44 &

1+

0.18 mb [7]: our result is higher by 3.26 % 0.56 mb, showing conclusively that,

as expected [8,9], the pp total cross—section rises in the ISR energy range.
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Table 1

Moni tor cross-sectionsa)

Luminesity| Reaction| I, I, ch1 UM2
run type

(a) (a) (mb) (mb)

1 PP 10.4 10.3 11.77 £ 0,05 40.84 * 0.09
2 PP 10.4 | 5.10 x 1073 | 11.60 * 0.13 -

3 D 2.15 2.22 11.63 + 0.06 | 40.78 + 0.11

4 PP 2.15 2.22 11.64 + 0.06 | 40.76 + 0.11

5 PP 3.46 3.52 11.60 + 0.04 | 40.70 + 0.07

6 PP 3.46 3.52 11.55 + 0.04 | 40.59 * 0.07

7 PP 3.46 3.52 11.57 £ 0.04 | 40.62 = 0.07
8 PP 1.04 1.02 11.69 * 0.05 -
9 PP 10.3 | 1.99 x 107%| 12,29 *+ 0,12 -
10 PP 6.4 11,95 x 107%[ 12.36 + 0.14 -
11 ) 8.9 | 1.88 x 1073 12.32 = 0.09 -

a) Errors given are statistical only.
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Figure captions

Fig. 1 : Schematic layout of the apparatus: CI, CO, H,, Hp, Hj3, Hy, Hs, and TB
are scintillation counter hodoscopes. Hs and TB have each two trigger
planes (A, B) in coincidence to provide the trigger signal. The dot-
ted lines represent the finely-divided hodoscope planes used to measure
the direction of charged secondaries. In this work they were used to
provide data for the small-angle extrapolations. DC is a drift-chamber

vertex detector.

Fig. 2 :  Distribution of the events versus T?: a) pp run; b) Pp run, beams at
full overlap; ¢) Pp rum, beams separated 4 mm vertically. The region
T2 < 2 mainly contains beam—bean events. The residual peak at T? < 2
in (c) is due to single-beam events hitting the beam pipe near the
beam~crossing point. The beam—gas background at.'l‘2 > 2 is almost
negligible in case (a) owing to the higher luminosity attained in pp

stacks compared with pp stacks.

Fig. 3 : Dependence of the total cross—section, Utot(pp) and Utot(ﬁp), on the
c.m. energy. Fermilab data are from ref. 7. Previous‘ISR data are

from the compilation in ref. 5.
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