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PACS. 13.90. — Other topics in specific reactions and phenomenology of elementary
particles.

Summary. — The difference between forward and backward mean charged-particle
multiplicities is shown to exist also in (pp) interactions, when these are analysed in
analogy with the deep inelastic scattering method. The measurements reported bere
show that this difference, which has been observed for a long time in (vp) and (3p) deep
inelastic scattering experiments, is explained in terms of the omitted correction for the
leading effect in the backward hemisphere.

Recently (*) we have proved that high-energy (pp) interactions at low p, do produce
final states with the same average charged-particle multiplicities as (vp) deep inelastic
scattering (DIS), provided the (pp) collision is treated as a lepton scattering (2), 4.e.
using the same DIS formalism.

This result follows a series of studies (3-20), which show that there is a close similarity
between soft (pp) collisions and (ete~) annihilations.
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momentum transfer hadronic collisions, CERN PII I/COM-69/35 (1969).
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The similarity between soft (pp) interactions and the so-called « hard » process, such
as (ete”) and DIS, could be established only by introducing a new method for the
analysis of (pp) data.

For a detailed description of the method we refer the reader to our previous
papers (1%), We only recall here the basic idea: to subtract the leading-particle effects.
If (pp) data have to be compared with (ete~), both leading protons need to be sub-
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Phys. Lett. B, 95, 311 (1980).

(°) M. BASILE, G. CARA ROMEO, L. CIFARELLI, A. CONTIN, Gt. D’aLf, P. D1 CESARE, B. EsSPosITO,
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Lett. Nuovo Cimento, 29, 491 (1980).
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tracted out. In fact (ete~) physics has as a key quantity (4/s).+-, t.e. the total (ete)
c.m. energy, to be used for particle production. The quantity which corresponds to

(V/8)ete- in the (pp) interactions is V/(¢ZA0)?, i.e. the total hadronic energy available for
particle production, defined as

(1) ,\/( mz&a]{))2 — \/(qilnc_ qlleadinz + qi2nc__ qlzes.ding)2 ,

where ¢7°, ¢0'°, "™ and ¢;*¥"™* are the four-momenta of the two incident protons and
of the two leading protons. In fact, in order to get giay in a (pp) collision, both leading
protons need to be subtracted from the final state. In the case of DIS the basic quantity
is W2; here the leading hadron is included. Therefore, in order to compare (pp) with
DIS, we must subtract only one leading proton from the final state (see formula 2).

This is illustrated in fig. 1. In (vp) scattering (fig. 1a)), the hadronic system H,
obtained by subtracting the muon from the final state, includes the leading proton
originating from the target. This is indicated as p'**** in fig, 1a). In the (pp) case
(fig. 1b)), one proton is treated similarly to the lepton: p'**¥®¢, coming from the incident
proton No. 1, p, is subtracted out. For the other proton, pi*°, the leading effect, as

in DIS analysis, is ignored. 8o the hadronic final state H includes the leading proton
No. 2, indicated as py**™® in fig. 1b).

- inc leading
WV /p/ P1 Py
p — i =
L N> ) H
pleading \ plzeadlng \
a) b)

Fig. 1. — a) Schematic diagram for vp —p—+H., Notice that the leading proton, p'eading  ig present
in the hadronic system H, but it is not subtracted out. b) Schematic diagram for pp — pyradize 4 H,
Notice that one proton plf‘“““g, ig treated similarly to the ¢ lepton »: its leading effect is subtracted out.
The hadronic system H contains p‘;adi“g. However, this leading effect is not subtracted out, in order
to follow the same DIS method of analysis,

As mentioned above, we need to use the same variables as in the DIS case. The basic
quantity is

(2) We = [(qinc . qlleading) + qian]z s

where ¢7°, ¢i*° and ¢}***™ are the four-momenta of the two incident protons and of the
observed leading proton. The properties of the hadronic system H are therefore studied
in terms of W2, Our previous results (*) showed that (pp) interactions do have the
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same total mean charged-particle multiplicity, {(n.>, vs. W2, as (vp) DIS processes (?1).

The purpose of the present paper is to extend such comparison, between (pp) and
(vp) DIS, to the study of the forward and backward multiplicities of the hadronic sys-
tem H: {ny>p, <N, p. These multiplicities have already been observed, in (vp) (%)
and (¥p) (22) DIS experiments, not to be the same. Our point is that the reason for
this difference is the omitted correction for theleading-proton effect in DIS experiments,
This effect is present in the backward hemisphere of the hadronic system H. We prove
this by studying, in (pp) interactions, the hadronic systern H, without subtracting the
leading proton, as in DIS.

8
Forw. .
:B:;ck }(pp) (This exp.)
1 r ' .
o Forw.
6 - ® Back. (vp) i
a Forw. ol
5 |- aBack. |'VP A
o af
e I
£ o A $ “ "
3 B ('.* ) 1
o8 K o
2 . OA ° [ o + -
A fo) AO * ,
o© ® ®a
Tr Ag 0 ® A 7
0 1 {
1 10 100 1000

w2 (GeV?)

Fig. 2. — The mean charged-particle multiplicities (ny>p g in the forward and backward hemisphereg
vs. W*, in (vp), (p) and (pp) interactions.

(*') P. ALLEN, J. BLIETS8CHAU, H. GRASSLER, D. LANCSKE, R. ScuvurLre, H. H. SEYrFerT, K. B6CoK-
MANN, C. GEIOH-GIMBEL, T. KokorT, B. NELLEN, R. PicH, 1I. SAARIRKO, P. BoskrrI, V. T. COCCONI,
B. CONFORTO, A. GRANT, P. O. HULTH, G. KELLNER, D. R. O, MORRISON, R. ORAVA, L, PAPE, P. ScHMID,
W. G. ScoTT, H. WACHSMUTH, M. ADERHOLZ, N. ScaMITZ, R. SETTLES, K. L. WERNHARD, W, WITTEK,
R. BATLEY, R. GILEs, P. GROSSMAN, R. MoGow, G. MYATT, D. H. PRRKINS, D, RADOJICIC, P. RENTON
and B, SAIrTA: Nucl. Phys., B, 181, 385 (1981).

(22) M. DERRIK, P. GREGORY, F. LoPINTO, B. MUSGRAVE, J. SCHLERETH, P. SCHREINER, R. SINGER,
S. J. BARISH, R. BROOK, A, ENGLER, T. KigkvucHI, R. W. KRAEMER, F. MEssING, B. J. STAcCEY,
M. TABAK, V. B, BARNES, D. D, CARMONY, E. FERNANDEZ, A, F. GARFINKEL and A. T. LAASANEN:
Phys. Rev. D, 24, 1071 (1981).
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The experiment was performed at the CERN Intersecting Storage Rings (ISR)
using the Split Field Magnet (3FM) facility. A detailed description of the apparatus
and of data collection can be found elsewhere (20:23),

The results reported here were obtained from 2813 events at (v/s),,= 30 GeV,
selected from a sample of minimum bias events, by requiring only one leading pro-
ton detected in the apparatus.

The forward and backward mean charged-particle multiplicities, {ny>r and {1y g,
of the hadronic system H have been measured. The forward and backward hemispheres
are defined in the c.m. of the hadronic system H, the forward hemisphere being that
where the momentum transferred by the proton No. 1 is. Notice that this is the proton
which is treated in the same way as the lepton is DIS.

The results are shown in fig. 2 as a function of W2, In the same plot the results
from (vp) (*') and (¥p) (2?) DIS experiments are reported for comparison. Our data do
reproduce the effects already found in (vp) and (¥p) DIS experiments.

This agreement shows that the forward-backward differences in the mean charged
multiplicities, are explained in terms of the omitted correction for the leading-proton
effects in the backward hemisphere.

Therefore, if (vp) and (Yp) DIS data are analysed by removing the leading-proton
effects, the multiplicities in the two new hemispheres (*) « forward » and «backward »
will be the same.

(**) R. BOUCLIER, R. C. A. BRowN, E. CaEsI, L. DUMPS, H. G. FISCHER, P. G. INNOCENTI, G. MAURIN,
A. MINTEN, L. NAUMANN, F. Pruz and O. ULLALAND: Nucl. Instrum. Methods, 125, 19 (1975).

(*) Recently one of the groups working on (vp) DIS experiments has calculated corrections to apply
to the observed forward and backward charged-particle multiplicities (2¢). Once these corrections
are applied, the differences between the forward and backward multiplicities, as defined in DIS,
almost disappear. This is a peculiar result, because in lepton-hadron DIS processes such as (vp) and
(¥p), the leading hadron is present in the backward hemisphere (*4), therefore the forward multiplicity,
as defined in DIS, is expected to be larger than the backward one.

(3*) ABCMO COLLABORATION (BEBC WAZ21): Contributed paper No. 712, Mulliplicities of secondary
hadrons produced in (vp) and (Vp) charged-current interactions, XXI International Conference on High
Energy Physics, Paris 1982.
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