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Summary. — By using three different c.m. energies in pp interactions,
Vs = 30, 44, 62 GeV, it is shown that the average charged-particle multi-
plicity {n4> scales with /3 once the correct hadronic energy available
for multiparticle production, F,,4, is used as basic parameter. The pp data,
analysed in this way, are compared with e*e~ data at equivalent energies.
The agreement is very satisfactory.

1. — Introduction.

We have already reported () a measurement of the average charged-particle
multiplicity <{n_,»> in pp interactions at («/E)DD = 62 GeV total c.m. energy.

(') M. BasiLk, G. Cara RoMEO, L. CIrArsLLI, A. CoNTIN, G. D’ALf, P. D1 CESARE,
B. Esrosito, P. Grusti, T. MassaM, R. Naw1a, F. PALMONARI, G. SARTORELLI, G, Va-
LENTI and A. Zicuicui: Phys. Lett. B, 95, 311 (1980).
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The key point of this experiment was to show that the energy available for
particle production in a pp interaction is not the total c.m. energy +/s. In fact,
in such an interaction a large fraction of energy can be carried away by the
«leading » proton. In order to know the correct energy available for particle
production in a pp interaction, it is crucial to know the difference between
the incident-proton energy F,_ and the leading-proton energy ¥,

wady Bo6e

B

had

b
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- Elead .

It is this quantity B, , which is taken (*7) as a parameter to establish the
correct energy level available in a pp interaction. Once this is done, the values
of {(n,> measured in pp interactions are found to be in excellent agreement
with the values of {n_ > measured in e*e~ annihilations at the same equivalent
energy, t.e.

2By = 2B50n = (4/8)ste -

It is evident that different F, , can produce the same K _,. The crueial
point is to show that equal ¥, values, obtained from different F, , produce

the same (n>.

2. — Data analysis and results.

Purpose of the present paper is to report on an experiment performed at
the CERN ISR to check this point.

(3) M. BasiLe, G. Cara Romeo, L. CirarRELLI, A, CoNTIN, G. D’ALf, P. D1 CESARE,
B. Esposito, P. Giusti, T. Massam, F. PALMONARI, G. SARTORELLI, (. VALENTI and
A. ZicuicHi: Phys. Lett. B, 92, 367 (1980).

(3) M. Basiur, G, Cara Rowmeo, L. CirareLLI, A, CoNTIN, G. D’Arf, P. D1 CESARE,
B. Esposito, P. Giusti, T. Massam, R. Nania, . PALmMoNARI, G. SARTORELLI, G. Va-
LENTI and A. ZicHIcHI: Nuove Cimento A, 58, 193 (1980).

() M. BasiLe, G. CarA Romro, L. CirarerLi, A. ConNTIN, G. D’ALL, P. D1 CESARE,
B. Esposiro, P, Grusti, T. Massam, R. Nania, F. PALMONARI, G. SARTORELLI, (. VA-
LENTI and A. ZicuicHi: Leit. Nuovo Cimento, 29, 491 (1980).

(3 M. Basiug, G. Cara Romeo, L. CrrareLrri, A. Contin, G. D’Arf, P. D1 CEsarE,
B. Esrosito, P. Grusti, T. Massam, R. Nania, I'. ParMonari, G. SARTORELLY, M. SpI1-
NETTI, G. SusinNo, G. VALENTI and A. ZicHicHI: Phys. Lelt. B, 99, 247 (1981),

(6) M. Basius, G. Cara Romro, L. CirarELLI, A, CoNTIN, G. D’ALI, P. DI CESARE,
B. Esrosiro, P. Grusti, T. Massam, R. Nania, F. PatMonari, G. SARTORELLI, M. SrI-
NETTI, G. SUsiNNO, G. VALENTI, L. Vorano and A, Zicaicui: Lett. Nuove Cimento,
30, 389 (1981).

(") M. BasiL, G. Cara Romeo, L. CirarriLi, A. ConTiN, G. D’ALf, P. Di CESARE,
B. Esrosito, P. Grustr, T. MassaM, R. NaNia, F, ParmMoNARrY, G, SARTORELLI, M. Spi-
NETTI, G. SUSINNO, G, VALENTI, L. Votano and A, Zicmicur: Lett. Nuove Cimento,
31, 273 (1981).
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The experiment was done using the Split-Field Magnet (SFM) and its powerful
multiwire proportional chamber (MWPC) assembly (8). For details on the ex-
perimental set-up and on the data analysis, we refer the reader to our previous
works (7). The total number of events fully reconstructed with one leading
proton is 21394, of which 3705 were at F,, =15 GeV, 11689 at B =22GeV
and 6000 at F,_ = 31 GeV.

In addition to these data, where the trigger was chosen in order to enrich
the sample of events with at least one «leading » proton, we have also analysed
~ 18810 events taken earlier at v/s = 62 GeV in the « minimum bias » trigger
mode (old. data). The comparison of the data at the same F,_ = 31 GeV
(i.e. Vs = 62 GeV), taken with two different « trigger » conditions, is made
in order to be sure that the trigger used to enrich the events with a « leading »
proton produce the same results as the « minimum bias» trigger. In fact,
our first evidence that multiparticle production processes in pp interactions were
showing remarkable similarities with the ete— annihilations was based on the
« minimum bias » trigger events (1). In that experiment the «leading » proton
sample was obtained via a software analysis. In order to improve data-taking
efficiency, in the present experiment we have introduced the « leading » proton
condition at the «hard » trigger level. However, it had to be proved that this
new way of operating the SFM does not introduce any bias.

As mentioned above, three incident ISR proton energies were used:

B =15 GeV,
B =22 GeV,

i

B, — 31 GeV.

Each energy corresponds to a given range of K, , values, as shown in fig. 1.
These E,,, value ranges are determined by the choice of fractional momentum
Ty = 2p,f \/S‘,

0.35 <x,<0.86,

needed to identify the «leading» proton, as explained in our previous papers (7).

The charged multiplicity has been measured by counting the tracks in the
same hernisphere ag that of the leading proton, without any cut in momentum
resolution. The observed multiplicities have been corrected for detection effi-
ciency via Monte Carlo simulation. This correction ig, on the average, less
than 30%,, and introduces a systematic error <59, amongst the four sets of
data, and an overall systematic uncertainty <89,.

(]) R. Bovucrier, R. C. A. Brown, E. Cuesi, L. Dumes, H. G. FiscuEr, P. G. InNo-
CENTI, G. MAURIN, A. MiNTEN, L. NaAvMANN, F. P1uz and O. ULLALAND: Nucl. Instrum.
Methods, 125, 19 (1975).
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Fig. 1. — 2H,,, range corresponding to each incident energy E, .. Notice the overlap
region in which different FE,,, produce the same 2E,,; values. The range of 2F,,, at
each E,, is determined by the x, values chosen to identify the «leading» proton.

As mentioned above, the basic point of our present study was to repeat the
experiment at three different energies which correspond to 4/s = 30, 44 and
62 GeV.

The latter value was repeated in order to check that this new experiment;
at 4/s =62 GeV reproduces the same «old» 4/s = 62 GeV data. Table I
shows the results at these energies, including the «old data». An inspec-
tion of these data shows that equal values of 2, , obtained from different 4/s
produce, within the experimental limits of uncertainty, the same values of
<nch>'

This equality answers the main problem of our present investigation.

The data, averaged for each value of 28 _ , are presented in fig. 2 together
with ete™ data from ADONE, SPEAR and PETRA (). A contamination

(*) PLUTO CorraBORATION (C. BERGER et al.): Phys. Lett, B, 95, 313 (1980).

(*) C. Bacci, G. pe Zorzi, G. Pexso, B. 8rELra, D. Borrini, R. Barpint Crrio,
G. Barrtistont, G. Capon, R. DEL Famsro, E. Iarocci, M. M. Massal, 8. Morigar,
G. P. Murras, M. 8piNETTI and L. TrasaTTI: Phys. Lett. B, 86, 234 (1979). For these
very-low-energy data, the contribution of K§ decay is negligible.

(1) J. L. SiegrisT: Ph. D. Thesis, SLAC-Report No. 225 (1979). These data are
corrected for K3 contributions using data of V. Ltfrn, F. M. PierrE, G. §. ABRAMS,
M. S. Aram, A, M. Bovarski, M. BrreipeEnBacH, W. CHINOWSKY, J. DorraN, G. J.
FeLDMAN, G. GOLDHABER, G. Hanson, J. A. Jaros, J. A. Kapyx, R. R. LARSEN,
A. Litge, D. Lvxe, H. L. Ly~nch, R. J. Maparas, H. K. Neuyen, J. M. PATERSON,
M. L. PEr1, I. PErRUZZI, CH. PEYROU, M. P1ccoro, T. P. PuN, P. Raripis, B. RICHTER,
B. Sapourer, R. H. ScminprLeEr, R. H. ScewiTTERS, J. SiEGRIST, W. TANENBAUM,
G. H. TriruNg, F, Vanxuvccr, J. 8, Wairaker and J. E. Wiss: Phys. Lett. B, 70,
120 (1977).
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TasLE 1. — Mean charged multiplicity vs. 2By,q for different +/s of the ISR. The values,
relative to a single hemisphere in pp interaction, are already multiplied by 2 in order
“to allow a comparison with ete~ data that are relative to the full event. The quoted
errors are statistical only. The systematic uncertainty is estimated to be less than 89,

2Ey0q \/;
- (GeV) 30 GeV 44 GeV 62 GeV 62 GeV Average
(old data)
5 4.3+ 0.3 — -— —_ 4.3+ 0.3
554 0.3 5.5+ 0.2 — — 5.5+ 0.2
564 0.2 6.4 0.2 6.1-+0.4 58404 6.0+ 0.15
11 6.44 0.3 6.7+ 0.2 7.3-4+0.4 6.94 0.4 6.7+ 0.15
13 7.74 0.3 7.74 0.2 764 0.4 74404 7.7+ 0.15
” 15 744 0.3 7.840.2 8.140.4 794 0.3 7.840.15
17 8.44 0.3 8.31+0.2 8.9-4 0.4 8.9+ 0.3 8.5+ 0.15
19 8.6 4 0.3 82403 9.6 4- 0.4 8.8+ 0.3 8.74 0.2
21 — 9.0+ 0.3 9.9 0.4 9.74 0.3 9.5+ 0.2
23 _— 9.24 0.3 9.9+ 0.4 9.9+ 0.3 9.6 - 0.2
25 — 9.94 0.3 10.8 4+ 0.4 10.3 4+ 0.3 10.2 4 0.2
- 27 — — 10.8 0.4 11.34+ 0.3 11.14-0.25
29 —_— — 11.24 04 10.44 0.3 10.74- 0.2
31 — — 11.2 4+ 0.3 11.2--0.3 11.24-0.2
33 — — 11.4-4 0.3 11.24 0.3 11.24-0.2
35 _ — 12.04 0.3 11.74 0.3 11.84-0.2
37 — — 11.84-0.3 1244 0.3 12.14-0.2
39 —_— — 12.6 -+ 0.3 12.34-0.3 12.4 4- 0.2

from the K§ — wtn— decay has been evaluated, from existing data (1212), to be
about 49, and has been subtracted. Other small contaminations, such as y con-
“version, have also been evaluated and subtracted. The effect of the misiden-
tification of leading protons has been studied via Monte Carlo simulation (*):
it turns out that the maximum effect for the highest , , value is 29.

The agreement shown in fig. 2 between pp and ete~ data is very satisfac-
“tory. In this figure the «standard» <n,> vs. v/¢ in pp interactions is also
reported for reference.

(*?) G. GracoMELLI and M. JacoB: Phys. Rep., 55, 1 (1979), and references therein.
(*%) W. Tuomg, K. EaeErT, K. Gisoni, H. LisgeN, P. DarRriuLAT, P. DITTMANN,
M. Horper, K. T. McDo~NaLp, H. Ausrecur, T. Mopis, K. TirreL, H. PREISSNER,
P. ‘Arren, I. DEraDpo, V. Eckarpr, H.-J. GEBAUER, R. MEINKE, P. SEYBOTH and
S. Unric: Nuel. Phys. B, 129, 365 (1977).

(*) Invariant-phase-space Monte Carlo with limited pq.
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The agreement between pp and ete~ data can be expressed in a quantitative
way with the begt fit. The continuous line in fig. 2 is the best fit to our data
together with ADONE () and SPEAR (4) data. The dotted line is the
best fit to the ete~ data. The two curves are in excellent agreement.

The results of the best fit to our pp data have been obtained by using the
following analytic form (4-1):

{ng> = a + b exp [¢V1In(s/A?)],

where 4 has been set at 4 = 0.5 GeV. The best fit gives the following values
for the parameters:

g =247 40.06,
b = 0.030 4- 0.004 ,
¢ =197 4+ 0.05,

with 42/DOF = 1.7,

In table IT the inclusive values of (>, as measured in our experiment with
the three values of Vs, are reported. These data are in excellent agreement with
well-known results (**'7) on pp interactions and show that, if we analyse (n_> in
the usual way, we get the same results as other experiments do. Our.data fit.
well in the standard pp curve as shown in fig. 2. This is an important self-
consistency check.

Tasre II. — Total charged multiplicitics {ny> for the minimum-bias samples vs. \/E of
the ISR. The-quoted errors are statistical only. The systematic uncertainty is estimated
to be less than 89%,.

Vs (GeV) ey

30.0 9.4+ 0.2
44.0 11.14 0.3
62.0 12.44-0.3

3. — Conclusions.

The results of the present experiment show that the average charged-par-
ticle multiplicity produced in ete™ annihilations is in good agreement with the
values measured in pp interactions, once the correct hadronic energy E, ,

A. Basserro, M. Ciararont and G. MawrcuESINTI: Phys. Lett. B, 83, 207 (1979).
W. FurMaNskI, R. PETRONZIO and 8. Poxorski: Nucl. Phys. B, 155, 253 (1979).
A. Basserro, M. Crararont and G. MarcuesiNi: Nucl. Phys. B, 163, 477 (1980).
E. ArBini, P. CariLuprl, G. Gracomerr and A, M. Rossi: Nuovo Cimento A, 32,
101 (19786).



CHARGED-PARTICLE MULTIPLICITIES IN PP INTERACTION® ETC. 407

available for multiparticle production is determined. The average charged-
particle multiplicity {n,> scales, as expected, with the total c.m. pp energy.
In fact, different (V/s),, can produce the same E, , and the same F, , produces
the same average charged-particle multiplicity. This has been proved using
three different (v's), i.e. 30, 44, 62 GeV.

® RIASSUNTO

La molteplicitdy media carica (n,> delle interazioni protone-protone & studiata a tre
diverse energie nel centro di massa (/s = 30, 44, 62 GeV). La molteplicith {n,> mo-
stra un effetto di «sealing» con /s, se analizzata in funzione del parametro Hy,,,
I’energia adronica disponibile per la produzione di particelle. I dati di interazioni pp,
analizzati in questo modo, sono confrontati con i dati di e*e~ ad energia equivalente:
ne rigulta un ottimo accordo.

MHOKECTBEHHOCTh 3APSUKEHHBIX YACTHI B PP B3aUMOJEHCTBUAX M CPABHEHHE C €T¢~
JaHHBIMHL,

Pesiome (*). — Ucnose3yst TPE DasiMYHBIX SHEPTMH B CHCTEME IIEHTPA MacC OpH PP
B3auMOJElcTBHB, /s = 30, 44, 62 I'»B, mOKa3pIBaCTCA, 4TO CPETHAS MHOXECCTBCHHOCTH
3apsOKEHHBIX YACTHI /1> U3MEHACTCS B COOTBETCTBHHE C 4/§, TOrIa KaK SHEPIHs APOHOB,
IOCTyIHAs AJi1 MHOXECTBEHHOTO POXKIEHUS 4acTHll, H,;, MCIONB3YeTCA KaK OCHOBHOM
mapamerp. IlofmydyeHEBIE pp IdaHHBIE CPABHHBAIOICA € €€~ [AHHLIMH IPH SKBUBA-
NEHTHBIX >HepruaxX. IlonydaeTcs yHOBIIETBOPUTEIBEOE COLIACHE.

(*) IHepegederno pedaxyueil.

M. BASILE, e al.

1 Ottobre 1981
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