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Summary. — By using (pp) interactions at three different c.m. energies,
(V8)pp= 30, 44, 62 GeV, it is shown that the average charged-particle
multiplieity {(n.,> vs. the invariant mass of the hadronic system m, ,
has the same behaviour as it has vs, 2Jbed, Moreover, in both cases (m>
is shown to be nearly independent of (V$),p, and in good agreement with
the average charged-particle multiplicity measured in the (ete) an-
nihilation.

1. - Introduction and purpose of the experiment.

We have already reported on a measurement of the average charged-par-
ticle multiplicity (n,> in (pp) interactions at (Vs),, = 30, 44 and 62 GeV

»p
total c.m. energies (). The value of (n,> was measured as a function of B

() M. BasiLe, G. Cara RomEeo, L. CrrarerLi, A, Contiv, G. D’Arf, P. D1 CESARE,

244



A DETAILED STUDY ETC. 245

the energy available for particle production, once the energy carried away
by the «leading » outgoing proton is subtracted. For fixed values of E™,
{m,> was found to be independent of (v's),. Moreover, the behaviour of
{ny,> vs. 2B was found to be in good agreement with the results obtained in
(ete~) annihilation, when 2B = (V/s),.-.

In our analysis of (pp) collisions we have already introduced (?) the quantity
m, 5, Which is

(1) My,e = [ - By — (P‘lmd + Plzmd)z]% ’

where EMS pb? and ER*Y, p:** are the energy and momentum differences
between the incident protons and the outgeing leading protons in the two
hemispheres (38). The quantity m,, represents the invariant mass of the
whole hadronic system which remains once the two outgoing leading protons
are subtracted.

The purpose of the present work is to see whether <(m,> vs. m;, has the
same behaviour as when it is studied in terms of E*™, In this case it had to
seale with (v/s),, and it had to be in good agreement with ete~ data when
2B = 2B* = m,,. Moreover, it is important to study whether {(n,> vs.
m,, depends on the selection of given values of E™, and also whether {n,>
vs. E™* depends on any selection of m,, values.
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2. — Data analysis and results.

The experiment was done at the CERN Intersecting Storage Rings (ISR)
using the Split-Field Magnet (SFM) and its powerful multiwire proportional
chamber (MWPC) assembly (°). For details of the experimental set-up and
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Fig. 1. — Mean charged-particle multiplicity <(n,> vs. My g at (V/8),,= 30 GeV. The
dashed line is our previously published fit ().

data analysis, we refer the reader to our previous papers (**). The total number
of selected events with two leading protons, one in each hemisphere, with
&, (2, = 2p, Vs, where p, is the longitudinal proton nmomentum) in the range

(2) 042 <2, <0.86

(® R. Boucrier, R. C. A. Brown, E. Crxrsi, L. Dunes, H; G. Fiscugr, P. G. INNoO-
CENTI, G. MAURIN, A. MiNTEN, L. NAUMANN, F. P1uz and O. ULLALAND : Nucl. Instrum.
Methods, 125, 19 (1975).
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is 9850, of which 1490 are collected at (V/s),, = 30 GeV, 5260 at (Vs), = 44 GeV
and 3100 at (Vs),, = 62 GeV. In addition to these data, in which the trigger
was chosen such that it would enrich the samples with two leading protons,
we have also analysed 1150 events at (V/s),, = 62 GeV, taken earlier in the
« minimum bias » trigger mode (we will eall this sample the «old data») (¥).
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Fig. 2. — Mean charged-partiele multiplicity <ng> vs. my, ab (V8)y,= 44 GeV. The
dashed line is our previously published fit (*).

The charged-particle multiplicity has been measured by counting the tracks
in the whole event, without any cut in momentum resolution. The observed
multiplicities have been corrected for detection efficiency via Monte Carlo
simulation. This correction is, on the average, less than 30 %, and introduces
a systematic error <59%, amongst the four sets of data and an overall systematic
uncertainty <89%,.

The contribution to <{n,> due to K} — wtr~ has been subtracted. Other
small contributions, such as y conversion, have alse been subtracted.

Since protons are not directly identified, there is a contamination from
positive pions. In the: selected range of w, (eq. (2)) this contamination varies
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Tavre L. — Mean charged-particle multiplicity (n,> vs. 2B gnd My, for different (4/3),,
of the ISR. In both cases events with two leading protons;, one for each hemisphere,
have been used. The quoted errors are statistical only. The systematic uncertainty
is estimated to be less than 89,.

Mgy vs. 2Hhad
2 (i),

(GeV) 30 GeV 44 GeV 62 GeV 62 GeV Average
¢old data»

5 4.4-1+0.3 44403

7 53+0.3 5.444-0.3 5.44+0.2

9 5.340.3 6.3 4-0.3 6.6 0.5 6.1 4+0.2
11 6.2 +0.3 6.7 4-0.3 7.540.5 6.7 1+0.2
13 7.6 +0.3 7.44-0.3 7.8 4+0.5 8.141.0 7.7+0.2
15 7.14+0.3 7.8-1-0.3 8.040.5 7.6 4-0.2
17 8.1-4+0.4 82403 94405 8.2-+1.0 8.44 0.3
19 8.0 4-0.3 94 4-0.5 8.54-0.3
21 9.0 0.3 9.5+0.5 9.2 +0.3
23 _ 8.9 4+-0.3 10.2 +0.5 9.0 4- 0.6 9.5 4 0.3
25 10.0 4-0.4 - 10.8 £0.5 10.3 4- 0.4
27 11.1'4- 0.5 10.3 + 0.7 109+ 0.5
29 11.1 +£0.5 11.0 +0.5
31 11.3 £ 0.5 11.1 4- 0.5
33 11.140.5 10.8 4+ 0.5 11.0 4+ 0.5
35 11.7 4-0.5 11.74+0.5

M) V8. My g

My .2 ('\/g)pp
(GeV) 30 gev 44 GoV 62 GeV 62 GoV Average
«old data»

5 49104 1904

7 52403 5.5+ 0.7 53+03

9 6.0 £ 0.3 6.3 104 62103
11 6.2 4-0.3 7.04-0.4 7.8--0.8 6.8 +-0.3
13 6.7 -1 0.3 7.2 4 0.4 754 0.7 73+1.0 71103
15 T3+04 761404 9.1+0.6 7.8+ 0.3
17 83104 8.9L0.5 91107 8.6+ 04
19 8.4 104 9.4 4-0.5 8.84+04
21 8.6 +0.4 9.8+ 0.5 9.14-04
23 92405 9.9 405 9.9 +0.6 9.6-04
25 9.7+ 0.8 10404 102104
27 10.6 04 9.8+ 0.6 104104
29 111105 11.0+ 0.5
31 11.8-40.5 11.7 +0.5
33 11.2 4+0.6 10.7 0.7 11.2 4+ 0.6

35 11.9 1 0.6 11.9 £ 0.6
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from 259, to 29, (*). This misidentification has been studied via a p,-limited
phase-space Monte Carlo and produces a change in <{n,> of about 0.5 charged
unit at the highest mys.

In table I and in fig. 1 to 4, the values of {(n,> as a function of m,, are
reported for the three values (V's),, = 30, 44 and 62 GeV. There is a good
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Fig. 3. — Mean charged-particle multiplicity {(ne> vs. m,, at (V8)pp=62 GeV. The
dashed line is our previously published fit (*).

agreement with our previously published (1) best fit to <{m,> vs. ™ (dashed
line). These data show that, within the experimental uncertainties, <{n,) ¥s.
m,, Dearly scales with (V) . In table I the values of {(n,>, averaged at a
given value of m,, or 2E™* over the different (1/s),, samples, are reported.
These data are shown in fig. 5 and 6. The agreement with the ete~ data, as

(19 P. CapiLupPI, G. Giacomerri, A, M. Rosst, G. VANNINI and A. Busstire: Nuel.
Phys. B, 70, 1 (1974); P..CapiLupPI, G. GracoMEeLLI, A. M. Rossy, G. VANNINI, A. BEgr-
TIN, A. Bussiire and R. J. Ervris: Nucl. Phys. B, 79, 189 (1974).
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well as with our already published data (*), is excellent. This can be deduced
from the dashed lines which simultaneously fit our data and the (ete~) data.
We now report on the detailed study of (> vs. m;, and 2E™
As a first test we have studied the influence of the quantity F™* on <{n,»
v8. My ,. For this purpose, two samples of events were selected:
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Fig. 4. — Mean charged-particle multiplicity (ns> vs. my, at (V8),,= 62 GeV Dby
using the « old data» sample. The dashed line is our previously published fit ().

i) events whose i, , is obtained by combining nearly equal values of E™¢
{|(B — BB 4 B <15 %} 5

ii) events whose m, . is obtained by combining very different values of Frea
{1(B — B [(B + By)|>35 %} -

The values of {n,> vs. m, for these two samples are shown in fig. 7a) and b).
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-Fig. 5. ~ Mean charged-parlicle multiplicity <{ng> vs. m,, averaged over all (V$8)pp
values. The dashed line is our previously published fit (1).
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Fig. 6. — Mean charged-particle multiplicity (ne> vs. 2H®¢ averaged overzall (vs)
values. The dashed line is our previously published fit ().
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Fig. 8. — Mean charged-particle multiplicity <{n.> vs. 2B™? averaged over all (1),
values for events with two protons, with the selection a) 10<m,; 3< 20 GeV, b) 26<
<m;,<36 GeV. The dashed line is our previously published fit (1).
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For the sake of simplicity, only the values of <n,> averaged over the different
(\/E)Dp are reported. No significant differences appear in the comparison of
these two samples.

A second test, complementary to the first one, has also been done, i.e. the
study of the influence, on the values of <{n,> vs. 2E™* of the quantity Mys
Two samples of events with m,, in the intervals 10<m, <20 GeV and 26 <
<My <36 GeV were selected; fig. 8a) and b) show {(n,>, averaged over the
three values of (\/E)Dp, for these two samples. Again no significant differences
appear. This study shows that there is no correlation either in terms of Ny e
or in terms of 2E™,

3. — Conclusion.

The results of the present experiment show that the average charged-
particle multiplicities (n,, >, measured in terms of m,, (fig. 5) and of 2™ (fig. 6),
agree with each other and with ete~ data. The (\/E)pn independence is valid
in both cases.

® RIASSUNTO

Usando interazioni pp a tre diverse energie nel centro di massa, (\/E )»p= 30, 44, 62 GeV,
si mostra che la molteplicitd media delle particelle cariche (i > in funzione della massa
invariante del sistema adronico m,, ha lo stesso andamento che in funzione di 2E™,
8i mostra inoltre che, in entrambi i casi, (n,> & pressoché indipendente da (vs),,
in buon accordo con la molteplicitdh media delle particelle cariche misurata nel pro-
cesso di annichilazione (e+e~).

IToapoGuoe nceaenoBanme 3aBucAMOCTH {ny> OF B¢ u m, , npu pazamaseix (1/s),, B (pp)
B3aBEMOCHCTBUAX,

Pesrome (*). — Vicnonesys (pp) B3aaMOIEHCTBHS IIPH TPEX PA3NHYHBIX SHEPIHAX B CHCTEME
neaTpa Mace, (1/s),, = 30,44, 62T3B, TOxa3bIBaeTCs YTO 3aBUCAMOCTb CPENHEH MHO-
JKECTBEHHOCTH 3aPDKEHHBIX YacThl {n,,> OT HHBAPHAHTHON MACCHI aIPOHHON CHCTEMEL My o
WMEST TaKOe Xe TIOBEACHWE, KAk M 3aBUCcHMOCTL oT 2E**?, Bojee TOro, moKasbiBaeTcs,
4T0 B OOOHX CIIydasix <{n,,> IOYTU He 3aBUCHT OT (1/8),, H (> XOPOILIO COTIIACYETCS CO
CpemHedl MHOKECTBEHHOCTBIO 3apsUKCHHBIX YaCTHUI, U3MEPEHHOM IpH (ete™) aHHUTHIIAIINH,

(*) Iepesedeno pedaryueii.
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