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ABSTRACT

Using (pp) interactions at three different c.m. energies, (/E)pp =

= {30, 44, 62) GeV, it is shown that the average charged particle multiplicity
{nch} versus the invariant mass of the hadronic system m;, , has the same behaviour
>

as it has versus 2Ehad.

Moreover, in both cases (n ) is shown to be nearly independent of (Jg)pp
and in good agreement with the average charged particle multiplicity measured in

{ete™) annihilation.
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INTRODUCTION AND PURPOSE QF THE EXPERIMENT

We have already reported on a measurement of the average charged particle

multiplicity (nch) in (pp) interactions at (/E)Pp = 30, 44, and 62 GeV total c.m.

energiesl). The value of (nch} was measured as a function of Ehad, the energy
available for particle production, once the energy carried away by the "leading"

outgoing proton is subtracted. For fixed values of Ehad

. (nch) was found to be
independent of (/E)pp. Moreover, the behaviour of (nch) versus ZEhad was found
to be in good agreement with the results obtained in {(ete™) annihilation, when

had _
2E = (/E)e+e_.

In our apnalysis of (pp) collisions we have already introduced?} the quantity

my 5 which is
Y
had had ? ~had . ~»had)|’?
my s = [[El + E, ] - [P1 + P, )] ’ n

~had . . s
where E?ag and P??z are the energy and momentum differences between the incident
>

protons and the outgoing leading protonsa_s). 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 (nch) versus m;,, has the

. f, s . . a . .
same behaviour as when it is studied in terms of Eh d. In this case it had to

scale with (/;)pp and it had to be in good agreement with e*te™ data when

et,em _ . had _. PP
2Ebeam = 2E = m ,. Moreover, 1t is important to study whether (nch) versus
had

m, , depends on the selection of given values of E
d

» and also whether (n ;)

depends on any selection of m, , values.
>

DATA ANALYSIS AND RESULTS

The experiment was done at the CERN'InEérEeéiing Sﬁorégg Rings (ISR) using
the Split Field Magnet (SPM) and its poweffgl;ﬁulpiwi;g proportional chamber (MWEC)
assembly?). For details of the experimental sat-up and ‘data analysis, we refer

the reader to our previous papers;

=8) . The total number of selected events with
two leading protons, one in each hemisphere, with Xp (xF = ZpL//E, where 1 is

the longitudinal proton momentum) im the range
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0.42 < Xp £ 0.86 (2)

is 9850, of which 1490 are collected at (Vg)pp = 30 GeV, 5260 at (Jgjpp = 44 GeV,
and 3100 at (JE)pp = 62 GeV. 1In addition to these data, where the trigger was
chosen such that it would enrich the samples with two leading protons, we have
also analysed 1150 events at (/E)pp = 62 GeV, taken earlier in the "minimum bias"

trigger mode (we will call this sample the "old data")l).

The charged particle multiplicity has been measured counting the tracks in
the whole event, without any cut in momentum resolution. The observed multipli-
cities have been corrected for detection efficiency via Monte Carlo simulation.
This correction is, on the average, less than 30%, and introduceg a systematic
error S 57 amongst the four sets of data and an overall systematic uncertainty

5 87.

The comtribution to <nch) due to Ké + 1~ has been subtracted. Other small

contributions, such as v conversion, have also been subtracted.

Since protoms are not directly identified, there is a contamination from
positive pions. In the selected range of Xp [Eq. (2)] this contamination varies
from 257 to 2% '9), This misidentification has been studied via a pT—limited
phase-space Monte Carlo and produces a change in (nch) of about 0.5 charged unit

at the highest Wy g

In Table 1 and in Figs. 1 to 4, the values of (nch) as a function of my 2
are reported for the three values (Vg)pp = 30, 44, and 62 GeV. There is a good
agreement with our previously published!) best fit to (nch) versus Ehad (dashed
line). These data show that, within the experimental uncertainties, (nch) versus
m, , nearly scales with (/E)pp. In Table 1 the values of (nch), averaged at a
given value of m; , Or 2Ehad over the different (VE)pp samples, are reported.
These data are shown in Figs. 5 and 6. The agreement with the e%e™ data, as well
as with our already published datal), 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 (nch) versus m; and 2Ehad.
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As a first test we have studied the influence of the quantity Ehad on (nch>

versus m; ,. For this purpose, two samples of events were selected:

i) events whose my , iz obtained by combining nearly equal values of Ehad
{] (Ell’ad - E‘;‘ad)/(gl;ad + BB | < 1sgdy

ii) events whose m; ; is obtained by combining very different values of Ehad
(fehad - ghady s ghad o, ghady| 5 5593,

The values of (nch) versus m; , for these two samples are shown in Figs. 7a and 7b.
For the sake of simplicity, only the values of (nch) averaged over the different
(/E)Pp 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 <nch) versus 2Ehad, of the quantity m, ,.
Two samples of events with LN in the intervals 10 S m; , S 20 GeV and
26 = m; p < 36 GeV, were selected; Figs. 8a and 8b show (nch), averaged over the
three values of (/E)pp, for these two samples. Again no significant differences
appear. This study shows that there is mno correlation either in terms of m »

or in terms of 2Ehad.

CONCLUSION

The results of the present experiment show that the average charged particle

multiplicity (n measured in terms of m (Fig. 5) and of 2Ehad (Fig. 6),

ch>’

agree with each other and with ete™ data. The (/E)pp independence is valid in

both cases.

R TR L TR



L

2)

3

4)

5)

6)

7)

8)

M.

-4 -

REFERENCES
Basile, G. Cara Romeo, L. Cifarelli, A. Contin, G. D'Ali, P. Di Cesare,
B. Esposito, P. Giusti, T. Massam, R. Nania, F. Palmonari, V. Rossi,
G. Sartorelli, M. Spinetti, G. Susinno, G. Valenti, L. Votano and

A, Zichichi, preprint CERN-EP/81-76 (1981), Nuovo Gimento, in press.

Basile, G. Cara Romeo, L. Cifarelli, A. Contin, G. D'Ali, P. Di Cesare,
B. Esposito, P. Giusti, T. Maggsam, R. Nania, F. Palmonari, G. Sartorelli,
M. Spinetti, G. Susinno, G. Valenti and A. Zichichi, Phys. Lett., 99B,

247 (1981).

Basile, G. Cara Romeo, L. Cifarelli, A. Contin, G. D'Ali, P. Di Cesare,
B. Esposito, P. Giusti, T. Massam, F. Palmonari, G. Sartorelli, G. Valenti

and A. Zichichi, Phys. Lett. 92B, 367 (1980).

Basile, G. Cara Romeo, L. Cifarelli, A. Contin, G. D'Ali, P. Di Cesare,
B. Esposito, P. Giusti, T. Massam, R. Nania, F. Palmonari, G. Sartorelli,

G. Valenti and A. Zichichi, Phys. Lett. 958, 311 (1980).

Basile, G. Cara Romeo, L. Cifarelli, A. Contin, G. D'Ali, P. Di Cesare,
B. Esposito, P. Giusti, T. Massam, R. Nania, F. Palmonari, G. Sartorelli,

G. Valenti and A, Zichichi, Nuovo Cimento 584, 193 (1980).

Basile, G. Cara Romeo, L. Cifarelli, A. Contin, G. D'Ali, P. Di Cesare,
B. Esposito, P. Giusti, T. Massam, R. Nania, F. Palmonari, G, Sartorelli,

G. Valenti and A. Zichichi, Nuovo Cimento Lett. 29, 491 (1980).

Bagile, G. Cara Romeo, L. Cifarelli, A. Contin, G. D'Ali, P, Di Cesare,
B. Esposito, P. Giusti, T. Massam, R. Nania, F. Palmonari, G. Sartorelli,
M. Spinetti, G. Susinno, G. Valenti and A, Zichichi, Nuovo Cimento Lett.

30, 389 (1981).

Basile, G. Cara Romeo, L. Cifarelli, A. Contin, G. D'Ali, P. Di Cesare,
B. Esposito, P. Giusti, T. Massam, R. Nania, F. Palmonari, G. Sartorelli,

G. Valenti and A. Zichichi, Nuovo Cimento Lett. 31, 273 (1981).

R R e L T T o o P e e o



- 5 =

9) R. Bouclier, R.C.A. Brown, E. Chesi, L. Dumps, H.G. Fischer, P.G. Innocenti,
G. Maurin, A. Minten, L. Naumann, F. Piuz and O. Ullaland, Nucl. Instrum.

Methods 125, 19 (1975).

10) P. Capiluppi, G. Giacomelli, A.M. Rossi, G. Vannini and A. Bussigre, Nucl.
Phys. B70, 1 (1974).
P. Capiluppi, G. Giacomelli, A.M. Rossi, G. Vannini, A. Bertin, A. Bussidre

and R.J. Ellis, Nucl. Phys. B79, 189 (1974).



9°0 7 6°11 9°0 ¥ 6°11 ce <0 F LTI 5°0 7 £°T1 5€
9°0 % 2 TL |20 % £701[9°0 = 2°11 £f S°0 F O'TT{§°0 % 8°01 | €0 % 1°11 €€
50 % £°11 $*0 7 811 1€ $°0 7 T°II 0 7 €11 1€
$°0 % 0°11 0 F T°T1 62 "0 ¥ 0°I1 <07 T°TT 62
770 % %01 [9°0 % 8°6 | ¥°0 % 9°01 1z S0 % 6701|207 €01] 0% 11T 1z
70 ¥ 2701 V0T 90T 80 % L6 sz 2°0 F €£°0T €0 % 8'0T| %0 7 0701 <z
90796 | 970766 |S0%66 | 50T 26 €z €0%€6 [9°0706 [§07 200|607 68 €z
PO 176 S'0F86 |207F 98 1z €072 $0F66 | €070 1z
90 7 8°8 S0 F 6 | p0 T g 61 €07 ¢'g S0 F 96 €07 08 61
7°0% 9% (L0716 [S0T6'8 [v07es (1 €0Fy8 01728 [¢0F%6 [€0F28 |907 18 A
€0 8L 90 =16 | 0379¢]907% gy St 20 F 9y S0 T 08 |€0T 8L O|E0F I <1
€0F1¢ [0 T %€ [r0%ss [voszs|eor e €1 o= |orFre [soTes [e0F ey 0w ot €1
€0 789 80 F 8L | %070 (€072 17 207 L9 €0 %L |€07F 29 €0 %70 18
€0 729 707 €9 €07 09 6 2707 19 $0%F9'9 |€0F€9 €07 ec 6
€07 €'¢ roFes|e0F e ‘ 2°6 ¥ 9°5 €07 v's |e0T e L
70 T 67y 20 T 6% ¢ €0 F 4y €0 7 4y 3

Bl1EpP PIO CN;WMAUW._ elBp PIO Abwwv

sBeasay |70 PI | peg 7 229 7y | v 0c | dFexoay | Tl o Ml 4%9 29 439 vy a0 op | N ¢
() (519

' 1y gngzan (49u)

peydz snsiaa (Puy

"Z8 ueyl s$S°T 24 03 PajeWIISD §T LJuIrlasoun OIRWSISLs I
'PIsSh uenq da®y ‘diaydsTwey yoes 1oy suo ‘sucjoad Sulpee] omg YITA S3UlAD SOSED Yjoq uf

*¥sI @u1 yo dd(s4) jusaeyyrp 103 ?°lm pue

1 2I¢=L

*AJuo 1®OI15TIIEIE 2IR 10119 pajonb ayL

vmsmm snsasa (Y9u) £3710 w@muass 31o13aed peBirys uepay

A1 E e e

e e



Figure captions

Fig. 1 : Mean charged particle multiplicity (nch) versus m; , at (JE)PP
2

= 30 GeV. The dashed line is our previously published £fitl),

Fig. 2 : Mean charged particle multiplicity (nch) versus m; , at (Jg)pp
>

= 44 GeV. The dashed line is our previously published £itl),

Fig. 3 : Mean charged particle multiplicity (nch) versus m; , at (/g)pp

= 62 GeV. The dashed line is our previously published fiel),

Fig. 4 :  Mean charged particle multiplicity (nch) versus m; , at (/E)pp
= 62 GeV using the "old data" sample. The dashed line is our pre-

viously published fiel),

Fig. 5 : Mean charged particle multiplicity (nch) versus my ; averaged over

all (ngpp values. The dashed line is our previously published fit!).

Fig. 6 : Mean charged particle multiplicity (nch) versus 2Ehad averaged over

all (JE)PP values. The dashed line is our previously published fitl),

Fig. 7 : Mean charged particle multiplicity (nch) versus m, , averaged over

all (/E)PP values, but applying the selection
had _ _had had had

a) |(E) Ego )/ (B} + By )| £ 15%;
by |(@had - ghady (ghad , ghadyi 5 557,

The dashed line is our previously published fitt).

Fig. & : Mean charged particle multiplicity (nch) versus ZEhad averaged over
all (/E)Pp values for events with two protons, having applied the
selection:

a) 10 = m < 20 GeV;
b) 26 £ my , < 36 GeV.

The dashed line is our previously published fitl),
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