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GEOMETRIC EFFICIENCY OF EXPERIMENTAL SET-UPS
IN THE REGION OF VERY HIGH VALUES OF MULTIPLICITY

S.G.Kananov, I.D.Mandzhavidze, 1.V.Paziashvili, A.N.Sissakian

The processes of multiple production at multiplicity much larger than
the average one are investigated. The description of such processes in
terms of averaged with some weight function “local” characteristics
is proposed. The problem of the possibility for the weight function to
be determined in real experiments is investigated. Predictions of the
geometric model and the model using a quantum-optical analogy are
considered.

The investigation has been performed at the Laboratory of Theore-
tical Physics, JINR.

INeomerpuueckasn 3P eKTHBHOCTh IKCIIEPHM EHTATTBHBIX
YyCTaHOBOK B 06J1aCTH OYeHb GOJIbIINX 3HAUSHUH
MHO)XKeCTBEHHOCTH

C.I'.Kauados, U.JI. Manmkasunze, U.B.Ilasnammswm, A.H.Cucaxan

HccnenyoTcss Tpouecchl MHOXXECTBEHHOIO POXACHHA IIpH 3Hade-
HUAX MHOXECTBEHHOCTH, MHOTO GONbIMX CpenHero 3HaueHus. Ilpen-
JIOXEHO ONMCaHME NPOLECCOB NpPH MOMOLIM YCPETHEHHBIX € HEKOTO-
peiM BecoM “niokanbHbIx” XapakTepucTuk. HMccnemyerca npobnema
BO3MOXKHOCTH OMpelesieHHs BeCOBOH GYHKIMH B peayibHBIX IKCHEpH-
MeHTax. PaccMOTpeHbl NpefCKa3aHWA IeoMeTpHIeCKOH MOJENH, a TaK-
e MOJ1€e/IH, HCTONb3Y0lieil KBAHTOBO-ONTHIECKYIO aHAJTOTHIO.

PaGora BeinonHeHa B JlaGopaTopuu Teopermieckoit gpusuxu OUAH.

1. It is natural to describe processes of multiple production at
multiplicity n much larger than the average one n(s) in terms of avera-
ged characteristics” !/ . (Like in thermodynamics where for the descrip-
tion of a multi-particle system one should know only the average kine-
tic energy of particles — the temperature that can be measured just by
a simple thermometer). Therefore, it is sufficient for experimental
set-ups to measure only necessary averages. An approach like that ad-
vances experimental studies of inelastic processes towards the region
of large n* (n/n(s) =5 +10, i.e. n =100 + 1000).

*Some theoretical aspects of production processes of a very large number

of hadrons at high energies are discussed in Appendix.
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We propose to pass from the study of such “local” characteristics
as cross sections o (s), a"'an/apf, a‘*an/ap‘;apg and others to the
corresponding quantities averaged with some weight in the vicinity of
values of multiplicity n, momenta Py, Py, ..., angles, etc. For instance,
instead of ¢, it is reasonable at n>>n(s) to study

T(n) =2 ¢ (n)o (s), 1)

where the weight function ¢ (n) has maximum at k = n and is deter-
mined from a given experiment. _

Under this statement of the problem, the efficiency of an experi-
mental set-up obviously becomes very important. We shall discuss below
a concrete problem: To what extent the fact that experimental set-ups
cannot have 47 -geometry is essential for the proposed statement of the
problem. In other words, we aim at studying the problem of how well
would the weight function ¢,(n) be determined in a real experiment.
For this purpose, in sections 2 and 3 we shall consider predictions of
the geometric model "2/ and of the model using a quantum-optic ana-
logy 3 4o determine losses of particles not detected experimentally.
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2, To describe the angular distribution of produced particles we
shall use the geometric model’ "2/ well describing single- particle inclu-
sive distributions in a wide reglon of energies (up to \/ s = 540 GeV)
and multiplicities (up to z = n/n =3.5), see f1g 1. In this model
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where ¢ = \/p2 + m? is the energy of a produced particle and P, isits
transverse_momentum. Dependence on the primary center of mass
energy Vs and multiplicity n is determined by the ’temperature” T =
= T(s, n) of the gas of produced particles, the cutoff with respect to
the transverse momentum a = a(s, n) and the normalization coefficients
K = K(s, n). By definition:
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where n is the total number of produced particles if the integral in (3)
is taken over the whole volume. Figure 2 shows the distribution of
particles over_pseudorapidity 7 = -Intan 6 /z, following from (2), at
Vs =6 TeV,/s=16 TeV, and n = (1 * 10)n(s).

Knowing T, o, and K we can, using the definition (3), find the
number of particles that fell down into the cone with the aperture 26
(all the calculations are made for the center of mass system, see fig.3)
as a function of the total number of particles n and energy Vst
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where B =1/T is the average number of produced particles, and the
maximally measurable pseudorapidity

r;o=-1ntan8/2. )

18



Fig.2.
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To determine T, q , and K we used extrapolation of experimental
data at Vs =540 GeV and z< 3.5 into the region of large energies and
multiplicities, The procedure of extrapolating requires introducing an
additional parameter — the inelasticity coefficient at given multiplicity h,
As a result, we have found the dependence

n6_<8= n0.<8(n. S, 8' h) »
see Figs. 4a,b.
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Figures 4c,d show the dependencies ng.s on n for different
values of Vs and 8 under the assumption/ 2/ that the inelasticity coef-
ficient h depends only on z = n/n linearly.

Using (2) we can also find the portion of energy carried away
by ng . 5 particles:

E
<8z B 1
= = —3—’1[1—? Smhﬂo(l‘l' )]° (6)
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The numerical values of E 0<s /E0 are shown in Fig.5.
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3. The above-made predictions concerning ng <5 are based on a cer-
tain procedure of extrapolating and, therefore, are model: dependent.
In what follows we shall give predictions based only on integral charac-
teristics of inelastic interactions requiring no extrapolation. We shall
use the fact that the negative binomial distribution for the probability
of n particles to be produced
vy - xR=D! b Y (14 y (7)

(b-1)1tn! b+ A(s) n(s)
describes well experimental distributions over multiplicity of produced
particles both in the full interval ’3/ and limited intervals of rapidities/4/

Let us consider the known fact /5 +6/ that the correlation length
in the space of rapidities An=2. Then, to estimate the number of par-
ticles “;7<8 produced in the interval Inl> 1, We may assume that the
probability for producing n, particles in the interval 7] < ng and
Dg<s™ N — n; particles in the interval [n] 2ng is the product of the
corresponding probabilities (7).

Following this natural assumption we find that

- b He 5
Bges=tgeg M+t (14 28
= = n, 2

), ' (8)
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where b; and b, are determined through dispersions of the relevant
dlstnbutlons It is known’%’ that b, weakly depends on energy (b; = 3).
As n1 >> b, and, by definition n >> n6 < it follows from (8) that

s ™ n0_<_8 «<ny. 9)

Thus, for Vs =6 TeV and 8= 0.5" (g = 5.4) we have ng _5< 15

( <8 /n £0. ).3), for Vv § =16 TeV and again for 8=0.5° we have n, <5
2 (n9< 8/1’1 <0. 3)

Thus, relative losses of particles Ng s /n at n >>n are negligibly

small and decrease with increasing n/fi.” This conclusion agrees with

the prediction obtained above.

4. We will not discuss possibilities of the given experiment to pro-
duce information about the above calculated losses of particles Ng . 5 as
they essentially depend on the explicit form of the weight function
#y (n) completely determined by concrete realization of the experiment.

We should like to emphasize that the above-obtained estimates
show the decrease of relative losses of particles (and energy), falling
down into the fixed narrow cone along the beam of incident particles,
in sampling events with large multiplicity in the central region of rapi-
dities. Therefore, the condition for a large number of particles to get
into the central region of rapidities really serves as a trigger for select-
ing events with a very large total multiplicity.

The importance of the latter is even greater as a trigger like that
selects events with the formation of a small number of very massive
jets produced as a result of the decay of superheavy partons (t- or
perhaps other independent heavy quarks, massive intermediate bosons,
Higgs’s, supersymmetric partners of ordinary particles, etc.).

Appendix

To complete the presentation we should like to cite the most
imprtant problems that can be investigated in the region of large va-
lues of n.

It is known’?’ that the contribution to o, from soft processes
(with small Pl ) a: rapidly decreases with increasing n:
a® <0(e™), (10)

whereas the contribution of the hard component (with large PJ. ) decrea-
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ses more slowly:
o =0(s™), (11)

Therefore, one can expect the dominance of hard processes in the region
of large n* when

- 29n(s) / 1, (s) n
n>n (s) = n(s)e 1 +0(=)), (12)
0 n

see fig.6. Here 2, =0(1),

n(s) = 2.88 - 00867 Ins +0.1711n°s (13)
is the average multiplicity in soft processes’5:6/ and

B (s) =2.7+0.080 " 4/10VE (14)

is the average multiplicity in the jet of the mass Vs /5/.

|

Fig.6

*An indirect indication of this phenomenon is the violation the KNO scaling
observed at the SSC-collider energies and the growth on the tail of distributions
over multiplicity,
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In order the region n>ng would be experimentally accessible
it is necessary, as it follows from (12), that

Ej(s) > n(s). (15)

As is shown, (r-llr—xj ) ~1 in a wide region of energy values. Therefore,
for attainable energies ny = (3 + 5)n.
As a result, in the region n > n, one can expect restoration of the
KNO scaling
h -yn/ ;j (s8)
g,(8)= crn(s) <e s (16)

where ¥ is determined only by the structure of the QCD Lagrangian.

In the transitional region n ~ n(s) the role of hard processes beco-
mes more enhanced, which will be reflected in the appearance of mini-
jets” with small (<< /s) masses. In its turn, this should lead to the
appearance of fluctuations in the density of produced particles in the
limited intervals of rapidities. An indication of this phenomenon can
be found in ref.”% . Investigations in this region can shed light on col-
lective phenomena in the nonequilibrium quark-gluon plasma ‘87,

Since the distribution over multiplicity in jets is - e™ j (®) |
where m is the jet mass, at /97

. Ej(s)ﬁj(s/4)

~ - = nc(s) amn
nj (s) -nj(s/4)

there dominate processes with a small number of jets (and the distribu-
tion over multiplicity coincides with (16)). The numerical values of n (s)
are given,

Thus,

A.n <n, (s) is the region of soft processes;

B. ny(s) <n <n_(s) is the region of hard processes with the production
of a large number of mini-jets (the transitional region — the region of
the quark gluon plasma);

C. n >n,(s) is the region of hard processes with the production of
a small number of massive jets.

The correlation analysis would show that n is the critical value
of multiplicity at which the nature of correlations between partons
becomes different. In other words, at n=n_ there occurs Y’structure
phase transition” (transitions of that type can be observed only in non-
equilibrium processes 97y,
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Fig.7

In the region n>n ¢ the number of jets should be minimal, This
means that the mass of produced jets ~ V8 ie. is very large. Hence,
it follows that in the region n > n_, at high energies jets should appear
as a result of the decay of only heavy partons (see fig.7). Thus, in the
region n>n, one has a nice possibility of studying the production of
heavy partons as the picture of their production at n> n ¢ cannot be
masked by any background processes and almost the whole energy
should be spent on their production.

References

1. Mandzhavidze L.D., Sissakian A.N. — In: JINR Rapid Comm.,
No.2(28)-88, Dubna: JINR, 1988, p.13.
Chou T.T., Chen Ning Yang — Phys.Rev., 1985, D32, p.1692,
Glauber R.J. — Phys.Rev., 1963, 131, p.2766;
Giovanini A., Van Hove L. — Z.Phys., 1986, C30, p.391;
Carruthers P., Shih C.C, — Phys.Lett., 1983, B127, p.242.
4. Adomus et al. — Phys.Lett., 1987, B185, p.12; 1986, 177, p.239;
Z.Phys., 1988, C37, p.215;
Alner G.J. et al. — Phys.Lett., 1985, B160, p.193;
Dzhaoshvili N.G., Paziashvili I.V. — Nucl.Phys., 1988, 48, p.1872
(in Russian),

LN

25



© x

Grishin V.G. — Quarks and Hadrons. Moscow: Energoatomizdat
1988 (in Russian).

Murzin V.S., Sarycheva L.I. — Physics of Hadron Processes. Moscow:
Energoatomlzdat, 1986 (in Russian).

Mandzhavidze I.D. - Elem.Part.Atom.Nucl., 1985, 16, p.101 (in
Russian).

Nucl. Phys., 1984, A418.

Mandzhavidze 1.D., Sissakian A.N. — In: JINR Rapid Comm.,
No. 5(31)-88, Dubna, JINR, 1988, p.5.

Received on April 23, 1991.

26



