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Abstract

We present the results of the study of the energy correla-
tors K(n), K3(n) and their ratio R3(n) in dependence on
the hadron multiplicity at the LHC. The PYTHIA generator
has been used. The PYTHIA predicted that R3(n) does not
depend on multiplicity. The K»(n), K3(n) and R3(n) ratio can
be studied at ATLAS.
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1 Introduction

The investigation of very high multiplicity (VHM) events is a very impor-
tant task for high energy physics [1, 2]. The purpose of this study is to
calculate the energy correlators K,(n,s), K3(n,s) and the ratio R3(n,s) =
| Ka(n,s)|?3/|Kz(n, s)| as a function of the hadron multiplicity for the fu-
ture ATLAS experiment at the LHC [3, 4]. The theory predicts that the
Ra(n, s) ratio has tendency to equilibrium for the VHM events [1].

2 Phenomenology of VHM events

We will call the very high multiplicity events the ones for which the condi-
tion n(s) > 7(s) is fulfilled, where n is the number of hadrons in an event,
7 is the mean multiplicity of hadrons, and /s is the c.m.s. energy.

Fig. 1 shows the distribution of (n)P(n), where P(n) = 0,/0:0, as a
function of the secondary particles multiplicity represented in the units of
mean multiplicity. The points are the results of the E735 (FNAL) exper-
iment at 1.8 TeV with (n) = 44. The A region corresponds to the multi
peripheral kinematics, where n ~ #i(s). The B region is the thermodynam-
ical region corresponding to the approximation of the non-interacting gas
where n = nyu4z(s). The maximum possible number of hadrons is equal
t0 Nmax(S) = v/s/myx, Where m, is a pion mass. The C region corresponds
to the VHM events. The cross section of such a process is significantly
smaller than 10~7 ;.

The thermodynamical description of the final state events in the high en-
ergy physics is possible at fulfillment of the condition of N.N. Bogolyubov’s
principle of the vanishing of the correlators [6]:

Rl(n)s) = IKI(n,s)|2/’/|K2(n,s)| < ]-a

where | = 3, 4, ..., Ki(n,s) is the l-particle energy correlator for the
n-particle event. Two and three particle correlators are defined as

Ky(n,s) = (([ex; m, 8] = (i, s))([e25 m, 8] — (€57, 9))),
Ks(n, s) = ((lex; n, s] — (€51, 5))([e2;m, 5] — (€5, 5))([€35 7, 5] — (€51, 9)))

where ¢; is the energy of the i-particle and (¢; n, s) is the mean energy.
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Figure 1: Multiplicity distribution (n)P(n) in the KNO scaling form at 1.8 TeV.

3 Energy correlators and their ratio

The PYTHIA has been used for this investigation [7]. The hard processes
have been used for the simulation of the trigger events: ¢; ¢; — ¢ g¢;,
%%—93G,9%%>99%9>9%999 >4 q, gg— gg whereqare
quarks and g are gluons.

The main background for the VHM events at the LHC will be soft
processes. There will be &~ 23 pp-interaction in the 25 ns of one interaction
of bunches at the full LHC luminosity (10** em~2s~'). The time of data
collection will be 125 ns, for example for the electromagnetic calorimeter.
Therefore, there will be written about 115 soft background events, which
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Figure 2: The average energy [A], the correlators \/Ka2(n) [¥], /Ks(n) [*] as a
function of the multiplicity at 14 TeV.
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Figure 3: The Ra(n) ratio [e] as a function of the multiplicity at 14 TeV.
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are called pile-up, simultaneously with the trigger event. The inelastic
processes have been used for the simulation of the pile-up events.

Fig. 2 shows the results of calculations of the average energy and the
correlators \/K3(n), v/K3(n) inthe GeV scale as a function of the hadrons
multiplicity at 14 TeV. The values of 1/ K2(n) have signs of K;(n). As can
be seen the K;(n) and K3(n) trend to zero at ny — 500. The dependence
of the R3(n) ratio on n, is given in Fig. 3. The PYTHIA predictions are
given for the A region shown in Fig. 1. The average value of the R3(n)
ratio does not depend on the hadron multiplicity and equals to 1.23. There
is no trend to equilibrium in this region. This can be understood as the
PYTHIA is based on the multiperipheral model [1].

Taking into account the experimental trigger conditions harder events
have been selected which increase the hadron multiplicity. The require-
ment on the transverse parton momentum pj > pi’ ™" has been' used,
where pI’ ™" > 500 GeV. This has led to multiplicity increasing to ~ 800.
However, the tendency to equilibrium is not observed although the R3(n)
ratio decreases to 1.1 for pf > 2000 GeV.
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Figure 4: The R3(n) ratio [e] as a function of the multiplicity at 14 TeV taking into
account the pile-up background.

The investigation of the behaviour of the VHM events is planned out
at the ATLAS [3, 4] at /s = 14 TeV. Only charged particles with the
transverse momentum more than = 1.5 GeV reach the calorimeter because
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of the strong magnetic field (2 T) of the solenoidal magnet. Therefore, only
the hadrons with p; > 2 in the central region |n| < 2.5 have been selected.
The physics events satisfied the condition p} > pf’ ™" for partons which
have been simulated for the decreasing of the background pile-up events.

The obtained distributions of the correlators K3(n) and K3(n) as a
function of multiplicity taking into account the pile-up events are similar
to the ones shown in Fig. 2. As a result of using the cuts p; > 2 GeV
and |n| < 2.5 the maximum multiplicity decreases to =~ 300 hadrons per
event. As before, there is no trend to equilibrium for the R3(n) ratio,
R3(n) = 1.21 for p] > 2000 GeV (Fig. 4).

It is important to note, that it is not necessary to take into account
the detector acceptance because the correlations are small and equal to all

particles in the VHM region.
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Figure 5: Three-dimensional view of the ATLAS calorimetry.

It is assumed to use the calorimetric [8, 9, 10] information for the deter-
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mining of the energy correlators in the ATLAS experiment. This calorime-
ter (Fig. 5) has beautiful energy resolution o/E = (42%/VE + 1.8%) ®
1.8/F in the barrel region [11]. There is the projective geometry for AT-
LAS calorimeter towers. The initial transverse dimension of a hadronic
calorimeter tower is equal to X ¢ = 0.1 x 0.1. The hadronic shower size is
larger than one calorimeter tower size [12]. Signals from each tower have
been used in the calculations separately. The ATLFAST ([13] programme
has been used for simulation.
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Figure 6: The average energy [A], the correlators \/Ka(n) PH], &/Ks(n) [¥%] for

calorimeter towers as a function of the multiplicity at 14 TeV.

Fig. 6 shows the dependence of the average energy and the energy corre-
lators v/ K(n), &/ Ks(n) in calorimeter towers as a function of multiplicity
of worked towers by using the cuts p; > 1.5 GeV and || < 3.5. The values
of the correlators lead to 5 GeV for n;, — 500. The obtained distributions
are also similar to the ones shown in Fig. 2. The dependence of the R3(n)
ratio as a function of worked towers is shown in Fig. 7. There is no trend
to decreasing the Rz(n) ratio at nj, increasing. The value of this ratio is
equal to 1.28 and coincides with the above obtained results (Fig. 3).
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Figure 7: The R3(n) ratio [e] for calorimeter towers as a function of the multiplicity at
14 TeV.

4 Conclusion

The results of the study of the energy correlators K3(n), K3(n) and their
ratio R3(n) as a function of hadron multiplicity at 14 TeV are represented.
It is shown that the value of the ratio does not depend on multiplicity and
is slightly more than unit. Thus, PYTHIA does not predict tendency to
equilibrium, R3(n) < 1, at high multiplicity. It is shown that the pile-up
background and changing of the particle energy to the registered ones in
the ATLAS calorimeter towers have a negligible effect on the Rs(n).
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