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METHOD OF A FAST SELECTION OF INELASTIC
NUCLEUS-NUCLEUS COLLISIONS FOR THE CMS EXPERIMENT

V.A.Krasnov, A.I.Malakhov, M.V.Savina, S.V.Shmatov, P.1.Zarubin

On the basis of the HIJING generator simulation of heavy ion collisions at ultrarelativistic
energy scale, a method of a fast selection of inelastic nucleus-nucleus interactions is proposed
for the CMS experiment at LHC. The basic idea is to use the time coincidence of signals with
resolluti|on better than 1 ns from the two very forward calorimeter arms covering the acceptance
3<Inl <S.

The method efficiency is investigated by variation of energy thresholds in the calorimeters
for different colliding ion species, namely, PbPb, NbNb, CaCa, OO, pPb, pCa, pp. It is shown
that a stable efficiency of event selection (~ 98 %) is provided in an energy threshold range up
to 100 GeV for nuclear collisions at 5 TeV/nucleon in the centre of mass system. In the pp
collision case the relevant efficiency drops from 93 % down to 80 %.

The investigation has been performed at the Laboratory of High Energies, JINR.

Meroa GhICTPOro oTéopa HEYNpPYrHX AAPO-AAEPHBIX COyAapPeHHH
s 3kcnepumenta CMS

B.A.Kpacnoe u 0p.

Ha OCHOBE MONETHPOBAHMA CTOJIKHOBEHMIl THXEIBIX HOHOB MpPH YIbTPApENIATHBHCTCKUX
3IHEPrHsX, BHIIONHEHHOTO ¢ nomollblo renepatopa HIJING, npeanoxen meron Grictporo ot6o-
Pa Heynpyrux aapo-adepHBIX CTONKHOBEHHi [ia axcnepumenta CMS Ha LHC. OcHosHxas uies
COCTOMT B MCMO/Ib30BAHHH BPEMEHHOTO COBMANCHHA CHIHAIA JBYX IUIEY XKaTOPHMETPA MaibiX
YIJIOB C aKCEenTaHcoM 3 < |n <5 1 BpeMeHHbIM paspeienneM nopaaka 1 ne. Hecnenosana
3PEKTHBHOCTS NPEVIOKEHHOTO METOAA NPH BAPHALIHH MOPOrOB HA PCTHCTPHPYEMYIO JHEPIHIO
15 CTy4aeB CTOJIKHOBCHHA S€p PasHbIX TUMOB, TakuX Kak PbPb, NbNb, CaCa, 00, pPb, pCa,
pp npu auepmun 5 TaB/HyknoH B cucreMe uentpa Macc. [TokasaHo, YTO npH CTONIKHOBCHHH
anep sddexTuBHOCTL 0T6Opa OcTaeTca CTaGHIbHOM (~ 98 %) B AHANA30HE NOPOTOBOH IHEPTHH
10 100 T'sB. B cyuae pp-s3auMogeitcTsuit athpexnHoCTs GbicTpo nagaet ¢ 93 % a0 80 %.

Pa6ora srnonHeHa B JlaBoparopuu seicokux sHepruit OUSIH.

Introduction

The fast selection of inelastic nucleus-nucleus collisions is one of the basic problems
of experimentation with colliding heavy ion beams [1]. The knowledge of the collision rate
allows one to calculate absolute cross section values for particular channels of nuclear
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interactions, to perform normalization of spectra obtained for various combinations of
colliding ions. Besides, a direct identification of such interactions at a first level trigger is
very important for an event-by-event analysis. Moreover, an inelastic interaction trigger
allows one to suppress background processes such as beam collisions with residual gas of
nuclei as well as with set-up material.

As was shown in Ref.1, there is a significant influence of beam particle interactions of
an electromagnetic nature, like electromagnetic dissociation and electron-positron pair pro-
duction, on the collision rate. An inelastic interaction trigger makes it possible to separate
a part of the interaction rate related to nuclear collisions. It should be noted that luminosity
of the Large Hadron Collider in nucleus-nucleus collision modes will have variation of a
few orders of magnitude for various ion species (see Table 1). This variation range is
affordable for operation of the CMS detector [2]. So, the CMS inelastic mteractlon trigger
must provide an adequate counting rate to follow luminosity changes.

Table 1. Characteristics of heavy ion collisions at LHC

208pp, 9TND 0C, 160
L(A)L(Pb) 1 90 2500 3200
Luminosity (cm™2s™") 107 9.1028 2.5.10%0 3.2.103!
044 (barn) 7.6 43 2.1 100 mbn
Average collision rate (kHz) 7.6 400 5200 32000

One of the critical features of a Ist level trigger is insensitivity to details of nuclear
collision dynamics in the central rapidity region. In other words, it might be sensitive to the
collision geometry only. In our paper [3], it was shown that a pseudorapidity range of

c10? 3< |n| <35 (fragmentation
region) is not sensitive to the
effect such as jet quenching
in a dense nuclear matter [4].
So, detectors in this region
provide suitable basis for in-
elastic event selection and es-
timation of a nuclear collision
impact parameter (Fig.1).

In this paper we propose
and explore a simple and fast
method of inelastic nucleus-
nucleus collision selection for
the CMS.
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Fig.1. Dependence of the energy
flow per event in the very for-
: SIAEEEEEE =y  ward calorimeter, E (GeV) vs the
25 s 75 1o 125 15 175 20 nuclear collision impact parame-
ter, b (fm) in the HIJING model

Impact parameter, b (fm)
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Idea of Event Selection

The time coincidence of signals from the two very forward calorimeter arms is
suggested to be used as a basic condition that an inelastic nuclear collision occurred in the
LHC beam intersection. The event is accepted if the values of the total energy, Ey, and

Eyp, in each of the two calorimeter arms exceed a predefined threshold value E; . Thus,

the condition of selection of nucleus-nucleus interactions is defined by the requirement:
Eypy 2 Eg)(Eypy 2 Ey)

3< |n | <5 (fragmentation region).
If the calorimeter provides the time resolution better than 1 ns, the longitudinal coordinate
of the interaction vertex might be measured with precision of about few centimeters in the

vicinity of a beam intersection point. We have studied an important practical task of an
energy threshold dependence of the event selection efficiency, €, defined as

N .
€= __ tngger 100 %,
simulated

where Nsimulatcd

satisfying the selection condition.

is the total number of simulated events, N,

wrigger is the number of events

Simulation Details

To produce samples of inelastic events at an energy of 5 TeV/nucl in the centre of mass
system, the HIJING generator [4] including soft and hard processes was used. A summary
of basic physics processes and assumptions taken into account in the HIJING program is
the following:

e quark and gluon hard scattering, including parton emission in initial and final states
(5.61;

e multiple minijet production;

e nuclear shadowing effect of parton distribution functions;

e jet quenching relating assumed energy losses with colour screening length;

o the Glauber formalism is used to calculate the number of parton-parton collisions;

e nucleon density distributions of interacting nuclei were accepted in correspondence
with the Woods-Saxon potential with a diffuse boundary [8].

To illustrate the importance of various subprocesses in nucleus-nucleus interactions,
their contributions to the total cross section are given in Table 2. The generator reproduces
well experimental data on the multiple particle production in collisions of relativistic nuclei
up to the SPS energy scale. While using a highly developed program such as HUJING we
note that a simple approach based on superposition of PYTHIA events reproduces particle
production characteristics (mean energy, mean multiplicity) in fragmentation regions with
less than 10 % difference with respect to the HIJING predictions.
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Table 2. The contributions from the cross sections of main subprocesses of nucleon interactions
for PbPb-collisions at Vs = 5 TeV/nucleon (HIJING)

Processes Cross section (mbn)
NN processes total cross section, G, , 70.85
Inelastic scattering, ; 53.93
Jet production, Ojet 33.69
Single diffraction, o 0.37

An influence of the CMS solenoid magnetic field on charged hadron trajectories leads
to an essential shift of a pseudorapidity distribution for a hadron component [9].
Consequently, a total registered transverse energy value per event drops down to about
70 % of initial one. Therefore the charged hadron drift effect is taken into account by
introduction of a 4T homogeneous magnetic field in simulation procedure.

Proton-proton, proton-nucleus (pO, pCa, pNb, pO) and nucleus-nucleus (OO, CaCa,
NbNb, PbPb) collisions with impact parameter OSbS3RA (R, is nuclear radius) are

considered. The simulation was performed for the whole pseudorapidity region with
0.5 GeV particle energy cuts. A statistics of 10,000 proton-protons and 1,000 proton-
nucleus events for each type interactions was generated.

Simulation Results

Simulation results show that there is a stable correlation between the energy detected
in the right (VF1) and the left (VF2) calorimeter arms for nucleus-nucleus interactions

A dependence of the event
selection efficiency at total energy
threshold detected in the pseudo-
1ooss : , rapidity region 3< lnl <5 s
_ pp‘ : obtained. Two cases are considered.
" In the first one the threshold is taken

e e ! (Fig.2). In particular, such a
R N ue £ ; correlation in nuclear interactions
% w £ PbPb wa £ NOND with residual gas doesn’t exist and
é e | this circumstance allows one to
iﬁ e £ S reject background events and noise
S 10 signals.
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Fig.2. The correlation between the
detected energy in two pseudorapidity
regions —5<n<-3 and 3<n<S5 for
PbPb interaction at 5 TeV/nucleon in the
centre of mass system

P I
500 18088

Total energy flow (right arm), GeV



Krasnov V.A. et al. Method of a Fast Selection

Fig.3. The efficiency of the event
selection vs the total energy threshold
for nucleus-nucleus (PbPb, NbND,
CaCa, OO), proton-nucleus (pPb, pCa),
and  proton-proton  collisions  at
5 TeV/nucleon in the centre of mass
system

for the total energy per event
(Fig.3), while in the second one
there is a gamma quantum com-
ponent alone (Fig.4).

A stable efficiency of an event
selection is observed at a level of
98 % in an energy threshold region
up to 100 GeV (up to 10 GeV for
EM component) for nucleus-
nucleus interactions. In the case of
proton-proton  interactions  the
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similar stability is not observed and a reduction of the monitoring efficiency happens.
We remark that € does not depend on the nuclear number in the range from Ca up to
Pb at the thershold up to 500 GeV, and 25 GeV for EM component (Fig.5). An increase of

energy thershold up to 500 GeV
(25 GeV) leads to an efficiency de-
creasing only by a few per cent for
the colliding nuclei with A > 40.
The efficiency drops from 80 %
down to 30 % for pp collision.

Fig.d4. The efficiency of the event
selection vs the electromagnetic energy
threshold for nucleus-nucleus (PbPb,
NbNb, CaCa. 0O), proton-nucleus
(pPb, pCa), and proton-proton collisions
at 5 TeV/nucleon in the centre of mass
system
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Fig.5. The efficiency of the event selection vs the atomic number of colliding nuclei at the
particular energy threshold: (a) total energy threshold E;, =100, 500 GeV and (b) electro-

magnetic energy threshold E, =5, 10, 25 GeV

Conclusion

On the basis of the HIJING Monte-Carlo simulation the simple scheme of a nucleus-
nucleus interaction selection is proposed. The time signal coincidence from the two very
forward calorimeter arms at 1 ns time resolution in -5 <n <5 acceptance can be used for
an effective counting of nucleus-nucleus collisions. The efficiency dependence on energy
threshold value was studied. It is shown that the offered trigger scheme allows one to count
nucleus-nucleus events with high efficiency up to 500 GeV energy thresholds in the VF
calorimeter arms. We note that the efficiency remains stable in a wide range of colliding
nuclei (from Ca up to Pb).
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