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Azimuthal correlations and flows
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Methods for calculating azimuthal anisotropy (i.e. flows)

The method of the true reaction plane. The
HYDJET++ model

In the generator, the reaction plane is known in
advance — it is set by the internal code of the
generator.

Thus, it is possible to immediately calculate
elliptical, triangular and other flows using the
formula:

v, = (cos [n (qb — %.p.)]), where ¢,, —the
azimuthal angle of the true reaction plane.

We used this method in our analysis with the
Monte Carlo generator HYDJET++.

Reaction Plane method

The method involves calculating the angle of the reaction
plane to calculate the flows

1) define two independent groups of particles

2) Calculate the reaction plane angle with first group of
particles using formula:

" w; sin(nao;
e o (télIl_l X wisin( @z)) 5.

S~ w; cos(ng;)

3) Calculate the flows with the second group of particles
using formula:

Up = (COS [Tl (¢ - Wn)])

This method is used in the CMS experiment see
Phys. Rev. C 100 (2019) 044902



HYDJET and HYDJET++
generators for relativistic heavy ion collisions

HYDJET
(HYDrodynamics + JETY)
Monte Carlo event generator simulating heavy ion collisions as a mixture of two independent
components (soft hydrodynamic part and rigid multiparticle processes)

http://cern.ch/lokhtin/hydro/hydjet.html

(nocneduss eepcus 1.9)
I.Lokhtin, A.Snigirev, Eur. Phys. J. C 46 (2006) 2011

HYDIJET++
Further development of HYDJET
(improved soft component based on FAST MC + identical HYDJET hard component
PYQUEN)

http://cern.ch/lokhtin/hydjet++

(nocneduss eepcus 2.4.3)

L.Lokhtin, L.Malinina, S.Petrushanko, A.Snigirev, I.Arsene, K.Tywoniuk,
Comp.Phys.Comm. 180 (2009) 779
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Compact Muon Solenoid (CMS)
At Large Hadron Collider (LHC)
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previous results:
Flows relations v,, [ XeXe] /v, |PbPb| at 5.44 TeV and 5.02 TeV respectively

per nuclon in c.m.s. in Monte-Carlo generator HYDJET++
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The results for the flows were obtained in the HYDJET++ generator relative to the true plane of the reaction
(statistics approx. 1 million. events for each centrality).
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Flows relations v,, [ XeXe] /v, [PbPb] at 5.44 TeV and 5.36 TeV respectively
per nuclon in c.m.s. in Monte-Carlo generator HYDJET++
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The results for the flows were obtained in the HYDJET++ generator relative to the true plane of the reaction
(statistics approx. 1 million. events for each centrality). 7



Predictions for v, distributions for O—O collisions with an energy of 6.8
TeV per nucleon in the c.m.s. in the Monte Carlo generator HYDJET++
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* The form of dependence differs from those for Pb and Xe
 In order of magnitude, the distributions are similar
* The peak of the distribution is shifted towards higher p; than that of Pb and Xe g



Predictions for v3 distributions for O—O collisions with an energy of 6.8
TeV per nucleon in the c.m.s. in the Monte Carlo generator HYDJET++
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» The form of dependence differs from those for Pb and Xe

* The peak of the distribution is shifted towards higher pr than that of Pb and Xe

* In magnitude, the triangular flow is similar to the elliptical one, which was not observed
earlier
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Calculations for v, iIn Pb—Pb collisions at the 5.02 TeV In
c.m.s. using reaction plane method
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The results for the flows were obtained in the HYDJET++ generator

(statistics approx. 1 million. events for each centrality true and calculated).
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Calculations for v, in Xe—Xe collisions at the 5.44 TeV In

c.Mm.s. using reaction plane method
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The results for the flows were obtained in the HYDJET++ generator
(statistics approx. 1 million. events for each centrality true and calculated).
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Calculations for v; iIn Pb—PDb collisions at the 5.02 TeV In
c.Mm.S. using reaction plane method
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The results for the flows were obtained in the HYDJET++ generator
(statistics approx. 1 million. events for each centrality true and calculated).

12



0.16
0.14
02

0.1
0.08
0.06
0.04
0.02

0.14
0.12

0.1
0.08
0.06
0.04
0.02

Calculations for v; in Xe—Xe collisions at the 5.44 TeV In
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The results for the flows were obtained in the HYDJET++ generator
(statistics approx. 1 million. events for each centrality true and calculated).
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Calculations for v, and v3 In O—O collisions at the 6.8 TeV In
c.Mm.S. using reaction plane method
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The results for the flows were obtained in the HYDJET++ generator
(statistics approx. 1 million. events for each centrality true and calculated).



SUMMARY

Azimuthal flows and its relations in collisions of xenon and lead with an energy
of 5.44 TeV and 5.02 TeV respectively per nuclon in c.m.s. were compared
using the standard generator method

The reaction plane method — method for calculating azimuthal flows used in
CMS — was mastered and put into operation of the HYDJET++ generator

Relativistic collisions of lead and xenon ions with an energy of 5.44 TeV and
5.02 TeV respectively per nuclon in c.m.s. were generated in new HYDJET++
settings and azimuthal flows were calculated using a new method

As a result, it turned out that for all collisions and all centralities, the magnitude
of the elliptical v, and triangular v; flows appear to be lower when calculating
the latter by the reaction plane method

The biggest difference in the magnitude of the flows when calculated by the
two methods is observed in the calculation of triangular flows in xenon
collisions
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Vo AN CTONKHOBEHNW Xe-Xe ¢ aHepruen 5.44 TaB n Pb-Pb ¢ sHepruen

PesynbTaTbl A/15 Vo, NOMy4YeHHble B akcnepmeHte CMS MeTo0oM ABYXHaCTUUHbLIX KOPPenaumii.

5.02 TaB Ha HyknoH B CLUM B akcnepumeHTe CMS

Phys. Rev. C 100 (2019) 044902
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Vo ON151 CTONIKHOBEHNN Xe-Xe ¢ aHepruen 5.44 TaB n Pb-Pb ¢ sHepruen
5.02 TaB Ha HyknoH B CLUM B MoHTe-Kapno reHepatope HYDJET++
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V3 /19 CTONIKHOBEHNN Xe-Xe ¢ aHepruen 5.44 TaB n Pb-Pb ¢ sHepruen
5.02 TaB Ha HyknoH B CLUM B akcnepumeHte CMS

Phys. Rev. C 100 (2019) 044902
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V3 0191 CTONIKHOBEHNN Xe-Xe ¢ aHepruen 5.44 TaB n Pb-Pb ¢ sHepruen
5.02 TaB Ha HyknoH B CLUM B MoHTe-Kapio reHepaTtope HYDJET++
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CpaBHeHMEe OTHOLLEHUN rapMOHUK V, B CTONIKHOBEHNSAX XeXe u PbPb B
akcnepumeHte CMS n MoHTte-Kapno reHepatope HYDJET++
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Predictions for v, distributions for Pb—Pb collisions with an energy of 5.36 TeV
and Xe—Xe with an energy of 5.44 TeV per nucleon in the c.m.s. in the Monte
Carlo generator HYDJET++
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The results for the flows were obtained in the HYDJET++ generator relative to the true plane of the reaction
(statistics approx. 1 million. events for each centrality).
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Predictions for vs distributions for Pb—Pb collisions with an energy of 5.36 TeV
and Xe—Xe with an energy of 5.44 TeV per nucleon in the c.m.s. in the Monte
Carlo aenerator HYDJET++
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The results for the flows were obtained in the HYDJET++ generator relative to the true plane of the reaction
(statistics approx. 1 million. events for each centrality).

13



Integral values of elliptical and triangular flows for 11 centralities for Pb—
Pb collisions at an energy of 5.36 TeV per nucleon and Xe—Xe at an
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The results for the flows were obtained in the HYDJET++ generator relative to the true plane of the reaction
(statistics approx. 1 million. events for each centrality).
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Integral values of elliptical and triangular flows for 11 centralities for Pb—
Pb collisions at an energy of 5.36 TeV per nucleon and Xe—Xe at an

energy of 5.44 TeV per nucleon in the c.m.s.
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The results for the flows were obtained in the HYDJET++ generator relative to the true plane of the reaction

(statistics approx. 1 million. events for each centrality).
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[TpeackasaHnsa pacnpeneneHnin v, ons ctonikHoseHn Pb—Pb ¢ sHeprmen
5.36 TaB Ha HyknioH B CUM B MoHTe-Kapno reHepatope HYDJET++

. _ Centrality: 0-5% _ 5-10% _ 10:15% _ 15-20%
0.2 = = C
~ 0.15F - - 3

0.1 - — e, S .,

0.05F F . - E o, . E
E & .‘ '...‘hn P .gr_ - T e P 4 e
:I -IQ. mﬂﬁ% t'.. AR A A Wl Y s i e :I!'.. R I ] - R A I W :I ._. A IR - I CHRCRE S I ] B R

0.25 - - E -

0.2 - 5 = - o
0.15 g e - 2. - E g . C - .
0.1F - - . '. - - 5 - -

o.os;— . "ot ....,5.};—_

%....I...I...I..I..:I....I...I...I..I..i....l.ﬁi.l...l..I..._I...I...I...I...I...

0.25 - o |
: 40-50% oM 50-60% f .« * 60-70%

02F & e - . g

N c N HYDJET ++ Pb-Pb
0.15 @ @ & = b Y
~ F - . - » ;. - Sy = 5-36 TeV

0-1:_ - i =X ] [ - i

Y e B

0 2 a4 e 8 10 2 4 6 8 10 2 4 6 8 10
p; (GeVic) p,; (GeV/c) p; (GeVic)

T OWUpNNIA VI DT IVITIVIIA SADVILVINIVUL LV VIQU TV v iJiiaiviva Ul Anffiau iiVIVIFIOADIA LJin 1 VU v

3Heprun 5.02 TaB

12



[TpeackasaHnsa pacnpeneneHnin v ans ctonkHoseHn Pb—Pb ¢ sHepruen
5.36 TaB Ha HyknoH B CLUM B MoHTe-Kapno reHepatope HYDJET++
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