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QGM i is not directly detected —
needed indirect observables

vn(pT, n, ‘/SNN’ centrality) — sensitive
to the early stages of collision.

Important constraint on transport
properties: EOS, n/s, {/s, etc.

At low energies (2 - 10 GeV) strong
impact of spectators:

o v, slope change

o out-of-plane v,

New measurements of v_ in this energy range could
provide new information of transport properties,
particle production mechanisms and improve existing

models
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https://link.springer.com/article/10.1140/epja/s10050-023-00936-6

Flow calculation

3 2 =
d&°N _ 1 d°N (1+ Z 2v,cos(n(¢ —¥rp)))

E —
dp 27 prdprdy’ =

W, cannot be obtained directly so ¥ is used
which can be calculated using flow vectors Q_

Event plane method:
Qry . > wisin(ng;)
Qnz  Y; wicos(ng;)

tg(n¥,) =

5 6 Q-vector
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v, = (cos[n(¢; — Ygrp)])

v, = (cos[n(¢p; — ¥,)])

in this case, because RP not spin

v1 = (cos(¢i))
for n = 2, 3 used two sub events

Vp = (cos[n(digr — Ynpr)l)



Directed flow of charged hadrons (1)
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v, slope increase from
central to peripheral
collisions for
mid-rapidity [n| < 1



Directed flow of charged hadrons (2)

v, slope of protons is opposite for 0-10% and 10-40% centrality
Other mechanism of particle production for low energies
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Elliptic flow of charged hadrons
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Centrality dependencies
is observed for v,

Increase v, signal from
central to peripheral
collisions

Big signal for O+O
collisions =>possible
influence of non-flow
effects =>



Triangular flow of charged hadrons
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Mostly negative values,
strange behaviour

Probably the influence of
fluctuations of the initial
state as a function of A (?7?)

Big non-flow contribution?
=>



Referee comments (1)

The abstract and introduction mention Quark Gluon Matter (QGM) and the importance of studying it at
NICA energies, but the article itself uses a cascade version of UrQMD that does not include QGM. How can
you study QGM if it is not in your model?

OcHoBHag uenb gaHHoOM paboTbl 3akntoyaeTca He B mogennpoBaHum KI'M, a B BbIYMCNEHMN KOSNNEKTUBHbIX
NMOTOKOB B YCOBUSIX, 3aB€4OMO CBOBOAHbIX OT ruapoamHammuyeckon asbl. B ucnpasneHHon Bepcum
aHHoTauus 1 BBegeHue bbinuy nepenmcanbl, YToObl 0603HAYMTL 3Ty 3a4ady: pesynbraTtbl, NoflyYeHHble Ha
AaHHbix UrQMD, criegyeT paccmaTtpumBaTth Kak penepHyr TOYKY A58 CpaBHEHUS C MOLENAMM, BKITHOYAOLLNUMN
rmopoavHamuky, npm aHeprusx konnavgepa NICA.

Alexey Povarov XXVIth International Baldin Seminar



Referee comments (2)

It is known that non-flow correlations dominate in small colliding systems and special methods must be
used to reduce and subtract them. The use of the event plane method with a minimum pseudo-rapidity
interval is not a method for studying anisotropic flows in small systems. This is evident in your results.
To demonstrate the applicability of the event plane method for elliptical and triangular flows, it is
necessary to draw the resolution of the event plane for the given harmonics.
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Referee comments (3)

It is known that non-flow correlations dominate in small colliding systems and special methods must be
used to reduce and subtract them. The use of the event plane method with a minimum pseudo-rapidity
interval is not a method for studying anisotropic flows in small systems. This is evident in your results.
To demonstrate the applicability of the event plane method for elliptical and triangular flows, it is
necessary to draw the resolution of the event plane for the given harmonics.
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Summary

Results ofvl, v,and v

2

(centrality, p,, n)-dependence of v, U, and (%

° U, slope increase from central to peripheral collisions for |n| < 1. v, slope of protons is

opposite 0-10% and 10-40% centrality => Other mechanism of particle production for low
energies

e For v, centrality dependencies is observed. In plans checked influence nucleus eccentricity.

Big signal v, fo O+0, possible influence non-flow effects, will be checked.

e Mostly negative values Uy for all collading system, needs to be checked.

3 in O+0, Kr+Kr and Xe+Xe collisions at ‘/SNN =6in UrQMD are presented.
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Azimuthal anisotropy

AN
\_ 7»// \\/
n=2 n=3 n=4
3 2 I~
__[¢rcosng) + (r"sinng) g N _L_dN .y cos(n(é—%

Initial eccentricity (and its attendant fluctuations), €, drives momentum anisotropy, v,
with specific viscous modulation

v, - directed flow v, - elliptic flow
, @

Hlustration from M.Luzum arXiv:1107.0592
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https://arxiv.org/pdf/1107.0592

Datasets

UrQMD, 6 GeV:
o 0O+0: ~48M
o Kr+Kr: ~6.6M
o XetXe: ~6.3M

cent, % 0-5
0+0 Centrality
RefMult 19-48

Kr+Kr Centrality

RefMult = 116-181
Xe+Xe Centrality
RefMult = 186-294
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96-116

153-186

Cuts for RefMult:

e charged particles

e [nf<T

e pT>0.15GeV/c
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