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Motivation

● QGM is not directly detected —     
needed indirect observables
 

● 𝜐
n
(p

T
, η, √s

NN
, centrality) — sensitive 

to the early stages of collision.

● Important constraint on transport 
properties: EOS, η/s, ζ/s, etc.

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

1
 slope change

○ out-of-plane  𝜐
2

2
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New measurements of 𝜐
n
 in this energy range could 

provide new information of transport properties, 
particle production mechanisms and improve existing 
models

https://link.springer.com/article/10.1140/epja/s10050-023-00936-6
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Flow calculation
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Ψ
RP

 cannot be obtained directly so Ψ
n

 is used 
which can be calculated using flow vectors Q

n

Event plane method:

for n = 2, 3 used two sub events 

in this case, because RP not spin
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Directed flow of charged hadrons (1)
v

1
 slope increase from 

central to peripheral 
collisions for 
mid-rapidity |η| < 1
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Directed flow of charged hadrons (2)

v
1

 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

cent 0-10% 10-40% 40-80%
Npart 133 - 168 100 - 168 94 - 163

<Npart> 160 146 117

cent 0-10% 10-40% 40-80%
Npart 233 - 272 184 - 272 162 - 262

<Npart> 263 242 197

Centrality dependencies 
is observed for v

2

Increase v
2

 signal from 
central to peripheral 
collisions

Big signal for O+O 
collisions =>possible 
influence of non-flow 
effects => needs to be 
checked
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Triangular flow of charged hadrons
Mostly negative values, 
strange behaviour 

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

Big non-flow contribution?
 => needs to be checked
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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?

Основная цель данной работы заключается не в моделировании КГМ, а в вычислении коллективных 
потоков в условиях, заведомо свободных от гидродинамической фазы. В исправленной версии 
аннотация и введение были переписаны, чтобы обозначить эту задачу: результаты, полученные на 
данных UrQMD, следует рассматривать как реперную точку для сравнения с моделями, включающими 
гидродинамику, при энергиях коллайдера NICA.
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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 of 𝜐
1

, 𝜐
2

 and  𝜐
3

 in O+O, Kr+Kr and Xe+Xe collisions at √s
NN

 = 6 in UrQMD are presented.

(centrality, p
T

, η)-dependence of  𝜐
1

, 𝜐
2

 and 𝜐
3

:

● 𝜐
1

 slope increase from central to peripheral collisions for |η| < 1. 𝜐
1

 slope of protons is 

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

energies

● For 𝜐
2 

centrality dependencies is observed. In plans checked influence nucleus eccentricity. 

Big signal 𝜐
2

  fo O+O, possible influence non-flow effects, will be checked.

● Mostly negative values 𝜐
3

 for all collading system, needs to be checked.
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Initial eccentricity (and its attendant fluctuations), ε
n
, drives momentum anisotropy, 𝜐

n
, 

with specific viscous modulation

𝜐
2

 - elliptic flow
 

𝜐
3

 - triangular flow
 

𝜐
1

 - directed flow
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Illustration from M.Luzum arXiv:1107.0592 

Azimuthal anisotropy

https://arxiv.org/pdf/1107.0592


UrQMD, 6 GeV:
● O+O: ~48M
● Kr+Kr:  ~6.6M
● Xe+Xe: ~6.3M

cent, % 0 - 5 5 - 10 10 - 20 20 - 30 30 - 40 40 - 50 50 - 60 60 - 70 70 - 80

O+O Centrality

RefMult 19 - 48 16 - 19 12 - 16 9 - 12 7 - 9  5 - 7 4 - 5 3 - 4 2 - 3

Kr+Kr Centrality

RefMult 116 - 181 96 - 116 67 - 96 46 - 67 31 - 46 20 - 31 12 - 20 7 - 12 4 - 7

Xe+Xe Centrality

RefMult 186 - 294 153 - 186 105 - 153 71 - 105 47 - 71 29 - 47 17 - 29 10 - 17 5 - 10

Datasets

14

Cuts for RefMult:
● charged  particles
● |η| < 1
● pT > 0.15 GeV/c
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