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Anisotropic flow & spectators

The azimuthal angle distribution is decomposed
in a Fourier series relative to reaction plane angle:

|off plane squeeze-out|

p(p — Upp) = %(1 +2> 7 v, cosn(p — ¥grp))

Anisotropic flow:

bounce off Up = <COS [’n(SO o \IIRP)D

[off plane squeeze-oul Anisotropic flow is sensitive to:

e Time of the interaction between overlap region and spectators
e Compressibility of the created matter



v_as a function of collision energy

v, suggests softer EOS
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v, suggests harder EOS
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Flow measurements constrain the

mean field

Discrepancy is probably due to non-flow correlations
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The BM@N experiment (GEANT4 simulation for RUNS)
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Flow vectors

F1 e F3

From momentum of each measured particle
define a u_-vector in transverse plane:

U, = e

10°

(GeVic)

d 25 10°

where @ is the azimuthal angle

s 104

Sum over a group of u_-vectors in
one event forms Q -vector:
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Flow methods for v_ calculation Using 2-subevents doesn’t
M M t al 2020 PDN lei 53, 277281 DEFo45§ ® F2ATp(F1,F3)
. amaeyv et a uclel , - : —
Tested in HADES: i Mamaev et al 2020 J. Phys.: Conf. Ser. 1690 012122 b F2 " Fo(TR(F1F9)
' F U v F2{T-(F1,F3)}
Scalar product (SP) method: Rt TE é? O Fe(F1FY)
F1 F1 AF3 03F -
v <U1Q1 > vy = <U2Q1 1 > e = -
1 = — F1 pF3 E
Ry B R 0.2F
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Where R1 is the resolution correction factor . 1;_
F1 _ F1 RP 0.05F
Rl _<COS(\Ijl _\Ijl )> O:----I-...I....I....I....I....

Symbol “F2(F1,F3)” means R, calculated via
(3S resolution):

RFAFLES) _ J@rPeM Qo)
: _

F1F
Q1" Q1)

Method helps to eliminate non-flow

centrality (%)

Symbol “F2{Tp}(F1,F3)" means R,
calculated via (4S resolution):
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Preliminary results for proton v,

g Analysis Note

. Directed flow v; of protons in the Xe+Cs(I) collisions at 3.8
s AGeV (BM@N run8)

+  Mikhail Mamamev', Arkadiy Taranenko?, Alexander Demanov, Petr Parfenov,

s Valery Troshin.

P National Research Nuclear University MEPhI, Moscow, Russia

7 Joint Institute for Nuclear Research, Dubna, Russia

s Institute for Nuclear Research of the Russian Academy of Sciences, Moscow, Russia

u In this note, we present the directed flow v, measurements of protons from

= Xe+Cs(I) collisions at 3.8 AGeV (BM@N run8). We show the datasets, event and
s track selection cuts, centrality definition, event plane reconstruction and resolution.
w The vy results are presented as function of transverse momentum (pr) and rapidity

s (Yem) for 10-30% central Xe+Cs(I) collisions. The systematic uncertainty study will

s also be presented and discussed. The v; measurements are compared with results

w» of JAM transport model calculations and published data from other experiments.

Analysis note: https://indico.jinr.ru/event/4750/attachments/19780/34163/ANoteFlowRun8.pdf



Total systematic uncertainty

Nhits chi2 |dentification Secondary | Non-flow Non-zero v, | vtx Total
aty_ =0

5% 2% 2% 1% 4% 2% 5% 8%



v, in new production compared with old one
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JAM model describes v, (y) well



v, as a function of pT and y
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vy

dv,/dy|, _, vs collision energy
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v, as a function of y: comparison with STAR
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N tracks

Off-target collisions contribution
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e With target — with all selection criteria used in
analysis
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e Normalized to number of events, then scaled
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Outlook: Pilleup effect
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Increasing the acceptance of TOF-subsystems
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e \We need to increase the coverage of the
TOF-subsystems in midrapidity
e Measuring the v_at lower energies are required
to study the system size dependence of v_
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v, with system size and collision energy
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Summary

e Directed flow of protons is measured as a function of y, p.. and centrality
e v, as afunction of y is found to be in a reasonable agreement with STAR data

Finalizing the result:

e Pile-up rejection based on Oleg Golosov analysis will be applied
e The off-target events contribution is found to be ~0.2%
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v, dependence on system size and collision energy
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Performance for v, and v, in Xe+Cs (JAM+GEANT4)
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Quality assurance for the recent data
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Azimuthal asymmetry of the BM@N acceptance
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@-n yield of protons
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Corrections are based on method in:

I. Selyuzhenkov and S. Voloshin PRC77, 034904 (2008)
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e Better agreement after rescaling for YY
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magnetic field)
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Symmetry plane resolution in Xe+Cs(l) collisions
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All the estimations for symmetry plane resolutions are in a good agreement
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Residual effects of detector non-uniformity
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Particle identification
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Proton N-sigma distributions
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Comparison of the TOF performances
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Comparison of the TOF performances
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Systematics due to identification and tracking
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Systematics due to tracking and secondary
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Systematics due vtx position
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Cross-check of run-by-run variations and centrality
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Systematics due to symmetry plane estimation (non-flow)
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2023/16.%20BERDS%20Meeting%2019072023/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/
2023/20.%20BERDS%20Meeting%2020092023/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/
2024/04.%20BERDS%20Meeting%2007022024/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/
2024/06.%20BERDS %20Meeting%2021022024/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/
2024/07.%20BERDS %20Meeting%2028022024/
https:/bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/

2024/09.%20BERDS%20Meeting%2027032024/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/

2024/13.%20BERDS%20Meeting%2019062024/

Collaboration and Analysis meetings

9th Collaboration Meeting of the BM@N Experiment at the NICA Facility
https://indico.jinr.ru/event/2912/contributions/17313/
https://indico.jinr.ru/event/2912/contributions/17312/
https://indico.jinr.ru/event/2912/contributions/17407/

10th Collaboration Meeting of the BM@N Experiment at the NICA Facility
https://indico .jinr.ru/event/3531/contributions/20552/
https://indico.jinr.ru/event/3531/contributions/20553/
https://indico.jinr.ru/event/3531/contributions/20554/

Analysis & Software Meeting of the BM@N Experiment
https://indico.jinr.ru/event/3876/contributions/22787/\
https://indico.jinr.ru/event/3876/contributions/22788/
https://indico.jinr.ru/event/3876/contributions/22863/

11th Collaboration Meeting of the BM@N Experiment at the NICA Facility
https://indico .jinr.ru/event/3961/contributions/23786/
https://indico.jinr.ru/event/3961/contributions/23787/
https://indico.jinr.ru/event/3961/contributions/23783/

Analysis and Detector Meeting of the BM@N Experiment
Azimuthal collective anisotropy in the recent Xe+Cs(l) physical run
Report on the QA and run-by-run systematics in the Xe+Cs(l) run

12th Collaboration Meeting of the BM@N Experiment at the NICA Facility

https://indico .jinr.ru/event/4395/contributions/26533/
https://indico jinr.ru/event/4395/contributions/26539/
https://indico.jinr.ru/event/4395/contributions/26536/
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https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/13.%20BERDS%20Meeting%2004052022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/13.%20BERDS%20Meeting%2004052022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/14.%20BERDS%20Meeting%2018052022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/14.%20BERDS%20Meeting%2018052022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/15.%20BERDS%20Meeting%2001062022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/15.%20BERDS%20Meeting%2001062022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/17.%20BERDS%20Meeting%2015062022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/17.%20BERDS%20Meeting%2015062022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/20%D1%8E%D0%98%D0%A3%D0%9A%D0%92%D0%AB%20%D0%AC%D1%83%D1%83%D0%B5%D1%88%D1%82%D0%BF%2013.07.2022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/20%D1%8E%D0%98%D0%A3%D0%9A%D0%92%D0%AB%20%D0%AC%D1%83%D1%83%D0%B5%D1%88%D1%82%D0%BF%2013.07.2022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/20%D1%8E%D0%98%D0%A3%D0%9A%D0%92%D0%AB%20%D0%AC%D1%83%D1%83%D0%B5%D1%88%D1%82%D0%BF%2013.07.2022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/21.%20BERDS%20Meeting%2020.07.2022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/21.%20BERDS%20Meeting%2020.07.2022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/22.%20BERDS%20Meeting%2003082022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/22.%20BERDS%20Meeting%2003082022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/23.%20BERDS%20Meeting%2010082022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/23.%20BERDS%20Meeting%2010082022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/24.%20BERDS%20Meeting%2012092022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/24.%20BERDS%20Meeting%2012092022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/26.%20BERDS%20Meeting%2026102022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/26.%20BERDS%20Meeting%2026102022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/28.%20BERDS%20Meeting%2023112022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2022/28.%20BERDS%20Meeting%2023112022/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2023/07.%20BERDS%20Meeting%2005042023/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2023/07.%20BERDS%20Meeting%2005042023/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2023/16.%20BERDS%20Meeting%2019072023/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2023/16.%20BERDS%20Meeting%2019072023/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2023/20.%20BERDS%20Meeting%2020092023/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2023/20.%20BERDS%20Meeting%2020092023/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2024/04.%20BERDS%20Meeting%2007022024/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2024/04.%20BERDS%20Meeting%2007022024/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2024/06.%20BERDS%20Meeting%2021022024/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2024/06.%20BERDS%20Meeting%2021022024/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2024/07.%20BERDS%20Meeting%2028022024/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2024/07.%20BERDS%20Meeting%2028022024/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2024/09.%20BERDS%20Meeting%2027032024/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2024/09.%20BERDS%20Meeting%2027032024/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2024/13.%20BERDS%20Meeting%2019062024/
https://bmn-wiki.jinr.ru/bin/view/Meetings/6.%20Meetings/5.7.2%20Reconstruction/2024/13.%20BERDS%20Meeting%2019062024/
https://indico.jinr.ru/event/2912/contributions/17313/
https://indico.jinr.ru/event/2912/contributions/17312/
https://indico.jinr.ru/event/2912/contributions/17407/
https://indico.jinr.ru/event/3531/contributions/20552/
https://indico.jinr.ru/event/3531/contributions/20553/
https://indico.jinr.ru/event/3531/contributions/20554/
https://indico.jinr.ru/event/3876/contributions/22787/%5C
https://indico.jinr.ru/event/3876/contributions/22788/
https://indico.jinr.ru/event/3876/contributions/22863/
https://indico.jinr.ru/event/3961/contributions/23786/
https://indico.jinr.ru/event/3961/contributions/23787/
https://indico.jinr.ru/event/3961/contributions/23783/
https://indico.jinr.ru/event/4395/contributions/26533/
https://indico.jinr.ru/event/4395/contributions/26539/
https://indico.jinr.ru/event/4395/contributions/26536/
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dv./dy as a function of centrality

HADES Au+Au (Syy = 2.4 GeV
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Weak centrality dependence for directed flow
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HADES: dv./dy scaling witlh collision energy and system size
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Scaling with collision energy is
observed in model and
experimental data

Scaling with system size is
observed in model and
experimental data

We can compare the results with
HIC-data from other
experiments(e.g. STAR-FXT
Au+Au
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dv1/dy|y=O vs collision energy
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dN/N, refMult
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Outlook: Centrality determination
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We are planning to use the new centrality based on
calibrated multiplicity
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vV, with different centralities
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JAM model describes v, (y) well




v,, with system size and collision energy
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