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Relativistic heavy-ion collisions
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MPD and BM@N will study QCD matter at extreme up
Several future (MPD) and ongoing (NA61/SHINE, STAR) experiments cover the same beam energy range
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EOS for high baryon density matter
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A. Sorensen et. al., Prog.Part.Nucl.Phys. 134 (2024) 104080

New data is needed to further constrain transport models with hadronic d.o.f.
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Anisotropic flow at LHC/
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Anisotropic flow at Nuclotron-NICA energies
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VHLLE+UrQMD: Elliptic and triangular flow in Au+Au
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Reasonable agreement between results of vVHLLE+UrQMD model and published PHENIX data
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Elliptic flow at NICA energies: Models vs. Data
comparison
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Good agreement between vHLLE+UrQMD (n/s= 0.2, XPT EOS), AMPT models and STAR data for \/syy =7.7 GeV
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Elliptic flow at NICA energies: Models vs. Data
comparison
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vi2(y) in Au+Au /Syn=3 GeV: model

A. Sorensen et. al., Prog.Part.Nucl.Phys. 1
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1 Model description of v,,:

Good overall agreement for v,, of
protons
v, of light nuclei is not described
v,, of A is not well described
* nucleon-hyperon and
hyperon-hyperon
interactions
Light mesons (m,K) are not
described
* No mean-field for mesons

Models have a huge room for improvement in terms of describing v,,
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MPD Experiment at NICA
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vHLLE+UrQMD, ...)

method and MC-Glauber

Track selection:
~ Primary tracks

" Nipe s = 106
- 0.2 < p;, <3.0GeV/c
~ In] < 1.5

~ PID - ToF + dE/dx
-5<n<-2

FHCal TPC
0.2<p.<3 GeV/c
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-1.5<n<1.5

GEANT4

—| Reconstruction

Bi+Bi: 50M at Vs, = 9.2 GeV (UrQMD,

2<n<5

FHCal

Centrality determination: Bayesian inversion

Event plane determination: TPC, FHCal

Multi-Purpose Detector in collider mode (MPD-CLD)
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Anlsotroplc flow in MPD-CLD
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Elllptlc flow in MPD-CLD
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Trlangular flow in MPD-CLD
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MPD in Fixed-Target Mode (FXT)

MPD-FXT e Model used: UrQMD mean-field
b O  Bi+Bi, E,, =1.45 AGeV (Vs =2.5 GeV)
s | ' o O  Bi+Bi, E,, =2.92 AGeV (Vs =3.0 GeV)
- -- O  Bi+Bi, E,, =4.65 AGeV (Vs,,=3.5 GeV)
n~16| ® Point-like targetatz=-115cm
GEANT4 transport
Multiplicity-based centrality
n~29 determination
PID using information from TPC and TOF
Primary track selection: DCA<1 cm
Track selection:
O N,..>27 (protons), N, .. >22 (pions)
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The Bayesian inversion method (I-fit)

Relation between multiplicity N, and impact parameter b is defined by

the fluctuation kernel:

cp)—1 —N 2
k(cy))0* NC};I( e o <§ >=9:const’k=_<Nch>
ch

b
Cc, = jP(b "Ydb' - centrality based on impact parameter
0

P(Nchlcb) = l.,(

Mean multiplicity as a function of ¢, can be defined as

follows: .
<Nch> =N e GXP[Z%C;] Nipeer 05 a, -5 parameters
j=1

2 main steps of the method:

Fit experimental (model)
distribution with P(N)

Construct P(b |E) using
Bayes’ theorem:
P(b|N) = P(b)P(N|b)/P(N)

Fit function for N, distribution: b-distribution for a given N, range:
P(N.p) flP(N |c,)d P(b|ny < N, <n,) =P(b) f?:z f Wenlb)dNer
h) = hlCp)ACp ny h<SN2) =
‘ 0 ‘ ’ J:;ZP (Nch)chh
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Centrality determination: multiplicity fit
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Cuts on tracks: Good agreement between fit and data
® Nhits>16

® O<n<2

Multiplicity-based centrality determination (I-fit) was used
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dEdx, a.u.

m?, (GeVic®)’

PID procedure

W. Blum, W. Riegler, L. Rolandi, Particle Detection with Drift
Chambers (2nd ed.), Springer, Verlag (2008)

- Fit dE/dx distributions with Bethe-Bloch
1600 parametrization:
1400 :_"' 1
F(BY) = = (2 — A7 = In (pg+ ——
1000 18211 (187)290
800 4! ‘) p P
i — = — £
;8 mz —FPQ? 18’}/ m P; fit
4008 parameters
T T A R A I Fit (dE/dx - f(By))/f(By) with gaus in the slices
of p/q and get o (dE/dx)
Fit m? with gaus in the slices of p/q and get ¢, (m?)

e
4.5 5
p/q, GeV/c

(dE/dx,m)—>(x,y) coordinates for PID:
(AE/dx)™" —(dE [ dx)]"
(dE/da)} o/ "

2 _ .2
m mp

Lp Yo T T2
P
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X, a.u.

dEedx, a.u.

PID procedure: Results

2000

1800

1600

1400

1200

1000

800
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400

200

2000

4 5
p/q, GeV/c

1800

1600

1400

1200

1000

800

600

400

200

_IIIIIIIIIIIlIIIlIII|III|III|III|III|III

|
(8]

5
p/q, GeV/c

m2, (GeV/c?)?

m2, (GeV/c?)?

! (dE,/dI)mmS—(dE,/dI)F{H
1 + dE/dz

1.5:— (dE/dI)gffﬂ.; (.

I 2 9

1+ Tl _mp

o

0:_” I | | N N | [ IR A PrOtonS:

; Ve blg, GeV/o $§_|_ yg < 2? \/&C% n y% > 3

_ Pions (m*):

" \/$§+y§<2,\/$§+y§>3
Pions (7t):
A . charge<0

p/q, GeV/c
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p_ (GeV/c)

T

p_ (GeV/c)

T

(y-pt) distribution, efficiency and o6pt (protons)

Efficiency (Y-pT) of primary protons

0.5

Reconstructed protons Yem-pT

p._ (GeV/c)

T

b.,IIII|IIII|IIII|IIII|IIII|IIII

Simulated protons Yem-pT

p_ (GeV/c)

T

0.5

0.5

EhIIII|IIII|IIII|IIII|IIII|IIII

EhIIII|IIII|IIII|IIII|IIII|IIII

0.8

0.6

0.4

0.2

0.1

0.08

0.06

0.04

0.02

0

dN
dydpr

(reco)

dN
dydpr

P — pre|

(sim)

ApT =

mec
Pr

Bi+Bi ‘/SNN=2-5 GeV
Cuts for reco tracks:

Nhits>27

DCA< 1cm

PID (TPC+TOF)
Primary (DCA<1 cm)

Cuts for sim particles:

® PID (pdg code)
® Primary (motherld)

Black box: acceptance
window for v _(y)

Red box: acceptance
window for v_(p,)
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Flow vectors

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

U, = e
where @ is the azimuthal angle

Sum over a group of u_-vectors in

one event forms Q_-vector:

Qn — Zk 1wnun —

ez’n
= Q|

W P is the event plane angle

‘IJEP

F3

e QfF2}
Modules of FHCal iE1]
divided into 3 QiFs}
groups

Reconstructed protons Ycm-pT

P, {GeV/c)

0.5

EJ.,IIII|IIII|IIII|IIII|IIII|IIII

=]

Additional subevents from tracks not
pointing at FHCal:
Tp: p; -1.0<y<-0.6; 20



Flow methods for v, calc

. M Mamaev et al 2020 PPNuclei 53, 277-281
Tested in HADES: ™M Mamaev et al 2020 J. Phys.: Conf. Ser. 1690 012122

Scalar product (SP) method:
(u1 Q") (2 Q1 Q1)
RF! Ry Ry?

Vo —

V1 =

Where R, is the resolution correction factor
_ RP
Ry = {cos(¥y" — ¥7™))

Symbol “F2(F1,F3)” means R,

calculated via (3S resolution):

F2 F3>

F2 AF1
ng(pl,pg) _ \/( 17Q1 )(Q17 @y sz{TP}(FlaF?’) _

JQrer)
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-~ 0.5

oC é MPD-FXT Bi+Bi@1.45A GeV
045 E_ A T A A @ Fi(Tp,F3)
0.4F a T m A
W 0 A [] F2(TpKF1,F3)
0.35
0.3 E: B A A F3(Tp,F1)
- il
025 ® ® o =
r @ ® i
0.2 E_ ® ® A
0.15® ® [H]
= F2 A
- @ _
0.1 E_ F1 ° I
0.05F o
0 - 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 20 40 60 80

Centrality, %

Symbol “F2{Tp}(F1,F3)” means R,

calculated via (4S resolution):

F1 ~AF3

@Rty
J@ror@rer)




Results: v,(y)

0.6

0.4

0.2

p

MPD-FXT Bi+Bi
p; 10-40%; 0.7<p_<1.3 (GeV/c)

@ 1.45A GeV

@ 292A GeV

@® 4565AGeV

cm

12.09.2024

Systematics: xx, vy, F1, F2, F3

T L1 N
> 0 4:_ MPD-FXT Bi+Bi > 0 4:_ MPD-FXT Bi+Bi
"TE m510-40%; 0.5¢p_<1.0 (GeVic) "TE w;10-40%; 0.5¢p_<1.0 (GeV/c)
03:_ ® 1.45A GeV 03:_ ® 1.45A GeV
0 2:_ @® 2.92A GeV : 0 2:_ @® 2.92A GeV
E ® 4.65A GeV E ® 4.65AGeV
0.1 0.1
oF OF
—0.1k —0.1F
-0.2F -0.2F
A Ak | | L A AL | | |
0.3 —1 0 1 0.3 —1 0 1
ycm ycm

Good agreement with MC data
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Results: v,(p+)

0.15

0.1

0.05

o

p

| MPD-FXT Bi+Bi
p; 10-40%; -0.5¢y _ <-0.1

@ 1.45A GeV
® 2.92A GeV

@® 4565AGeV

OIIIIIIIIIIII
-O-

(&)

—h

12.09.2024

15 2

bT, GeV/c

Systematics: xxx, xyy

LN (1Y
> - MPD-FXT Bi+Bi > - MPD-FXT Bi+Bi *
0.05F =% 10-40%; -0.5<y CM<-0.1 0.05F 1’; 10-40%; -0.5<y cM<'0'1 :
of of
-0.05[ ® -0.05[
; 4 f .
0.1 e 1.45nGev : + & ; 0.1 e 1.45aGev
[ @ 2.92AGev [ @ 2.92AGev +
—-0.15 I -0.15[ |
" ® 4.65A GeV I " ® 4.65A GeV : |
— i 1 L I 1 1 1 L I L 1 1 1 — i L 1 I L L 1 1 I L L L I 1
O'20 0.5 1 1.5 O'20 0.5 1 1.5
P, GeV/c P GeV/c

Good agreement with MC data
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The BM@N and MPD-FXT experiments

BM@N HCal — MPD-FXT

S|I|con\jr\GEM TOE-700

= A e Bl I
- = b = - s i,
- , b 0 o
- N \ I i ] \
b iy b . 'r .
; HE - - i |
J 11y
e i
T
i ! "
[ pp—
'
- - 2 — «[ryostat

Detectors used for anisotropic flow measurements:
* Tracking system: FSD+GEM (BM@N); TPC (MPD-FXT)
* PID: TOF-400, TOF-700 (BM@N); TPC, TOF (MPD-FXT)
* EP measurements: FHCal (BM@N), FHCal (MPD-FXT)
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~Comparison with BM@N performance

Bi+Bi@1.45A GeV

0.6  05<b'<1.0;0.7<p_<1.3 (GeVrc) BM@N TOF system (TOF-400 and TOF-700) has poor
- midrapidity coverage at Vs, = 2.5 GeV
B ® MPD-FXT F3(Tp,F1) . .
0.4~ ® One needs to check higher energies (Vs = 3, 3.5
i GeV)
0.2 S M@ AP ® More statistics are required due to the effects of
i magnetic field in BM@N:
ol O  Only “yy” component of <uQ> and <QQ>

correlation can be used

Despite the challenges, both MPD-FXT and
BM@N can be used in v_. measurements:

® To widen rapidity coverage
® To perform a cross-check in the future

I
. © ;

~
IIIIIIIIIIIIII

-1.5 -1 0.5 0 0.5 1 1.5
y 25

cm




Summary

e Strong energy dependence of v_ at Nuclotron-NICA energy range

O  Big passing times — spectators influences flow formation
o v, atvs,>7.7 GeV: models with QGP

o v atvs,<7.7 GeV: models without QGP (cascade or mean-field models)

® Performance study for the anisotropic flow measurements was shown for the MPD-FXT using realistic procedures for centrality
determination, primary track selection and PID:

O Multiplicity-based centrality determination using I'-fit shows good agreement between fit and data

O  Overall good agreement between the estimated fit and impact parameter with the corresponding values
taken directly from the model

O  Basic PID was performed using dE/dx from TPC and m?2 from TOF

e Directed and elliptic flow of protons and pions were measured for Vs = 2.5, 3, 3.5 GeV:

O  Good agreement between reconstructed and model data within corresponding acceptance windows for all
particle species

e Both MPD-FXT and BM@N can complement each other in terms of v :

O  Cross-checks can be performed to test the implemented flow measurement techniques

O  Using results from both experiments can widen the rapidity coverage - no single fixed target experiment can
achieve that!

New data from the BM@N and MPD (MPD-FXT) is required to address existing discrepancies in the experimental data and provide

further constraints for the EoS in the models
12.09.2024 2nd China-Russia NICA
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Hybrid models for anisotropic flow at RHIC/LHC

0.1F

P integrated VE{EP} vs centrality, Ys=39 GeV

1. UrQMD + 3D viscous hydro model vHLLE+UrQMD 009

0.08
lurii Karpenko, Comput. Phys. Commun. 185 (2014), 3016 007 .
https://github.com/yukarpenko/vhlle 0.06¢-
Parameters: from lu. A. Karpenko, P. Huovinen, H. Petersen, M. Bleicher, > 0.05¢-
Phys. Rev. C91 (2015) no.6, 064901 — good description of STAR 0.04F-
BES results for v, of inclusive charged hadrons (7.7-62.4 GeV) 003 .\ ST
Initial conditions: model UrQMD Z(ﬁjﬁ' —gz;lo-f’é
QGP phase: 3D viscous hydro (VHLLE) with crossover EOS (XPT) TR T
Hadronic phase: model UrQMD %1020 3020 R0 80 7080

centrality percentage

2. A Multi-Phase Transport model (AMPT) for high-energy nuclear
collisions >

The main source code (Zi-Wei Lin):
https://myweb.ecu.edu/linz/ampt/v1.26t9b/v2.26t9b

Initial conditions: model HIJING
QGP phase: Zhang’s parton cascade for modeling partonic scatterings
Hadronic phase: model ART

0 05 1 15 2 2.5 3 35 a

V. Lin, C. M. Ko, B.A. Li, B. Zhang and S. Pal: ' | " p_[GeV/c]
sical Review C 72, 064901 (2005). T
24.07.2022 XXXVI HEP&FT 28



Sensitivity of the collective flow to the EOS

A. Sorensen et. al., Prog.Part.Nucl.Phys. 134 (2024) 104080

/
A. Sorensen et. al., Prog.Part.Nucl.Phys. 134 (2024) 104080 300 - hard EOS /’ )
5 061 AutAu,E,, /A=1.23 GeV % | o000y 9 Au+AY, E,_ /A1.23 GeV ---- soft EOS //
-z b=6-0 fm g ?? [ S 3° § b=6-9/fm, |y,,,|<0.05, p>0.3 GeV/c 250 - S/ ]
> s Bd e | o ?
D 05 HADES data: O.46fg;gg;@ .- . 002 X —
3 ATse | 2
0.4 - HG -0.04 2 200 - .
e | o
- ‘}.as J -0.06 E N -
| ; 80" 1L | 5 1501 E,,p [AGeV] | [GeV]
02 o — | O fee protons | 0o S =7 A0 2 12.8 AGeV | 525
) @ free neutrons ‘ : :ree Eel}trons t 5o E 100 6.4 AGeV | MPD
0.4 ]
o ©: += 3.2AGeV | 3.09 MPD-FXT
1.6 AGeV
g S 0150 g 50 82 ﬁgex . BM@N
et \ g c "
0.2 AGeV
Incompressibility K ,: 0 0 2' Alf 6 2

parameter which specifies the behavior of EOS in the

given baryon densities Ko = Ko(ng) ensity ap/0a

Models with flexible EOS for different (K, ng) Nuclotron-NICA coverage in terms of density: 2 < ng/n,
are required
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Selecting the model

0.6

0.4

0.2

P.Parfenov Particles 5 (2022) 4, 561-579

T

=
-
-
-

L | T

0.6

0.4

0.2

04

-0.6
0.6

0.4

0.2

(a) AusAu, (S,0=2.4 GeV - (b) 20:30% (x3)  1.0<p <15GeVic —
C 1.0<p, <1.5GeVic * F _ Cascademode s
g 4 DCM  JAM UramD E
ey s e M e e s B R - -
3 v 1 BT T
: =¥ 2 & ¥ ¥ :
e " i o X X A
E ¥ I ¥ ¥ 7
A . ke 3 Taun® =
— (a) Au+Au, |5,,=2.4 GeV () 20-30% (x3) 1.0<p_<1.5GeV/c
C 1.0<p_<1.5GeVic I JAM mean-field 3
e T ] e EEESSS— =
. F "MD2 'MD4 “NS1 Ns2 ]
R — - + f.-
_I 1 | 1 PR T T T 1 I_-_I PR T TR T N T T T T gty g o M I_
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
Particle Rapidity y
12.09.2024 2nd China-Russia NICA

Cascade models fail to
reproduce v_at low-energy

heavy-ion collision

Mean field models reproduce

the v_rather well
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Why do we need new measurements at BM@N ana
ME\‘Dl?"l"'l"'I"'I"'I"'I"'I"'I"'I"'I'—

0.1

|
o
w
CT ]

g
I
>
O
m
w

EOS AuAu 1.15 AGeV
—o KaOS AuAu 1AGeV

KaOS BiBi 1AGeV

FOPI chml<0.3 (21-30.9%)

HADES

Au+Au 1.23 AGeV
Centrality 20-30%
Protons

o

» The main source of existing systematic errors in v
results from different experiments (for example,

1 | 1 1 1 1 | | 1 1 1 |
0.2 04 06 0.8 1

dv,/dy’

1/2
snw [GeV] 3 35 4 45

0.5 (a)
0.4
0.3}

0.2F

1 T T T T [ © T T T [ T T T T[T

* -

5
Elab [AGCV]

measurements is the difference between
OPI and HADES, E895 and STAR)

* New data from the future BM@N (/syn=2.3-3.3 GeV) and MPD ( /syny=4-11 GeV) experiments
will provide more detailed and robust v,, measurements



v at Nuclotron-NICA energie

v, suggests soft EoS

pmax/po: ~2 N3 ~5 ~7

_rrl I L I 1 I | L I 1] 1] | I T1ii I | || |

0.4 [ DATA ore pressure =

B O Plastic Ball a

- O EOS i K=380 MeV _

= Va | )

03 - ®E895 / MPD FXT.- o
L~ N ¢ E877 / &
o I ' i
% = .
g 0.2 i 300 i
LL s i
= e 210 —

01 [ 7 o T ™

N 167 ]

i cascade i

00 - BM@N " MPD ]

= eSS pressure .

-l 11 I 1 1 1 I 111 II 1 1 1 I Ll lI 1 1 |

0.1 05 1.0 50 10.0
Ebeam /A (GeV)

P. DANIELEWICZ, R. LACEY, W. LYNCH
10.1126/science.1078070

v, suggests hard EoS

Pmax/Po- ~ie =3 =B =

0.05_IIII L] L] ] IIII|I| | ..I:..l ] IIIIII L] I_

B ess pressure _ )

5 MPD-FXT 1

L e = _

3 cascade .-~ : g

000 - e T el

/\ ke g -
S i DATA )
8 0051 o Plastic Ball -
v . -

o

i 210 EOS i

. ® E895 -

010 300 .- ‘5 4

i BM@N i

= K=380 MeV more @ ssure MPD T

-I 1 II 1 1 1 I L1 1l I 1 1 1 I LLLl I 1 1 )

0.1 05 1.0 50 10.0
Epean/A (GeV)

e v_results from the E895 experiment are ambiguous:

O v, suggests EoS and v, suggests hard EoS

@ _Additional experimental data are require

INa

d

SSla

to address this discrepancy
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V
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q-.u

08 11 112

0 selection: PF

T

o A
i

1
MPD-FXT 3
Bi+Bi, /Syy=2.5 GeV ]

A-p+m

motherld cut applied 7

M PR | |
114 116  1.18
m,.,, GeV/c?

1200}

1000

800

600

400

200F

S

MPD-FXT E
Bi+Bi, /Syy=2.5 GeV ]
K2 > nat +n

motherld cut applied_:

4 045 05

0.55 0.6 0.65
m,.,, GeV/c?

Simple

PFSimple: interface for the KFParticle package

KFParticle: package developed for complete reconstruction of
short-lived particles

* Successfully used in many experiments
* Based on the Kalman filter mathematics

. Indep?ndent in the sense of experimental setup (collider, fixed
target

First tests for A, Kg' from the MPD-FXT production are ready:
* Basic topological cuts:

L
Xt.?opo < 50,560 < 50,L >3 cm,a> 5cm

. Signaclj extraction: sideband fits, rotation background were
teste

PFSimple is already available as a module in the cvmfs



vV, (V) in Au+Au \/Snyn=2-4 GeV: models vs. HADES data

HADES Eur. Phys. J. A59(2023)4 0
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Overall trend reasonably well described, but no model works everywhere
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vq12(y) in Au+Au /Syn=3 GeV: model vs. STAR data

— “ELENS B B NN N LR R S i LRI B
> - (a) JAM, Au+Au, \s,,=3 GeV :
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(b)10-40%
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P. Parfenov, Particles 5, no.4, 561-579 (2022) Particle Rapidity y

Models do not describe all particle species equally well

V4, vV, of protons are described by JAM, UrQMD (hard EOS) and SMASH (hard EOS with softening at higher densities)
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vq12(y) in Au+Au /Syn=3 GeV: model vs. STAR data

A. Sorensen et. al., Prog.Part.Nucl.Phys. 134 (2024) 104080
| ‘ | ‘ ' ‘ | ' !

| \ . .
o (04 <pr <20 GV il VAMAMOmSiOnS ! 1 Model description of v,;:
d (0.8 <pr<2.0 GeV/ swv =3 GeV 10-40% l .
o B d08<pr<20GeVi) N B E‘E‘jﬂ—g?ﬂ T oo - * Good overall agreement for v,, of
g —— j:::’:;::::’:7:"-/-J-/ p r0t0 ns

e v, of light nuclei is not described
* v, of Ais not well described
* nucleon-hyperon and
hyperon-hyperon
interactions
* Light mesons (m,K) are not
described
* No mean-field for mesons

| | |
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—0.08 pSMASH m pUrQMD T ASMASH = AJAM n SMASH m a' UrQMD K'SMASH = K' UrQMD
| d SMASH -‘ pJAM m AUQMD | | © SMASH ‘— ' JA | K SMASH ‘— K" JAM
| | | | | | 1 | |
Y- VYem Y-Yem Y- Yem Y-Yem

Models have a huge room for improvement in terms of describing v,,
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New STAR results from BES-II

Results from QM 2023
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New preliminary results from STAR BES-II were presented at QM-2023
for Au+Au at /syn=3, 3.2, 3.5, 3.9 GeV
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Anisotropic flow & spectators

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

p((p — ‘I’RP) = %(1 + 2 Zle Up, COS ﬂ'(@ - lIJ}RP))

off plane squeeze-out

bounce off

Anisotropic flow:

v, = (cos [n(p — ¥rp)])

v, - directed flow, v, - elliptic flow

off plane squeeze-out

Bounce-off Squeeze-out
Anisotropic flow is sensitive to: a—— ;
\
op oy out-of -plane
» Compressibility of the created matter eu;faéf:;
(teaf;p = }?/*CSj Cs = Cv/ dp/d@) “““ flow
> Time of the interaction between overlap Wamceoff*  Proarciie

”,Side-,sr[a__sh" directed
region and spectators flow

(tpass — QR/’}”CMﬁCM) 38



Sensitivity of the collective flow to the EOS

P. Danielewicz, R. Lacey, W.G. Lynch, Science 298 (2002) 1592

pmax/po: e ) =g s pmax/po ~2 ~3 " i
_III] T Illlll L) T T llllll T 1— 005_IIII 1 1 ] Illlll L L lllllll 1 |_l
o4 oA MPD-FXT MPD S | | MPD-FXT _MPD
O Plastic Ba _- = d
0 EOS BM@N  (a50mev | BM@N ﬁ“
03 [ ®EB895 s TS oool SRV Lt .
> A
() - DATA
O = 300 ﬁ -
: 8 -0.05| ¢ PlasticBall -
210 v - o EOS
01 210
----- 167 + /.’ ® E895
i N ’ * E877
i -0.10
wk el 010" 300 Hard EOS
B less pressure K=38UMeV  more pressure
IIII 1 L ||III| 1 1 lIIlIlI -IIII 1 1 IIIIIII 1 1 IIII]II
0.1 05 1.0 50 10.0 0.1 05 1.0 50 10.0
Ebeam /A (GeV) Ebeam/A (GeV)
_ d(p,JA) B
F=—"2"1 v, = (cos(2(¢p — Prp)))
Ay Yem)
Wyem=1

EoS extraction: define incompressibility
0%(E,)

ap?
Discrepancy in the interpretation:

* vq suggests soft EoS (Ky=210 MeV)
* v, suggests hard EoS (Ky=380 MeV)

KO = 9p2

New measurements using new data and
modern analysis techniques might
address this discrepancy

Additional measurements are essential to clarify the previous results

12.09.2024
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<b>, fm
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Centrality determination: <b> vs Centrality

- E 8¢ E 18
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Cuts on tracks: Good agreement between fit and data

® Nhits>16
® (O« n<2

Multiplicity-based centrality determination using inverse Bayes was used
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Results: v,(p+)

0.05

" MPD-FXT Bi+Bi ® 1.45A GeV

:— p; 10-40%; -0.5<y _ <-0.1 ® 2.97A GoV

L[

| ® 4.65A GeV

B L L I L L L 1 I L L L L I L 1 L L

0 0.5 1 1.5 2
P GeV/c

r 015
0.1
0.05

Systematics: xx, vy, F1, F2, F3

L1
" MPD-FXT Bi+Bi @ 1.45A GeV
L 7*: 10-40%; -0.5 -0.1
™ s <Y em ® 2.92A GeV
® 4.65A GeV

05 1 15

P, GeV/c

~—

>

0.15

0.1

0.05

Good agreement with MC data

| MPD-FXT Bi+Bi ® 1.45A GeV

L 7; 10-40%; -0.5 -0.1
b i <Y em® ® 2.92A GeV
® 4.65AGeV
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Results: v,(y)

Systematics: xxx, xyy

+ -
p 1] ]!
- ~  0.2r « 027
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Good agreement with MC data
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Elliptic flow at NICA energies: Models vs. Data comparison

Experimental data is taken from: Phys.Rev.C 103 (2021) 3, 034908

o~ 0.06 o 0-1"'I"'I"'I"'I"'I"'|'"|"'|"'|"l|
> 1~ " Au+Au, |s,=4.5 GeV, 0-30% :
0.05 — - [ ] UrQMD hard Skyrme |

. 0.08 . @ UrQMD cascade N

0.04 — [ < JAM cascade 1]

: 0.06 X STARdata - +_

0.03 3 - ﬁ + t + °l]
0.02 k 0.04 - - q‘ $

. N '!'+ )

0.01 3 0.02[ ' ok ?; X -

0 . 0 - N

O 02 04 06 08 1 12 14 16 18 2 0O 02 04 06 08 1 12 14 16 18 2

p., [GeV/c] p_, [GeV/c]

Pure String/Hadronic Cascade models give similar v, signal
compared to STAR data for Au+Au /syny =4.5 GeV



The BM@N experiment (GEANT4 simulation for RUNS)

FHCal

Square-like tracking system within the
magnetic field deflecting particles along X-axis

20cm 15cm
e e

35 46

37 48

39 50

100cm
105¢cm

41 52

54

VoLl
75cm T

155cm
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neutron ion proton
- x=0

Charge splitting on the surface of
the FHCal is observed due to
magnetic field

44



avy/dy
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SenS|t|V|ty of the coIIectlve flow to the EOS

|—| (1)

%[Ge"h 4 56789

1 SMASH, AuAu, b=6 fm |
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lo]
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3

A. Sorensen et. al., Prog.Part.Nucl.Phys. 134 (2024) 104080

SMASH model with flexible EOS was used to

test the sensitivity of the v, to changes of
EOS in a specific density range n/n,:

(0]

2 < ng/ng < 3:dv,/dy’ and v, of pions,
protons and deuterons are very sensitive
to the EOS

3 <ng/ny < 4:dv,/dy' and v, of
protons and deuterons are sensitive to the
EOS

4 < ng/ny < 5: weak sensitivity to the
EOS

The most precise constraints can be

achieved from the flow of

identified

hadrons (7%,K%,p,...) and light nuclei (d,t,...)
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Performance of v, ,of A hyperons in MPD
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V. Troshin
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Good performance for v, v, using invariant mass fit and event plane methods



Motivation of elliptic flow fluctuation study

v,{4}/v, {2}

i {a) IST'ART, A]u+;ﬂ\u: Cl"narlgeci Hadrons -

Data points: PRC 86, 054908 (2012)

I ;] @ & : + !
o8 2 0 39 GeV r A
i n 27 GeV |
- v 19.6 GeV |
0.6 e 11.5GeV s
] 1 l 1 ] I | 1 I 1 |
20 40 60

Centrality, %

How about v2 fluctuations at NICA energies?

<)

Indicate a dominated initial state driven
uctuations o_,

Provide constraints for IS models and
shear viscosity n(T/s)
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o o

Vv, {4t/ v,{2, 2-subj}

o

Relative v, fluctuations of identified hadrons

For more details see A.Demanov’s talk on ISHEP-2023
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® Weak dependence between v,{4}/v,{2} of protons and pions at 11.5 GeV

® The difference between v,{4}/v {2} of protons and pions increases with decreasing energy


https://indico.jinr.ru/event/3694/contributions/22390/attachments/16807/28631/Baldin%20Seminar%202023%20(2).pdf

Anisotropic flow at Nuclotron-NICA energies

Flow at >7.7 GeV, flow at 4.5 GeV, flow at <3 GeV
Our works so far with the collider mode
FXT allows to widen the energy coverage of MPD
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