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The QCD phase diagram: great interest in behavior at high n,
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EOS of symmetric nuclear matter: selected (few) results

: 197Au+197Au @ 0.15—10 GeV/u
Symmetric nuclear matter T T T T T T T T ET ] /i =195 — 472 Gev)

observables: proton flow
(Plastic Ball, EOS, E877, E895)

model used: pBUU w/ nucleons, A,

197Au+197Au @ 0.4—1.5 GeV/u
(1 /SNN — 207 - 252 GeV)

observables: proton flow (FOPI)
model used: isospin QMD (IQMD) w/

nucleons, A, N*(1440), deuterons, tritons;

]
[
-
-
II|

N*(1440), pions;

EOS parametrized by Ko;

momentum dependence

P. Danielewicz, R. Lacey, W. G. Lynch,
Science 298,1592-1596 (2002)

EOS parametrized by Ko;

momentum dependence

A. Le Fevre, Y. Leifels, W. Reisdorf, J.
Aichelin, C. Hartnack, Nucl. Phys. A 945,
112 (2016), arXiv:1501.05246

107

 Le Fevre et al. :
X Lynch et al. from Fuchs ez al.

pressure{MeV/fm’

197Au+197Au & 12C+12C @ < 1.5 GeV/u v =— Danielewicz et al.

(\/SNN < 2.5 GeV) K Walecka model

observables: subthreshold kaon production T IFerlmllgals o
(KaoS)

model used: QMD w/ nucleons, A, N*(1440), 2 3 . 4 S
pions, kaons; baryon density ng/n

EOS parametrized by Ko;

kaon potentials, momentum dependence A. Sorensen et al., arXiv:2301.13253

C. Fuchs et al., Prog. Part. Nucl. Phys. 53, to appear in JPPNP

113-124 (2004) arXiv:nucl-th/0312052
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EOS from tlow observables in heavy—lon collisions

<cos(ngb)>

Flow

_ 3 aspects lead to ﬂow:

e collision geometry
¢ dynamics

Flow is extremely

sensitive to the EOS
(more on that later)

top view

elliptic flow v, (v,(y =~ 0) ~ midrapidity)

Upcoming
experiments:
FRIB / FRIB400,
HADES, CBM,

Uy = <cos(2(/§)>

front view M

llustrations from a presentation

J. Adamczewski-Musch et al. (HADES),

,' o -
i B '

f f‘ :‘ .
- P Wy N
\ .

, TR
’ ,-'. R .

P A D
g »'| ‘SR
b 4 R
. .

> _-'.’"A _ ey . ,v-_. IRV, | DD _.,_--.- ,~>“...-' .~- T O N \«;.~::_‘_ )
< .

0.05

-0.1

Eur.Phys.J.A 59 4, 80 (2023)
arXiv:2208.02740

by B. Kardan (HADES) in-plane out-of-plane
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EOS from tlow observables in heavy-ion collisions

hard EOS
---- soft EOS
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A. Sorensen et al.,
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to appear in JPPNP
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Flow is extremely
sensitive to the EOS

(more on that later) <

Upcoming
experiments:
FRIB / FRIB400, {

HADES, CBM, ... @

J. Adamczewski-Musch et al. (HADES),
Eur.Phys.J.A 89 4, 80 (2023)
arXiv:2208.02740
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Standard way of modeling the EOS: Skyrme potential

T

n n
The most common form of the EOS is the “Skyrme potential”: U(ng) = A —|+B| =
" "

(note: in DLL U(ng) a bit more complicated,
also momentum dependence!)
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Standard way of modeling the EOS: Skyrme potential

P. Danielewicz, R. Lacey, W. G. Lynch,
Science 298, 1592-1596 (2002), arXiv:nucl-th/0208016

— o a o a P o me — Py o o P B DT —

“the heavy-ion constraint”

100

10

neutron matter

—av14uvll

— (GWM:neutrons
===== Earmi Gas
sy DLL +Asy_30ﬂ
[__IDLL +Asy_stiff

15 2 25 3 35 4 45 5
plp,

symmetric matter
- 0::’::’53 :’; 0,0‘::: Eﬁ
1 0 O 0’0’0" o‘o’ ou’o S04
—
O’)E o
4y
q\_ o 000‘0‘05’0’0’0";.:3;:: - ':’ - E
> g .’8035 "’4’0’.”: :: et “\—
O ;:;:2:3:0' e >
E uro ng m
S
a | >3
10 =====Fermi gas o
— — Boguta
-— Akmal
K=210 MeV
K=300 MeV
1 4 DLL constraint
1 15 2 25 3 35 4 45 5
/
PP,

Agnieszka Sorensen



Standard way of modeling the EOS: Skyrme potential
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Relativistic vector density functional (VDF) model

A. Sorensen, V. Koch, Phys. Rev. C 104 (2021) 3, 034904, arXiv:2011.06635
inspired by relativistic Landau Fermi-liquid theory: G.Baym, S. A. Chin, Nucl. Phys. A 262, 527 (1976)

1) Postulate the energy density of the system:
3 N b:

d°p . —l—l_.. b, —1 .._
Gy Chin o ¥ D, CiliJ")” JOJO—gOO( - )JM
i=1 i l §

&y = %N[fp] = gJ

)
JuJ" = ng
— = oo i 1+ z o)
Gkin=\(]?—zci(]ﬂ]”)7]) +m
i=1

g

LLorentz covariant

¥ thermodynamically §
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A7 - Ll o . B g e gl e e Neam . - _

input to transport code;

use in Boltzmann eq. to obtain 7"

N
bi—1,
+ ZCl- y ny'

N
C, C g .
& = [ \/ Dr+m?f, + —t,b5 «_ mean-field interactions
N ffest (2m) P 2 b ” parameterized by C; and b,
rame
SEL, v .
2) Quasiparticle energy: Ep = 5 — = €kin T Z & (Jp]'” ) A
P i=1
i 0 L Og
3) Get EOMs: dx — P , dp —-_P
dt op; dt  0x;
4) Use T* to get the pressure: P, = l Z Tk — gJ d’p T 1In [1 4 e—ﬁ(é‘p—ﬂB)]
N 3 - rest (271')3

frame
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VDF model: two 1st order phase transitions

A. Sorensen, V. Koch, Phys. Rev. C 104 (2021) 3, 034904, arXiv:2011.06635

Systems with two 1st order phase transitions: nuclear and “quark/hadron”, or “QGP-like”

e degrees of freedom: nucleons
e “QGP-like” PT: “more dense” matter coexists with “less dense” matter

e minimal model: 4 interactions terms = 8 parameters to fix:

35
d3 - - N:4 b . 1 30 -
P=8J L 7 n 1 + e Pame)| + ZCZ' : ngi —
(277)3 - - 1 bi 25
E
> 20
C; and b, are fitted to reproduce: >
No = 0.160 fm3, Eg = -16.3 MeV E .
T.N) =18 MeV, ncN) = 0.375n0 é 10
To@ = 2, n(Q = ?
5
r]L = ?9 }/IR =7
0

T=18 MeV

(TO, n¥, n, M)
—— (50, 3.0, 2.70, 3.22)
! ! ! ! | ! ! ! !

"QCD-like" phase transition: |
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VDF model: two 1st order phase transitions

A. Sorensen, V. Koch, Phys. Rev. C 104 (2021) 3, 034904, arXiv:2011.06635
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VDF model: two 1st order phase transitions

A. Sorensen, V. Koch, Phys. Rev. C 104 (2021) 3, 034904, arXiv:2011.06635
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VDF in SMASH: tests in the spinodal region

A. Sorensen, V. Koch, Phys. Rev. C 104, 3, 034904 (2021)

arXiv:2011.06635
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Simulation info for practitioners:

time step: 0.1 fm/c

smearing: triangular with range 2 fm
lattice: cubic cells with 1 fm on a side
collisions: off

500 events
bin width =2 fm
t =50 fm/c

1/ 2

15 2 25 35 4 45

ng [n ]

The distribution becomes bimodal as the system separates!



Results from UrQMD with (non-relativistic) VDF

J. Steinheimer, A. Motornenko, A. Sorensen, Y. Nara, V. Koch,
M. Bleicher, Eur. Phys. J. C 82, 10, 911 (2022) arXiv:2208.12091
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= 150 .
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Very soft EOS at ngz € (2,3)n,
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Better suited for Bayesian analyses: piecewise parametrization of CS2

Generalized VDF (nz-dependent interaction coefficients):

Piecewise parametrization of csz(nB):
c?(Skyrme), np < n; = 2ng pso- N
c%, ny <np < ng ozs\_/l— _ 06
2 . P N © i @ 4
c.(np) = { ¢35, ne < np < ng g o Q,°
-0.25 :
.2. -0.50 - |
Cm, Nom < np 0.0 -
0 1 2 p/Sﬁ)o 4 5 6 0 1 2 p/f)‘p() 4 5 6
Single-particle potential U(ng) = a(ng)ng:
Usk(ng) , np < ni; = 2ng
_ _ 2
Ung) = { |Usk(n1) + p*(n1) (Mf-) - p*(nB) , ny <np < no
: : Ch L | Ci—1
Usi(m) + ()| (22) "TI (i) 7 —#'(8), me <nip < i

D. Oliinychenko, A. Sorensen, V. Koch, L. McLerran,
Phys. Rev. C 108, 3, 034908 (2023), arXiv:2208.11996
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Better suited for Bayesian analyses: piecewise parametrization of CS2

Generalized VDF (nz-dependent interaction coefficients):

Piecewise parametrization of c(71):
c?(Skyrme), np < n; = 2ng o N
C%, ni <np < ng 0.25 - < e
AN \n ()
C? (nB) — C%? (%) < np < T3 @ 0'00'/ Q_D. 0.4
-0.25 S \—/\/
2 -0.50 H
Cm, nm < nB 0.0
p/Po p/Po

Single-particle potential U(ng) = a(ng)ng:

Usk(nB) , n <Ny = 2ng
Unp) = { [Usk(n) + ()] (22) 7 = *(n) | m <np <n;
_ - 2 2
Usi(m) +w° ()] (52) T (325) 7 = wtnm) s e < < e
Phys. R G 108, 5, 054908 (3023, arXv:2208.1 1698 ™ Gradients of A#(j*) = a(ny)j* enter the EOMs!
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Hadronic transport with csz—parametrized mean-fields

D. Oliinychenko, A. Sorensen, V. Koch, L. McLerran,
Phys. Rev. C 108, 3, 034908 (2023), arXiv:2208.11996

Generalized VDF (nz-dependent interaction coefficients):

mean-field potential piecewise parametrized by (constant) values of CS2 for n; < ng < n;
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Hadronic transport with csz—parametrized mean-fields

. . . . . D. Oliinychenko, A. Sorensen, V. Koch, L. McLerran,
Generalized VDF (nz-dependent interaction coefficients): Phys. Rev. C 108, 3, 034908 (2023), arXiv:2208.11996

mean-field potential piecewise parametrized by (constant) values of CS2 for n; < ng < n;
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STAR and E895 data cannot be simultaneously described
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Phys. Rev. C 108, 3, 034908 (2023), arXiv:2208.11996
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STAR and E895 data cannot be simultaneously described
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Bayesian analysis of STAR flow data with varying K|, 6[22,3] o’ o
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The maximum a posteriori probability (MAP) parameters are
K() — 285 i 67 MeV, C[22 3]n0 o 049 i 013, - — 003 i 015 D. Oliinychenko, A. Sorensen, V. Koch, L. McLerran,

C13.41n
’ 0 Phys. Rev. C 108, 3, 034908 (2023), arXiv:2208.11996
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2

Bayesian analysis of STAR flow data with varying K|, 6[22,3]%, Ci3.41n,
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KO — 285 i 67 MeV, C[22,3]n0 o 049 i 013, C[23,4]n0 — 003 i 015 D. Oliinychenko, A. Sorensen, V. Koch, L. McLerran,

Phys. Rev. C 108, 3, 034908 (2023), arXiv:2208.11996
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Bayesian analysis of STAR flow data with varying K|, 6[22,3]710, C[23, Aln,
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% 100 o at./sxny = 4.5 GeV, collisions probe QGP
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The maximum a posteriori probability (MAP) parameters are
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Phys. Rev. C 108, 3, 034908 (2023), arXiv:2208.11996
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EOS of symmetric nuclear matter: selected (few) results

Symmetric nuclear matter

197Au+197Au @ 0.4—1.5 GeV/u
(1 /SNN — 207 - 252 GeV)

observables: proton flow (FOPI)
model used: isospin QMD (IQMD) w/

nucleons, A, N*(1440), deuterons, tritons;

EOS parametrized by Ko;

momentum dependence

A. Le Fevre, Y. Leifels, W. Reisdorf, J.
Aichelin, C. Hartnack, Nucl. Phys. A 945,
112 (2016), arXiv:1501.05246

197Au+197Au & 12C+12C @ < 1.5 GeV/u

(\/Snn < 2.5 GeV)

observables: subthreshold kaon production
(KaoS)

model used: QMD w/ nucleons, A, N*(1440),
pions, kaons;

EOS parametrized by Ko;

kaon potentials, momentum dependence

C. Fuchs et al., Prog. Part. Nucl. Phys. 53,

113-124 (2004) arXiv:nucl-th/0312052
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Walecka model
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A. Sorensen et al., arXiv:2301.13253
to appear in JPPNP

197Au+197Au @ 0.15—10 GeV/u
/Sy = 1.95 — 4.72 GeV)

observables: proton flow
(Plastic Ball, EOS, E877, E895)

model used: pBUU w/ nucleons, A,
N*(1440), pions;

EOS parametrized by Ko;

momentum dependence

P. Danielewicz, R. Lacey, W. G. Lynch,
Science 298,1592-1596 (2002)

197Au+197Au @ 2.9—9 GeV/u

(\/Snn =3 — 4.5 GeV)

observables: proton flow (STAR)

model used: SMASH w/ over 120 hadronic
species, including deuterons;

relativistic EOS parametrized independently in
different density regions;

NO momentum dependence

D. Oliinychenko, A. Sorensen, V. Koch,

L. McLerran, Phys. Rev. C 108, 3, 034908
(2023), arXiv:2208.11996

14



Momentum-dependent mean-fields are a necessary component

Measured in scattering experiments:
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03t , , , : B st R . g A. Sorensen et al., arXiv:2301.13253
0 200 400 600 800 1000 to appear in JPPNP

Agnieszka Sorensen

PT (MeV/c) P Danielewicz, R. Lacey, and W. G. Lynch, Science 298, 1592 (2002), arXiv:nucl-th/0208016
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Momentum-dependent mean-fields are a necessary component

Measured in scattering ex
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Work in progress: Flexible momentum-dependent mean-fields

Measured in scattering experiments: T A O AP IR TIIAIT
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Describing proton flow is not enough

v/sun = 3 GeV

—0.08 |-

®
1

p (0.4 <pr<2.0GeV/c)
d (0.8 <pr<2.0GeV/c)

 Description of light cluster
~ production needed:

e coalescence: doesn’t
take into account the
dynamic role of light
clusters throughout the
evolution

p SMASH mm p UrQMD
dSMASH mm pJAM

¢ nucleon/pion catalysis:
consider as separate

degrees of freedom
(pBUU, SMASH),

produced through N or
i collisions

e dynamical production

—1

—0.5
Y- Yem

through potentials???

STAR, Phys. Lett. B 827, 137003 (2022) arXiv:2108.00908
D. Oliinychenko, A. Sorensen, V. Koch, L. McLerran, Phys. Rev. C 108, 3, 034908 (2023), arXiv:2208.11996
A. Sorensen et al., arXiv:2301.13253, to appear in JPPNP
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0.8GeV =pr=0.85GeV
Clustering hard EOS
Clustering default EOS
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y
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0.4 0.6

J. Mohs, M. Ege, H. Elfner, M. Mayer,
Phys. Rev. C 105 3, 034906 (2022),
arXiv:2012.11454

17



Describing proton flow is not enough

—0.08 |-

p (0.4 <pr<2.0GeV/c)
d (0.8 <pr<2.0GeV/c)

- Au+Au collisions
Vsan = 3 GeV 10-40%

pSMASH mm p UrQMD ASMASH mu AJAM
dSMASH mm pJAM w A UrQMD
| | | | | | |
—1 —0.5 -1 —0.5
Y- Yem Y - ¥Yem

STAR, Phys. Lett. B 827, 137003 (2022) arXiv:2108.00908
D. Oliinychenko, A. Sorensen, V. Koch, L. McLerran, Phys. Rev. C 108, 3, 034908 (2023), arXiv:2208.11996
A. Sorensen et al., arXiv:2301.13253, to appear in JPPNP
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Strange baryons are not well described
— the results may depend on:

¢ nucleon-hyperon and hyperon-hyperon
Interactions

e In-medium modifications of interactions

Models of interactions exist and could be tested;
interactions could be based on those obtained
within first-principle calculations

(e.g., HALQCD collaboration

HAL QCD, Nucl. Phys. A 998 121737 (2020), arXiv:1912.08630 )
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Descrlbmg proton flow is not enough

PlOIlS and kaons NOT descrlbed'
| | Not very surprising: UrQMD, JAM, and SMASH

' don’t have mean-fields for mesons
} 2
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i C. Fuchs, A. Faessler, E. Zabrodin, Y.-M. Zheng,
{ Phys. Rev. Lett. 86 1974-1977 (2001) arXiv:nucl-th/0011102

STAR, Phys. Lett. B 827, 137003 (2022) arXiv:2108.00908
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D. Oliinychenko, A. Sorensen, V. Koch, L. McLerran, Phys. Rev. C 108, 3, 034908 (2023), arXiv:2208.11996

A. Sorensen et al., arXiv:2301.13253, to appear in JPPNP
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Describing proton flow is not enough

sy = 3 GeV 10-40%

| |

® p04<pr<2.0GeVic) : -+ Au+tAu collisions : |
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O X
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STAR, Phys. Lett. B 827, 137003 (2022) arXiv:2108.00908
D. Oliinychenko, A. Sorensen, V. Koch, L. McLerran, Phys. Rev. C 108, 3, 034908 (2023), arXiv:2208.11996
A. Sorensen et al., arXiv:2301.13253, to appear in JPPNP
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Better modeling is necessary

Ideas to pursue/explore/revisit

p-dependent potentials,
meson potentials,
in-medium effects,

light cluster production,

Strong efforts by the

TMEP Collaboration to
identify code-dependencies
and best model practices!
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J. Xu et al. (TMEP Collaboration), arXiv:2308.05347 Y
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There is code-dependence: §

DAy =] - /. J— - - e o ez _ — . = o PRI P _ T . D mes — . = g e > . J— . =

Comparing pion production in transport simulations of heavy-ion collisions at 270A MeV under
controlled conditions

TMEP Collaboration « Jun Xu (Tongji U. and CAS, SARI, Shanghai) et al. (Aug 10, 2023)
e-Print: 2308.05347 [nucl-th]

pdf |_'='q reference search %) 0 citations

[= cite
Transport model comparison studies of intermediate-energy heavy-ion collisions
TMEP Collaboration « Hermann Wolter (Munich U.) et al. (Feb 14, 2022)

Published in: Prog.Part.Nucl.Phys. 125 (2022) 103962 - e-Print: 2202.06672 [nucl-th]

pdf ¢ DOI [= cite @ reference search %) 53 citations
Comparison of heavy-ion transport simulations: Mean-field dynamics in a box
TMEP Collaboration « Maria Colonna (INFN, LNS) et al. (Jun 23, 2021)

Published in: Phys.Rev.C 104 (2021) 2, 024603 - e-Print: 2106.12287 [nucl-th]

pdf & DOI [= cite [Q reference search 2 37 citations

Symmetry energy investigation with pion production from Sn+Sn systems

SpiRIT and TMEP Collaborations - G. Jhang et al. (Dec 13, 2020)
Published in: Phys.Lett.B 813 (2021) 136016 - e-Print: 2012.06976 [nucl-ex]

pdf & pol [= cite [Q reference search 2 42 citations

Comparison of heavy-ion transport simulations: Collision integral with pions and A resonances in
a box

TMEP Collaboration « Akira Ono (Tohoku U.) et al. (Apr 5, 2019)

Published in: Phys.Rev.C 100 (2019) 4, 044617 - e-Print: 1904.02888 [nucl-th]

pdf ¢ DOI [= cite [[d reference search %) 67 citations

Comparison of heavy-ion transport simulations: Collision integral in a box

TMEP Collaboration « Ying-Xun Zhang (Beijing, Inst. Atomic Energy and Guangxi Normal U.) et al. (Nov 16, 2017)
Published in: Phys.Rev.C 97 (2018) 3, 034625 - e-Print: 1711.05950 [nucl-th]

pdf ¢ DOI [= cite @ reference search %) 114 citations

Understanding transport simulations of heavy-ion collisions at 100A and 400A MeV: Comparison
of heavy-ion transport codes under controlled conditions

TMEP Collaboration « Jun Xu (SINAP, Shanghai) et al. (Mar 26, 2016)
Published in: Phys.Rev.C 93 (2016) 4, 044609 - e-Print: 1603.08149 [nucl-th]

pdf [ cite

& DOI R reference search %) 137 citations
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The EOS is a common effort within the nuclear physics community

A. Sorensen et al., arXiv:2301.13253, to appear in JPPNP
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Summary: Established heavy-ion EOS constraints still unbeatable

What'’s different, new, exciting about now?

New detectors, new data: ultra-precise triple-differential flow
observables, hyperon-hyperon interactions, ...

New computing capabilities: large-scale simulations possible with
state-of-the-art, benchmarked hadronic transport codes

New approach to constraining the EOS: Bayesian analyses using
ﬂeX1ble parametrlzatlons of the EOS

' Key questlons for me:
'What needs to be done to consistently describe flow of

: Farly Universe

|

LHC Experiments

Temperature

§ Critical Pointa

The Phases of QCD

BES | &I

Hadron Gas

Nuclear

on Plasma

IR Exher iments

Color

AR |
. p— Tp—
i A= — ) f
- " -»a Y
L N = AT
N | W | ) | Y i
L - v
b
A

>

erconductor

FRIB400

imost abundant species? | g —
i How to assign error due to model dependencies? e i Baryon Chemical Potentia
1/2
wlGeVls 4 56780 0 o
| E ;ryr:n?netn'c nuclear matter et
200 — 100} i e
=0 E | —E—
% § 150;— E
> 2 100" TNV ()~ g
o 2 : 2 10 (| ; Le Févre et al. ]
Th ank you 2 50; % g % 5_\{;_1c§egazl.{frotm lFuchs et al
for your attention —r T E
0 1 2 3 4 5 1 2 3 4 5

baryon density n [n]

Agnieszka Sorensen

baryon density npg/n,
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Bayesian analysis of STAR flow data with varying K|, 6[22,3]710, Ci3.41n,
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The maximum a posteriori probability (MAP) parameters are

Ky =300 £ 60MeV, cf 5, =047 £0.12,
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2 _
CI3.41n, —

—0.08 =£0.14

D. Oliinychenko, A. Sorensen, V. Koch, L. McLerran,
Phys. Rev. C 108, 3, 034908 (2023), arXiv:2208.11996
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Bayesian analysis of STAR flow data with varying K|, c[22,3]n0, Ci3.41n,
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Generalized VDF model: custom ¢;

. d3 N bz —1 b N
VDF model: &, =g 2y e ZAkJO gooz ( - )AI?]/I AP = C,(j,j*)” 1JM €, = €xin T+ ZAZO
' i=1 l i=1
Assume arbitrary vector interactions: A = a(ng)/*
The effective chemical potential defined as U* = up — a(ng)ng

3/2
At T =0, ¢z = p* and the density is given by np = i(//t*2 — m2>

2/3
6ang )

Combining the two allows one to solve for p(ng) = a(ng)ng + \/ m? + (
8

) dInpp . 0) "B ,
On the other hand, c; = , and solving for pg:  pg(ng) = //tB(nB )exp dInn c;(n)
=0 dlInng e
Solve for vector interactions: a(ng) = — ,uB(nIgO)) eXp I dlnn c2(n) | —4/m* + ( )
D. Oliinychenko, A. Sorensen, V. Koch, L. McLerran, K nz(go) g

Phys. Rev. C 108, 3, 034908 (2023), arXiv:2208.11996
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Generalized VDF model: custom c;

n d3p

VDFmodel: &, =g

o

=1 !

These interactions, parametrized with a chosen shape of ¢
as a function of ng, can be used in hadronic transport simulations!
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Solve for vector interactions: a(ng) = — ,uB(nI(go))exp dlnn c2(n) | —4/m* +
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D. Oliinychenko, A. Sorensen, V. Koch, L. McLerran, B

Phys. Rev. C 108, 3, 034908 (2023), arXiv:2208.11996
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Results from UrQMD with (non-relativistic) CMF

J. Steinheimer, A. Motornenko, A. Sorensen, Y. Nara, V. Koch,
M. Bleicher, Eur. Phys. J. C 82, 10, 911 (2022) arXiv:2208.12091
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Bayesian analysis of STAR flow data with varying K|, 6[22,3]%, C[23, Aln,
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IlB/ g

D. Oliinychenko, A. Sorensen, V. Koch, L. McLerran,
Phys. Rev. C 108, 3, 034908 (2023), arXiv:2208.11996
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Bayesian analysis of STAR flow data with varying K|, 6[22,3],10, 6[23,4],10
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Bayesian analysis of STAR flow data with varying K|, 6[22,3],10, Ci3.41n,
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Bayesian analysis of STAR flow data with varying K|, 6[22,3],10, C13.4]n,
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Precision era of heavy-ion collisions

SIS100 CBM2025
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HADES Au+Au ﬁ = 2.4 GeV

p, (GeVic) [-11.15-1.20
-10.35-0.40 [-]1.35- 1.40
0.55-0.60 [+]1.55 - 1.60
0.75-0.80 [+]1.75-1.80
0.95-1.00 [+]1.95-2.00

Protons

0.1

0.2

0.3

S .
BERERAREE RN R RN R

Centrality 20-30%

—1 0.5 0 0.5 1

HADES, Eur.Phys.J.A 59 4, 80 (2023) Y/
arXiv:2208.02740 cm

0.4

Precision experiments

§ NEED precision simulations §
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