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“Collective Dynamics - Theoretical Overview”
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Pre-equilibrium dynamics
Free streaming, KeMP@ST, EKT, KTlso, 2PI formalism, etc.
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Lipei Du (Collective )

“Probing initial baryon stopping and EOS
with v1(y) of identified particles”
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Grégoire Pihan (Collective Il)

“What carries the baryon number?
Simulations of baryon and electric charge stopping in isobar
collisions at RHIC”

Framework: iEBE-MUSIC
Baryon/Charge #)EA5

20010-5% - Ag=01 Ao=0.5

Baryon/electric charge densities: valence quarks + string junction Rut+Ru, =— do~08 ~— du~08
15)

(X (uptyT)/2)/2
X B P/T
P(yp,r) = (1 = Ax)¥p/1 + AX Tommir 7@

X =B Q C. Shen and B. Schenke Phys. Rev. C 105, 064905 (2022)
’ GP, A. Monnai, B. Schencke, C. Shen in Prep

-50 -25 00 25 5.0
spatial rapidity

Isobar = baryon stopping Ag vs charge stopping A,
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Grégoire Pihan (Collective Il)

“What carries the baryon number?
Simulations of baryon and electric charge stopping in isobar
collisions at RHIC”

40 At final stage
STAR Preliminary .
Isobar (Ru + Ru, Zr + Zr) No neutron skin > Equal stopping AQ =Ap=0.2
3.5 Vs =200 GeV, |y| <0.5 } A0=0.2
¥ Ap=0.1 e Largely underestimate the experimental ratio
3.0p e ratio<1.
< e oscillatory behavior: remains to be understood
~—
g 23 } > Half stopping Ag =Ap/2=0.1
X 2.0 E = e (Compatible with experimental data
@ e slightly smaller )\Q may match data!
i) % !
(a4 1 > )\Q =0.1
®
1.0f-=--""aQggo--=-===-m== g - e Flatfor a large range of Npart
= e Cannot account for increasing behavior of the
0.5F N data
0.0 Comparison with STAR data at final

R o S stage advocates for a difference in
baryon to electric charge stopping ratio!
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Chun Shen (Finite T&u |)

“Bayesian Inference of QGP Properties
and 3D Dynamics of Heavy-lon Collisions
in the RHIC Beam Energy Scan Program”

Rapidity (KL EHTRAXBHEITS.
N)AVBEDDAEYEX?

3D MC-GLAUBER MODEL WITH STRING DECELERATION

® Transve rse CO"ISIOT’I C. Shen and B. Schenke, Phys.Rev. C97 (2018) 024907 + Phys.Rev.C 105 (2022) 064905

geometry is deter- t is deposited at the
mined by MC- Ay Vi string ends or string junctions

Glauber model o, D. Kharzeev, Phys. Lett. B 378, 238 (1996)
e 3 valence quarks
are sampled from e g "
PDF with < N
Pair
2 5=l rest ey s
C |
e Incoming quarks | aMe S inside the string
are decelerated
with a string
tension o,
v _ - >
dp*ldt=—o Yi Y ycum Ns

Imposed conservation for energy, momentum, and net baryon density
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Chun Shen (Finite T&u |)

“Bayesian Inference of QGP Properties
and 3D Dynamics of Heavy-lon Collisions
in the RHIC Beam Energy Scan Program”

iIEBE-MUSIC / 3D #)#A%& 4 (string deceleration)

Initial stopping Shear viscosity Bulk viscosity
45 L B B B B I I 0.200
90% prior 90% prior ) F 90% prior
OB = STAR AutAu 200 GeV 0.4 -1 STAR AutAu 200 GeV 0175 £ L =1 200 Gev
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B STAR+PHOBOS RHIC BES W STAR+-PHOBOS RHIC BES FLTT 7T Gev
3.0 0.125 F
325 E%U.mu
s, =
20 0.075
1.5 0.050
1.0
0.025
0.5
0.0 B b e b b e ] 0.000 - 3= = .
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Yinit
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Andi Mankolli (Collective I)

“Rapidity-dependent Dynamics of the Initial
State via 3D Multi-system Bayesian Calibration”

Mid-rapidity 721+® Bayes &7

(Bulk viscosity)
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Jiangyong Jia (Initial State 1)

“Intersection between nuclear structure
and heavy-ion collisions”

Collective structure of atomic nuclei

Emergent phenomena of the many-body quantum system
« clustering, halo, skin, bubble...

Radii-landscape
Bz_landscape ) " r‘.:l_..,. gresegeasagerany, Yhﬁ ]
= quadrupole/octupole/hexdecopole deformations . . 2z . = H- /,_z,//j' m
. . . B 60 Neig4 :' o ) 4."( 1
= Non-monotonic evolution with N and Z § ol g o g
cal[B]w sl = u|» e = @ B " N-&Z
S L ‘ : =
: | 1 Bs-landscape .
T HH ”!"":—knuwn m
drip lines
_____ a0 = stable nuclei
40 60 80 mr?eutrgﬁ?ﬂuml::ro 160 180 200
_ Po
P(r,6,9) = T ReHm0
@ ~ e R(0,¢) = Ro(1 + Ba[cos7Y20(0, ¢) + sin7Y22(8, $)] + B5Y30(0, @) + B1Ya0(6, 8))
0/7°%
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Jiangyong Jia (Initial State 1)

“Intersection between nuclear structure
and heavy-ion collisions”

Ratio O(Ru+Ru)/O(Zr+Zr)

By = 0.162
D‘;] ~0

Quadrupole

Octupole

By = 0.06
By = 0.20
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arXiv:2206.10449
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Matthew Luzum (Initial State |)

“Methods for systematic study of nuclear structure in high-
energy collisions or: changing nuclei by shifting nucleons”

MENLGREFLTDY T IVAEERE a/R = 0.05, 0.1, 0.2, 0.4

____________ R —— Woods-Saxon
--- Step + Gauss

Ideal: Step function 3 CH T ILL o)
f=r1 & Gauss #THUTILI=nE £ |
ELTERFDMNELT D,

0.00

Idea2: V (BREAFIEIE) (SR> THRTF ]
D BEBR RSB TRESEL L
2 & TEFRERETS,

z (fm)

ldea3: R FZeRESETTHUEZTIEIET
A _EIZ&K>T short-range correlation

ZE AT D oo
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Matthew Luzum (Initial State |)

“Methods for systematic study of nuclear structure in high-
energy collisions or: changing nuclei by shifting nucleons”

Short-range correlation BEERFEFEIZTEDH D vs HERGEH D (Alvioli)
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Wenbin Zhao (Initial State Il)

“Multi-scale Imaging of Nuclear Geometries”

Ultra-peripheral collisions (UPC)

2023/11/4

Coherent and incoherent processes

* Coherent O coherent ™ I(A>Q|2

Target stays intact, ( linitial state> = Ifinal state>)
Probes the average shape of the target.

* Incoherent Oincoherent ™~ (|A|2>Q - |(A>Q|2

Target breaks apart, (|initial state> # |final state>)

Probes the variance of event-by-event initial state
fluctuations in target structure.

Miettinen, Pumplin, PRD 18, 1978; Caldwell, Kowalski, 0909.1254; Mantysaari, Schenke, 1603.04349;
Mantysaari, 2001.10705
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Wenbin Zhao (Initial State Il)

“Multi-scale Imaging of Nuclear Geometries”

Multi-scale imaging : "See" sub-nucleonic structures

Nuclear deformations Nucleon clustering

|
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© *
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/l nucleon size |
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* I

Saturated hot spots
Di-quarks
Double parton distributions

& @

The transverse
momentum transfer
sets the length scale
we probe

lllustration by G. Giacalone
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Wenbin Zhao (Initial State Il)

“Multi-scale Imaging of Nuclear Geometries”

Multi-scale imaging: Nuclear deformations

B4

Sy T A T 7 N S RN - TSI AT ST
T Coherent Incoherent ’ Coherent Incoherent Coherent Incoherent 3
i ok '-
5107 ¢ % — ,=0.30
Q) — B.=0.0
S5/ ®
E107E / % ...
6 E e ————— I/ T
B,
-010 F . W
103 ] T ! |""' I e

o \ R B N .\"-",' i PN, | | SN e . l'." , I | 3
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* B>, B3 and 5, manifest themselves at different |t| regions (different length scales).

2023/11/4
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Rupam Samanta (Collective Il)

“Thermalization of QGP through transverse momentum
fluctuation in ultra-central Pb+Pb collision”

arXiv:2306.09294

[pd-N,, scatter for fixed impact param b=0

Hydro HIJING
[+ b=0, Trento+MUSIC]| . 990 | | 250 b ATLAS data
1120 HIJING b=0 —— Model fit (sum)
980 o -- Intrinsic (fixed b) | i
970 L 2004 —-— b fluctuation I
1100+ 5 960 >
(%) % 950 | g 150
2 § 940 | -
Z, 10801 & 930 s 1004 S
—_ 920 | = <
Q
~ 1060 912 ; . } S 50
3500 4000 4500 5000 5500 6000 6500
Nch : Se—
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» b 15 F A4
> Ultra-central @ [pt] vs Nch # R h (£ =ERD knee [E
DENERLHIEMTESD? Hydro M EE#HL?
2023/11/4
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Mayank Singh (Collective 1)

“Quenching minijets in a concurrent
jet+hydro framework”

Minijet = Flow [ZF2&: R EURATE 2522 (Bayes FETIZILE)
band: jet &L, =: jet HY

0.2 Ah"=L1€;V1;~+~' 14m|=7(ﬁﬂfwr*~ p%HZZN)GPVIQ”+ﬁ
“ Ppin =4 GeV vz —— il p"f““ =T GeV v3 —— T Ppin = 10 GeV vz —
3 Prin = 4 GeV Vg Pmin = 7 GeV Ug T Sy g Pmin = 10 GeV Ve ™ .
= o1k n/s = 0.02 I n/s = 0.125 y
0 3 -I T L} L
5 No Jets v, w—
0.2 No Jets vg e
No Jets v
* 04
0
0.2
0.1
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Chiho Nonaka (New Theory lll)

“Charge-dependent Anisotropic Flow in Relativistic
Resistive Magneto-hydrodynamic Expansion”

A+ BHBOFATIVR (A —LER)
B RRMHD equation

» Conservation law + Maxwell eq. + Ohm’s law
9,T" = F'*],

J*=Je + qut
Ohm’s law
J = qb + oy[E + 9xB — (¥ - E) 7]
Ampere’s law —a/};
P 0.E — VXB = qv
atE UXB = ] . operator

o 5 E —jc splitting
* Integration with quasi- analytlc solutions

E, = —9XxB + (E{ + 7xB) exp(—ayt)
Ey = Ejexp(—at/y)

2023/11/4
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Chiho Nonaka (New Theory lll)

“Charge-dependent Anisotropic Flow in Relativistic
Resistive Magneto-hydrodynamic Expansion”

Directed f

low

»Cu-Au collisions ({/syy = 200 GeV)
e Decreases with conductivity
e Dissipation suppresses flow
in the Cu direction

0.014

0.012 A

0.010 4

0.008

Vi

0.006 -
S 0.004 -
0.002 -

0.000

— RRMHD code g= 100 [fm~1)
== RRMHD code g=1 [fm™!)
=eee RRMHD code g=0 [fm~1)

B it o-s. SO |
e e S R |

<

(b)
Cu - Au

-0.002

b= 10 [fm]

|

Dissipation suppresses
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STAR collaboration,
- Phys. Rev. Lett. 112 (2014) no.16,

—-05 0.0
f

1.0

c=0.1fm1!
o=0.023 fm1
o =0.0058 fm!
o : STAR data
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Willian M. Serenone (Chirality I)

“QGP vortex rings as a new probe for jet-induced
medium response and longitudinal dynamics”
arXiv:2305.02428

ne=0, 7 25 fm/c
(v, u¥) = (0.7, 0.7) 1.00 t
e
0.75 e p i
o /4 w
40.50 oy,
- e . . C‘ {g ’
.o = E ~

Vortical

Sh N - structure
< © 0 H0.00 3 ~= = =
> Inquenched jet mard —~
. :
.. . .|l 4-025 nteractior —
R .- .
vaaec o |4-050
0.75 \
o 3
-1.00
0 1 2 ‘
r (fm)

W. M. Serenone et. al., Phys. Lett. B 820, 136500 (2021)

Ring-observable proposal: R} = <PA-(tXP)>
pL,Yy

P,: A\ polarization vector, p: momentum
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Willian M. Serenone (Chirality I)

“QGP vortex rings as a new probe for jet-induced
medium response and longitudinal dynamics”
BRAGHE-BAETOIVNZEEZTHREEGTE >R 2518

Rlbelro et. al arXiv: 2305.02428

: i e : : e e
0.16— Pb-Pb, ‘(\ .= 2.76 TeV O16r—[’7ll \\\\=’7() I(\ - =
<05, 0.5<p, < 1.5GeV F <05, 0.0<p < 15GeV 4
0.14- Outward T :' \ | . Q‘H"j:" - TInward T T
2: — R = 4.0 fm . ] 6 12L —R = 4.0fn s
0.121- R= 2.0fm ' E F / —R= 2.0fm \
[ —R= 00fm / : F —R = 0.0fm
0.1 - —---D-Jf—q' ——————————————— =
S | s ]
~ < 0.08 | N 08#
&= [ ] @ X \
0.06[- - 0.061- i
0.04 | o.04f .
0.02f Il o002f
0» Or— \/\—\/ -
PN TP [ PUUPI, VTS PP A atc] Ul i i g e d oa % i By NI (/O
-3 =2 = 0 1 2 3 -3 2 = 0 1 2 3
(¢-¢ ) (rad) (¢- c’(,) (rad)

NRIZEDHHRKRSKED
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Willian M. Serenone (Chirality I)

“QGP vortex rings as a new probe for jet-induced

medium response and longitudinal dynamics”
ARNVNEY & FHIA @ F15

2 { G T ] UL [ L I T 1 7T l L ] T 1 71 ] T 1 7 ' T
| Pb-Pb, \syy = 2.76 TeV sobox i
L <05, 05<p_<15GeV b el

; 5”_ ® R=0fm(fluc. IC)
' Jet B Distributed x (fluc. IC)
A R =0fm(smoothIC)

( Distributed 9, ( fluc. IC)
Nojet { O @, = ¥gp (fluc. IC)

S
,:'< A @ = Wy (smooth IC) ]
*
& Event-by-event B
~ distribution of R} 40-50% ]
0.5 il
L 0-5% 2030% &
- A _
o % A |, S -
| - l | I A l L1 l L1 | L1 l Ll l Ll l l
0 2 4 6 8 10 12 14
h (£ )

NRZEDANKEKHED
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Zhong Yang (Jets IV)

“Jet-flow coupling in heavy-ion collisions and
the jet-induced diffusion wake”

1. LBT for energetic partons(jet shower and recaoil)

2. Hydrodynamic model for bulk and soft hadrons: CLVisc

3. Sorting jet partons according to a cut-off parameterpgu .

hard partons: pdf(p) = ~C(p) (p-u> pl,)
soft and negative partons:

i’ = pré (P2 —p - u)
4. Updating medium |nformat|0n by solving the hydrodynamic equation with source term

0, TH" () = j" ()

2023/11/4 23



Zhong Yang (Jets V)

“Jet-flow coupling in heavy-ion collisions and
the jet-induced diffusion wake”

S-1120
1100

dN/dAndAg
E+¥ _
dN/dAndAg

Yang, Luo, Chen, Pang, Wang, Phys.Rev.Lett., 2023,130(5):052301
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Zhong Yang (Jets IV)

2023/11/4

dN/dAndAgd

0.5 1

“Jet-flow coupling in heavy-ion collisions and

the jet-induced diffusion wake”
CNLETIXL diffusion wake @ A &7FHEZ R TV An &KFHELR S

(a)

|Ag| > /2

= -

p—a
T i ——

== 0-10% Pb+Pb 0-2 GeV/c
=== p+p 0-2 GeV/c

—— 0-10% Pb+Pb 1-2 GeV/c
=== p+p -2 GeVic

== Gaussian fit

25 00 25 50 1715

AN = nNn — Njet

=50

20

25 30 35 4.0 45

Ap = dp — ‘pjet

Yang, Luo, Chen, Pang, Wang, Phys.Rev.Lett., 2023,130(5):052301
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X & SEOFNREREDOREREDS
o [RFIZZERZ - B F0Th (s s @)
< A{UAEAS%E. UPC, UCC,

* Baryon-charge-strangeness currents

(EOS. #IHAZZAF. #nX{REN)

* Mini-jets. jet-induced medium response. ...

o NA ZFEIT: ERIPIED) (S A —FRE(CE
(FERSEE. mini-jets. VAH. ..)

- BIRFB - I\ /I\—B&DEMBTE
(CP signal, hadron spectroscopy & femtoscopy)

o BRFY - —IRMEBBDYLNF=ZIR
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Nick Abboud (Chirality I)

“A new causal and stable theory of
viscous chiral hydrodynamics” arXiv:2308.02928

Fixing the bad term N e b
T!'—“-’ — (5 -+ A)uﬂulf + (P + H)A,UJ/ + Q,u.uv 4+ Quu,u, + T’up

JE : (ns + Ns)u! + T2 BA Di

Q" =0,V e+ 0, Dut + 03V ns + O E* +|r,wh|+ Erp B

frame transformation

hydrodynamic frame ¢
= T w
m po_ S 0
definition of u” —u e+ Pw
hydrodynamic fields
e. nx. u®

REE-ZEM -etc CRIBENDHAIEL
IL—LOBRYBELTHEETES

2023/11/4
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Piotr Bozek (Sep 5 Collective |)

“Can we observe effects of the early
nonequilirium dynamics in the collective flow”

Method: 2+1D Kinetic theory (cylindrical sym)

Equlibration rate Directed flow
x1072
0.2 r
1.0 L v 0 0 0 — nl’S:OOB
—nls=0.08 n=0 x=0fm —--n/s=0.016

--- nls=0.16 ] 011
..... free streaming

---- free streaming

~
-~
hh
-
-~
-~
-

-
il

—

-
~—
-
-
-~
-
—_——
-

—01l T=To+1fmlc

-0.5 0.0 0.5
T [fm/c] n

Directed flow probes equlibration rate
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Maneesha Pradeep (Sep 5 CP |)

“Critical expectations : Non-
Gaussian cumulants of Particle
multiplicity near the critical point”

Fi%: Hydro+

40
4pt correlation _ 20000 30 m AT=5Mev
“g 15000 B2 maT-10Mev
£ 10000 — AT=5MeV g
g 5000 — AT=10MeV §*_1g
= 0 ~20 ~€ = 5fm?
200 250 300 350 -30 250 300 350 400
e (in MeV) _ pe (in MeV)
_ 40
3pt correlation 20000 0w AT=5Mev
% 15000 B 0 o AT-10Mev
£ 10000 — AT=5MeV g "
g 5000 — AT=10MeV §’_13
= 0 ~20 ~€ = 5 fm?
200 250 300 350 -30 250 300 350 400
ke (in MeV) _ pe (in MeV)
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Wei-jie Fu (Sep 5 CP 1)

“Baryon number fluctuations
at high baryon density”

Fj%: First-principles QCD within fRG

Ry

3
&

fRG (CE), freezeout: Andronic et al. |7
fRG (CE), freezeout: STAR Fit |
fRG (CE), freezeout: STAR Fit I
STAR collider (0-5%)

STAR fixed-target (0-5%)
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