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SIAR RESULTS

STAR /sobar blind analysis
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HOW DOES THE INITIAL STATE GEOMETRY
AFFECTS THE FINAL STATE OBSERVABLES?
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OBJECTIVES

> Numerical simulations

~ To perform a systematic analysis of how differences in initial state geometry are carried out to the
final state

* To study how observables sensitive to nuclear geometry are dependent on pre-equilibrium,
hydrodynamics and hadronic transport



KEVIN POSSENDORO PALA GHP2025 MARCH/2025 5

SIMULATION CHAIN

Thermalized QGP evolution Decays, resonances and scatterings
T=\/t2—22 ~ 0 fm/c

INITIAL PRE
CONDITIONS * CQUILIBRIUM » HYDRODYNAMICS » PARTICLIZATION *

Pre-equilibrium until thermalization Particlize the freeze-out surface

HADRONIC
TRANSPORT
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ISOBAR: SIMULATION CHAIN

* (2+1)D boost invariant at i, = 0

» XSCAPE framework Putschke et al, arXiv:1903.07706, 2019

N > 5 = >

Nucleons position as input

~ JETSCAPE parametrization PRC 103, 054904 (2021)
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ISOBAR: SIMULATION CHAIN
> Nucleons are sampled from a deformed Woods-Saxon distribution
o) = s (1r fogzz(e, o)
R0, p) =R, {1 f, [Yg (0, ) cos \2 siny RY; (Q,go)] P Y0, qb)}

* TRENTo input

No neutron-skin included
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ISOBAR: SIMULATION CHAIN
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ISOBAR: SIMULATION CHAIN
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ISOBAR: SIMULATION CHAIN
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ISOBAR: SIMULATION CHAIN

Case 2 :
""""""""""""""""""""""""" 0.16 0
""""""""""""""""""""""""" 0.06 0
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ISOBAR: SIMULATION CHAIN
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ISOBAR: SIMULATION CHAIN
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INITIAL CONDITION MAPPING

Relations between initial and final state observables
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INITIAL CONDITION MAPPING
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ISOBAR: RESULTS

Results indicate that initial conditions can be used to predict observables for central collision

Now we can focuson ICsand FS  ———  10M events for each case

Two FS time (7., = 1 fm/c) and JETSCAPE parametrization
s Y e
10%-20% 60%-70%

© 20%-30% - Trs = Tr({€}/{€r})*
= 7rs = Tr({€}/{€r}) "

0.031
(€] )

T =T
PR\ 4 Gevifm?

1.46 fm/c
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ISOBAR: RESULTS

Gardim, Giannini, Grassi, P. Pala , M. Serenone
Phys. Rev. C 110, 064907
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ISOBAR: RESULTS

Gardim, Giannini, Grassi, P. Pala , M. Serenone
Phys. Rev. C 110, 064907
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ISOBAR: RESULTS

Gardim, Giannini, Grassi, P. Pala , M. Serenone
Phys. Rev. C 110, 064907
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ISOBAR: RESULTS

Gardim, Giannini, Grassi, P. Pala , M. Serenone
Phys. Rev. C 110, 064907
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ISOBAR: RESULTS
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ISUBAR RESULTS Sensitive to a

Gardim, Giannini, Grassi, P. Pala , M. Serenone
Phys. Rev. C 110, 064907
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ISOBAR: RESULTS

Gardim, Giannini, Grassi, P. Pala , M. Serenone
Phys. Rev. C 110, 064907
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ISUBAR RESULTS Sensitivity to a
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ISUBAR RESULTS Sensitivity to a
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ISOBAR: RESULTS
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ISOBAR: RESULTS
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ISOBAR: RESULTS (363) — (D )

| eNSC(2,3) =
Sign change (e3)(€3)

Gardim, Giannini, Grassi, P. Pala , M. Serenone
Phys. Rev. C 110, 064907
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SOBAR: RESULTS - e
Sign change ) T (e

Phys. Rev. C 110, 064907
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ISOBAR: RESULTS —

==

ZINSSIN

AN
B\

O— Initial Condition
Tes = 1.0 fm/c

N

ey
==

k-

T

500 550
E (GeV)

Gardim, Giannini, Grassi, P. Pala , M. Serenone
Phys. Rev. C 110, 064907



KEVIN POSSENDORO PALA GHP2025 MARCH/2025 38

ISOBAR: RESULTS —

P> , P are sensitive to free-streaming
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ISOBAR: RESULTS —

P> , P are sensitive to free-streaming
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ISOBAR: RESULTS —

P> , P are sensitive to free-streaming Increases with ES time
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ISOBAR: RESULTS —

P> , P are sensitive to free-streaming Increases with ES time
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ISOBAR: RESULTS —

P> , P are sensitive to free-streaming Increases with ES time
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ISOBAR: RESULTS —

P> , P are sensitive to free-streaming Increases with ES time
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ISOBAR: RESULTS

P> , P are sensitive to free-streaming
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ISOBAR: RESULTS

P> , P are sensitive to free-streaming
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SUMMARY

~ &, ratios predicts v, ratios, & ratios predicts v, ratios

- (E/S) ratios do not follow (p;) ratios (except for central collisions)

* Effects of hadronic transport is minimal in these ratios

" p,3 can be used together with ¢, 5 to better constraint the nuclear structure parameters, but more statistics to

calculate pldr

55 with full simulations is necessary

" In the results, a strong effect of the free-streaming time on p, ; and eNSC(2,3) is observed, which may be used
to constrain the duration of the preequilibrium phase.
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BACKUP
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TRENTO

N .
e | _G—x)t O -y 2

TN(.X, y) — Z W, dZ (2]z'w 2)3/28 2w2
=1 -

1
Th(x,y) + Th(x,y) )P

TR(X, y) = TR(P§ 1y, TB) — ( 3

E(x;) = E(x,y) = lim ze(z, x, y,n = 0) = NTx(x, y)

7—07"
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FREE-STREAMING

~ € — zero mass Partons with a locally isotropic momentum distribution

pro.f =0

* Milne coordinates solution

f(7’-9 77:’ ns;ITYE )7) zf(TO’ 77: _ (Tswitch _ TO)p\T’ ns;ﬁ“9 y)

- g (&p , .
Iz, xp, 1) = oo | 50 PP @ Xp, 153 pr> Y)
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FREE-STREAMING

17
s P

Pr

= (1,cos ¢, sin ¢,,0)
y=0

* Boost invariant

— 1 " Al A —
1" (z, xp,n, = 0) = ;J d¢p PrP (7, xr; ¢p)

* Where

F(z,x7; ¢p) = Fo(xp — (T — 79)Pr)

* Using initial isotropy

5(77)") - TOTTT(T(), 771) — 27TF0(TO, 7])1)
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FREE-STREAMING

17
s P

Pr

= (1,cos ¢, sin ¢,,0)
y=0

* Boost invariant

— 1 " Al A —
1" (z, xp,n, = 0) = ;J d¢p PrP (7, xr; ¢p)

* Where

F(z,x7; ¢p) = Fo(xp — (T — 79)Pr)

* Using initial isotropy

5(77)") - TOTTT(T(), 771) — 27TF0(TO, 7])1)
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FREE-STREAMING

U
=S| =(1,cos ¢, sin $,,0) T* for all points
pT y:()
> Boost invariant VT < Tgicn
1 T
—_ A A —_—
" (7, xp,ny, = 0) = ; d¢p PrPUF(z, X735 ¢p)
— 7T

* Where

F(z,x7; ¢p) = Fo(xp — (T — 79)Pr)

* Using initial isotropy

5(77)") - TOTTT(T(), 771) — 27TF0(TO, 7])1)
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MUSIC: EQUATIONS

> dﬂ is the covariant derivative

d, 7" =0

d,N* =0
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MUSIC: EQUATIONS

> dﬂ is the covariant derivative

d, 7" =0
d Nt =0
" = eutu* — A*(P + I1) + »n**

NH = p,u*

- AP = gl — utu”
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MUSIC: EQUATIONS

"~ DNMR

TﬂDﬂ'w”) 4+ V[ — 2;/]0/41/ + 2Tﬂﬂ6§ﬂa)v>a _ 57mﬂ/w6’ _ ijﬂ.éﬂay)a 4 /IEHHG/W 4+ ¢77TC§’M7TU>CZ
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MUSIC: EQUATIONS

"~ DNMR

TﬂDil'('u”) 4+ ﬂ-ﬂv — 27’]6"” + 2,[][71.2/40)1/)61 _ 5ymﬂlw6’ _ T]mﬂ.éﬂav)a 4 /InHHG'm/ 4+ ¢7ﬂ6§ﬂﬂ.y)a

~ First order: i,

» Secondorder : 7,0, ., T, A1 D7 T Oy« A -
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MUSIC EQUATIONS utdy = D,

| |
AFvab — E(A”O‘A”ﬂ L1 NP N EAWAW’
A
0 = dﬂu/“‘,

A SHY> — A,uuAaﬁ
af ’

oM = V<Hyut> = AW doy b
aff ?

"~ DNMR

|
Mt = E (V”u”+ V”u”) :

TﬂDﬂ'w”) 4+ V[ — 2;/]0/41/ + 2Tﬂﬂéﬂa)v>a _ 57”[72-/41/6) _ T]mﬂ.éﬂav)a 4 /IEHHG/W 4+ ¢7ﬂ.c(l,uﬂ.v)a

> First Qrder; N, C JETSCAPE Parametrization

» Secondorder : 7,0, ., T, A1 D7 T Oy« A -

! "nmw

Function of { , 7
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MUSIC: EQUATIONS

- JETSCAPE parametrization for # and £

T — max [ﬁ (T),O] 1y =a, (T- T)O(T, —T) + (ﬁ) + (T — T)O(T - T))
) S lin S lin S/ vink
C (C/S)maxAz

—(T') = N =wl + A sign(T - T)]
S

A2+ (T —T)?
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MUSIC: EQUATIONS
~ Second order transport coefficients
b
Ty = _ﬂﬁ’ 57m — iTﬂ"
T s 3
9 10
"=T0p TmT g
6
/IﬂH = g’ i = C 2
15 (§—cs> (¢ + P)
2 3 (1
O = ETI"I’ iz = s\3 " Cs ) o
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MUSIC: LANDAU MATCHING

- T" = (e + P + IDutu” — (P + I)g** + =t*

g 71'5 =0e MMJZ"MU = () Landau rest frame
T"u” = eu”
£ — T//;
[T = 3 P(E, pb)

1%

Tt = uﬂ; (Tg — 48) +% (e — Tg) g’ + T
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MUSIC: EVOLUTION

* MKurganov-Tadmor
* Evolve until T < T,V cells

» Constant 7 surface

I, =T (T, X, V, ns)

" Freeze-out surface calculated from the grid using Cornellius
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1SS: COOPER-FRYE

* Probability of emitting particle of species i with momentum p

d°N, .
E R (x/",p”) = p“do, (f()i (x/“‘,p) + 0, (x’“‘,p”))
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P
At NGt TR
_ . o 93; . P = /V%o — f40/%20»
5fi :f()i(1 _ ®f0i) 1_I(ATmiz T AE(M ' p)z) + Anﬂﬂyp(ﬂpy) = AP+ N30+ F1 R Q = B30 20— D20 30
) _ 1 R = A oMy — FB 19N 305
A= e

|
jrq_(2q+l)!!

N = :
rq '
2qg+ 1)!!

M. = :
rq '
2qg+ 1)!!

g
rq '
2g+1)!!

B = :
rq '
(2g + 1)!!

> J (u-p)Y~(=p- A p)fo(l — BOfy)

A 4
y bl-[ (- pY~(=p - A p)fol1 — Ofy)

l P

> b}[ (u-p)~*=p - A p)fo (1 - Bf)

l p
Z m?J (u-p)~*(=p - A - p)fo(1 — BOf)

l P

2. b [ (u-p)y(=p - A-p) o1 = Ofy).

l P
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1SS: COOPER-FRYE

* Probability of emitting particle of species i with momentum p

I— Surface element
d3N.

E (1) = p, (1 (0) + 5 ()

L Out of equilibrium
correction
Equilibrium distribution = Maxwell-Juttner

5. = fo(1 — Of) [H(ATm + A - p)) + A"y,

(2ﬂ)3 exp ((u(x) - p + bi//tb(x))/ T) +



KEVIN POSSENDORO PALA GHP2025 MARCH/2025 65

SMASH

" In cascade mode, solves the Boltzmann equation

> Collision term

I’ Resonances and decays

i > Binary elastic and inelastic collisions

* Propagate in a straight line until one of the process occurs

~ When Kinect freeze-out is reached free-stream the particles until final time
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ISOBAR: SIMULATION CHAIN 146 fnle

0.031

JETSCAPE parametrization
GHRY

Tpe =T
P57 R\ 4 Gevlfm?

® 0% 40%-50% Gardim, Giannini, Grassi, P. Pala , M. Serenone

5%-10% 50%-60% PhyS. Rev. C 110, 064907
10%-20% 60%-70%

©  20%-30% Trs = TR({€}/{€Rr})"
30%-40% = 1rs = Tr({€}/{€r})™"
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ISOBAR: CENTRALITY SELECTION

Two selection methods Method A - Different bins for each case

Effects on dN/dn rations Method B - Common bins for all cases

)

[—
—
-

n = 2 Cent. Selection - Method A
n = 2 Cent. Selection - Method B
STAR PRC 105, 014901

[S—
-
o0

*

[S—
-
=

—
S
T~

\O-\
=
=
~1.06

-
S
>
=
=

400 40 50

Centrality (%)

E (GeV)
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ISOBAR: SIMULATION CHAIN

* (2+1)D boost invariant at i, = 0

» XSCAPE framework Putschke et al, arXiv:1903.07706, 2019

Assume that € represents
massless partons

HotQCD
Freestream 7" untill 7

> > 0 >

UV __ . 5 o
d Iy Responsible for collisions and
decays, the system evolves until
kinetic freeze-out

Simple and fast parametric model + Equations for IT and 7

Nucleons position as input

E(x7) = €(x,y) = lim ze(z, x, y,n = 0)

—0"



