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Introduction TI.ITI

Collective evolution

Initial spatial anisotropy — Final momentum anisotropy

[Jean-Yves Ollitrault, Phys. Rev. D 46, 229, 1992]
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Fluctuation

> Nucleon position fluctuation:
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Fluctuation

> Nucleon position fluctuation:

» Constituent weight fluctuation:

0.1; xxx CMS Tracks 1
—— Glauber+NB
0.01K%; X s Glauber +Poisson |
z
a 0.001 i

[P. Bozek et. al., PRC 88, 014903 (2013)]
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Fluctuation

> Nucleon position fluctuation:

» Constituent weight fluctuation:

Pﬂuc

,yklfky

k - I/Gf%uc.

[P. Bozek et. al., PRC 88, 014903 (2013)]
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Fluctuation

> Nucleon position fluctuation:

» Constituent weight fluctuation:

Pﬂuc

[ALICE collaboration, PRL, 123, 142301 (2019)]
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[P. Bozek et. al., PRC 88, 014903 (2013)]
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Initial State
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Nuclear structure

w = 0.2(fm)

‘%f

» pws(X;): Woods-Saxon distribution,

Po
1+exp[([X] —R(6,9))/ao]’

pws (%) =

R(6,9) =Ro(1+B2Y3(6,9) ++---)
» C(%;,%3): two-body correlation,

0 |}1 —352| < dmin
1 % —%| > dmin

Cz(}],)?z) = {
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Nuclear structure

» pws(X;): Woods-Saxon distribution,

o Po
Pws(¥) = § TR R(0,6))Jao]

R(6,0) =Ro(1+B2Y3(6,0)++--)
» C(%;,%3): two-body correlation,

0 ‘}1 —352| < dmin
1 % —%| > dmin

CZ(’%]’?CZ) = {

w= 0.2_:9:!1’1')

o
. ?.-
0,
3
Pt L
.
.

Parameter  Description

A mass number

Ry nuclear radius

ag skin thickness

B> quadrupole deformation

Cfuc Nucleon fluctuation

w Nucleon width parameter

dmin Minimum inter-nucleon distance
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Entropy production TI.ITI

Entropy productlon

Nucleus B
) Tp(x,y) = [ dzpp(X)

Nucleus A
Ta(x,y) = [dzpa(¥)

Constituents interact and produce a medium.
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» IP-Glasma: (¢ is in the range 0.54 to 1.71) [1,2]: 32Ty, Tp) ~ (TaTp)>4/*

» CGC model [3]: F32(Ty, Tp) o< % (273 +7T5Tp +2T3]
. i\ P

> TrENTo model (p is a real parameter) [4] : f(Ta,Tp) o< (ATB)

[1] Schenke, Tribedy, Venugopalan, PRL. 108, 252301 (2012), Schenke, Tribedy, Venugopalan, PRC 86, 034908 (2012)
[2] Nijs, van der Schee, (2023), arXiv:2304.06191 [nucl-th]

[3] Borghini, Borrell, Feld, Roch , Schlichting, PRC 107 (2023) 3, 034905

[4] Moreland, Bernhard, Bass, PRC 92 (2015) 1, 011901

[5] B. Alver, M. Baker, C. Loizides, and P. Steinberg, (2008), arXiv:0805.4411 [nucl-ex]
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Functionality of f(7,4,Tp)

v

v

CGC model [3]:

v

TrENTo model (p is a real parameter) [4] :

v

MC-Glauber model (o ~0.1) [5]:

v

IP-Glasma: (g is in the range 0.54 to 1.71) [1,2]:

Generalized TRENTo model (p,q are real parameters) [2]:

m

ST, Tp) ~ (T4Tp)31/

FIUT,, Tp) < % (273 +7T5Tp +2T3]

1/p
nTh
F(Ta,Tg) o (%)
f(Ta,Tg) = (Ta +Tp) + oTpTg

B e a/p
FY2(Tp, Tp) o< Epgy <%>

ref

TrRENTo, CGC model, (and IP-Glasma) are scale-invariant: f(cTx,cTg) = cf (Ta,Tp)-

[1] Schenke, Tribedy, Venugopalan, PRL. 108, 252301 (2012), Schenke, Tribedy, Venugopalan, PRC 86, 034908 (2012)

[2] Nijs, van der Schee, (2023), arXiv:2304.06191 [nucl-th]

[3] Borghini, Borrell, Feld, Roch , Schlichting, PRC 107 (2023) 3, 034905

[4] Moreland, Bernhard, Bass, PRC 92 (2015) 1, 011901

[5] B. Alver, M. Baker, C. Loizides, and P. Steinberg, (2008), arXiv:0805.4411 [nucl-ex]
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Ultra-central Symmetric Collisions

Au-Au, b=0(fm)

Au-Au, b=4 (fm)

m

» Same behavior for other initial state moments.
» From data, w ~ 0.7(fm) is favored.

{2} = (&)

Au-Cu, b=0 (fm)
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Ellipticity in ultra-central symmetric collisions

from an analogy with statistical mechanics
> Set of events +» set of ensembles
> Short range correlations — cluster expansion method

5 1 a 2 A (dni
2 0 min
g2t ——— 1+« () —<

212} 7A(1—|—(W/R0)2)2 € Ry 2\ Ry
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Collective expansion
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Linear Response approximation

Detector Particl

PEPTIR . . re Particles
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Linear Response approximation

Detector
e N . More Particles
& (Ellipticity) &3 (Triangularity)
i < / Faster
A
X
Faster
(- o000 o 0 o
k Faster
Faster =4 More Pal
Faster

More Particles

v, (Elliptic flow ) v3 (Triangular flow )
vy ~ k3&s

v, =~ k,€,

forn=2,3

SWN 7/s=0.16
20-30 %

20—30 %
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
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[Niemi, Denicol, Holopainen, Huovinen, PRC 87 (2013) 5, 054901]
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Deformed nuclei and isobar ratio T”Tl

[Nijs, van der Schee, SciPost Phys. 15, 041 (2023) ]

96R 96 96 96 [ v = ]
u— Ru VS Zr — Zr 1.04 RuRu, ZrZr, V sy =0.2 TeV
40 40 44 44 [ Trajectum
1.02 e
il I ——
© 1.00; ._H'_;_:,_._,_._. —
:.vz{z}
0.98".6(2)
0 10 20 30 40 50 60 70
centrality [%)]
VZRU{Z} s S?U{Z} ~14 A/2 [( 2RU)Z _( 2Zr)Z]
VA A 3
v2r{2} 82r{2} 1 _/% (dlrtp(;n) +6f%uc+”'

> It was known that the ratio has the form 1+ R [(BF!)2 — (B7")?] was known [zhang,dJia, PRL, 128, 022301].
» We now know how R depends on the initial state parameters.
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Ru and Zr structure TI.ITI

= Ofuc= 1.25, dm]:]= 0.4 (fm) E'Uﬂuc= 0.7, dmin= 0'4 (fm) |
/A Otiye= 1.25, Ay = 1.0 (fm) ||||||| Gtiye= 0.7, Ay = 1.0 (fm)

Q
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/////////////\<<<<
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(B

Equation vi{2} /v§"{2} = constant put a constraint on the nuclear structure parameters.

* Data point from: [Pritychenko et al, Atom.Data Nucl.Data Tabl. 107, 1-139 (2016)]
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Summary

Ultracentral symmetric collisions can be employed to study the nu-
clear structure.

We showed that the isobar ratio in ultracentral collision is sensitive
to nuclear structure including two body correlations and constituent
weight fluctuation.

Outlook

Find higher order moments and studying, higher harmonics
82{4}783{2},.."

Finding observables which are more sensitive to two-body correla-
tions, disentangling of,c and dmin?
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Sim. / Anal.
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The effect of scale-invariance in ultracentral symmetric coII'H_ﬂ'il
Ty

Au-Au, b=0 Au-Au, b=4 Au-Cu, b=0
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The effect of scale-invariance in ultracentral symmetric coII'H_ﬂ'il
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Charge multiplicity and function f(N4,Np) T”Tl
Npart = Na + Np, Ncoi = NaNp

[ALICE collaboration, Phys.Rev.Lett. 106 (2011) 032301], [ALICE collaboration, Phys.Rev.C 88 (2013) 4, 044909]

2 FEAUCEPOPbat\sy=276TeV | o 9
E 'Y D 15 wF . [ Pb-Pbat\sy,=276TeV
510" E —— NBD-Glauber fit =" 8
E{ \ wk X part+ ‘f)Ncon] 10 = E
%10_4 Ll 1=0.801, 1=29.3,k=1.6 g 7}
) s F
Lﬁ B 4 % C
10° | - = 6
; 5i chh/dn=N[fN n+(1-f)Nc°”]
10 |1 §° 2 3 L N /o =NN*
3 = E A dN,fdn = NN
(0 T LR IR S R R , | 0 S s 200 20 500 oo
VZERO amplitude (arb. units) (N
Model \ Normalization ~ Error Fit Par. Error  x*/NDF
f-Npart + (I =) - Neon 2.441 0.281 f=0.788 0.021 0.347
Npart® 1.317 0.116 «a=1.190 0.017 0.182
Neon? 4.102 0.297 p=0.803 0.012 0.225
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Functionality of £(T,, ) TUTI

> falauoer(Ta,Tp) = (Ta +Tp) + aTsTp

» U-U collisions disfavor binary term [Moreland, Bernhard, Bass, PRC 92 (2015) 1, 011901]

6/11



Functionality of (T4, T5) TI.ITI

> fatauber(Ta;Te) = (Ta+Tp) + aTsTp

» U-U collisions disfavor binary term [Moreland, Bernhard, Bass, PRC 92 (2015) 1, 011901]

[STAR collaboration, PRL, 115, 222301]
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Functionality of /(74,T5) TI.ITI

> falauoer(Ta, T8) = (Ta +T) + aTx T

» U-U collisions disfavor binary term [Moreland, Bernhard, Bass, PRC 92 (2015) 1, 011901]

X

[STAR collaboration, PRL, 115, 222301]

0.0 . UsU

‘ _
Glauber x,,,=0.13 BOdy BOdy
Glauber Const. Quarks
CGC-IPGlasma
Ay L o g E 5
0.125% Most Gentral ZDC Se Tip-Tip
{M } el

085 09 0% T 7,05
Mult/{Mult)

6/11



Functionality of (T4, T5) TI.ITI

> falauoer(Ta, T8) = (Ta +T) + aTx T

» U-U collisions disfavor binary term [Moreland, Bernhard, Bass, PRC 92 (2015) 1, 011901]
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[STAR collaboration, PRL, 115, 222301]
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Functionality of (T4, T5) TI.ITI

> falauoer(Ta, T8) = (Ta +T) + aTx T

» U-U collisions disfavor binary term [Moreland, Bernhard, Bass, PRC 92 (2015) 1, 011901]

[STAR collaboration, PRL, 115, 222301]
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> TrENTo event generator:
~ 1
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9y
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Ultracentral symmetric heavy-ion collisions T”Tl

Assuming scaling invariance, f(cTa,cTg) = cf(Ta,Ts):

For the ultracentral symmetric A-A collisions with large nucleon size:

» The participants thickness function A and B are “similar” to each other,

Y f(cTa,cTa) =cf(Ta,Ta) — g(cTa) = cg(T4) — g(x) is linear!

For the most central symmetric A—A collisions:

observables should have small dependence on functionality f (T4, Tg).
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Analytical result

m

coefficient value
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Analytical result
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Analytical result
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Generating random sources with two-body corelation T”Tl
Our analytical analysis has revealed a problem in creating sources with correlations.

To implement the minimum distance:
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Generating random sources with two-body corelation T”Tl
Our analytical analysis has revealed a problem in creating sources with correlations.
To implement the minimum distance:

1. lterative (used in TRENTo [1]): Generate the nth source based on WS and compare its distance to all other (n—1)th
sources. If there is any distance smaller than dpi, reject the nth source and generate a new one.

[1] Moreland, Bernhard, Bass, PRC 92 (2015) 1, 011901
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Generating random sources with two-body corelation T”Tl

Our analytical analysis has revealed a problem in creating sources with correlations.

To implement the minimum distance:
1. lterative (used in TRENTo [1]): Generate the nth source based on WS and compare its distance to all other (n—1)th
sources. If there is any distance smaller than dpi, reject the nth source and generate a new one.
2. Shifting position [2]: Generate A sources at once and shift positions symmetrically for pairs with distance less than
dmin-

[1] Moreland, Bernhard, Bass, PRC 92 (2015) 1, 011901
[2] Luzum, Hippert, Ollitrault, Eur.Phys.J.A 59 (2023) 5, 110, Eur.Phys.J.A 59 (2023) 110
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Generating random sources with two-body corelation T”Tl
Our analytical analysis has revealed a problem in creating sources with correlations.

To implement the minimum distance:
1. lterative (used in TRENTo [1]): Generate the nth source based on WS and compare its distance to all other (n—1)th
sources. If there is any distance smaller than dpi, reject the nth source and generate a new one.
2. Shifting position [2]: Generate A sources at once and shift positions symmetrically for pairs with distance less than
dmin-
3. Direct: Generate A sources at once and compare all mutual distances. If there is any pair with distance smaller than
dmin reject all A sources and generate a new set.

[1] Moreland, Bernhard, Bass, PRC 92 (2015) 1, 011901
[2] Luzum, Hippert, Ollitrault, Eur.Phys.J.A 59 (2023) 5, 110, Eur.Phys.J.A 59 (2023) 110
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Comparing “Direct” method, iterative method and shifting T”Tl
method
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