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Effect of eventby-event fluctuations
on light-nuclel yield ratio

+ Nontrivial background (geometry + flow) effect
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Criticalpoint search in higienergy heawyon collisions

Schematic QCD phase diagram
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EffectivemodelsA Critical point (CP
1st order phase transition?

Experiment:wide range of energies
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Non-monotonicbehaviors as functions &,
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Model for yields of light nuclel itinis study

Coalescence modd¢recombination model)
G b dzOf S dzounbeFAisvfdrnied byAy dzOf S2ya Of 24§ |

4 A A
Na=aa [{TTdrdpifitrecpd | Walirs i)

72 suddenfrzout

Assumed to be

W,)0X 2 A 3 ye@mesSpohding to lighhucleus wave fnh@armonic oscillato)
\fi()X LK &S & LJ O8hni&lednidX s]:adzt’icﬁlfﬁc;brfrén?spin/

Relationship to the CP search
Note: Hereafter, we denote

What is measured inperiments is event average 2
them asN, omitting angle
Nd InyNp,an,y 1 Nt nyszx ny n,z brackets X

Ng/ Ny N, [akaBy(d)] X/ 2 y 4 I Vidclytingthk Bosffidial size effect
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K-J. Sun, PLBr4, 103 (2017), etc.
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Realisticcollisionsetupr uniform/equilibrium

Variouseffectson the background() incollision process

.

ExpansiorA coordinatemomentum correlation

Initial event-by-event fluctuations

A Noncritical long range correlations

Non-flow effects (jets, hadrormrescatteringand decays)
A f() maynot bein equilibriumorafnof (T,>uwXZ XU

» Finite size and finite time (KibbtZurek)

\ A Upper bound in critical correlation development

b

—
ST ST S

Q. Howis N, N;/ Ny* Kk, n(x)n(0) / n ¢ affected?

1. Nontrivial background 2. Eventby-event fluctuations
distribution in a single event O p), fD(r.p), fOr p),....

f(r,p) = fo(r,p).

Assumption 1: No (critical) fluctuations
Assumption 2: isospin symmetry

— (N

Bvent average

NY N® N

usingToy model
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1. NONTRIVIAL BACKGROUND

DISTRIBUTION IN A SINGLE EVENT

S. WU, K. MURASE, S. TANG AND H. SONG, PHYS. REV. C 10842032),
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Example: Simple Gaussi{h - sunetal, pLB792, 1

1. (input) Distribution function

2 2
= o) en( )

2. (result) Integrate theaalescencdormula:N, kKW, [ Af,

9 2 02 1 -3
om0+ )+ 55)
d

3 2 02 1 —3
Ne= gy | (R4 5 ) (mT+ 5 5)]
7

Note:light-nucleisizes ;=2.26, ,=1.59fm

If the size difference reqligible

N¢Ny/Ng = gt/94 = 4/9

The effects from Gaussian profile exactly cancels!

A Investigate effect of general f() with non-Gaussian components
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ldeafor non-Gaussian effecExpand|() in terms ofcumulants

7~ Input ~\

f(z?) o _ _/ d’ﬁt? —it;-z; C_ﬂ! g\
Np —,O(Z?/) o (271_)56 CXp Z Cl:'(lt?)

\_ CIENE )
Expandnd LIK4a43B OS Odeoy[dz (r, Pl a €
Cumulants up to '® order lhgenerate Gaussian distribution
Higher order cumulantBhthe deviation from the Gaussian?

/ Result for the yield N, for general A \
Lowest order (2nd N(U) =g NASA 1[det(62 _|_l'6)]—(r4—1)f2

order cumulants)

independent of A

Higher order may be taken into account by the perturbations

B N dST; exp[—1T;(Cy + Zs) T}
N e 1+f{1_[1 \/27r6det(Czj—I)6 }H(m}f‘_ll)

o0 T All
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> HR{THEY
- 4
>0 Z (0TT))

k
k=3 i=1 |a|= k Ta=0

\ =1+0({ a}]a1>3) /
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Generalized yield ratio

Generalization oN,N,/ Ny

- D
Rt = N, R T N subject o
k=1
Zk 1pk( r—1) =0
(H 9 ) [1 T O {Ca}|a|>$)] + (additional constraints without isospin sym)
-
E.g.n = 2 (two nuclei)
4 4 )
NB-ANnA-] A—1
1-B,A—1 B g
RA,B — pNB_l — g_l [1 + O({Ca}la!ZB)]'
A 9a
\_ /

Background effects cancel up to thé%rder of cumulants

Note: Effectof matter expansions

| . o (rpT)
A Coordinatemomentum(r-p) correlationsnf() ~ C2 =2 2(pp

T
A Canceled in the ratios up td%order <pr ) o
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Casel. WoodsSaxon (nhofGaussian case)

Input

2

2mT’ )

_ PWS . 1 (____
f(r.p) = 1+ exp % (2rmT)3/2 =P

Result (common = 1.59fm)
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Effect of different nucleussize
(physical’ =2.23, 1.59 fod, t)
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The WoodsSaxon distribution The different nucleusize effect is
decreases the ratio significant when fireball size is close to

spatial structure decreases the ratio
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Case?2:. Anisotropic flow (Blasivave)

Flow profile for n =2

Input
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(2rmT)3/2 2T Lm NN
1 " i
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The effect is negligible Momentum anisotropy tends
when the fireball size is large to increase the ratio
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2023/4/26 Centrality dependence” 1



2023/4/26

2. EVEN-BY-EVENT FLUCTUATIONS

K. MURASE, S. WU, IN PREP.
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Model for eventby-event distributions

@gle eventSumoh-DI dzaa Al y d&aKpl Nﬁnb@?ofjhét gpots\

1 — hs hs Size/Sha

4 B _ pe of hot spots

f(z) = o Z cnG(z — anp; C3°) % in phase space (6x6)
h=1

- Ay, | Center of hot spoh
Gaussian
G(z — a; ChS) Ch | Magnitude of hot spoh

1
\ e L aTE R

phase space

Eventby—event distribution of distribution function byfluctuating (c, a,). \

Gaussian laj (C39) tay

Pr(icn, anfh=) HpCh \/de 27TChC)

\ CSC Covariance of hespot centers
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Result: Singlevent vield

ﬂingle event yield by fAW dAz

N}i = ga81 L det(Chs + 1)~ A-1/2p=A
n A

< 3 (Hch]e—%zhuﬂcswrlm

hi,esha=1 =1 gaussian form

R

\A@-(hl,...,m) = >0, 0yjan,

/

Gaussian as a function of kgpot positionsa

A Perform event average with probability density
N,=kdadcPra,c) N,

n - tal(Ch) ay

Pr(icp, h=1) = ¢ :
({en,antp—1) hl;[lp( h) \/det (27Che)
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Result: Yield

ﬁield (Event averaged) \
N = ga8%1 det(Chs +1)-(A-/2

z n!Al I’m1 ce Imﬂ

A
mlz...zmnzﬂn Sml’ TTn HA(Zh 1 A 1—|—m;1)\)
> h—1mnr=A4A

4 1

Im = TNCEN DN /dcp(c)cm moments ofc
A

X 1/2

yeeey My

= [T am!(m!)*~ Symmetry factor

yield is

A eigenvalues of C5°(C5® 4 1)~ | determined by
this factor

\_

\ Z;LL:]. mh’:A

>; Lo Sum for classification dkitems intorj
mi = =ZMp =
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Result: Yield

ﬁeld (Event averaged) \
Na = ga84 tdet(Chs +1)~(A-D/2

nlAl Ly I,
XD
A 172
n4S
mi=>- >y, >0 M1;..-sMn HA(Zh 1 A 1+mh)\)
Z:Zlmth

leld Is
rmined by
this factor

g Z: Lo Sum for classification d&items inton
ml_"’_mn_
\ Z::l mh:A
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Result: Yield

Examples A=2 (deuteron) & A=3 (tritons)
7R § PP et VIO

det(Chs +1)1/2 n [T, (14 M\)1/2

__ ®ga L[ 8, 30 D(E))?

det(Chs + 1) n? [[,(A+ 312
(n — 1)(n — 2)(c)’

[1(1+A) .

Ny

t

_I_

A Change parameters

» Calculate yield ratidN N,/ N4
A Checkgualitative behavior
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NLNQ/ Ng2 with two Gaussian in 1d

n=1: single Gaussian Ratio = 4/9

n=K : infinite number of hot spots Ratio = 4/#luctuations smeared out)

n=2:double Gaussiarcase(no fluctuations in magnitude)

(N¢ Np / Ng?) / (4/9)

M
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100

Average distance of two Gaussian profiles

RMS(a) / (1+0%/2R2)1/2

Position fluctuations increase the ratio
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NLNQ/ Ng2 with two Gaussian in 1d

n=2:with magnitude fluctuations inc

c. uniform distribution in[Np — 3, Np + §]

1-1 1 II1rIII| 1 IIIrIIII T T T T T 711
1.05
<y
< 1
R
= 0.95
= 09
=
0.85 )
0_8 |":'| 1 ‘| Lo 1 Lol |h ‘"I Hl_-__l__‘lLI"TT'
C/ (1+0%/2R%)1/?

Magnitude fluctuations decrease the ratio
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N, NQ/ Ng2 with two Gaussian

n=2:dimensionality of fluctuation directionsd (rank of G"°)

1 | IIIIIII ] 1 IIIIIII 1 | IIIIIII | ] T rrri
1.06 —~
. 1.04 |
X
f{.- 1.02 _
g 1
~ 098 - Fixed g - —
= d=1 ——
z 096 d=2 ———-
0.94 - d=3 e 4
d=4 —-——
092 vl IR L1l |
0.1 1 10 100 1000

2172

The increase largely depends on the dimensionalziotj
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NENE/ Ng2 with n Gaussian

Change n fluctuation granularity €adjusted to fix the fireball size &)

(N¢ Np / Ng?) / (479)
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NN / NH with two fluctuation sources

f~ sum of two fluctuations sources with different hospot sizes Bl & 's2

E.g.critical fluctuationsvs
shorter-scale thermal
fluctuations

Insufficient scale separation in HIC
A Can we differentiate them?

The effect becomes larger
when two sources have different sizes
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