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Why Fluctuations? E=I

2ndorder. 04| o To probe the structure of strongly interacting matter
f::rdder “ » Locate phase boundaries
_____ crossover o Search for critical phenomena
<L .
SPS RHIC
NICA
. E-by-E fluctuations are predicted within
. 4 Grand Canonical Ensemble
; mu’d ......................... ST R <N2>—<N> _T% __la_V
Mu,d F. Karsch <N>2 N V' x= V 9P
o fingerprints of criticality for m, =0 /
survive at crossover withm, ,# o @ direct link to the EoS

A. Bazavov et al., Phys.Rev. D85 (2012) 054503
probing the response of the system to

external perturbations
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Criticality at crossover S
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ALICE, PLB 726 (2013) 610
A. Andronic, P. Braun-Munzinger, K. Redlich and J. Stachel,
Nature 561, 321—330 (2018)

y axis: 9 orders of magnitude; works in the energy range spanning by 3 orders of magnitude
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freeze-out at the phase boundary

TP = 156.5 + 1.5 MeV
TAMCE = 156.5 + 1.5MeV + 3 MeV(sys)

A. Bazavov et al., Phys.Rev. D85 (2012) 054503




2D Ising Model S

- 2D Ising Model (16x16)
! | .: . A.R.Inprogress

D 3 4
H(sq, ..., SN)_—]z HZSl T
(lJ) Nev

€ competition between ordering agent J (m) = N, Z L? 2
and disordering agent T
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Finite size effects
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magnetic susceptibility

N 2 2
X2 = 7 [(m?) = (m)?]
critical temperature
fe _ ‘ 2.269
] m(1++v2)

The signal depends on system size

s Change in the peak position
» Change in the signal amplitude

system size dependent analysis
Is necessary
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(m)(eL/*) = (m)(t, L)L/ T2 (ELM7) = xo (&, L)LYV
extract critical parameters (5, y, v, T,.) by function minimization

corresponding exact values for 2D Ising: %, %, 1,2.269 (used for the plots)
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Fluctuations in nuclear reactions =550
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<NB> - 400, <N_> ~100 [fluctuations of conserved quantities}
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# conservation of the net-baryon number

P. Braun-Munzinger, A. R., J. Stachel, QM 18
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B

# fluctuations of net-baryons appear only
inside finite acceptance
P. Braun-Munzinger, A. R., J. Stachel, QM 18
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Fluctuations in nuclear reactions S
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Net-particle cumulants, definitions E=SIX

X:NB_NE AO.OSL L ——

= i o,
rt" central moment: | 0047 S8 ]
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first four cumulants ; s | Y ]
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K =(X), K= My K=z, K4= Uy — 35

Uncorrelated Poisson limit: (NgN5) = (Np)(N5)

T

Net-Baryons = Skellam Kk, = (Ng) + (—1)”(N§) K’iz;rl = tanh (M) = zxz; ; gz;
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Baselines from LQCD == I

for a thermal system in a fixed volume V 0.85 (e ey
within the Grand Canonical Ensemble 5 LQCD il
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P. Braun-Munzinger, A. R., J. Stachel, arXiv:1612.00702, NPA 960 (2017) 114 0.4 | % preliminary
* In experiments o,
. 021 E free quark gas |
* Volume (participants) fluctuates from E-to-E B, "H@ o
* Centrality selection iS CrUCial 0‘|20 1;40 1%50 1‘80 260 220 2;40 2‘60 280
* Global conservation laws are important T [MeV]
* Acceptance selection is crucial smaller than in HRG forT > 150 MeV

F. Karsch; QMz17y, arXiv:1706.01620
0. Kaczmarek; QM1y, arXiv:1705.10682
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Impact of conservation laws ==

" | :
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P. Braun-Munzinger, A. R., J. Stachel, arXiv:1807.08927
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Impact of participant fluctuations ELE) !

, x°
W=
- o0-5%
= Each source is treated Grand Canonlcally 50 / W
(An) = (p) — (p) jfﬁ
K1 (AN) (= (Ny)iy (am) 0300 — @m0 14001N
W
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S + 6(An)?K, (An)ics (Ny, )+ (An)* ke, (Ny)

measured o InALICE (An) = 0 at midrapidity
o Atlower energies volume fluctuations are more important

Detailed recipe for subtracting volume (participant) fluctuations:
P. Braun-Munzinger, A. R., J. Stachel, arXiv:1612.00702, NPA 960 (2017) 114
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Experimental approach =

An > Anp,-: conservations dominate

An < An;p,: dynamical fluctuations may disappear

Run: 244918
Time: 2015-11-25 10:36:18

s 1o © The strategy
® Perform analysis for An > An,;,,
pic(ng —ng) ® Correct for non-dynamical contributions
K, (Skellam) ® Conservation laws
® Volume fluctuations
! --‘-‘-‘“?";-""“"c-o-r;servation laws © etc.

| @ or genuine physics ® Compare to theory

--------------L---------- ...

P. Braun-Munzinger, A. R., J. Stachel, NPA 960 (2017) 114

ANy An

A. Rustamov, ECT%*, 15-19 October, 2018, Trento, Italy



Results From ALICE =5

Contribution from global baryon number conservation

X, (p B 17) <p>measured

KZ(Skellam):1_a *= <B>4”

P. Braun-Munzinger, A. R., J. Stachel,
arXiv:1612.00702, NPA 960 (2017) 114

Inputs for <B>m from:

Phys. Lett. B 747, 292 (2015)
P. Braun-Munzinger, A. Kalweit, K. Redlich, J. Stachel

extrapolation from <B>“{Co <B>4”

using HIJING and AMPT models

A.R.,QM2017, arXiv:1704.05329
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The deviation from Skellam is due to the global baryon number conservation.
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Results from STAR =

AT l pray 1
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K2 | Net-proton : K2 | q:
3[ & 04<p.<2 (GeVic)lyi<05 08 T & ]
[ ® 0-5% i BRR
i O 5-10% ; 0.6} + ¢ ]
oL & 30-40% i I 6
[ % 70-80% ; ! =
] 0.4 -
bpo ¢ | s
1 F P Frogg ey s _ .
I % E ? S ¢ 0.2} .
oL + ¢ . | STAR Preliminary
| N N y 3 1 a3l N E O_u'u'u'.'| """ -1 =311 i ====-7-—]
6 10 20 100 200 6 10 20 100 200
Colliding Energy \/SNN (GeV)
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® Non-monotonic behavior below 39 GeV
X. Luo, PoS CPOD2014, 019 (2015)

STAR: PRL 112, 032302 (2014)
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K 5:HADES (Net-)protons
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Results from HADES =51

Unfolding + vol. fluct. corr.

B E-by-E corr. of factorial moments + vol. fluct. corr.

Under investigation:

€ contamination of peripheral events
in centrality selection procedure




-@- STAR Data
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Results from STAR

K1/ Ko

(np)=(nz)
(np>+<n5>

GCE_v2 :tanh(”?B

GCE:

® why do k3 /K, and k4 /K, look so different?

® critical phenomenon or non-dynamical effects?
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conservation laws dominate!




The a parameter == 1I
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The a parameter == 1I
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P. Braun-Munzinger, A. R., J. Stachel, arXiv:1807.08927
Volume fluctuations: P. Braun-Munzinger, A. R., J. Stachel, arXiv:1612.00702, NPA 960 (2017) 114
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The a parameter == 1I
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Predictions for x,/k, ES
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above 11.5 GeV CE suppression describes the data
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critical fluctuations
G. A. Almasi, B. Friman, K. Redlich, P.R.Dg6 (2017) 1, 014027.

Comparison to critical fluctuations
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conservation laws

® Data have to be corrected for conservation laws and volume fluctuations

® Qualitative differences emerge above 4" order cumulants!
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Conclusions ER=]

® The measured second cumulants of net-protons at ALICE are, after accounting for baryon
number conservation, in agreement with the corresponding second cumulants of the Skellam
distribution.

® All net-proton cumulants from STAR show deviations from the Skellam baseline.

© Above 11.5GeV these deviations can be consistently described with the global baryon number

conservation + unavoidable fluctuations of participating nucleons

Before making any quantitative statements the data on cumulants have to be

corrected for conservation laws and volume fluctuations
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zzcosh(%) z —single baryon

A
Z..(V,T,u)= 2 2 ( N )' ( NZ)' =e , Agz=e partition function
N,=0N;=0 5"

Uncorrelated Poisson limit: (NyNg) = (Ng){(Ng)

ENet-Baryons - Skellam |k, = (Ng) + (-1)"(N3) ,chﬂ = tanh (%) - sz; ; Exgi
: 2k B B
z,.(V,T,B)= 2 2 ( ) (l Z) S(NB —N; _B):IB(ZZ);L 2=

Novo Nt Ng!
® Non-Poisson single particles = Canonical Suppression

® Strong correlations (NgN5) # (Ng)(N=)
©® Net-Baryons do not fluctuate!
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