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@ Critical fluctuations and correlation length

@ Non-gaussian moments and universality

9 Beam energy scan
@ Mapping to QCD and observables
@ Intriguing data from RHIC BES |
@ Acceptance dependence
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QCD Phase Diagram (a theorist's view)

T A
200 MeV

Lattice at up < 27T

Critical point — a fundamental feature of QCD phase diagram
and a major goal for H.I.C.
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Why fluctuations are large at a critical point?

® The key equation:

P(o) ~ %@ (Einstein 1910)
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Why fluctuations are large at a critical point?

® The key equation:

-—

P(o) ~ e (Einstein 1910) T

® At the critical point S(o) “flattens”. And x = (02)/V — 0.
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Why fluctuations are large at a critical point?

® The key equation:

-—

P(o) ~ e (Einstein 1910) T

® At the critical point S(o) “flattens”. And x = (02)/V — <.

CLT? ’ o is not a sum of co many uncorrelated contributions: £ — oo ‘
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Why fluctuations are large at a critical point?

® The key equation:

-—

P(o) ~ e (Einstein 1910) T

® At the critical point S(o) “flattens”. And x = (02)/V — 0.

X ~ Vz/:;

CLT? ’ o is not a sum of co many uncorrelated contributions: £ — oo ‘
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Higher order cumulants

@ Higher cumulants (shape of P(o)) depend stronger on &.
E.g., (6?) ~ V&2 while (o%). ~ V¢7

@ Higher moments also depend on which side of the CP we are.

This dependence is also universal.

@ Using Ising model variables:

0 far from CP:
Ky =0
crossover side
ke <0

- 1st order side
Ky >0
-04

.04 -02 00 02 04
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Why ¢ is finite

’System expands and is out of equilibrium ‘

In this talk — equilibrium fluctuations. The only dynamical effect we
consider is the one which makes ¢ finite:

Critical slowing down. Universal scaling law:

£~ /7 where 1/7 is expansion rate
and z =~ 3 (Son-MS).
Estimates: ¢ ~ 2 — 3 fm (Berdnikov-Rajagopal, Asakawa-Nonaka).

® Dynamical description of fluctuations is essential

BEQT
and is work in progress. ottt
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Experiments do not measure o. J
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Mapping to QCD and experimental observables

Observed fluctuations are not the same as o, but related:

Think of a collective mode described by field o such that m = m(o):

o(np)

X 00
Oo

The cumulants of multiplicity M = [ np:

® xy[M]= @+ kalo] x gt (@)44-...,
———

baseline

Ing = 5ngee +

~M4

g — coupling of the critical mode (g = dm/do).
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Mapping to QCD and experimental observables

Observed fluctuations are not the same as o, but related:

Think of a collective mode described by field o such that m = m(o):

d{np)
do

The cumulants of multiplicity M = [ np:

® xy[M]= @+ kalo] x gt (@)44-...,
———

baseline

X 00

Ing = 5ngee +

~ M4
g — coupling of the critical mode (g = dm/do).

® 1,[o] < 0 means k4[M] < baseline
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Mapping to QCD and experimental observables

Observed fluctuations are not the same as o, but related:

Think of a collective mode described by field o such that m = m(o):

d{np)
do

The cumulants of multiplicity M = [ np:

® xy[M]= @+ kalo] x gt (@)44-...,
———

baseline

X 00

Ing = 5ngee +

~M4
g — coupling of the critical mode (g = dm/do).
® 1,[o] < 0 means k4[M] < baseline

® NB: Sensitivity t0 Mccepted: (k4)o ~ M* (number of 4-tets).
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Beam Energy Scan
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Beam Energy Scan
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Beam Energy Scan

HB
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Beam Energy Scan

Wy

___baseline
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HB

Fluctuations and the QCD Critical Point

Million Events

dv,/dy

ko2 net-proton

Vs (GeV)

net-proton
- 0 10%-40% BES-| g
- 10%-40% BES-II
0.01 —L_*\‘\ -
0
+ + t + +
[ 0%-5% Au+Au; Rapidity Window = 1 b
3 & 04<p <20GeV (Prelim.) -
+ BES-I 4
2 -
e e I S A S S
0, . L L s
0 100 200 300 400 500

Baryon Doping - Hg (MeV)

Weizmann 2017

9/15



Beam Energy Scan

___baseline
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Beam Energy Scan

Ly

__baseline
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“intriguing hint” (2015 LRPNS)
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QM2017 update: another intriguing hint

Preliminary, but very interesting: @ Non-monotonous /s

dependence with max

Ad “Ridge” near 19 GeV.
h*h*, AutAu, 19. h(ie/\/i'lr,‘"ﬂn +As g clation s i )+ H H 1
TRl LSmaUshan @ Charge/isospin blind.

19.6-27.0 GeV
+ The observed structure is similar in

R(an,40)

@ A¢ (in)dependence is
as expected from
critical correlations.

shape to “cluster” emission observed
in p+p at RHIC and the LHC

" B.Alver eral., Phys. Rev. C75, 054913 (2007)
CMS Collaboration, JHEP 1009, 091 (2010)

oooof 1 ‘ @ Width An suggests
j soft thermal pions —
but pr dependence
need to be checked.

14.5 GeV 19.6 GeV 27.0 GeV 39.0 GeV

-6.5 a‘ o.ls \,1 43'5 nl ols An 05 (; 0‘5 An 4)‘.5 é 0‘5 An . .
AUSTAR S o Q207 " @ But: no signal in Ry
for K or p.
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Acceptance dependence
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Correlations — spatial vs kinematic

E~1—-3fm
£
R ¢
i | Ancorr ==~01-0.3
= us
SA rr N . .
o Bfleorr Particles within Ancor,
have thermal rapidity
spread. Thus
Ayeorr———= Y

Aycorr ~1> A77(:01rr
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Acceptance dependence — two regimes

How do cumulants depend on acceptance?
Let x,,(M) be a cumulant of M — multiplicity of accepted, say, protons.
® Ay > Aycorr — CLT applies.

Kp ~ M

K . . .
or w, = M" — const — an “intensive”, or volume indep. measure
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Acceptance dependence — two regimes

How do cumulants depend on acceptance?
Let x,,(M) be a cumulant of M — multiplicity of accepted, say, protons.
® Ay > Aycorr — CLT applies.

Kp ~ M

orw, = %‘ — const — an “intensive”, or volume indep. measure

O Ay < Aycorr — More typical in experiment.
Subtracting trivial (uncorrelated, Poisson) contribution:
kn — M ~ M"™ — proportional to number of correlated n-plets;

orw, — 1~ M1
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Critical point fluctuations vs acceptance

Proton multiplicity cumulants ratio at 19.6 GeV: Wno =Wy — 1
grows as (Ay)"~! and saturates at Ay ~ 1 — 2.

1.0 ] 1.0 ‘ :
f—  Pre(0,2)Gev —  Pre(0,2)GeV
0.8} 08— Pre(0.4,2)GeV
f —  Pre(0.4,0.8)GeV
3|z os 3|z ost
= I
NI 3 2
3| 3 04p 3| 3 04
0.2} Pr e (0.4,2) GeV 0.2}
[ Pre(04,08)GeV |
0.0 0.0 ‘ ;
0 1 2 3 4 0 1 2 3 4
Ay Ay

pr and rapidity cuts have qualitatively similar effects.
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Critical point fluctuations vs acceptance

Proton multiplicity cumulants ratio at 19.6 GeV: Wno =Wy — 1

grows as (Ay)"~! and saturates at Ay ~ 1 — 2.

1.0 ] 1.0 ‘ :
f—  Pre(0,2)Gev —  Pre(0,2)GeV
0.8} 08— Pre(0.4,2)GeV
f —  Pre(0.4,0.8)GeV
3|z os 3|z ost
ds I o 3
3| 3 04p 3| 3 04
0.2} Pr e (0.4,2) GeV 0.2}
[ Pre(04,08)GeV |
0.0 0.0
0 1 2 3 4 0 1 2 3
Ay Ay

pr and rapidity cuts have qualitatively similar effects.
® Wider acceptance improves signal/error:

errors grow slower than M™.
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Concluding summary

X

A fundamental question for Heavy-lon collision experiments:

Is there a critical point on the boundary between QGP and
hadron gas phases?

Intriguing data from RHIC BES I.
Needed: better understanding. More data from BES II.

Critical fluctuations have many universal properties.

Characteristic non-monotonic /s dependence of fluctuations
(with sign change for non-gaussian moments) — a CP signature.

Increase of signal with rapidity acceptance is characteristic of
critical fluctuations.

Dynamical description of fluctuations is essential and is work in
progress.

M. Stephanov (UIC) Fluctuations and the QCD Critical Point Weizmann 2017

15/15



	QCD phase diagram, critical point and fluctuations
	Critical fluctuations and correlation length
	Non-gaussian moments and universality

	Beam energy scan
	Mapping to QCD and observables
	Intriguing data from RHIC BES I
	Acceptance dependence


