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QCD Phase Diagram

ALICE, PRL110, 152301 (2013)
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Fluctuations of Conserved Charges
tell us much Information
about the Hot Medium...



Fluctuations of
Conserved Charges



Fvent-by-Event Charge Fluctuations

An : Rapidity Window

The number of conserved charges are counted
in a given An in each event




Fvent-by-Event Charge Fluctuations
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Fvent-by-Event Charge Fluctuations

STAR, PRL105 (2010)
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An Dependence of Charge Fluctuation @ ALICE

ALICE, PRL110, 152301 (2013)
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An Dependence of Charge Fluctuation @ ALICE

ALICE, PRL110, 152301 (2013)
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An Dependence of Charge Fluctuation @ ALICE

ALICE, PRL110, 152301 (2013)
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An Dependence of Charge Fluctuation @ ALICE

ALICE, PRL110, 152301 (2013)
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An Dependence of Charge Fluctuation @ ALICE

ALICE, PRL110, 152301 (2013)
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Fluctuatlons are not Equmbrated at freeze-out (?)
We can observe QGP Fluctuations for Larger An (?)




Problem



Global Charge Conservation (GCC)

If one looks at the Total System, G
#Conserved Charge 5 ~ k)

does NOT Fluctuate ! < A -
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Global Charge Conservation (GCC)
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Global Charge Conservation (GCC)
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Global Charge Conservation (GCC)

If one looks at the Total System, ~ b ~NJEBL ~
#Conserved Charge o ~ A CIADNAE L
does NOT Fluctuate ! AT = Toor

% GCC Effect also causes Suppression !
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What does the Suppression imply 7
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What does the Suppression imply 7

Time Higher
Evolution Fluctuations

Bleicher, Jeon, Koch
(2000)
Shuryak, Stephanov
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What does the Suppression imply 7

Time Higher
Evolution Fluctuations

Bleicher, Jeon, Koch
(2000)

Shuryak, Stephanov
(2001)

Kitazawa, Asakawa, Ono
(2013)
N ' — [fM--—Ccocccooooooooooooo

Our Study O O O

. 0 0.5 1 1.5 2 2.5 3 3.9 -

GCC Effects on Time Evglution of Fluctuations




Method



Diffusion Model For Hadrons (1D Brownian Motion)

Kitazawa, Asakawa, Ono, Phys. Rev. B728, 386 (2013)
no M1 --- Nm—-1 m NMm+1 N —1
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Diffusion Model For Hadrons (1D Brownian Motion)

Kitazawa, Asakawa, Ono, Phys. Rev. B728, 386 (2013)
no M1 --- Nm—-1 m NMm+1 N —1

%Q‘OO‘OOQ‘OO‘%OO‘QO‘Q o |co| o .
w —

(1) ~(7) ’

Diffusion Master
Equation

—Higher Fluctuation O




Diffusion Model For Hadrons (1D Brownian Motion)
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Diffusion Master Boundary Condition(GCC Effect)
Equation Particles do NOT flow in/out.
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X Initial Condition : Fluctuationsin Thermal QGP




Diffusion Model For Hadrons (1D Brownian Motion)

MS, Asakawa, Kitazawa, arXiv:1409.6866[nucl-th]
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Diffusion Master Boundary Condition(GCC Effect)
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* Diffusion from Hadronization to Thermal Freeze-out
X Initial Condition : Fluctuationsin Thermal QGP

Rapidity Window Dependence of Charge Fluctuations




Results



An Dep. of Fluctuations (No Initial Fluctuation)
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An Dep. of Fluctuations (No Initial Fluctuation)
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An Dep. of Fluctuations (No Initial Fluctuation)
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An Dep. of Fluctuations (No Initial Fluctuation)
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An Dep. of Fluctuations (No Initial Fluctuation)
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An Dep. of Fluctuations (No Initial Fluctuation)
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Interpretation of Result for GCC Effect

At Initial
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Interpretation of Result for GCC Effect
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Interpretation of Result for GCC Effect
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Comparison with Experimental Result @ ALICE
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Comparison with Experimental Result @ ALICE
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An Dep. of Fluctuations (+ Initial Fluctuation)
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An Dep. of Fluctuations (+ Initial Fluctuation)
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Comparison with Experiment (+ Initial Fluctuation)
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4t order Fluctuations
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What Information can we obtain?

Suppression of Charge Fluctuation observed @ALICE
— Globat-Charge-Conservation-
Fluctuations are NOT Equilibrated!
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* We investigated the Rapidity Window Dependence
of Fluctuations of Conserved Charges and GCC Effect.

* GCC Effect appears ONLY near boundaries.

* GCC Effects is almost negligible in Results at ALICE.

Fluctuations of Conserved Charges tell us
Much Information about the Hot Medium.

Fluctuations in QGP, Time Evolution of Hot medium,
Diffusion Coefficient, Hadronization Mechanism, etc---
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Time Evolution of Fluctuations

QGP (Eqwhbnum)




Time Evolution of Fluctuations

QGP (Eqwllbrlum) Relaxation can only proceed
- k.. by Diffusion of Charges !

Shuryak, Stephanov (2001)
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Time Evolution of Fluctuations
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An Dep. of Fluctuations (No Initial Fluctuation)
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An Dep. of Fluctuations (No Initial Fluctuation)
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An Dep. of Fluctuations (No Initial Fluctuation)
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Interpretation of Results for GCC Effect
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Time Evolution of Heavy lon Collisions

Hadronization

Accelerate Collide © QGP Interaction with Hadrons Detected

* Detected Particles . Hadrons L ose Information
k After Phase Transition, Interaction About QGP



Event-by-Event Fluctuations
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Net Electric Charge Fluctuation @ ALICE
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Net Proton Number Fluctuation @ BES
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Net Electric Charge F\uctuanon @ BES
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Rapidity Window Dependence of

Net Proton Number Fluctuation @ STAR
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Binomial and Poisson Distribution

Binomial Distribution

By(n; N) = p"(1 = p)¥ " .Cx
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Poisson Distribution
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Cumulants (ON™)
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Baryon Number Fluctuation

Classical Free Gas in Equilibrated Infinite System
—Poisson (IN™). = (N)




Baryon Number Fluctuation

WE continuum limit ———

WB [1305.5161]




Conserved VS Non-Conserved Charges

Relaxation time are larger than typical time scale(?)

Conserved Charges Non-Conserved Charges
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ONLY by Diffusion of Can change everywhere
Charges

Information about QGP is easy to survive !!
Asakawa,Heinz,Muller,2000;Jeon,Koch,2000



Stochastic Diffusion Eqg. and DME

Stochastic Diffusion Eq.
0,n = D(T)agn + 0p&

IW(T)GZ = D(r)

Diffusion Master Eq.

OP(m,7) = (7)Y [(nm + D{P(n+ €n — €my1,7)
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Initial Fluctuations

QGP
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- Fluctuation does not change just after hadronization
- Thermal Value in the final QGP State




Parameters

Initial Fluctuation

(Qeny)e Qlue)e Qe Quon)e|  [(Qfian))o

Small compared with Equilibrated Hadronic Value Large?
Free Parameter

T — d(’T) 7 — Ttot

Mot d(7)
D i : Average RS o :’m%i? =
Diffusion Distance & _EoRs g b D
D(7) :Diffusion Ttot :Total Rapidity
Coefficient Length
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<Q%tot)>c strongly depends on Hadronization Mechanism.




Why Higher Order?

th Kitazawa, Asakawa, Ono, Phys. Rev. B728, 386 (2013)
4 Order Sakaida, Asakawa, Kitazawa,

—Strongly Depend on Hadronization Mechanism!!
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Diffusion Constant

Assuming D(7) = Dyt~ 2,

Const. 1
. . ™ , [1 1
In Cartesian Coordinate, Dy = — ot | — — —
2 70 Tfo
Total Rap. Length: Mot = 8
Hadronization Time: 70 ~ 8 — 12[fm]
Freeze-out Time: Tto ~ 20 — 30[fm]

Comparison with data— T ~ 0.04 — 0.06

We can estimate Diffusion Const!! Dy = 0.6 — 3.5/fm|



Charge Density Distribution @ALICE Pb-Pb 2.76TeV

ALICE, PRB 276 (2013) 610-622
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