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Introduction

Skewness and Kurtosis

n-th order cumulant of the distribution

C,=0?% C;=S03 C,=xc*...
(c: Deviation, S: Skewness, k: Kurtosis)

These are related to the correlation length & of matter

Skellam distribution

Difference of two Poisson distribution
Boltzmann distribution

The “Skellam” corresponds to classical proton
and antiproton gas

How large the quantum effect ?
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Introduction

We know about interacting nucleon as nuclear matter

- Liquid-Gas transition
- Saturation of nuclear matter
- Empirical value of

saturation properties
(E/A, py, K, ..

)

15 - .

- " ". l
- Ch-EFT _/ Gogny D1

= 10 +Bom Vg 7 / (x3=1.0)/—:

= Ch-EFT —,/ I

< +Born V3 . “LOBT with/

] i / / Ch-EFT/

= O0r

m R

O i

T -5¢f

2 5

S g0

3

S -15F

2

pd

=20
_25 1 1 1 1 I 1 1
1.2 1.4 _11.6 1.8
M. Kohno, ke [fm ]

Phys. Rev. C 86, 061301(R) (2012) [k



Introduction

T

pQCD
LQCD

Chiral model
Interpolate

our knowledge !!

Nuclear matter



We investigate the following effects to the fluctuations
for large chemical potential.

- Fermi statistics
(Free Proton gas)

- Interacting hadron
(nuclear matter model)



Free Fermi gas

3
p =27 / d’p {1n(1+e—(6p—u)/T) +1n(1+€—(6p+4u)/T)

(2m)3

Collision energy and (ug, T)

J. Cleymans, H. Oeschler, K. Redlich,
and S. Wheaton, Phys. Rev. C 73, 034905 (2006).




Free Fermi gas

Dimensionless fluctuations

NN
7 o(u/T)" T*

So=x5 /x5 . KO® =X /X5

Classical limit
1
— — _(EP_IJ’)/T
=y WP, e

So = tanh (u/T), ko* =1




In high density region.

Simple Fermi statistics can be seen
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Interacting hadron

Walecka model with nonlinear self potential

L = P(i,0" + pB — goyuw! — Mx + 9o6)1

Nucleon
1. . 1 o1,
+-0,00"'0 —U(0) — —wp,w"” — —m;w,w"
2 4 2
Scalar Boson Vector Boson
A 1 o, 13 1y
Wy = Ouwy — Oyw,,, U(6) = imga -+ §b0 -+ ECJ

: - One-body potential represented
Interaction effects by the mean-field variables

D. Walecka, Ann. Phys. 83, 491 (1974).
J. Boguta and A. R. Bodmer, Nucl. Phys. A 83, 413 (1977). 10/15



Interacting hadron

2

+U(o) — =

d>p
(2m)?

{lIl |:1 + e—B(Ep_NE)] —|—1I1 [1 + e—B(E'p‘FNE)} }

me,(Wo)”

ep = V/P*P+ (Mj)?2, MG = Mx — 950, pg = UB — Gu®@o

Saturation properties

Model Empirical
po (fm™3) | 0.15 0.17
E/A (MeV) | -16 -16
K (MeV) 210 210 - 250
E/A(po)

B. M. Walfhauser, J. A. Maruhn, H. Stoecker,
and W. Greiner, Phys. Rev. C 38, 1003 (1988).

A Binding energy
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Interacting hadron
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Nuclear matter model (RMF) well reproduce

the experimental data.

Experiment: STAR Collaboration, PRL 112, 032302 (2014)



Interacting hadron
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A/ SNN (GGV)
Effective nucleon mass depends on pig,
and it affect to the fluctuations.



Interacting hadron
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| Hiso = (ﬂp_ﬂn)/2

| For each pg

n,: N,
=79:118

(Au nucleus)

Assuming symmetric matter is not so bad.



Summary

We investigate the proton number fluctuations in higher density region.

- Fermi-statistics affect to the fluctuations.

- Relativistic mean-field model (i.e. interacting hadron)
reproduces the experimental result.

Further discussions

- Signal of QCD transition
- Validity of RMF model for higher temperature

- etc ...



