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We can get
Canonical Partition Functions
both from Experiments and Lattice
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Yes, very useful, because

(¢ = T : Fugacity)

7 (&
k at some f and T
* Z atANY&=

for both Experiments and Lattice




(Current) Weak Points

1) Experimental Multiplicity Data

Net-Proton and Not net-Baryon

One can prove Z(¢,7) = )  Zn(

Proton, not Baryon

only for Conserved_ Qua?lt1t1es

Possible approaches: = d
1) Wait for Net-Baryon data, .
or Net-Charge data. L{ '
11) Study and analyze data
assuming Zfaryon N Zle’fr‘Oton
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2) Nmaez is not very large.
+Nmaa3

n:_Nmam

Lower estimation of larger
density contribution.
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Z(p, T) € Zn(T)

Grand Canonical Canonical

Z(p, T) ="Tr e~ (H—pN)/T

_ Z<n|€—(H—uN)/T|n>

If [H,N]=0 < n
— Z&Me—H/T\n} et/ T
"/
=Yz (e=e/T)
. Fugacity
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Events

How can we extract 7,
from multiplicity events
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Net-proton
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[Z n=24 n]

(Particle-AntiParticle Symmetry)




Demand [Z__n — Z_n]

sqrt(s)=62.4 | slqrt(sl)=6l2.4 |
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Fitted & are very consistent with

those by Freeze-out Analysis.
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Chemical Freeze-Out

Fitted & X

% This work

— Freeze-out

J.Cleymans,
H.Oeschler,
K.Redlich and
S.Wheaton
Phys. Rev. C73,
034905 (2006)



/., from RHIC data

s = 19.6GeV s = 27GeV s = 39GeV

1 1
oo ‘ sete, Zn_19.6" e ‘ ‘ ‘ ‘ ‘ ‘ ‘ 27 e ‘ ‘ ‘ ‘ ‘ ‘ ‘ "Zn3g’ e
- .
- * ¢ . a®e,
X 1 L] - B | sty i | i
0.000 . R 0.01 .* . ., . 0.01 . . . .
- . - . - -
M . - ) L ] L ]
1e-06 [- . . E . . * *
. . 0.0001 - . . 1 0.0001 - . . g
- - L] L]
* * L ] L ] L -
1e-08 - . . g
o o 1e-06 | * * g 1e-06 |- * * g
L] L] - -
1e-10 |- * ° A . . . .
- L]
1e-08 |- * . 1 1e-08 [ . . |
. -
L] - L] -
1e-12 | . . g . . . .
¢ . 1e-10 |- . . 1 1e-10 [ . . 1
1e-14 - . . g
- . - - L] L]
erys . . i 1e-12 | ¢ ¢ E
ret5 @ _— 1e-12 € . .
. . - -
L] -
N N 1e-14 ! ! ! ! ! ! ! ! ! 1e-14 L L L L L L L L L
15 20 25 -25 -20 -15 -10 -5 0 5 10 15 20 25 -25 -20 -15 -10 5 0 5 10 15 20 25
s = 62. 4G el
01 T T T (] T T T 1 T
. " LR Zn_62.4' ® 'Zn_200'
- L
0.01 | . . 9
L] - 01 = - . * . - 4
- L]
- L]
- L]
0.001 . . 9 . .
. . 001 } . . E
0.0001 . . 9 R .
L] - L] -
1e-05 | ] 0.001 | i
- L] ™ -
- - - =
1e-06 0.0001 ° ° .
- L] -
\ L] L]
G \ 1e-07 | E
* * 1e-05 | o o E
b 1e-08 | . . E . .
r‘\',‘
all . . 1e-06 | E
/ & 1e-09 | 3
- L]
/ - L
l 1e-10 L L L L L L L 16-07 N N N N N
-20 -15 -10 -5 0 5 10 15 20 -15 -10 -5 0 5 10 15

Yes,You Can !

We will see it.
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We can calculate 7,
also by Lattice QCD



Lattice Data
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Wait a moment.
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ZZ

g_ ot/ T

Is this useful ?
Yes, because

|) We can calculate Z at any g(i.e., ,u )
2) We can calculate Z even at complex g
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Moments A\
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Z(f, T) — Z Zn(T) 3
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Susceptivility as a function of [ / 1

Number Susceptibility, sNN1/2=19.6

Number Susceptibility, sNN1/2=27
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+N'm,aa:

Z(&, T) — Z Zn(T) £

n:_Nm T

=» Lee-YangZeros (1952

Zeros of 7 (&) in Complex Fugacity Plane.
/ (Oz kz) =

Great Idea to investigate
a Statistical System
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Lee-Yang Zeros
Experimental Data

(RHIC)
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Im[g]

Im(E]

Lattice Data
3 =1.85 T/T. ~ 0.99
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nd Howy  Summary
Wh

at'are Multiplicity Distributions
telling us on QCD Phase Diagram ?

Au+Au Central Collisions

Experimental Data
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T §a .° " Extract Z,,(T)

®
20 0 0 10 20 30 40 50
Net-proton

Construct
Z(fa T) — Z Zn(T) gn

Events

10

23/24



Construct
Z(ET) =Y Zy(T)E"

S

Calculate Moments | construct Lee-Yang
at u > HExperiment Z.exos
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The current Net-Proton
data 1s a Test-Bed.
But even they suggest
the phase boundary.
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