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Freeze-out

Temperature and Chemical Potential
when the particles were born
were estimated.

Cleymans et al.

Phys.Rev.C73:034905,2006
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Canonical Partition Function
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Grand-Canonical Partition Function

Z(€,T) = Tre AH-1N)
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(6 =1/T)







Partition Function is
Sum of the Probability ...
If | know¢, then | have Zn.
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How can | obtain Zn from P, = Z,£" ?

f unknown ?!

sqrt($)=62.4 .
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Zn = Pn/E"

Particle-AntiParticle

Symmetry ! \Z—|—TL — Z n

£ = BM/T One Parameter !
sart(s)=624 Potato -UntiPotato
ot . . . 7
S I Fit f Symmetry ?
. Zn | v‘_ Q
o
Net proton number R
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Fitted £ are very consistent with
those by Freeze-out Analysis.

12 - Cher'nli:c':alllér'ge'ze'-olut' >< -
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10 | 1 x This work
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> |  — Freeze-out

up 6 | .

| ; J.Cleymans,
4 ‘; H.Oeschler,
o | : K.Redlich and
b o S.Wheaton
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Z(&T) — Z Zn(T) 3

Now we have Zn of RHIC data
(sqrt(s)=9.6,27, 39,62.4,200 GeV)

A Wao ! We can calculate
at any density !

T This includes all QCD Phase
information !

/T (=€;
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Hunting the QCD Phase
Transition Regions

Find Rooms where No Criminal.

> The Target is in other Room.

- Not here ! Then, ..
- —
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What happens

la | . '. 1 if We increase

S P / these points 15%
S @ — if we drop

these points
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0.17

O Freeze-out Point
. = Lower bound determined by susceptivility

Lower bound determined by negative Kurtosis
- Phase Transition Regions estimated by
015 Lee-Yang Zero distribution

0 01 02 03 04 05
Chemical Potential W (GeV)

Temperature (GeV)
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Lee-Yang Zeros

Zeros of Zn in Complex Fugacity Plance.

Z(ak) — 0

Great Idea to investigate
a Statistical System

f A

X i‘\ ’ ‘. = s,
Pt 4
X _
X ¥ - ¥ f o
X . \
Phase Transition
|

136 H27HAEH



Simple Factorization
Problem !

For large Nmax, this is
an ill-posed problem.

IMSL Library does not work.
Minimum Search of | Z (&)

Difficult to confirm a real Zero from
very small value.
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cut Baum-Kuchen (cBK) Algorithm

g f©=1]€— )

! !
1 f Zf—&k

1 1 f/
Ret ¢ — Number of
j % 7 5 —  Zerosin
¢ Contour C

A Coutour is cut into
50 - 100 number four Pieces

of significant digits if there are zeros insied.

7N
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LY Z: RHIC Experiments
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Lattice

) = Ny
CO Z Cn 5 " ]

‘ let A(0)) Ve "G
- det A(0) | (det A(0))" /e

Zao(p) = /DU

/DU(Z an, &™) (det A(0))NF e 56
:/DU(ZanS”)(detA(o))Nfe—sG

- Zgn/DUan(detA(O))Nfe—SG

Zao(p) =Y  Znt"
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LY Z: Lattice QCD
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Lattice: How to Calculate

det A(u)
det A det A
et Al )H(de A(O)) et A0)
Nred
— Nieq/2
det A(p) oc € Nrea/2 TT (N, 4 €)
n=1
Nred/2
X E cn&"
Nazgfz 2:1); ifl?\allglilaon:u ra, MN——1Vred / 2

Phys. Rev. D82 094027
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Skellam
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Sl(e”am (%ﬁbo;tmot)

Skellam, J. G. (1946)
"The frequency distribution of the difference between two Poisson variates

belonging to different populations". Journal of the Royal Statistical Society,
Series A, 109 (3), 296

Article Talk Read Edit View history Search

Skellam distribution
WIKIPEDIAN ————— —
Ihe Free Encyclopedia rom Wikipedia, the free encyclopedia
The Skellam distribution is the discrete Skellam
:‘laln page probability dnstrlbutlor_w c?f the'dlfference Probability mass ft
-ontents 1 — Mo of two statistically independent ox -
‘eatured content random variables [y and N5 each having
Surrent events Poisson distributions with different expected =~
}andom article values fL1 and [L2. It is useful in describing o
Jonate to Wikipedia the statistics of the difference of two images
Vikimedia Shop with simple photon noise, as well as
describing the point spread distribution in
Interaction : :
certain sports where all scored points are
Help equal, such as baseball, hockey and soccer.
About Wikipedia

The distribution is also applicable to a special
case of the difference of dependent Poisson
random variables, but just the obvious case

Community portal
Recent changes
Contact Wikipedia

where the two variables have a common ’ : ‘ x
Toolbox additive random contribution which is Examples of the probability mass fu
cancel i i i i
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LY Z : Skellam
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Conclusion
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