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1. Motivation

Two basic guestions:

What are the phases of
strongly interacting matter?
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Data: NA49 (SPS), AGS, RHIC

Fit: Becattini et al.
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Onset of the Deconfinement
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Prediction: Gazdzicki, Gorenstein
Acta Phys. Pol. B30, 2705 (1999)
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Models for A+A
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—— HSD with Cronin effect p+p (p) :
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Partition Function of the Ideal Gas:

Z(V,T)

= H/Vd% ©

(kg + m)l/2
X exp — T O o

o ¢ N
= > VAL v, m)
N=0

Particle Number Density:

1 0 (kz s m2)1/2'
, I
m= m
- Q712 K (?)




N(V,T) = V §(T,m), n(T) = 5 = $(T,m)
Pressure:
In Z(V
pr) = 724D 1 grm
Energy Density:
EI(T) — T dp p(T) _ TQ dQS(T? m)

o dT dT’



o0 o0 N
Vo(T,m)]™
ZWVT) = 3, « ), [ (ng }
Multi-Component N1=0 . '”-:0_ =
Gas Vo(T, my, Np, L
| (Nn! ) = exp |V Zqﬁ(T? m;)
| 4= _
& "L de(T, m,)
pIT)=T Y ¢(T.mj), e(T)=T>) — -
G=1 J=1
Infinite Numb - >
nfinite Number _
of Components Z  Jo itk

Z(V,T) = exp [v [ dm ptm) o(2,m
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p(T) =T /Om dm p(m) ¢(T,m)

o0
A
e(T) = T2 /0 dm. p(m) dﬁé(d]:m)
Limiting Temperature Hagedorn (1965), Frautschi (1971) SBM
1
p(M)m—oco == C m™ % exp(bm) , b = —
1H
T\ 3/2 -
= () e (- 5)
= (B (-3

T < Ty, T — Ty

P, E—¥ OO, &

IN
N | O

N | ~]

5
P —>const , € — o0, §§a§

7
11 p, € — const, a>5
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van der Waals

V, T,N
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Van der Waals repulsion: V — V — vy, N

= — Uy m)|Y
Z(\V,T) = Z (U4 lerfﬁ(T’ ) OV — v,N)

f
b B oV
= [B(T,m)]Y exp(—vpsN) NI
- Z N sN+1
N=0



Z(S,T) = /(;OO dV exp(—sV) Z(V,T)

Farthest-Right Singularity of the Laplase Transform:

2V, T)y 00 = exp[

Z(5,T) = [s — exp(—vo8)p(T,m)]™"

Pole Singularity:
s'(T) = exp[—vps™(T)] (T, m)
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Multi-Component VAW Gas My, Vi ... Mn, Vn

BV T = ¥, o B

leﬂ Nn:[]

o WV =Ny — ... —vnlNy) §(T, my)] Mt
o
¢ [(V — AV = e — UnNn) Qﬁ(Te: mn”hn
' N,
X 0(V —viN1 — ... — vpNp)

n— 00

o0
Z e — / dmduv...p(m, v)
0
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Z(s,T) E/ dV exp(—sV) Z(V,T)
Laplace Transform: Y

—[s — f(T,8)]"

Tl ) = /000 dmdv p(m,v) exp(—vs) ¢(T, m)

Pressure: p(T) = T s*(T)

Farthest-Right Singularity:
s'(T) = max{sg(T),so(T)}
Pole Singularity:

sg(T) = f(T,sg(T))
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Mass-Volume Spectrum of Quark-Gluon Bags

p(m,v) ~ C v¥(m — Bv)°
R [3 5/4 /4 (g — Bv)3/4]

. 7
i

7 2 95
— (2~8+§-2-2-3-3> ..

f(T?S) = fH(T?S) + fQ(T?'S) = fH(T?S)

4 /G dv /MU+Bv dm p(m,v) exp(—sv)p(T, m)
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fo(T,s) ~ C T+ (gQTAl " 3)3/2

X /oo dv v2T7H0 exp —v (s — sq(D])]

(0]

so(T) :J—QT3 —

il
3 T

f(T,,SH):SI_I%— - — SQ

The Farthest-Right Singularity?
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f(T,syg) = sy, but f(T,s) > 0, so that
sg(T)>0atall T.

. ag\ 1/4
so(T) <Oatsmall T, ie. at T < Tp = (F) .
Theretore, sgr > s¢ at small 7', and:

Hadron Gas

dsy
T) = T- T) = 7. =4

It sg > spyatT >Tg, then:

Quark-Gluon Plasma
°Q
TY=T-s9p = 2T* - B
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To have s™ = sg at high T" one needs

¥ 4+ 0 < —3,

otherwise f (T, s()

f(s)t

oo, and spr > sq tor all T+
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fQ(T:8Q)Ts00 o T < s0(T)r 00 ox T°

Theretore, 10 +40 < 3 or

7
g £ — =,
4

otherwise f(T,sg) > sg,and sy > sg for all T
f(s)}




1% Order PT
SH(TC):SQ<TC)

Sy (Te)<sqg'(T¢)

2" Order PT
SH(TC):SQ<TC)
SH'(TC):SQ'(TC>

" (Te)>s," (Te)
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Formulas ... 0

fog + u dvv™%exp [—v (spg — SQ)]
Vo

W(T) = C T+ (JQTA n 3)3/2

o
S
I

2
|

o0

sg = fy +u / dov™ % exp [—v (s = 5Q)]
. )

+ u/ dvy ot exp [—’U (SH — SQ)] (Sb B S!H)

, G+ F-s . T
SH_ 1—|—F ; SH(C)_SQ(O)

o0
G = fy+d / dvo™ exp [~v (sp — 50)]
F

o0
N U / dvv L exp [_’U (SH - SQ)]



/C)O
v dvv™ %l exp [—v (SH — SQ)]

- (SH—S 7
Q) 2
I[ Ofa(SH SQ)LO]

X (SH - SQ)_Q_HI

; a < 2

R,
sQ — Sg & (sg — SQ)Q_CE

I].

o < 1: NoPTs

a > 2: 1% Order PT
1l < a < 2: 2nd
2" and Higher Order PTs
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W) = C gL exp [—’U (SH — 6@)] ;

o0
£ = / dyy ot exp [—’U (SH—SQ)] :

o0
T = / dv v W(v)

T — TQ:
15t Order PT

= const , @ > 2

2" and Higher Order PTs
T — o0, 1l < a < 2
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15" Order Phase Transition
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T<Tc T--->TcC T=Tc T>Tc
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2" Order and Higher Order Phase Transitions
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For 3/2 < a < 2 there is the 2™ order PT
For 4/3 < a < 3/2 there is the 3% order PT

The specific heat C = de/dT”  Crossover
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For(n+1)/n<a<n/(n—1) (n=4,5,...)
there is the nt® order PT
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Partition Function

Z(V, T, up)

|
D
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§®
N
o
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oy
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=
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=

Laplace Transform
Z(S? T: lu'B) =

S f(S,T,MB) ?

o0 o0
[(Toup,s) = fuTupes) + [ do [~ am
VE;. MQ"‘BU

X p(m,v;ug/T) exp(—sv)p(T,m) ,

Hadrons:

a0 =3y (422

QG Bags: 00
pm,vinp/T) = 3 oo (4E) plmvib)

T
b=—o0

'8) o(T', m;)
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Farthest-Right Singularity
p(T,pug) = T s(T,pp) = T-maz{sy, sQ}

Pole Singularity
sa(T,pB) = f(sg,T,uB)

? 95 - .

so(T,puB) = %ﬁ g QGP Singularity
L3 | (#B)? 1 /up\4 B
tgl [(?) +162?r2(T)] T

_d 3 B
= 39QmB) T° — =

Energy Density and Baryonic Number Density

0s*(T, up) 0s*(T, pp)

i = T T

e(T, 1) 5T + Tup Sl
83*(TaﬂB)

nB(T? /-LB) =T aﬂB
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a>2, 3<ac<2,

15 Order PT

2"d Order PT

3
1<C£§§

3" and Higher Order PTs

CEZCE[]—I—CHETE, oap=1+€, a1 =05
EB ~ BB ~
Bal, BRao
1% order PT




Strangeness

4

HG

N
SQ(T,MB,ﬂg) — SH(Tﬁf—LBa/-Lg)
. e = up/3
QGP
1% order PT

Strangeness
Separation
In the
Mixed

Phase

Hp

(SH(T: HBs “g) - SQ(Ta HBs /J“g) J
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sa(T, pp, us)

mix

ng

0-n

Q
5

N\ Carsten Greiner

sQ(T, 1B, 1s) etal. (1987)
+ (1 — 08 n¥f




SUMMARY

15" Order PT, 2"% Order PT. Order PT, ...

Critical Line of the 2" Order PT Instead of
Critical Point

Instead of
Crossover

1°* Order PT Line is Transformed into the 'Strip’

Observables: Event-by-Event Fluctuations in A+A
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