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II) QCD (phase) transition temperature

new resulis:
Clover-Termions ((Ma) improved WF): CP-PACS, hep-lat /000801 13

rof. sym. improved S5F (pd-action): Bielefeld, hep-lat /0012023

- global symmetries control order of the transition for

mg —+ o = deconfinement transition
mg —+ 0 = chiral transition

- rapid crossover in «/T*; peaks in susceptibilities define
transition temperatures for all mg

3-flavor phase diagram

=‘ o
I;r ~ 175 MeV Ny= 2 Pure Tg ~ 270 MeV

Gauge

mfi’ ~ 2.5 GeV

miit ~ 300 MeV

- How to compare QCD cale. with varying m, and ny?
= assume exp. value for m} (or /7) for all n;



Quark Mass Dependence of T,

need a my (and ny) independent observable to set a scale

Jo

m,

0.552(13) , quenched (m, — )

0.532(18) , partially quenched, m, = 0.1, n; — 3

0.53(3) y chiral limit, ny = 3

= /7, quenched hadron masses are good scale parameters
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cut-off effects
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¢ weak quark mass dependence of T,/ /=

= gross features of the transition not controled
by *“light” mesons
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I1I) QCD-EoS and critical energy density

e rgp ~ T* « (relevant momenta) ~ T
- EoS is sensitive to short distance phyvsics
- Lattice calculations sensitive to cut-off effects

e experience gained in the pure gauge sector
- improved actions mandatory

- EoS non-perturbative even at T = 57T,

SU(3) Equation of State

& T
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A L. |3-|r. } o (B be] 13 ———wTT———TT T 1
ar ""f T
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ik e T
s E (T} = 1| GeV/fm? 3/ T i
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o —

2 1] (T ) = 500 MeV /fm? - Mg = 1700 MeV
o . L -

3 . /T, need ~ 25 d.o.f.
ﬂ* = resonance gas
—

T, =~ (063 = 0.63)/m =~ 270 MeV

high-T behaviour can be reproduced in continuum approaches
(HTL-resummed perturbation theory, quasi-particle models)

- .0, Andersen et al., PR D61 (2000) 014017
- J.-P. Blaizot, et al., PRL 83 (1999) 2906; 'L B4ATO (1999) 18]
- P. Léval and U. Heinz, PR C57 (1998 187TH
parallel session: E.Tancu, R.Pisarski, Y. Schrodler
pester PO37: H. Peshier



Energy Density

new results:

Clover improved WF (CP-PACS in prep.), S. Ejiri. hep-lat /001 1 006+ 2

rot. sym. improved SF (Bielefeld):

A. Peikert et al., Phys, Lett. 3478 (2000) 447

—
5H Hma

a5 LR 1.5 2.0 2.5 an

TT

teaF~ 654 e> oreids GeVi?  in
i A L

ngy = 2 Clover fermions:

large cut-off dependence
for T = T.

small cut-off dependence
at T.

40% Srmor

16.0 | —
P R e ) W
20 | ——— " = ggered ferfgnions:
10.0 : 1

8.0 {small cut-o

6.0 3 Havour | dependence
40 E‘é H;:-r;:: Iﬂ% Srror
::l}- - - - ~ - e | tn Te

' 10 15 20 25 30 35 40 /

critical energy density:

€c~ (6L£2) T4

even massless pions would contribute only 20% to this!

detailed analysis of volume and quark mass dependence still needed!



Flavor (IN)-dependence of the EoS

\

flavor dependence dominated by ideal gas term

2
plll;;T}' i~ (lﬂ . g - lzﬂr} % fl:TII

heavy quark contribution is slightly suppressed

relative to a massive ideal gas with m/T =~ 1

I n [ T T I
// continuum|extrapolated!
P/Psg
08 r
0.6 | 0(15%) remaining cut-off

dependence
04 3 Havour s— .
2 flavour —
241 flavour  s—
D2t pure gauge ==

e

0.0 - : - - -
10 15 20 25 30 35 40

quark mass independence
examined for ny =4

and also for WF
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P. Braun-Munzinger, |. Heppe, J. Stachel

Test of chemical equilibrium for Pb-Pb at SPS
£ =0.6GeV/ fm’,p, =0.16/ fm’
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T Mg ak ;-ru:.-ﬂut &ﬂlﬂ ﬂtir.h ratigs :

SLAC
200 ‘ SPS
I-_!_Irl'.: ‘l
S 150 ¥ SPS. -
= CERN S~ e -
= 100 I ;‘-..A_‘-'.-:'i (E) /(W) =1 GeV
| "'|||, )
[ ™
50 - & sis
1 [ I S E—— 1 : [ ;
0 200 400 600 800 1000
Hg [MeV]
Exact charge
Au+Au, 2.3 AGeV  ®@[1] Cleymans et al., PRC 59 (99) 1663 €— ; ,",“j,m
®[2] Yen et al., JPG 24 (98) 1777 +— guct. volume
# [3] Becattini et al., hep-ph/0002267 €— ¢ i
Au+Au, 5 AGeV A [4] Kabana et al., hep-ph/0010247 — 5= 4

® [5] Cleymans et al., PLE 388 (96) 5
# [8] Becattini, JPG 23 (97) 1933

S+5, 20 AGeV ¥ [7] Solifrank, EPJC 9 (9) 159 4— hydso
A [8] Panagiotou et al., PRC 53 (96) 1353

M [9] Braun-Munzinger et al., PLB 465 (9) 15
Pb+Pb, 17 AGeV * [3]

A [4]

+[10] Letessier et al., WMPE 9 (00) 107 4= 7ys>4
Au+Au, 130 AGeV ik [4]

# [11] Becattini et al., ZPC 74 (97) 319
p-pbar, 900GeV A4)

da
g""_ 20GaV ¥ [12] Hoang et al., ZPC 38 (88) 603 o Fl'r te £ —=
# [13) Becattini et al., hep-ph/0010221 d*p

cf. also: J. Setlfrank, J.Phys. G 23(47) 1903
,:I.-CEW.;! K. Recdbich, PRC 60 , 054908 (99)
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dN_,/dy, Au+Au, y=0, s'#=200 AGeV
G600 BOOD 1000 1200 1400 1600

TTTTTTTTT YT I T T

qm99 | HUING (dN/dn, b<3fm) _.._
qm99 | HUING+ZPC+ART (=0) . g X
qm99 | RQMD (b=3tm) 0
qm99 | UrQMD (b<3fm) -
gm99 | VNI+UrQMD (b<1fm) i *
qm99 | HSD,VNI+HSD (b<2fm) -
qm99 | NEXUS (b<2fm) b
‘99 | DPM (Pb-Py) i |
Oy DPMIJET (Po-Pb, 3%) n
‘99 | SFM (5%) ]
6/00 | LEXUS (5%) £}
'99 | EKRT saturation (b=0) .
99 Hydro+UrQMD (b=0) . *
qm99 | Fireball (~5%) [E
TI00 | McLV (dnidn, b=0) l -

Lt b bbbt

600 800 1000 1200 1400 1600
Applied  ~ % : N(*) = Na ... data * (200,/130)%7 + 1.1
Mot [~ 110 m—=y
lrrliii {.--...- 0.9 - b = = biﬂfm[ﬁ%}
ahui see [Armesto,Pajares, hep-ph/0002163]



I-HJIl‘"iIGs —IEIIZI GeVin b=0-3 fm

HIJING prediction, from X -N. Wang



FKS98 = DGLAP + constraints from DIS & DY,

conservation of B & p

[Eskola, Kolhinen, Salgado, hep-ph /9807297
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HIJING

A+ Ciollisicns

Kharzeev&Nardi

EKRT saturation

A=088%028 -

B=0.34:0.12 i
400
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. Lawvmi, Q500

Jet quenching on hadron yields - 3

PHENIX prel. results at /s = 130 GeV G. David's talk
Periferial collisions (75-92 % < N »>= 5.5)
Central collisions (10 %; < Ny == 857)

] 1u J— - .
[ pRCE ncluda
> Au+Au — ni° at 130 AGeV
= 1k ' MHJELH(H.J
>,
g ' ¥ clhadon ';_.:5
?:'H}-I— Ccn‘lr.;.nl. tl.l.lv'{ﬁl_'h_f_._ L‘-.T
E: ' Collision
z o
Eu}'i-
N : '
HJI-J';— Peripheral
1 Coll.
4 Prelim. ; t NG
10 |
- PHENIX doto Y QUENCH
[ G. Dovid, OM2001
1'”'45‘
1|]'E'--- TR TP T PRI TUPDY PURES PR PPN T
o 05 1 1% 2 25 3 35 4 45 5

pr (GeV)

Factor 8-10 shift in central coll. <= jet-quenching !

12



TNITLAL CONDITIONS
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IMAGINE

- VERY |_ARGE NUCLEI A— oo

AND/OR

VERY HIGH CoLLISION ENERGY S ca

J

A C(ONTROLLED PERTURBATIVE REGIME

ols (8s) &I

WHERE QUESTIONS cAN BE ANSWERED ...
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lonclusions
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thermali 2ation occurs
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soft 3[:;.:“5 thermalize first
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CPECIFIC  ORSERVARLES
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Dileptons: low mass
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dN/d*k.dy (1/GeV?)
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Intermediate mass dileptons (II)
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| ¢ /Minimum Bias as a function of FEy
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NEW SUPPRESSION MECHANISM

e J/i) are not produced at
/v the point of hard collision
= partonic cc states

going through medium
e Multiple scattering with nuclear medium increase the
invariant mass of the cc pairs
= push some cc pairs over the open charm threshold
= “suppress” the production of J/1/ (see figure)

e The suppression rate depends on
= Gain of invariant mass per medium length: ¢

— Functional form of the transition probability:
2
F [cE] =+ /4y (mzz)
— Functional form of the ec cross section: d—“ﬂﬁf_’—“ﬁ

e Expect a non-linear behavior on the semi-log plot

T sp

Thrashold Effect .

e

L{A.B)



COMPARISON WITH J/t! SUPPRESION DATA"

® J/ production as a function of effective medium length:

c

L{A,B)

e Ratio of J/i) over Drell-Yan as a function of F:

_
! . s © Pr-FB, 1994
o "-, o, 1996 with Minimum Bios
g M ., ® Fb-Po. 1 FRS with Menemum Faor
E )
3 h
@ 15
1@ -.-I
o .
"
il &l O 1id) 130 E1
E, (GeV)

*Data from Phys. Lett. B410, 337 (1997); B477, 28 (2000)



e
Variations of ( p:‘i. )

Assumptions
e lnitial state r»q';|[11*|'5.]|f_1
2 — 2 I."!I
(pT)aB=(pp )pp+all)
leneth of crossed matter <

NAS50, CERN-EP-2000-141 Nov 2, 2000
Kharzeev et al, Phys. Lett. B405 (1997) 14

e Anomalous suppression taken pp-independent

2
| }
PETUSE N S
1.8/ TS SAAR |
| ;'*:'+' H""'\-R
h ..-"-++
“e1.6 t
0,
W '
1.4 « NAS0 Dats
- nucl. abs
— fluct
1.2

0 20 40 60 80 100120140
Er GeV

e Possible imiprovement
consider less suppression at lich py

11



Fit to NA50 Data (2) L M. Dink |

Two threshiolds or gradual suppression
. 'D'q: .
30} Opy
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