. KDWY VR UHP DUNDE®1 DERXVIMH
V4 * 3 GWVFRYHUHG DWb + &

(strongly coupled Quark Gluon Plasma)

. KN DUH QXFAHDU SK\ MFLWUHD GLQJ 9RXXP H, ,
21 3URI |, FKLP DUX-V3MW D ERRNV

. K\ DUH QXFMHDU SK\ MFLMW RRNLQJ RYHU

/KH\WKRX@HWRI 3URI 7KRP DVDW L DVRP V

: KDWGHSHUDWRQ QHG VKHP VR VHHN DQ\Z HWV
'Q 7KH (G DQWDG6 : 6 8 QLYHU\H""

M.Gyulassy, L. McLerran nucl-th/0405013, Nucl.Phys.A in press

M.Gyulassy: Erice Lectures 8/30/04
http://nt3.phys.columbia.edu/people/gyulassy/Talks/2004.08.30 Erice/
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Answer:

Unexpected Experimental Discoveries at RHIC
have forced a paradigm change in the field

weak coupling wQGP => strong coupling sQGP

New concepts and tools must be devel oped
to gain a better understanding of the new physics

Purpose of this RBRC workshop is to discuss and compare
|deas in different fields with ssmilar phenomena

Gyulassy RBRC/BNL 12/16/04
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The combustion chamber at the
Mova lager fusion facility (Lawrence
Livermare Labo- ratary, USA)
Inside the corbustion chamber at
the Mova lagerfusion facility
{Lawrance Livermara Laboratory,
USA) The Euratorn Joint Regearch
Centras'and Associated Centre

Inside the combustion chamber at
the Nowa laser fusion facility
{Lawrence Livermore Laboratary,
USA).
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Theoretical Equation of State of QCD matter

/| DIMEH 4

&l

) . DU/FK HWDO3/ %
IP SURYHG DFWRQ DQG W J HUHG T
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0.ar
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\
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QCD Asymptotic Freedom => at high enough T
State of matter should be a weakly coupled QGP
(WQGP)

"TRI(7  OH9)

a g Tempting to expand
- Physics in coupling
M. <<l G=<1

And even more optimistically

1/Log(1/g) <<1
Gyulassy RBRC/BNL 12/16/04
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Ed Shuryak: “One may have an absolutely correct
theory and still make accidental discoveries...”

Columbus’ Theory:
(1) world is not flat, E, => S,
(2) iIf he goes west he should eventually come to India

Y%XWKH GMVFRYHUHG VRP HVKLQJ HOMH Z DV RQ VIKH Z D\ «

We set out at RHIC we find wQGP. But 1000 experimentalists

found something else on the way... the sQGP !
Gyulassy RBRC/BNL 12/16/04 8



Failure of weak coupling perturbative QCD expansion

| DIMEFH 4 &'

) . DOWWVFKHWDO3/ %
;1P SIRYHGJDXJHDQGWRIJHHG T
0 a7 0 a7

QGP #wQGP

5+,&
S5+,&

a / 7 7
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One can “fit” LQCD P(T) with O(g® Log1/g) pQCD + “small Fudge”

L |F Logl/g >>1
K.Kajantie, et al, Phys.Rev.D67:105008,2003

g3
g5

Gyulassy RBRC/BNL | The PROBLEM is that for T<103 T,, g>1 and Logl/g<0 | 10
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Day 1 New Physics at RHIC
I—I\M XHQFKIQJ

PHENIX preliminary

1p, dN/dp, (GeVic)”
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N

UA1(130)
- scaled to 5% central

— scaled to 80-92% central

eV/c
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3 REHV Rl WH 3K\ VIEV 1Q 1 XFGIDU& RARQV

3DUN 3, \ &* &
TTT —>— é G

3DUN, S4 &
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XDl &R@WIFWH) ®Z Rl 4 &' P DWWU
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Py
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Elliptic Flow
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Conclusive evidence for bulk elliptic collective flow at T=1012 K

Gl S, -V soo

67$5 S, *Ho

QMDO\/SD\ADCDQA/R\ARS\ ) LQADCP RP HOWP  DQVRWRS\

S S i
\ +[® S +S
Gyulassy RBI




Conclusive evidence for bulk elliptic collective flow at T=10% K

Gyulassy RBRC/BNL 12/16/04 17
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But Nonviscous Hydrodynamics never worked on nuclear scale before !

Y (e $* HO K\ GLRG\ QDP [E SUHGIFWRQV
CERES
$* HO
CERES/SPS Gl, GG[, IP

S.Voloshin STAR/NA49
Gyulassy RBRC/BNL 12/16/04 Kolb,Heinz,Huovinen hydro 19
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| |
-

3+ Fg 1.. OXFOH
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8 QFHUMIOW ERXQG
ZIWVa

Gyulassy RBRC/BNL 12/16/04

| > — b

7

7 WHQK7 a



7 DQVSRUNFRHI | LFIHQW Rl J XRQ S@VP D

| DMFH4 &' YWS4 & YW1  686<

/| DMFH4 &' $ 1 DNDP XU DQG6 6 DNDL KHS @W

P.Arnold et al
JHEP 0305:051,2003

71 .
S4 & » a
a &I a
| aéld _ N=4 SUSY
83 Zhcs &)7 Pl g2N, -> Inf
N=4 SUSY: Policastro, Son, Starinets  (2001)

. RYWXQ 6 RQ 6 \WUCHW
QORQ pQCD: Danielewics, MG, .... (1985)
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Viscosity in EM Plasmas
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Strongly Coupled Plasmas (Ichimaru Vol 2)

|mportant Role of dynamic correlations at large G

v\ Vol. 1

O - Dielectric screening

Golden, Kalman,
Plas.Phys. 2000

Gyulassy RBRC/BNL 12/16/04
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"Optically Trapped Fermi Gases'
American Sientist Vol. 92,
May-June 2004 (pg. 238-245)

J. E. Thomas, M.E. Gehm

Unitarity Limited
Resonance scattering

Precise control via
Magnetic field

Gyulassy RBRC/BNL 12/16/04
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Another idea that will be discussed at this meeting

Perhaps sQGP is driven to local equilibrium by macroscopic
Yang-Mills instabilities (Mrowczinski(88); Thoma; Arnold ...(04))

One major catch in non-Abelian weakly coupled plasmas

Fastest process is color diffusion that Neutralizes macro YangMills fields
(Selikhov, MG, PLB(93), ..., Manuel, Mrowczinski(04) )

qu

Soft color rotation |; <<t
In g<<1 limit IR 37 T IR 37
. 7 sQGP is more like
S <<t,.W .
Color conductivity |S¢ >TR] 3 PRPY'SA an insulator than

Gyulassy RBRC/BNL 12/16/04 conductor 30
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( [ WALQDDCB LREHV DQG VA4 * 3
" IDJQRWAEV - HWA XHQFKIQ)

0* 3 /HYDL, 9IMY ; 1 : DQJ «
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) LGP RQRY 67%$5 ' L+DGLRQ7RP RIDSK) |

ut-plane
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67$5 Prelim S,& RUHDWMRQV DW  $* HO

Mid-central Au+Au

V,(y) subtracted

Mini-jets + Collective flow

M5 e

|n1 101

ms j o
o ol

0 w5

7 5

%

New high pT , rapidity, azimuth correlation tools
M.Daugherity DNP 10/04: Univ. Texas
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