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CORRELATION AND SCREENING

IN FINITE TEMPERATURE SU(2) GAUGE THEORY

K. Kanay=a

Institut fir Theoretische Physik E
RWTH Aachen, D-51 Aachen, F.R. Germany

and

H. Satz

Fakuitdt fiar Physik
Universitét Bielefeld, D-48 Bielefeld, F.R. Germany
and
Physics Department
Brocokhaven Naiional Laberatory, Upton, NY 11973, USA

ABSTRACT

We study the temperature dependence of the correlation length in
5U(2) gauge theory around the deconfinement point, using high statistics

Monte Carlo simulation on large lattices.
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J/¢¥ SUPPRESSION BY QUARK-GLUON PLASMA
FORMATION

T, Matsui

Center for Theoretical Physics
Laboratory for Nuclear Science
Massachusetts Institute of Technology
Cambridge, MA 02139, USA

and

H. Satz

Fakultét fiir Physik
Universitdt Bielefeld, D-48 Bielefeld, F.R. Germany
and
Physics Department
Brookhaven National Laboratory, Upton, NY 11973, USA

ABSTRACT

If high energy heavy ion collisions lead to the formation of a hot quark-
gluon plasma, then colour screening prevents ¢¢ binding in the deconfined
interior of the interaction region. To study this effect, we compare the
temperature dependence of the screening radius, as obtained from lattice
QCD, with the J/4 radius calculated in charmonium models. The feasibil-
ity to detect this effect clearly in the dilepton mass spectrum is examined.

E
We conclude that J/ suppression in nuclear collisions should provide an

unambiguous signature of quark-gluon plasma formation.
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Observation of Sequential 1 Suppression in PbPb
Collisions

S. Chatrchyan et al. (CMS Collaboration)
Phys. Rev. Lett. 109, 222301 — Published 26(November 2012
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The XXVth International
Conference on Ultrarelativistic
Nucleus-Nucleus Collisions

XXIVOM2014 Darmstadt, Germany
Sep- 27 -0ct.3, 2015 XXI1QM2012  Washington DC, USA

25th Quark Matter 2015 @ Kobe http://qm2015.riken.jp/
.‘ KObe Japan XX QM2011 Annecy, France
£ XXIomM2009 Knoxville (TN), USA

XX OM2008 Jaipur, India

XIX OQM2006 Shanghai, China
XVIIQM2005 Budapest, Hungary
XVIIQM2004 Oakland (CA), USA

XVIOM2002 Nantes, France
XV QOQM2001 Stony Brook (NY), USA

Scientific Topics XIVQM1999  Torino, Italy

- QCD at High Temperature + Electromagnetic Probes
+ Baryon Rich QCD Matter - Collective Dynamics Xl QM1997 Tsukuba, Japan

- QGP in Small Systems - Correlations & Fluctuations XIIQM1996 Heidelberg, Germany

« Initial State Physics & Approach to Equilibrium - Quark Matter in Astrophysics
+ Jets & High pT Hadrons « Relations to Other Strongly Coupled Systems XIQMT995 Monterey (CA), USA

- _Onen Heavy Flavors & Strangeness * New Theoretical Developments XQM1993 Borlange, Sweden
+ Future Experiments & Instrumentation X QM1991 G atlinburg (TN), USA
VI QM1980 Menton, France
VIIOM1988 Lenox (MA), USA
VIOMIT 887 Nordkirchen, Germany
VOMI1986 Pacific Grove (CA), USA
IVOMIT984 Helsinki, Finland
1HaoM1983 Upton (NY), USA
II1QM1982 Bielefeld, Germany

I OM1980 Darmstadt, Germany
Pre QMI1579 Berkeley (CA), USA

w—Join us herel!




 EBNKYZHFILEL—DEHE

L

. A -Satz&EMH-Satzh H =6 L 7=5

1t

. R KRFETODE
. WHOT QCD Collaboration (7#m M L ZE i/ 30)

. Energy momentum tensor MR E



Energy-Momentum Tensor
-- Doorway to the future of lattice QCD --

TMU Generator of the Poincare group (Translation + Lorentz)

Conservation law YM Trace /a@nomaly
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Yang-Mills theory at finite T
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http://maru.bonyari.jp/texclip/texclip.php?s=%5Cbegin%7Balign*%7D%0A%5Cpartial%5E%7B%5Cmu%7D%20T_%7B%5Cmu%20%5Cnu%7D%3D0%0A%5Cend%7Balign*%7D
http://maru.bonyari.jp/texclip/texclip.php?s=%5Cbegin%7Balign*%7D%0A%5Cpartial%5E%7B%5Cmu%7D%20T_%7B%5Cmu%20%5Cnu%7D%3D0%0A%5Cend%7Balign*%7D
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‘ Yang-Mills Gradient Flow (1): 4D world from (4+1)D bulk I a=0

Diffusion equation towards extra dimension

0B, (t,x) =D,G,,(t,x), B,(0,x)= ABME(:U)

/ i:&% (4+1)D bulk \

HHT
O (x) I/t X O(t, ) ¥
" A\ y;
o / t (extra dimension)
R .
9| O(t, x) — Z ck(t)OL () + (powers in t)

Luscher & Weisz, JHEP 1102 (2011) 051



‘ Yang-Mills Gradient Flow (2): 4D world from (4+1)D bulk I a=0

W (4+1)D bulk

(z) | U (¢, z) = Gpp(2; SE)Gl'up(t, z) — E(t,x)0.
| E(t,x) = 7Gu(t, 2)Gpu (t, o)
| X
= t (extra dimension)

N
7
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1d

U (1. X) I ay(t) { Tuv g (X) —

1

3m A Torda (0] + O(D),

E(t,x) = (E(t,x)) + a&(l) {Tpp}n (x) + O(1).
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ArXiv: 1507.02360




‘ Yang-Mills Gradient Flow (2): 4D world from (4+1)D bulk I a=0
/ E‘"Q"“% (4+1)D bulk \

T.o(x) e, Uy (£:) = G (L, 2)Grp(t,2) = B(t,)00
| E(t,x) = 3G (t,2)Guy(t, )

\ = t (extra dimension) Aﬁ{y

ArXiv: 1507.02360



‘ Yang-Mills thermodynamics (1): Four steps to go Ia;tO

/ Step 1: Generate gauge configuration at t=0 as usual \

Step 2: Solve the gradient flow for each configuration

Step 3: Construct U (t,x) & E(t,x), Gy
e — then calculate (U, (t,x)? & CE(t,x)) [

Step 4: Take the limit (t—=>0 after a—>0)
g to obtain (T, (x))

t (extra dimension) R 20/ << V 8t << R jj

~__
A=c—3P=—(T) (z))

[L L

2N sT=c+ P =—(T(2))



‘ Yang-Mills thermodynamics (2) : extrapolation back to t=0 I

3 ———] * SU(3) YM theory

! !
. over

1 m
I : smeared * Wilson action
| forNT=10— : : | 5
2 for Nt =8—! : — * 32°X (6,8,10)
for?»I‘l:=ﬁ—31 | " B=589'656

* 100-300 config.

&—© beta=6.20 NT1=6 .
&—a beta=6.40 N1=8 . —

— : :(20, < V/ 8t < R\ |
¥

T/T=1.65
a=0.074 fm
" 0.055 fm
0.043 fm

Flow QCD Coll., PRD90 (2014) 011501 + errarum



‘ Yang-Mills thermodynamics (3) : continuum extrapolation I

3 | | T
25 O  pur result ]
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‘ Yang-Mills thermodynamics (4) : larger & finer lattices I

1875
= SU(3) YM theory
* Wilson action T/T.=1.65
- 323x(6,8,10) a=0.074fm
- B=5.89-6.56 0.055 fm
= 100-300 config. 0.043 fm
1 53 | ' '  Nt=32 —e—
=7 \‘/ s o — BW12 e+ p Httfgg ——
% T4 Nt=16 ~——e—i
51 o fﬂ“{ Nt=12 —=s—
- SU(3) YM theory T/T=1.66 ; E . }ﬁ“ m‘*ﬁnii l
= Wilson action a= 0.037 fm i i*,‘ d
+ (64-256)°x (12--32) | 0.027fm || *°[4* orelim
+ B=6.72-7.50 0.021fm || 45 | 'Minary .
< ~ 2000 config. 0.018fm || &7} ] "':
ﬁ%.'; - - 0.014 fm 0 a6k T — 1.66Tc *y
N TR { .
0.02 0.025 0.03)

Full QCD (FlowQCD + WHOT QCD)




‘ Future I

Thermodynamics B  Fluctuations and
Correlations

viscosity, specific heat, ...
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