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From here to high temperature QCD

Here : 330 Kelvin
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From here to high temperature QCD

Here : 330 Kelvin  10A3—10/78 Kelvin : EM Plasma
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From here to high temperature QCD

Here : 330 Kelvin  10A3—1078 Kelvin : EM Plasma 1028 — 10A 10 K :
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From here to high temperature QCD

Hadronic word : 10A10 K -- 2 10A12 K Quark Gluon Plasma

EWV transition O(100)
GeV

Tc sim 200 MeV
=.2 1072 K

5 HighT QCD



High temperature QCD

High T ¥PT - Hadron Gas Ciritical Quark Gluon Plasma

region
—————————} = _
10A-2Tc <T <Tc Tc<T<10M3Tc
Tc sim 200 MeV
Sim A QCD

6 HighT QCD



High temperature QCD @Lattice 2012

Critical region Quark Gluon Plasma

quark masses
Pure YN lge N, models, -

b 7 HighT QCD



High Temperature QCD @ Colliders

The Phases of QCD

Temperature

Quark-Gluon Plasma

e Poen

Color ™

Hadron Gas _ -
Superconductor

0 Maey

Baryon Chemical Potentia

8 HighT QCD



High Temperature QCD @ Colliders

Past, present,future

The Phases of QCD

<201l0:
*RHIC:Small W/T

RHIC II, FAIR
Larger W/T

Color ™
Superconductor

SO May

Baryon Chemical Potentia

9 HighT QCD
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Thermodynamics:
from hadronic phase to QGP

Eos — Conformal Anomaly — Transport

HighT QCD



Equation of State:
HISQ and Stout

P. Petreczki (HotQCD) Monday

6 —
QHISQ: HotQCD 3T .
Lat2012 5 | iG] A$f , f, scale
ALY
Stout : Borsanyi et al. 4 AT o L
Mihle ¥ ¥ Ag . HotQCD preliminary
1204.6710 e ko, %,
ONf= 2+ 3t b ’
HISQ/tree:N =8 —=n ;K% N _
QPhysical Quark o | N=10 —o xf
Masses N=12 a
stout: N.=8 —=—
N=10 —e—
ANt =10, 12 no Tr Ne=12 o
significant difference stout, cont. —*—
between stout and oLb— . . ... ... . TIMeV]
HISQ 150 200 250 300 350
Plot courtesy P.Petreczki
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Equation of state:
Wilson fermions Umeda (WHotQCD) Monday

QNf =2+ === T

(Physical Strange mass (N R Y et .

- - -
.--.--
‘-
-
- E ]
-
-

-

UM 7/ mp =0.63
d Np improved Wilson 10 -

Wlwasaki improved glue

T[MeV]

Umeda

Plot courtesy ! y

0 L AN T T T N T ST T ST RN AN S ST SN SN AN SO TR S L
100 200 300 400 500 600 700
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Equation of state:

Wilson at maximal twist Burger (tmft) Monday

uncorrected corrected
m,. =~ 400 MeV:
12 T T T T - T T 1[:] T T T - T
. N, —12 o N, =12
10| T N = 10— | | T N =10 e
% _-":'.-',— = 8 —— BT _-ﬂ".-',— = 8 ——
. Ne = 6 —e— No =6 —8—
8 % N, =4 . ol . N, =4 |
6t [tem ] £
4t %;mﬁ - i % |
=]
2 | % ¥$i =] = i 2 — %3 =1
¥ =] E*
0L x * | 0L 18y |
200 300 400 500 600 700 800 200 300 400 500 600 700 S00
T [MeV] D
my =~ 700 MeV: Nf =2
3 T T p"-l _ l{}l T
—- E—3mp e F - .
T ;‘% =g dPion masses 400-700MeV
oL £ e = 0
5 | % i[gii i
j x : 0 Wilson,maximal twist
i . i
2 | Tz . 4
1 b e " _
E
{} :I]I 1 1 1 1 1 i*l i
200 300 400 500 600 700 800
T [MeV]
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OHISQ 2 + | +I
ULines of constant physics

Physical charm and strange masses
O ml = ms/5 most likely ininfluent above peak

EoS for Nf = 2+1+1

Heller (HotQCD) Monday

Early onset of charm
contribution: T =350 MeV
predicted by effective theory
[Laine Schroeder 2006]

—
——

Plots courtesy U. Heller
O 1 I 1

wﬁﬁoutc,aHNf ——
with ¢, all Nt —=—

100 200 300 400
14

200 300 400 500 600
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EoS for Nf = 2+1+1

Krieg Monday

20 |
s/T> T
e _
10 ¢ Nf=2+1 continuum —— |
N=10 ——
Ni=8 —
Ni=6 —
S perturbative: Nf=3  mummm -
~ perturbative: Nf=4 nown
__ Plot courtesy S. Krieg HRG mode|
0 T [MeV]
100 150 200 250 300 350 400 450 500
15 HighT QCD



EoS for Nf = 2+1+1

Krieg Monday

20 .
s/T>

15 r

10 r

Nf=2+1 continuum
Ny=10

N=8

N{=6

A
) D \\\\“\“\\\\\
o it
AN \\\\\“
\\\\\\\\\
..__'_./ \\\.‘\\\“
S
/§ transition
region

perturbative: Nf=3
perturbative: Nf=4
HRG model

100 150 200

250

300

350 400
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LT

EoS : Detailed comparison between
Stout and HISQ

T=200 MeV T=300 MeV
58 36
; 35+

56 B T Jae

i A gL A
S4 | A Mr

N 33 F |
Sy I 15 g

Y |3 A
: ‘ 31t . A
W 1 3fA
46 | - 129t |
i BMW 241+l —A— ] 28 BMW 24141 —A— {
42t BMW2+ @ {  17r@ BMW2l 9
A 100D i | 26| HolQCD & |
’;8 T | | | | | | | 2'5 I l l l l l l l
00005 001 0015 002 0025 003 0035 o4 | 00 001 001002 00R 00T 0% 002
INE

Nt
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7

EoS — ‘discrepancy’ a matter of
extrapolation?

T=200 MeV T=300MeV

5.8
56 ]
1

52t

48 r
46 r ;
44 B ]

42 1
il

38 I. ] ] ] ] ] ] ] I
0 0.005 001 0.015 0.02 0.025 0.03 0.035 0.04 0 0.005 001 0015 0.02 0.025 0.03 0.035 0.04

INE INE

L o 50 WS — B\ fed e n o
T 1T 1T 1T 177 T "1 71
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FEOS for T = 300 MeV

T

T =300 MeV

HISQ * 0 |
(Petreczki)
] ]
| ] Wilson
maximal Wilson .
Stout tWi_St Improved
(Endrodi) Nf=2 (Umeda) |
(Burger)
100 200 300 400 500 600 700

Pion mass (Mev)

HighT QCD

800



Staggered still 6 | | | |
leading the
race towards 9 | i
thej physical HISQ —
point 4r (Petreczki) _
':I'\
— 3 F -
= Wilson
)| maximal Wilson .
Stout twi_st Improved
L (Endrodi) NF=2 (Umeda) |
(Burger)
0 | | ] ] | ] ]
0 100 200 300 400 500 600 700
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EoS for T = 300 MeV

T =300 MeV

Pion mass (Mev)

HighT QCD
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The transition region

Order Parameters
Symmetry aspects of the chiral transition
Fate of the UA(l) symmetry

HighT QCD



I The critical region

+SU)R X SU@)L X UA(1) rAC)

ms Physical point:
crossover.

b 22 HighT QCD



QCD Symmetries and lattice fermions

/\High T
Possibility to study the effects
/SU(Nf)R X SU(Nf)L X Ua( 1\ of the anomaly at high T

1000000

100000 d O QCD mass
W Higgs mass

10000

Dynamically broken at low T Broken by anomaly

\SU(Nf)v X\IQ(U J pd Nf=2,3
Y :
Low T el mw b d
_ SUNXSUN) _lua()
Staggered Remnant U(I) Broken
Wilson Broken Broken
Domain Wall Exact (forL —> ) Exact (for L => )
Overlap Exact Exact
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Patterns of Symmetries

1996: The MILC Plot 2000: Cohen, Lee-Hatsuda,Cohen,....

o supsum If:
xs,cun e qTﬂq 0- 49 Icun+1disc
<aag>=0
U{”AI | ut), 949
fen 80030 101 0%0  Lseon Lsdise Then :
SU) xSUR) (Nf—2)
YT —7Y0 OoC 1M
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New Developments Aoki Monday

b 25 HighT QCD



Lin, (RGB/HotQCD) Wedsnday

. . Bazavov et al, HotQCD 1205.3535
Domain wall fermions

323 x 8, DWF DSDR, L. = 32. m, = 200MeV +
> Nf — 2+ I 483 x 12, Asqtad, m; = 0.05 ms, m, = 179MeV ——++—

> L5 =96 ¢
> 16A3X8 HOTQCD
» 3273 X8 RBC/LLNL

> 64"3X8 (ongoing) ol e
120 130 140 150 160 170 180 190 200 210 220 230
> Kaon ‘almost T (MeV)

Ph)’SiC&I’ o Iy

. Scaling viol < 5% 1 l

2 L4} r1 I .
£ Wi Lo rm
O im

=102rm /m { { l Lofy,
O& I‘i 1t11/”m1h ] T

MS /T2
Xifdfsc./ T

10 |

» Physical pion planned

I T
0.95 mlhfmhhh[ } o i I
Plots courtesy N. Christ and J.Lin 036 £, oy
0.94
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Ei1GENVALUE DISTRUBITION AT 177 MEV

0.025 : : 0.025 : : : : : .
163 x 8 —— Min(A100)
Min(A1%%) my
0.02 iy - 002 |
™ |
s lqal b
0.015 AR 0015 |
-:'? r'n |I'I 4 L
= i iy -
[ ||i.' i ﬂm
0.1 | " N
Wl
0.005 vy \
hh ‘__._;_;F:"ﬂl I|I
i Plalils § f,d‘ﬁ -'\.
0 0.02 0.04 0.06 0.08 0.1 0 i e il - - - . - o
Y 001 0 001 002 003 004 005 006 0.07 0.08

» Intercept has become 0.

» Assume p(A) is composed of two parts, p(A) = c10(\) + A
» c1: number of "zero modes”, renormalization invariant

» ¢ slope of the distribution

% — 48.724+-9.70 = 36(14)(Correlator measurement of 16> x8)

» Axial symmetry breaking: ~ 83% from near zero modes; ~ 17%




Overlap Fermions Cossu (JLQCD) Monday
Ni=2 mn = 200 MeV

3.5x10 T .
22107 T T r r
[_’) =2.25 (T ~ 192) am= 0.01
B =2.30 (T ~ 208) am= 0.01
32107 1752107 £ 4
1521071 d
252107 F £
1.25:107F
2:107 w7
7.5x107" - - B S — S . a
1.5x107
B PS Connected (7) B PS Connected (m)
B PSAN() e S PS AN
F& S Connected (8) B s Connected (5)
= SAll() \/ o sAll(o)
o . i . ] 2’5““{0 5 L; 6 8 10 12 1|4 16
0 2 & 6 8 10 12 T4 16| Distance
a00
15107 T T T T
g 300
125%107F ~ S S e —— - - y o E
\. £ oo EEE
[
107+ g
§Rnn |
751071 % 2.25 am = 0.01
= |- 220am=0m
= - 220 am - 0.025
52107
- E] I
- - B PS Connected (1) T i
L == PSAlMm) ] z ! | 240 am - 0.01
Plots courtesy G. Cossu Ll ¢ DS
y L. = Al : ES
o é 4 :; ;s 10 IIZ 14 16) i ‘! L o
Distance Im A (MeV)
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HISQ Fermions Ohno Thuersday
Nf =2+ 1 mn=115-230Mev

CT T T T T T
T T T T T T T T T T T T E T=2331.6 MeV
MM =120 14730 eV —— '  min, = 1120
0016 T=177.7MeV i :
oota | T=188.7 MeV —— ] |
' | T=2106 MBV P ] 108‘03 3 323)(8 i 3
[ T=239.7 MeV ] e :

001271 T=275.9 MeV
. T=331.6MeV —

3 7 g 1.00-04 ¢
< 0.008 1 o e
0.006 -7 ] |
0004 [ # ] 10805 | _:
0.002 f ] i |
0-,.11;.- = 1, .5 . || _
0 0.020.040.060.08 0.1 0.120.140.16 0.18 0. 1.0e-06 L |

0 002004006008 01012014016 0.18
\a

Aa

Plots courtesy H. Ohno
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More to expect Hsieh Tuesday

. . Krieg Monday and
from chiral fermions Borsanyi et al 1204.4889
» Domain Wall Fermions » Overlap

» 2 flavors » Krieg, Monday
» Hsieh, Tuesday » Topology Fixing (JLQCD)
(TWQCD Collaboration) » Nf=2 mmt = 350 MeV

T [MeV]
20 140 160 180 200 220 240 ?_60
001 — . . T MeV]
6x123 120 140 160 180 200 220 240 260
0r B16 —a— | 25 A
- L staggered e ——
0.01 99 8e163 i
e -002¢ 2 mmmm staggered 1
-E~x -0.03
2 004f .
£ 005} -l
0.06
[ T
0.07 ¢ . o 05 ¢
_0.08 1 1 1 1 1 1 1 1
01 012 014 016 018 02 022 0.24 0L==2— w L L L
Twg 01 012 074 016 018 02 0.22 024

TWD
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Borsany et al. 1205.0440
Wilson fermions Nf=2+1  Nogradi Monday

MeV

5 150 175 200 225 250 275 MTC — |25_275 MeV

I I I I
staggered continuum

Wilson continuum &mezam

Agreement with
continuum staggered
- results VeV

i 125 150 175 200 225 250 275

0.005 I , , — :
staggered continuum
0 pv Rl S Wilson continuum ez
Mev -0.005
125 150 175 200 225 250 275 ¥ [
1 —I stagbered co'ntinuumI e ' ' | E -0.01 |
1
-0.015
0.8 | :;_:
06 ! Em -0.02 F
~ 0.4 -0.025
02 f 003 F
ol -0.035 L ! -
008 0.1 012 014 016 0.08 0.1 0.12 014  0.16
Mo Timg,
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QCD symmetries and order of transition

» Nf=3:1" order The order migh change

» Nf=0:1° order (deconfinament) along the transition line!
» Nf = 2:order of the
transition depends on I'st SU(2)X5U(2)

coefficients : dynamical issue!

SU(2)v Y

. 2
Loy, = Th(0,81)0,8) + 1 Trfo 4 % (Trmma) +%”Tr (@*@) 2nd S
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QCD symmetries and order of transition

» Nf=3:1" order The order migh change

» Nf=0:1° order (deconfinament) along the transition line!
» Nf = 2:order of the
transition depends on I'st SU(2)X5U(2)

coefficients : dynamical issue!

SU(2)v Y

| 2 2
L‘.L-(Nf):-Ilr(am(a#@)+-rwnb+%(w@) +%”Tr (@*@) 2nd S

pA2

33 HighT QCD
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D. Cosmai et al 1202.5700

Cosmai, Monday

Order changes with uN?2

SU(3) nr=2 staggered am=0.05

The transition becomes first order for large enough imaginary

chemical potentials, but before one reaches the RW-like transition ( F ¥ / ‘R‘T| rw —~ O. 5-32)

1060 =

10

— 0.4752

f 1 M 1 . -
0525 LU ] 0535 .54

s T T T T
sl pafmIT — 0.475z2 e
i_,é"'
D3 _,,""r
0.2 y"'a
-
_’H -
».1 =
-

o I . I I . 1

2000 1000 SO0 8OO0

[_3

Normalized plaquette distributions at the
pseudocritical coupling for different spatial
lattice sizes

Plots courtesy M. D’Elia

35 Mp Lombardo

Maxima of the plaquette susceptibility scale
linearly with the spatial volume

HighT QCD 18.06.12



Wilson Nf= 2 — Status of the transition

in the continuum

NTOT

0.75 .

roTe
0.7 -

_ DIK: arXiv:0910.2392 ——+—
0.65 DIK: arXiv:1102.4461 —s%— -
06 our data (tmfT) —8— |
0.55 ="
—s
0.5 »&ﬁ;_‘ -
HH
0.45 s
'_H_'
04+
0.35 - ‘
{]3 1 1 1 1 1 1 1
02 04 06 08 1 12 14 16 1.8
iy
m /' mnc

T
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T. (MeV)

F. Burger (tmfT) Monday

260

240 | mmc < 300 MeV

220 ¢

200 ¢

160 F T_m*-"ﬂ MeV
“0(4)

140

180 [ zp) 7 (/M= 200MeV

Tc 2+
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HighT QCD
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I Status of the Columbia plot

< SUR2)R X SU(2)L X UA(1)

ms Physical point:
crossover.

p 37 HighT QCD
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The transition region-II

Nf=0, Confinement
Large Nf

Q vacuum

External Magnetic field

HighT QCD



Nif=0 : SU(N) theories and
effective U(1) -> monopoles Ogilvie Wednsday

se di QT P Lo D2
U(l) : confinement SU(2) phase diagram S—5 /d rHa |TrrP|

/deconfinement
monopole S
condensation.

Ising limit

Deconfined

Enlarge space :find
continuous path
between confined H,
phase of SU(2) and S m=so
monopole dominated
phase of U(l) .

2nd order ABC

1st order
PBC

Lattice simulations in Crossover?
progress [M Panero] Confined Semiclassical m=0

- T ToU(l) :
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Nf =0, 2, 2+1,2+1+1, Many...
The fate of the transition at large Nf

L(Ny) = KIN; - N5

| Braun, Gies 2006-2_0 I O_

TA

©|<1

40

Recent lattice studies below Nfc

Deuzeman et al. 2008 Nf = 8
Jin and Mawhinnehy, 2009, Nf=8
Miura et al. 201 |, Nf =4,6

\ For related material
T See BSM sessions
And |.Giedt talk

B>1

HighT QCD



Schaich Monday
New results for Ni=8

. . L=1iN=12 - PRELIMINARY
Slide courtesy D. Schaich s | ETM R T -
|  FEEE
Nf = 8 finite-temp. transitions L
pass through $* lattice phase s
A1) S
L0S
4 4.25 B 4.5 & 5
8% phase signalled by order parameters (red and green, left)
Transitions signalled by Polyakov loop (left) and eigenvalues (right)
012 : : : : : 0.8
. * (VAP AP) —B— 1.75e05 ! N '_8 )‘Iir — 45
= ' (VAU -AU) —i— LSeds| 1 W1 Pr=46
30‘09 | {ReTrly) —b— 106 m= 0.0 ﬁ, j :;
5 1.25¢05 fr = 49
006 | 5 lets © 1
N n {'rm—'_‘—'_’_-r_,_ ]
Z003 _' Se A6l ]
5:3 2,50%/_l“"_'_'_|—'_'_‘_r
’ -:'::m % oos oo 0015 00z 0025 003

41 HighT QCD



The strength of the plasma

with Nf Liao and Shuryak 1206.3989
6
5!
4 <> : Lattice data
Q3
2r .
Iy y
0

02 46 810121416
Ny
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Theta vacuum

S = Socp + Se (-0 Q)

D’Elia and Negro 1205.0538

0.04 -

0.03—

0.01

0.02 -

-
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| " "B-continuum

Negro

T(0)/T(0)=1-R 6 +0 ()

-
s
-
-

- 0.0175(7)

R =x/2A¢ ~ N’

-
-
-
-

Sasaki

-----------
--------
LTy

|
0.02

|
0.04
I/N

Negro Tuesday
Sasaki Tuesday
0.18 ,
e _Q'"’

; ....................

5016}
Plot E’
courtesy
M. D’Elia

0.15 |
4 Lattice =—

) Deconfinement =
: o Chira| ======
in the large N limit 0.14 I .

0 0.1 0.2
! |
0.06 0.08

)
t

HighT QCD
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Chiral Magnetic Effect:
B =10714 Tesla at QCD transition and Heavy lon collisions!

0.2 T T T T T
_,.)——%"”"JF* 7%”'} 1 02 b S
| e lgenfritz et al
S T e
Y i genfritz et al.
o o 1203.3360
170 ——s °

178 —e—
180 v-demmn
1.82 v--@--

I — : No=50

A0 pe et

_ 30 et

0.05 | 20

¥ 10 —e—

oNa [ ——

] FS g

0 ‘ ‘ . ‘ ‘ ) 0 . . . . . .
0 20 40 60 80 100 190 0 0.02 0.04 0.06 0.08 0.1 0.12
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G. Bali et al.
1206.4205

T T T ] T T T [ T T T ] T T T |' T T T T T T ] T T T '|
- 'l
T — $=?30 e | I lottice cont. limit _
= =]
o~ - = T=148 MeV o~ 0.4 | — PNJL model N
—~ - T=153 MeV ~ i}
Iy - Im T=163 MeV Py

D-Cllu 0.5 _— =z H'u- ’-’"-

+ : + -7
- L - 0.2 -
) - ) ]
<] 0 =] 0 i
D 1 1 1 ]

0.2 0.4 0.6 0.8 0.2 0.4
eB (GeVv?d) eB (GeV?)
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Fluctuations

Results&comparison with analytic work
Model studies

HighT QCD



Lattice meets HT pertubation theory

1.1 e _
X '
1 ® & 4 $ ¢ _
[ IRV (5 . ® "i _______________________________ ..
0.9 |/ g BN O ;
0.8 HISQ/tree: N =8 @
: N.=10 v
0.7 F N.=12 &
: asqtad: N.=8 «
[ p4 N.=8
0.6 stout, cont. &
0.5 | ]
| T [MeV] |
0.4 e

250 300 350 400 450 500 350 ©600 650 700

Courtesy PPetreczky
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Lattice meets HT perturbation theory

Nf=2+1, pert
T T |

0.30

0.25

0.20

Xxs/xs,

0.15

0.10

47

urbation theory vs. lattice data; Andersen, Mogliacc

i, Su, Vuorinen (in preparation).
T | T T T T | T T T T

2R ]

0.5% Agpt |
].SXﬁcpt -
- ZXAGM ]
: m HotQCD :
B ¥ i
: Wup—Bud :
i ) ]
— T m HTLpt (1 loop) -
I T ]
: FL . m DR (4 loops) :
. v Courtesy A.Vuorinen i
- &L -
I 1 ]
L | L TR T I TR T I T TR (R T N L [ L [ IR | I [ IR | i

150 200 250 300 350 400 450
T (MeV)
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Patel, Friday
Flux tube model A. Patel 1111.0177

Visualise gauge field dynamics in position

space.
- A
" "'!.5__________3 v ff}\.__*__ y)
0 0T 0 Can study multicorrelation particles which
) 8 are useful for phenomenology
O o '. Nb : non sign problem at finite density
\ I N
N N
\ N L B \ 3
| III|I |I \I'|| IllI| |* £ ‘I {'1} 6 ° ° Q
[ |I '| / || |II
‘ || # | II| (] II\“‘-IQ_,F r Q"ll-\ - )
0 | .'II Q 4 G; l---.‘\\' ) “ ' « o U
I". .‘II 'II | /| "I,_/
\j II"\J"II \jH }/4 Ilhl. ‘II- Q\
| () Qg ) g ) o ©
() () /
q
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Quark Gluon Plasma

Exploring uncharted territories

HighT QCD



Mechanisn(of W

y % deconfingmeq
% AR W)
. e 'y ‘W |
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Potential&Quarkonia
C. Allton Wedsnday

» New Results for Nf =2

» Schroedinger equation
approach : extract
potential from
wavefunction

=
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I

=
I

(M) [GeV]
T

» Spectral functions
measured as well

qg-gbar
|

» Possible comparison of
spectral functions and
potential in analogous
conditions — from same 2 | |
set of gauge fields r [fm]
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_—
n
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Large Nc
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Analogous behaviour for different
Nc lends support to large Nc
approach to the QCD high T phase

SU(4), tundamental representation
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M. Panero Tuesday (Review)

Mikkanen et al. JHEP 1205 (2012)
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Kovacs Tuesday

LA new scale in the QGP

Eigenvalue distribution follow W
different distributions at low
and high frequency: separation -
Ac : mobility edge - |0 =015 m
B i 100F 0 3=0.082 fm
I p 0 3=0.062 fm
L2+ -
- % S
I = - U
~ 089 il
06"
. 100F
04l
i ] S S B B
“-E‘I o 00 300 400 00 600 700 800 900
015 02 T(ME'V)
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Metastable states

Deka at al. 2011

and Polyakov Loop Dynamics

» Z3 metastable states with
dynamical fermions might
have an important
influence on the system

behaviour (bubble
formations, etc.)

New study : find that

metastable states become
relevant for T > 750 MeV
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Pure gauge
High T:
Three Z3
equivalent
vacua for
the Polyakov
loop

With dynamical
fermions: one
true vacuum
other two
metastable

HighT QCD



Polyakov loop dynamics: . 1 ovetal 1243.3217
rigorous approach (YM)

Free energy for untraced Polyakov loop X

N
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F(T,X) = /[ 48 (S)7.x 5 5

(S)rxp = ~ o5 mZ(T,X,3)

Excellent comparison with Pt.
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340 —380 MeV
Tc RHIC AuAu

AR IR A 500- 600MeV | GeV
LHC hot spots LHC
2.76 TeV 71TeV

200 GeV
~200MeV

[U. Heinz 2012] [Expected]

Quark Gluon Plasma &
Colliders

Quarkonia

Transport
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2
T. Dahms CMS Hard Probes 201

Bottomonia: with 2011 data

pp CMS-HIN-11-011 PbPb
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NT(BS)/NT(15)|pp = 0.21 £0.11 £ 0.02 Ny(3s)/Nr(1s)|pbpb < 0.07

Ratios not corrected for acceptance and efficiency

s
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Bottomonia: with 2011 data

011 PbPb
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Brandt Tuesday
A look at propagators in real time

1.—5 T T T 1 I
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From Euclidean propagators to spectral functions via MEM: new method

Rhotkopf Friday
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. Ding et al. 2012 1204.4945
Charmonium
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Kim Wedsnday

Bottomonium
NRQCD for bottom Momentum dependence : Heavy mass
Two light flavors vA2 sim 0.3. Visible on poles,  dependence consistent
not on width. with potential models
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Heavy Quark Momentum

. . .. S. Datta Thuersda
Diffusion Coefficient Y
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Summary — Hot QCD @ Lattice2012
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Bulk Thermodynamics : result in the continuum and at the
physical point for staggered results well into the current LHC
region are in good control. Residual discrepancies seem minor.

Wilson fermions becoming competitive.Continuum limit ( with
largish masses).

New analytic studies in the high T regime compare well with
numerical results, building further confidence in the numerical
results. Contact with free limits also established

New high quality results for domain wall and overlap fermions,
large scale simulations are being planned.

Good chiral properties togheter with further theoretical insight
trigger activity on axial symmetry.

Details of QCD dynamics extremely important around the phase
transitions: fate of the axial anomaly, order for Nf=2 , response to
magnetic field, and to ® therm are still unclear

(Strongly coupled) Quark Gluon Plasma theoretical laboratory
inspiring studies and contacts with other fields

Lattice results for trasport and quarkonia compare well with RHIC
and LHC experiments.
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