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Spectral and transport properties in the QGP

Spectral and transport properties in the QGP

Thermal dilepton rate Thermal photon rate
dw 5a? 1 dN,  ba 1

- / - = o , wiw= k|, T
dwd3p 5473 wQ(ew/T — 1) pv(w, T) ud4:1:d3q 672 ew/T — 1/)\ ( | ‘ )

Transport coefficients are encoded Diffusion coefficients:
in the same spectral function T pii(w)
DT = — lim
—> Kubo formulae 2Yq w—0 W

On the lattice only correlation functions can be calculated

—> spectral reconstruction required

This talk: continuum extrapolated lattice correlation functions compared to perturbation theory

for a comparison of Bayesian and stochastic reconstructions of spectral functions see
[H.-T. Ding, OK, S. Mukherjee, H. Ohno, H.-T. Shu, PRD97(2018)094503]



Vector-meson spectral function — hard to separate different scales

Different contributions and scales enter

oo
G(r,p,T) = / g_wp(w’ﬁ, TYK(t,w,T) in the spectral function
T
0 - continuum at large frequencies
K ) cosh (w(T _ %) - possible bound states at intermediate frequencies
7-7 w) — . w . . .
sinh (ﬁ) - transport contributions at small frequencies
Spectral functions in the QGP notoriously difficult to extract from correlation functions
AP(w)
W G (T, @) = (Ju(7,2)}(0,0))
J(7, %) = 2kZyi(r,T)T (T, %)

—> large lattices and continuum extrapolation needed

—> still only possible in the quenched approximation

—> use perturbation theory to constrain the UV behavior

W

t >
2my

T wn T
M w? +n2’ =

(narrow) transport peak at small w: p(w <K< T') =~ 2x00 D



Vector-meson correlators for light quarks on large & fine lattices
[H-T.Ding, F.Meyer, OK, PRD94(2016)034504, H.T.Ding, A.Francis, OK et al., PRD83(2011)034504]

quenched SU(3) gauge configurations (separated by 500 updates)
non-perturbatively O(a) clover improved Wilson fermion valence quarks

non-perturbative renormalization constants and quark masses close to the chiral limit

N. | Ny B K Tty | T/T.|,, | Tro | T/T¢|,, | confs
32 | 96 | 7.192 | 0.13440 | 0.2796 1.12 0.8164 1.09 314
14T, 48 | 144 | 7544 | 013383 [ 02843 | 114 | 08169 | 110 | 358

64 | 192 | 7.793 | 0.13345 | 0.2862 1.15 0.8127 1.09 242
28 | 96 | 7.192 | 0.13440 | 0.3195 1.28 0.9330 1.25 232
1.3 Tc 42 | 144 | 7.544 | 0.13383 | 0.3249 1.31 0.9336 1.25 417

56 | 192 | 7.793 | 0.13345 | 0.3271 1.31 0.9288 1.25 273
24 | 128 | 7.192 | 0.13440 | 0.3728 1.50 1.0886 1.46 340
1.5 Tc 32 | 128 | 7.457 | 0.13390 | 0.3846 1.55 1.1093 1.49 255
48 | 128 | 7.793 | 0.13340 | 0.3817 1.53 1.0836 1.45 456

Scale setting using r_ 0 and t_0 [A.Francis, M.Laine, T.Neuhaus, H.Ohno PRD92(2015)116003]

fixed aspect ratio N_/N_= 3 and 3.43 to allow continuum limit at finite momentum:

ﬁ _’NT
Y o T
T "N

constant physical volume (1.9fm)3



Vector-meson correlation function S

1e+07 ¢ 3 . ’ :
:Gn(TT)/T free — ]
1e+06 ¢ 1.1 TC Nt=64 —%— .
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compared to free (non-interacting) correlator:

1 2(2n1T (27T
G{/ree(T) :6T2 (71'(1 —27'T) -+ cos ( T ) 2COb( T ))

sin®(277T) " sin(277T)
hard to distinguish differences due to different orders of magnitude in the correlator

- in the following we will use G{/TC“(T) as a normalization



Continuum extrapolation 6

1.9 1.9 I

' ' ' ' ' ' ’ Nt=64 NT=48 I " Nt=3
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correlators normalized by quark number susceptibility X4 independent of renormalization
and by the free non-interacting correlator G/ ““(r)
we interpolate the correlator for each lattice spacing

and perform the continuum limit a->0 at each distance 7T

cut-off effects are visible at all distances on finite lattices



Perturbative vector meson spectral functions
Photonrate directly related to vector spectral function (at finite momentum):

AN, 5o 1

W = — _ oy (w
dizd3q 672 ew/T — 11t (

= |k[,T)

T=11T_,k=4.189T
3

105 T T T T T T T T T T

pQCD spectral function used to constrain the UV

-+ "vacuum" /

interpolation between different (perturbative) regimes: 102;— - /

3T < w < 10T: [J.Ghiglieri, G.D.Moore, JHEP 1412 (2014) 029] o [ /
= /
= - /

w>10T: [I. Ghisoiu, M.Laine, JHEP 10 (2014) 84] 5 03 ki
10 F A

w>>10T: [M.Laine, JHEP 1311 (2013) 120] i LemT
107 F e lightcone

to allow for non-perturbative effects

2 | IIIIIII| | IIIIIII| | |

L |=—= LPM/NLO/ "vacuum" P

107
107" 10° 10"

and to analyze how far pQCD can be trusted ®/T
we model the infrared behavior assuming smoothness at the light cone

and fit to continuum extrapolated lattice correlators

10



Hydrodynamic regime 3

Vector spectral function in the hydrodynamic regime for w, k& < agT ;

pv(wv k) w? — K
_ 2)x.D
% (w2 T D2 7)) Xa

B
with the quark number susceptibility:  x, E/ dT/<V0(’7', x)VY(0))
0 X
3 ..

and the diffusion coefficient: D=_1 Jim p'(w,0)
3Xq w—0t — w

N¢
which relate to the electric conductivity: o= e? Z Q?Xq D
f=1

dl'y (k) ¥S T 2To
d3k T (2n)3k

In this limit the (soft) photon rate becomes:

In the AdS/CFT framework the vector spectral function has the same infrared structure

and here numerical result can make predictions beyond the hydro regime
[S.Caron-Huot, JHEP12 (2006) 015]

Although not QCD, it may give qualitative insight into the structures at small w and k



Modeling the spectral function

(5+2 n. )" order polynomial Ansatz at small w:
Buw3 32 ~y w3 w2 nmax § witan w2\ 2
e = 5 (- ) - oz (1= )+ > T (1
2wy wh 2w§ wy — W wp
with the constraints to match smoothly with pQCD at w,
pv(w()?k) = /67 pif(w()ak) =7,

and n__. +1 free parameters

max

starting with a linear behaviorat w < T

smoothly matched to the perturbative spectral function at wg ~ \/k2 + (7T')2

In the following we willuse n__. =0 and n__ = 1 for the fits to the lattice data

max max

and to estimate the systematic uncertainties



Continuum lattice correlators vs. perturbation theory
[J.Ghiglieri, OK, M.Laine, F.Meyer, PRD94(2016)016005]

Fixed aspect ratio used to perform
continuum extrapolation at finite p

By N3 x N_ confs T./%, T/Tc|t0 Tr, T/TC|T0

7192 96° x 32 314 02796 1.12 0.816 1.09

D - N, 7.544 1443 x 48 358  0.2843 1.14 0.817 1.10

T = QWkF 7793 1923 x 64 242 0.2862 1.15 0.813 1.09

o 7.192 96° x28 232 0.3195 1.28 0.933 1.25

_ 7.544 1443 x 42 417 0.3249 1.31 0.934 1.25

use perturbation theory atlarge w 7793 1923 x56 273  0.3271 1.31 0.920 1.25
and fit a polynomial at small w to extract the spectral function

T=L1IT, T=L1IT,
' N L L R 2.0 ' | ' | ' '

— — best estimate from pQCD

1.0_ o= = = =TT

— polynomial interpolation
-+ AdS/CFT

0.8
1.0~

norm,V

~ o
~ -
-

0.6

py/ @OT

G, /G

0.4+ O lattice ' L -~ |e==== : == '_‘_ -
— — Dbest estimate from pQCD =3 — 0.0—""-. crrees T n
i . . k = s ¥
— polynomial interpolation = 6. 283T
0.2 | | | | | ; | | |
0.0 0.1 0.2 0.3 0.4 0.5 0.0 2.0 4.0 6.0 8.0

TT ®/T



Continuum lattice correlators vs. perturbation theory
[J.Ghiglieri, OK, M.Laine, F.Meyer, PRD94(2016)016005]

Fixed aspect ratio used to perform
continuum extrapolation at finite p

By N3 x N_ confs T./%, T/Tc|t0 Tr, T/TC|T0

7192 96° x 32 314 02796 1.12 0.816 1.09

D - N, 7.544 1443 x 48 358  0.2843 1.14 0.817 1.10

T = QWkF 7793 1923 x 64 242 0.2862 1.15 0.813 1.09

o 7.192 96° x28 232 0.3195 1.28 0.933 1.25

_ 7.544 1443 x 42 417 0.3249 1.31 0.934 1.25

use perturbation theory atlarge w 7793 1923 x56 273  0.3271 1.31 0.920 1.25
and fit a polynomial at small w to extract the spectral function

T=13T, T=1.3T,
' N L L R 2.0 ' | ' | ' '

— — best estimate from pQCD

1.0 B = o o T — polynomial interpolation
-+ AdS/CFT

0.8 e
S -=- 1.0}

norm,V
py/ OT

0.6

G, /G

0.4+ O lattice 5. \
— — Dbest estimate from pQCD

— polynomial interpolation

021 I | 1 | 1 | 1 | 1 ] 1 l 1 | 1 | 1

0.0 0.1 0.2 0.3 0.4 0.5 0.0 2.0 4.0 6.0 8.0
TtT ®/T




Lattice constraints on thermal photon rates 12
[J.Ghiglieri, OK, M.Laine, F.Meyer, PRD94(2016)016005]
The spectral function at the photon point w = k 0'64:,::“ L
0.5 L |'. -~ T=11T| _
Jk 1 _
b _
Deff(k) = . qpii(w,ﬂ) 0.4 ! 1
11m+ 3 , k=0 e | 0
w—0 qu Q% 0.3 _|;‘ '_‘-\\ —
b “\ —
- "\ :
can be used to calculate the photon rate ool G i
AdS/CFT | Mg T
dI’ (k) 20tem X : ST P »
Bl — ! 2 0.1 x A T T o Y .
B3k 32 (k) Deit(k) + O <aem) - H <~ O NLO prediction]
00 | 1 p 1 |-.- 1 | 1
0 2 4 6 8

k/T
becomes more perturbative at larger k, approaching the NLO prediction (valid for k>>gT)

[J. Ghiglieri, G.D. Moore, JHEP12 (2014) 029]
but non-perturbative for k/T < 3

Electrical conductivity obtained in the limit k=0 between the results from

AdS/CFT: DT = QL LO perturbation theory [Amold, Moore Yaffe, JHEP 05 (2003)]
T

. | | | )
iepoaizonzona O-Stamets using lattice value for x,/7T*: DT = 2.9 — 3.1




Thermal dilepton rates 13

[H-T.Ding, F.Meyer, OK, PRD94(2016)034504]

Dileptonrate directly related to vector spectral function:

dw Sa? 1 (0. T)
dwd3p  54m3 w2(ew/T — 1) PV,
1.06-05 : [ | | I I
i dW/dwd3p 1.1T, ——
1.0e-06 F 1.3Tc — 4
I 15T — ]
1.0e-07 F HTL ——— _
I Born T
1.0e-08 F Hard thermal loop (HTL) _:
i [E.Braaten, R.D.Pisarski (1990)] -
1.0e-09 -
1.0e-10 -
joe11 L o9



Electrical conductivity of the QGP

continuum estimate for the comparison of different lattice results
of the electrical conductivity (Plot courtesy of A.Francis)
0.7 }O;I/(TC;m) T Nf‘=o, (Aéns,zo(S?) . :
lower and upper limits from analysis of : : Ni=0, cont., (Ding,2016) ———
. . 06 L ; Ni=2, (Brandt,2012) 7
different classes of spectral functions: : Ni=2, (Brandt,2015)
= I N=2+1, (Amato,2013) [ ] |
Oel l lim pii(w7p = 0, T) 0.5 f — .
Co, ' 6 w—0 wT i 1
0.9 T T T T T 0.4 7 T L 7
0.8 Uel/(OemT) 7 i
0.7 T = 0.3 7 ! ]
0.6 | - ; 0 :
0.5 - 02 L : 0 " - i
0.4 |- ] : :
0.3 r ]: :I: n 01 L j ]
0.2 | 1 i : $ { ! |
0.1 F - i : AVAPSE
0 \ I ! \ \ | \ \ !
0 ' ' ' ' ' e 0.6 0.8 1 12 14 16 1.8 2 2.2
. Lok b3 da s ds 10 [G.Aarts et al., PRL 99 (2007) 022002
. Aarts et al., ,
[H-T.Ding, F.Meyer, OK, PRD94(2016)034504] H-T.Ding, F.Meyer, OK, PRD94(2016)034504,

Brandt et al., PRD93 (2016) 054510,

Progress in determining transport
A.Amato et al., PRL 111 (2013) 172001]

coefficients, although systematic
uncertainties still need to be reduced in the future.



Heavy Quark Momentum Diffusion Constant «

Heavy Quark Effective Theory (HQET) in the large quark mass limit
for a single quark in medium

leads to a (pure gluonic) “color-electric correlator”

[J.Casalderrey-Solana, D.Teaney, PRD74(2006)085012,
S.Caron-Huot,M.Laine,G.D. Moore, JHEP04(2009)053]

o) _% 23: <ReTr[U(%;T)gEi(T 0) U (r;0) g E;(0, _»_»_»ﬁ_. ..._.h_’_.f

= <ReTr[U(%;O)]>
2T Y [T " Next-to-leading ord
ext-to-leading order
kK = lim PE (w) 0.5 |- Leading order ------ _
w—0 W Truncated leading order ---------

NLO perturbative calculation:

[Caron-Huot, G. Moore, JHEP 0802 (2008) 081] - \\‘\?;:\

0 | ) | |

—> large correction towards strong interactions
—> non-perturbative lattice methods required



Heavy Quark Momentum Diffusion Constant — Perturbation Theory 16

NLO spectral function in perturbation theory: [caron-Huot, M.Laine, G.Moore, JHEP 0904 (2009) 053]

4 T T T T |
—3L full re sult |
S
~ i
~
Ry
D _
(a\]
> 1 |
% Landau cuts
| .
30 -
L 2
full result - 2 (w/mD) ]
_1 1 1 1 1 |

0 1 2
® / my
in contrast to a narrow transport peak, from this a smooth limit
2T pr(w
w—0 w

is expected

qualitatively similar behavior also found in AdS/CFT [s.Gubser, Nucl.Phys.B790 (2008)175]



Heavy Quark Momentum Diffusion Constant — Lattice results
[A.Francis, OK, M.Laine, T.Neuhaus, H.Ohno, PRD92(2015)116003]

Quenched Lattice QCD on large and fine isotropic lattices at T~ 1.5 T,
- standard Wilson gauge action
- algorithmic improvements to enhance signal/noise ratio
- fixed aspect ration NJ/N, = 4, i.e. fixed physical volume (2fm)3
- perform the continuum limit,a— 0 < N, — o
- determine « in the continuum using an Ansatz for the spectral fct. p(w)

- scale setting using r, and t, scale [A.Francis,OK,M.Laine, T.Neuhaus, H.Ohno,
PRD91(2015)096002]

o NExN, confs TR /TP T RE) 1T Y T TyTy),
0]

6.872 64° x 16 172 0.3770 1.52 0.3805 1.53 1.116  1.50
7.035 80° x 20 180 0.3693 1.48 0.3739 1.50 1.086 1.46
7.192  96° x 24 160 0.3728 1.50 0.3790 1.52 1.089 1.46
7.544 144° x 36 693 0.3791 1.52 0.3896 1.57 1.089 1.46
7.793 192 x 48 223 0.3816 1.53 0.3955 1.59 1.084 1.45

similar studies by [Banerjee,Datta,Gavai,Majumdar, PRD85(2012)014510]
and [H.B.Meyer, New J.Phys.13(2011)035008]



Heavy Quark Momentum Diffusion Constant — Lattice results

we performed a continuum extrapolation, a— 0 + N, — oo, at fixed T=1/a N,

T~15T, T~15T,
4 T T T T T T T T 4 T T T T

/ Gno
/G,
H
:

f O
£2F 7 E 24 Omm 7]
(Dg *‘ (Dg O O, 2O =e....
5 L 64 x16 | - § ot i
o —
N v 80°x20 N Tr=0
v 1tT=04
1+ ® o5x24 | T 1= ® 1T=03 N
| 1443x36 | 1T=0.2
[ *  192’xas| ] ¢ cTeod |
O 1 | 1 | 1 | 1 | 1 O 1 I 1 | 1
0.0 0.1 0.2 0.3 04 0.5 0.00 0.05 20.10
T T const * a

well behaved continuum extrapolation for 0.05 < 7T < 0.5
finest lattice already close to the continuum
coarser lattices at larger 7T show almost no cut-off effects

how to extract the spectral function from the correlator?

0.15



Heavy Quark Momentum Diffusion Constant — systematic uncertainties 19

2( 3
Spectral function models with correct asymptotic behavior Poy (W) = 9~ (Pw)Crw

o
modeling corrections to p;, by a power series in w (w) = g
Prir T
2T
T~15T, T, =124 Ay 3 T~15T,T, =124 Ay
4 1 | T I T I T | T 10 E T T 1T IIII T T 1T IIII T T T TTTTH
o @) ‘-
— q)UV / —
i ;ogeﬂb " |==-- model laa VAR
e 102 = B model 20 / =
£ 31 #?9 | - model 3a / ]
g =0 ~ L |---- BGM 3
O = L ]
~_ J
L g . S 10'E / -
@) -92@-'0' ~ n £ ]
5 . & f // ]
o
N 2 B _#-0- 0 cont. llmlt o ::_—_::_—..—.aﬁn::-,;_'_::?:s/, ]
’ —_———- Of=remrmyamm it 4 _
, model 1aa 100 F--- 7 E
i ,’ ------- model 20a ] : R4 ]
/ C J ]
/ - Y i
I p _
1 1 l 1 | 1 | 1 I 1 10-] 1.|/||| l
0.0 0.1 0.2 0.3 0.4 0.5 10" 10° 10" 10°
TT ®/T
0 1 w
dw cosh (5 — 7T & 2T pp(w
Gmodel(T) = / — Pmodel (w) (2h w ) L /q‘,/]ﬂ3 — hm pE( )



Heavy Quark Momentum Diffusion Constant — systematic uncertainties 20

[A.Francis, OK et al., PRD92(2015)116003]  Detailed analysis of systematic uncertainties

[ ' I ! I ' [
BGM - continuum estimate of « :
| T= 15T, .
2 W
2pb Aﬂ— kT3 = hmo pu(w) =1.8...3.4
2Ba ye) ~ 2 w— w
© 2ab C_&_ . . . .
i o2 Related to diffusion coefficient D and drag
H 20a —o— O coefficient n;, (in the non-relativistic limit)
1Bb =0
16 N Q5 T3
& 2 TD = 47— = 3.7...7.0
lob o007 & strategy (i) R
loa 19: % O strategy (ii) o 042 /2T
I B R = 140
/T3 2M/€’LTLT Mkzn
K

time scale associated with the kinetic equilibration of heavy quarks:

Tkin —

D

= (1.8...3.4) (

M

T\’
T) (1.5 GeV) fm/c

- close to T, 7,,~ 1fm/c and therefore charm quark kinetic equilibration
appears to be almost as fast as that of light partons.



Heavy Quarks in the QGP - Pseudo-scalar mesons
[Y. Burnier, H.-T. Ding, OK et al. JHEP11 (2017) 206]

Using continuum extrapolated correlation functions from Lattice QCD

Go(r) = M [ ((Girgi)(r®) Ging)(0.0)) . 0<r <.

C

and best knowledge on the spectral function from perturbation theory and pNRQCD

interpolated between different regimes

T=13T, T=13T,
T T | T T T T I
0.15 — 0.15+ _
_ / |;: S S A
4 : ,-:.. Lp i [ To===_
S (). | : I N 13} — L e
4 0.10 : : : 1 = 0.10 ,.!,:’ eI DTS
Nv 1 . Nv 1 I [
E : | ! I
S o i |
3 : : I l 3 I ]
:f‘ oo mlR) = 1GeV S L m(f,)=1GeV
L : : Q. L :
0.05 ! : A m(fL,) =2 GeV 0.05 : : A N m(fi,,,) =2 GeV
: ! ' - m(ﬁref)=3GeV |i |: _ m(ﬁrer)=3GeV
L : : l — m(ﬁref)=4GeV '.i l' ——— m(ﬁref)=4GeV
OOOl | lll .'-_I. I' _ m(ﬁmf)zsc}ev ,';/, | o m(ﬁref)=5GeV
- R A ap—— - . o 0 .
' 10 20 30 40 0007 0.0 0.1 0.2 0.3
/T [ -2m(R )] /[0 +2m(H, )]

we will focus on the pseudo-scalar channel (no transport contribution in this channel)



Lattice set-up

quenched SU(3) gauge configurations (separated by 500 updates)
non-perturbatively O(a) clover improved Wilson fermion valence quarks

6 quark masses between charm and bottom - interpolate to physical c and b mass

I} Ns N, confs ry/a T/T. Cow Ke K %
I
7192 96 48 237  26.6 0.74 1.367261 0.13442 s Ao 0.6442
32 476 1.12
28 336 1.27
24 336 1.49
16 237 2.23
7.394 120 60 171 33.8 0.76  1.345109 0.13408 815‘1‘2320"1;;382812220 0.6172
40 141 1.13
30 247 1.51
20 226 2.27
7544 144 72 221 404 075 1330868 0.13384  012041.012050,013100, () 5088
48 462 1.13
42 660 1.29
36 288 1.51
24 237 2.26
7.793 192 96 224  54.1  0.76  1.310381 0.13347 o 0.5715
64 249 1.13
56 190 1.30
48 210 1.51

32 235 2.27




Quark mass interpolation 23

Interpolation to physical ¢ + b bare quark masses required to perform continuum extrap.

- lines of constant physics defined —> interpolate correlators to the
by vector meson mass at 0.75 T, physical lines of constant physics
T~ 15T, 144’ x 36
1.0 ! ' ' ! 219 .\I ' '

b B OOV o B=7.192|1 = °© tT=0.139

L Ty =20 i P 4|8 tT=0246|]
\\\\\\ o B = 7394 : :

0.8 ~~3ss RS el A TT=0351

I . p=7.5441 20K 130 13.1] v TT=0.4987
B=7.793 o
o LN 1
E> L 3\ 1 5 :\\ \_‘.\\ —
= 041 R St N _
SN - N
i 10 T T .
0.2} | NI
L *\\\
I my, ~ 3.1 GeV A
0.5+ <
0'0 | 1 | 1 | | : 1 | 1 |
0124 0128 0.132 12 16 m, /T 20

—> continuum extrapolation on lines of constant physics for ¢ and b quark masses



Continuum extrapolation

Continuum limit of the correlation functions in a2

continuum extrapolation well behaved
some uncertainty in renormalization >  well defined continuum correlators

T~15T, M, ~ 1.5 GeV
T I T 5 1 L I 1 1 I T
| | |
= ----..------i'tT=0.498_ | © T/T, ~0.75
! "‘O“n::,; ________ 1 m T/T ~11
E:_—ﬂ“’z 4 o T/T ~13 +++
201 . 7 T/IT ~15 ++
------------- TT = 0341 " ° &
8 T - el = . 8 v T/T ~225 8
E BT Tl - - woa-3 ¢¢+
............ 1T =0.261_ -
e T ottt L= o o +++‘|‘
< == — — == == s ¢ * ¢
—‘OQ-‘ - ﬁ@m ¢¢ *¢¢¢
T o= 1T=0.139 *¢$¢
o Ul Sl =0 2 aig e -
..... oo =B Sh S =] ¢¢
1'(#'——— - ] g%%¢
r .ggs vV vV Yy
- o 1-loopZ, |4 RB° vV
P 1+ ”55 vV v |
0.5 o 2-loopZ,| | vvyY
’ 1 I 1 I 1 1 | | I 1 | 1 | 1
0 3 ) 3 0.0 0.1 0.2 0.3 0.4 0.5
1107 /N2 2x10 T

—> comparison to perturbation theory and determination of continuum spectral functions



Continuum extrapolated lattice vs. perturbative correlators

perturbative correlators:

Mls~1.5GeV
5 = T T
A | IO T/T ~1.1
charm: ‘
..... T/T, ~13
4H T/T, ~15 .
|-—— T/T ~225
a‘:(Dn.3_ , |
~ .,'
5. £ -
QL .
@) y
2r ,/’J/ g |
/’&
1+ f*j —
/ | i | L | L | L | | | L
00 01 02 03 04 05 06 07
TT
c
M, ~ 4.7 GeV
15 : I I I
| B T/T ~1.1
bottom: ¢
..... T/T,~13
20 - 1rT~1s 7
oo T/T ~225
o o -
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lattice correlators (continuum extrap.):
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Pseudo-scalar
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differences between lattice and perturbation theory may have a simple explanation

A: uncertainties related to the perturbative renormalization factors
B: non-perturbative mass shifts

PRt (w) = Ap(w - B).

—> continuum lattice data well described by this model with y?/d.o.f < 1



Modelling the spectral function
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differences between lattice and perturbation theory may have a simple explanation
A: uncertainties related to the perturbative renormalization factors
B: non-perturbative mass shifts
ppot(w) = Ap2t(w - B).

—> continuum lattice data well described by this model with y?/d.o.f < 1



Pseudo-scalar spectral functions

charmonium: m(p_)=1Gev bottomonium: m(§ ) =5Gev
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charmonium:

no resonance peaks are needed for representing the lattice data even for 1.1 T
modest threshold enhancement sufficient in the analyzed temperature region

bottomonium: next steps:
thermally broadened resonance peak present analysis of the vector channel
up to temperatures around 1.5 T, heavy quark diffusion coefficient



Conclusion - Disclaimer - Outlook

Continuum extrapolated correlators from quenched lattice QCD are
well described by perturbative model spectral functions downto T ~ T,

for observable with an external scale (mass, momentum) 2> =T
All results in this talk were obtained in the quenched approximation

What may change when going to full QCD?

Asrs| N, =0 ~ 255MeV Ass| v, =3 ~ 340MeV
Tc|Nf:O ~ 1°24AM_S’Nf:0 Tc|Nf:3 ~ 0'45AM_S|Nf:3
aFRED |~ 0.2 aFREP L 1 > 0.3

chiral crossover transition
Physics may become more non-perturbative, more interesting, more complicated...

Quenched theory is a nice playground but full QCD studies crucial!



Congratulations to Heng-Tong and CCNU
for the opening of the NSC3

Looking forward to many more

interesting projects in the future
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