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@ Photon and Di-lepton produced from QGP is an important probe to

study Quark-Gluon-Plasma.

o RHIC and LHC clearly shows R
excess of photon yield at low m:) ”-\
pr region. B ::,\ Y

o In addition it shows a large § 1073 ,\{’
azimuthal anisotropy S ol %
(Direct-photon puzzle). EE 0] '

o The photon production rate o
(R,) from a thermalized o
QGP can be calculated o

107° |

data
o PRL 104, 132301

= PRL 98, 012002
¥ PRD 86, 072008

— pp fit

Au+Au data

2 PRL 104, 132301
= PRL 109, 152302 ]

® Present data

—Ncon-scaled pp fit

V/SNN = 200GeV

in-terms of spectral function —
L.D. McLerran et al, PRD 31, 545

dr, emnp(w)
43k 2m2k
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A. Adare et al, PRC 91,064904
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@ puu is defined in terms of Electromagnetic current

Ju(X) = P(X) 1 (X),

K = (@,0)) = [ d*X explIKXH(L00 O 7
@ On the lattice, we calculate the correlation function in Euclidean time.
GE (7, k) = [ % exp(ik.%) (Ju(X, 7)4,(0,0))
@ Relation with spectral function

—puv(w
0 x P sinh[5%]

Numerically ill-conditioned problem.
1) Difference in the number of degrees of freedom.
2) Small error in GE become very large error in p.
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@ p, can be decomposed,

puv(w, k) = PLp7(w, k) + PL,pr(w, k)

-,

pV(wa E) = pﬁ(”) E) = 2,0T(CU, E) + PL(W» k)
o At the photon point p;(|k|, k) = 0.
dry o o
E o< 2p7(|k|, k)

dr, - oz
dT,z“z(pT(“"’ ) — pL(lkl], k)
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o At T =0, pu = (ku kv — gu,,k2)p(k2) = pT =p1L
e At finite T, py = 2 (p1 — p1) displays pure thermal contribution.

o py is UV suppressed,
k% Oy
4

PH ~
w

@ Sum rule, -
| dwwpnteo, ) =0
0

M. Ce et al, PRD 102, 091501
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@ Free result for T and pPL, G. Aarts and J.M. Resco,Nucl.

Phys. B 726 (2005) 93
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@ py =2p7 + pr has large UV part. G5 has large UV contribution.
e py =2(pt — pr) has small UV part. GE has less UV contribution.
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We calculated the T — L correlator in pure gluonic theory at T = 470
MeV and in Nf =2+ 1 flavor QCD (m, = 320 MeV) at T =220 MeV.
Lattice Size:

o Gluonic theory : 120% x 30, 963 x 24, 80% x 20, L ~ 1.7 fm

o Full QCD (HISQ): 963 x 32, L ~ 2.7 fm

The available momentum for gluonic theory is ? = 5% and for full QCD
is Kk — 2mn

T 3
We use clover improved Wilson fermion for the calculation of these
correlation functions. T > mgq

Correlation Function:
_ 1

GE(r, k) = /OOO %Z(pr(a}, K) — pr(w, /}'))COShS[iC:]E}LWT]zT)]
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Continuum extrapolation

GH/ZXq T

Lattice data has cut-off effects and need continuum extrapolation.

O _(a) = M (a=0) +
= = ‘N2
2xqT 2xqT N7
06 ‘ ‘ ‘ | :
T-0.167 —o—
i WT=4.71 $120267 o
- 70434
0.56 i -
I e . ~
- —4_|
0.52 [* T g
h
O]
0.48
0.4 L ‘ . ‘ : ‘
0 00005 0001 00015 0002 0.0025

N2

Smaller cut-off dependence for Gy.
Dominant contribution to Gy comes from the infrared part.
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Continuum extrapolation

® Xq= 0.897 T2 for Nf = 0 (using non-perturbative parametrization)
H-T Ding, O. Kaczmarek, and F. Meyer, PRD 94, 034504
Xq = 0.842T2 for Ny = 3 (order g°log(g))
A. Vuorinen, PRD 67, 074032
2

continuum

Ng=2+1

05 PE s,
KT=2.09 —— .
KT=4.19 ——
o L WT=628 —— . .
0 0.1 0.2 0.3 0.4 0.5

@ Non-pertubative effects are important.
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Spectral function reconstruction

o For w < wg

2 2 2\ 2
=53 (5-35) 35 (- 5) o (5) (- 3)
2w0 Wo 2w0 wo wo wy

J. Ghiglieri, O. Kaczmarek, M. Laine, and F. Meyer, Phys. Rev. D 94, 016005.

P

o = pu(wo) and v = pjy(wo) “
o For w > wo p(w) =i, w%
o [y dwwpp(w,B,7,0,Ai,wp) =0

o wo=\/k?+uv(nT)? 0 (No
@k N|_7
A

e Constrained fit with d9 > 0,pp(k, E) >0 and % <0
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Spectral function reconstruction

Fitting of Mock Data

@ Ten perturbative data points between 0.1875 to 0.5 in 7T.

@ Realistic error introduced similar to lattice correlator.

wg=(§ +(1LT=2 T

0)0:(k2+2(7tT
@o=(k"+5(rT)
NLO+LPM

k/T=4.71

2
KT=3.14 ——
18 k/T=6.28
1.6 1 ©
1.4 \ %
7:1 1.2 1 £ o041}
& s
1 B
= 0
08 ES
0.6 0.4
04 . . . .
0.1 02 0.3 0.4 05 0
TT

@ The exact spectral function can be approximately caputured by the

w/k

systematic uncertainty between wg = Vk? + 7272 and

wo =V k2+57T2T2

Dibyendu Bala (Bielefeld University)

Thermal photons from lattice

10/14



Spectral function reconstruction

Fitting lattice data
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Pade Ansatz
Pade Ansatz

- tanh(w/2T) (1 + Bw?
pZADE(w,k) _ A ( / ) ( )

(a2 + w?)((w — wo)? + b2)((w + wo)? + b?)
M. Ce et al, , PRD 102, 091501(R)

@ The sum rule relates B with a, wg and b.

@ The fit has been performed on A, a, wy and b.

2

i B i i B
maximum
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Effective Diffusion coefficent

2 T T T T T T — 5 T 3 . T T o}
NLO+LPM-0 =—— NLO+LPM-C ==
GP regression —— GP regression ——
BG estimate —— 25 - BG estimate —— 1
15 Polynomial-Ansatz | Polynomial-Ansatz
: Pade-Ansatz —— Pade-Ansatz ——
— Uncertainity from models ——— — 2r Uncertainity from models 1
3 3 T=220 MeV
, § 15} = e
e 1 T=470 MeV ) Ni=2+1
a3 N¢=0 A 1L a=0.028 fm
05 Continuum |
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@ Photon production rate,

dly  aemnp(W)Xg A2
Bk 2 Q7 Derr (k)

o Effective diffusion coefficient,

K|,k
Deff(k) = p;’)(!q||E|)

limg_o Degr(k) = D
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2 T T T T T
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@ We calculated T-L correlator in Quenched and Full QCD.
@ We obtained photon production rate using 4-different methods.

@ We use OPE information, at large w and sum rules to constrain the
spectral reconstruction.
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BG(,,
pf(og)) = Z qi(w)G(mi) =

0w, @) =32 qi(w) K(@, 77)f ().
e Minimize F(w) = X Width[d(w,@)] + (1 — ) var[pss(w)]
~ tanh’(w/wj)

) = =)

where, wo = Vk2 +vm2T2.
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@ Away from the light cone, naive perturbation theory works well.

@ Near the light cone, one has to perform LPM resummation (coherent
scattering by gluons).

o Renormalization scale j1 = /|w? — k2|+(27 T¢)?

k=157 ——
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25 T T T T T T T 24 + k/T=4.71
k/T=1.57 —— 0.24 k/T=6.28
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15 N0 ] e
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>
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ol T _ ‘ ‘ ‘ ‘ ‘
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05 L L L . . . . o/T
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o Coupling is maximum at the light cone.

) S. Caron-Huot, PRD 79, 065039
@ Scale setting:

TC/AVS = 1.24 for Nf =0
TC//\W = 0.521 for Nf =3
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