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Introduction
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+ other small contribs.

direct photons = total - [decay photons]

B colorless nature of photons makes them penetrating probes of the QGP — on-going
experimental research (RHIC, LHC, GSI)
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Introduction

B PHENIX and ALICE collaborations show an direct photon excess at low pp < 3 GeV
w.r.t theoretical predictions [1509.06738, 2106.11216]
—thermal photons

B large measured anisotropy [1108.2131]

B one possible explanation: (hydro) models underestimate the photon emissivity around
the phase transition [1308.2440]

B in the later stages of the collision, the photons tend to 'inherit’ the anisotropic flow of
the strongly-interacting medium [1907.08893]

B comparison with 7'~ 250 MeV continuum extrapolated results using imaginary
momentum correlators [2212.05622]
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Numerical Setup

Table 1: Parameters and lattice spacing of the ensemble analyzed in this work. The lattice spacing
determination is from Ref. [Bruno et al. PRD ’17].

B/a Lja 6/g3 Kl Ks a [fm]
20 96 3.55 0.137232867 0.136536633 0.06426(76)

B measurements performed with stochastic wall sources and a small momentum twist
using the Witnesser code of Renwick J. Hudspith

B O(a)-improved Wilson fermions and physical up, down and strange quark masses

= 50— = (153.5 £ 1.8) MeV

my = (128.1 4 1.3 + 1.5) MeV |,
my = (488.98 + 0.3 £ 5.8) MeV [Ce et al. *22, 2206.06582]
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Thermal photon rate

B differential photon emissivity of the medium:

dr Qe 2w
St 26T (w) + Olok) 1)
where L
1/(... kK
ol (w) = pl(w,k=w) = B <5w -3 ) pij(w, k) (2)

B computing the full energy-differential photon emissivity of a medium at thermal
equilibrium from lattice QCD involves a numerically ill-posed inverse problem.
However, energy-integrated information on the photon emissivity can be obtained
without confronting an inverse problem

Dispersion relation

2

Hp(wn) = —ﬁ/o

s

© dw ol (w)

o m , Wp = 2nnT (3)
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Spatially transverse Euclidean correlators

Euclidean screening vector correlator [z = (x9, x3)]

B ) .
GE,,uy(WmP%pB,fEl) —_ /O dwoezwnxo /d2$lez(p2w2+p3x3)<J#(l.)JU(0)> (4)

Restriction to transverse channel and w; = 2771

GE (w1, p2, 71) = G 33(w1, p2, 0,21)

_ / ? dngeireo / A2z | €272 ( Jy () J3(0)) (5)
0

Definition of static and non-static transverse channel
Gg;(pvwl) = G%(wl - 07p2 = pvwl) (6)
Gly(w1, 1) = GE(wi, p2 = 0,21) (7)

Ardit Krasniqi (JGU) Photon emissivity at the chiral crossover August 03, 2023 7/14



Spatially transverse Euclidean correlators

Fourier transform of non-static corr. eval. at imaginary momentum

k= zwl

T (w1, k / dz1e**1 QL (wy, 1) Hg(wq) (8)

Hp(w) = — /O ’ dao / 4B €10 =171 ( T, (1) T5(0)) < 0 9)

B continuum: Hpg(w;) should vanish in the vacuum

B problem: lattice regulator breaks Lorentz symmetry
— ultraviolet divergence
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Spatially transverse Euclidean correlators

B subtraction term needed, for instance static screening correlator
evaluated at momentum ps = wy

Lattice subtracted correlator
B ) )
Hp(w1) = — / ey / &z (4170 — &172) 121 (J3 () J3(0)
0 R3

= 2/ dzq cosh(wizq) - {Gfs(wl,xl) = Gg;(wl,xl)] (10)
0
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Bounding Method
|

screening correlators have a representation in terms of energies and amplitudes of
screening eigenstates:

GLi(wn ) 20 ‘A(T) 2Bl

i 2l
i,m

, 1 € {st,ns}, w, =2raT (11)

idea: set upper and lower bound for Euclidean correlators [Borsanyi et al., PRL, 2018  Blum
et al., PRL, 2018 Gerardin et al., PRD, 2019]

e B (12)
_EM (z—
< GLi(wr,7) < GEj(wi, wour)e 0 (@=we) 2 > dons
correlator difference in Eq. (10) = correct bounds:
Hp(wn)ly ¢ Gra(wr,21)|  — Ghwr @), (13)

Hp(wr)ly, o< G;‘fs(whxl)‘lb — GL(wi,m)

u
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Bounding Method

B Assuming two-pion ground states:

s =2y(8) +mi + (2)’ 15

2\ ° 2m\°
By = w2+ () 4Bty + (2) (16)
’ L L
B p=w =27T

B m,: effective pion mass at zero-momentum
| 2%: momentum in direction of the vector index

B F,(w): effective pseudoscalar mass in the non-static sector
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Transverse screening correlators and effective masses
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Hpg(wy) and result of the bounding method
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Figure 1: Left: plot of the z1-symmetrized integrand of Eq. (10) together with the result from
modelling the tail. Right: Lower and upper bounds on Hpg(w;) that converge toward that
quantity for x.,; — 00

r(wr, Z ’A’ Mn® ginh (m;L> (17)
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Conclusion

H
E(;dl) = —0.54(5), using infinite volume fit ansatz Eq. (17)
T model
H
2l _06203), [xo/T% = 0.74D)] for zeufa =22
T bound
H
E(;‘“) = —0.670(6), [xq/T?=0.88(1)] [2212.05622]
T?  |highT

B Hp(w) at T' = T). as a measure of the integrated photon emissivity is compatible (in
units of temperature) with the 7' = 250 MeV result, despite having fewer charge

degrees of freedom

B x,/T?|yre =0.70  — QNS can still be described using hadronic d.o.f.
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