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FSU Magnetic tfield in HICs

QGP produced at RHIC/LHC is magnetlzed
—~108t0 10" G ~m2 ~ (100 MeV)?

Main idea

* Photon emission 1s not only a thermometer
but also magnetometer of QGP
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FSU  Thermal photons (B = 0)

O

* The rate of the thermal emission of photons

(more precisely, the energy loss rate) 1s
d*r__ 1 T [I(E)]
dkodkydk. —  (2m)% exp (K0) — 1

[Kapusta, Lichard, Seibert, Phys. Rev. D 44, 2774 (1991)]
[Baier, Nakkagawa, Niegawa, Redlich, Z. Physik C 53 (1992) 433]

* In the case of hot QCD plasma

+ Processes: | [;:;
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FSU  Thermal photons (B = 0)

O

* The approximate result 1s given by

_ di DA, o _p/T 2912 K
Roy_o: Ezg—-— — 9271_2T e~ BIT Iy oz T

[Kapusta, Lichard, Seibert, Phys. Rev. D 44, 2774 (1991)]

* There are important corrections from bremsstrahlung
and inelastic pair annihilation

e T

[Arnold, Moore,Yaffe, JHEP 12 (2001) 009; hep-ph/0111107]

* Next to leading order corrections are ~ 100%

[Arnold, Moore,Yaffe, JHEP 12 (2001) 009; hep-ph/0111107]
[Ghiglieri et al., JHEP 05 (2013) 010; arXiv:1302.5970]
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FSU Photon emission rate

A T T — z o> =

* The expressmn for the rate 1s

1.0 R 1 Im 114 ()|
dhpdhydk.  (27)° exp (%) — 1

. AtB # 0, the imaginary part of the
polarization tensor

(n,p,) _

k / :

~ (m,p,-k,)

1s nonzero at leading order 1n aS'

[Wang Shovkovy Yu, Huang Phys. Rev D 102, 076010 (2020), a1X1v 2006 16254]
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FSl Physics processes

A BT T s d WM

— x O

« Relevant physics processes (0" order in a.):

The energy momentum conservation
Enapzaf o )\Enlapz_kz‘)f _I_ nQ — O

1s satisfied for these 1 — 2 and 2 — 1 processes

[Wang, Shovkovy, Yu, Huang, Phys. Rev. D 102, 076010 (2020), arXiv:2006.16254]
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FSU  Photon emission rate

The G;phClt expression for Im[H (Q k)] 1S

| N.« o  g(n,n’) [9 (k{ _ "I\y|) g (|l‘y| _ Afl—)]
Im [H%,H} a f;d TC[}f — \/[(A:f 2 Af%][(k_{)? ) (flf + .7:4{)

> Neay o 90(1)0 (Il‘yl_l‘f)
N 4rld
fonmo yJk2[KZ — (K])2

(flf - R{) .
f=u.,d o

where g(n,n’) and g,(n) are combinations of
the Fermi-Dirac distribution functions.

The momentum thresholds are determined by

kL = '\/7722 + 2nlerB| £ \/7722 + 272’]€fB|'

[Wang Shovkovy Yu, Huang Phys. Rev D 102, 076010 (2020), a1X1v 2006 16254]
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PFSU  Angular dependence (1)

* At small k7, the emission rate 1s maximal at ¢p = g

(1.e., perpendicular to the reaction plane)
« Effectively, this gives photon “flow” with v, < 0

* Note: k, =0,k, =kpcos¢and k, = kr sin¢§>
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[Wang, Shovkovy, Yu, Huang, Phys. Rev. D 102, 076010 (2020), arXiv:2006.16254]
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FSsi Angular dependence (2)

P ]

At large k+, the emission rate 1s maximal at ¢ = 0
(1.e., parallel to the reaction plane)

Effectively, this gives photon “flow” with v, > 0

eBl=mZq, ﬁm(n“)/m,10 — k7=0.2 GeV

T=0.2 GeV — 'ky=0.5GeV
—— k7=0.8 GeV

v, >0

P
3 T

8 2
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[Wang, Shovkovy, Yu, Huang, Phys. Rev. D 102, 076010 (2020), a1X1v 2006.16254]
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Fsi

- Thermal rate at B % ()

—

£ seares
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* The photon production rate

— decreases with energy (k1) at large k¢

— 1ncreases with temperature

— goes to zero when k — 0 (quantization effects)

— has a peak at a small nonzero kr

leBl=m%o
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[Wang, Shovkovy, Yu, Huang, Phys. Rev. D 102, 076010 (2020), arXiv:2006.16254]
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FSU  Nonzero elli

V2

S BT N W
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[Wang, Shovkovy, Yu, Huang, Phys. ReV D 102, 076010 (2020), aerv 2006 16254]
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FSU ~ Photon v, puzzle

P

* Most photons are produced early (before flow
develops)

* Thus, v, for photons should be very small

- N W i
- PH ENIX L PH  ENIX
0.2 - 0.2
0.15 - 0.15 ¢ &
0.1F @ 0.1} E
0.05 A Models: 0.05 - " Models:
B = Primordial 1 o 1 1| . QGP wilo viscous
| «ss= Primordial 2 o - - —— QGP w/ viscous
i L L = =« semi-QGP
0 1 1 |- | ] | | I | 1 ] | | 1 | | 1 Y | | 0 R I ) l Lol 1 I ] P e | I | I | l e B ]

[Adare et al (PHENIX Collaboration), Phys. Rev. C 94, 064901 (2016)]
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FSUl Magnetic enhanc;?me_r_lt of_y_g_

* Estimate of v, 1n a hot magnetized QGP
Ro-1: 0,~20%
1-2
* Noting that

R2—>1 ~ R2_>2 ~ R2—>3
1-2 352

* Naive estimate at pr~1 GeV gives
6.7% S v, < 20%

* A more realistic estimate should consider non-
1sotropic expansion & non-thermal processes
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Fsi

P

Summary

i —

e B+ 0: photons are produced at 0" order in a

(1) g —q

£

() g->q+v,

(i) g

q—-vy

* Photon emission has pronounced ellipticity

—v,<0 at small kt (k; < +/|eB|)

—v,>0 at large kt (k; = +/|eB|)

* A nonzero ellipticity of thermal emission 1s a
“measure’ of the magnetic field in collisions
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