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Abstract: In this work, the polarization effects of a strongly magnetized quark-gluon plasma are studied at finite
temperature. It is found that a background magnetic field can have a strong effect on the photon and dilepton emis-
sion rates. It affects not only the total rate but also the angular dependence. In particular, the Landau-level quantiza-
tion leads to a nontrivial momentum dependence of the photon/dilepton anisotropic flow coefficient on transverse
momentum. In the case of photon emission, nonzero coefficients v, (with even n) have opposite signs at small and
large values of the transverse momentum. Additionally, the v, signs alternate with increasing n, and their approxim-
ate values decrease as 1/n* in magnitude. The anisotropy of dilepton emission is well-pronounced only at large
transverse momenta and small invariant masses. The corresponding v, coefficients are of the same magnitude and
show a similar sign-alternative pattern with increasing » as in the photon emission. It is proposed that the anisotropy

of the photon and dilepton emission may serve as indirect measurements of the magnetic field.
Key words: heavy ion collision; electromagnetic probe; strong magnetic field; finite temperature theory
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0 Introduction

There has been a growing interest in the properties of
Quantum chromodynamics (QCD) matter for the last half a
century. The heavy-ion collision experiments at the Relativ-
istic Heavy Ion Collider (RHIC) in Brookhaven and the
Large Hadron Collider (LHC) at CERN give a strong ex-
periment evidences to study such matter on the earth, espe-
cially the quark-gluon plasma (QGP) produced in heavy-
ion collision experiments. The study of the fundamental
properties of the corresponding deconfined state of matter
is the broad goal of the ongoing program. Besides, in the
noncentral heavy-ion collisions, the QGP are produced with
a super strong magnetic field. In the early stages of the col-
lision, the strength of the magnetic field could be
estimatedl! ™. However, how strong the magnetic field in
the latter stages of the collision when the hot plasma forms
and expands is still a puzzle. If it remains relatively strong,
the magnetic field can trigger anomalous phenomena,
modify the flow of plasma, cause new types of collective
modes, and affect the emission of particles. In addition, the
large background effects make huge difficulty on the obser-
vations of magnetic field from the experiments.
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The electromagnetic probes (i.e., photons and leptons)
play a unique role in heavy ion collision experiments. Un-
like the strongly interacting hadrons, they have long mean-
free paths that greatly exceed the size of the fireballs cre-
ated by the collisions. Thus, they carry invaluable informa-
tion about the plasma directly to the detectors. Recently,
several measurements of electromagnetic emissions were
reported by both RHIC and LHCP !0l In general, the
thermal electromagnetic emission rates have been seen as
thermometers of the QGP. In this study, we will introduce
the thermal electromagnetic emission rates that can be per-
fect magnetometers for the hot QGP with a strong back-
ground magnetic field.

One has to be argued that, in a vanishing magnetic
field case, the leading order photon production is given by
the gluon-mediated 2—?2 processes which are linear in the
strong coupling constant a,[17723] In strongly magnetized
plasma, the photon rate is dominated by the following three
single-photon processes: (i) the quark splitting (¢—g+7y),
(ii) the antiquark splitting (§— g +7 ), (iii) the quark-anti-
quark annihilation (g +g— vy ) which are no longer forbid-
den by the energy-momentum conservation. The photon rate

is nonzero already at the leading zeroth order in «; [24-26],
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For the dilepton, in a vanishing magnetic field, the
thermal radiation from the QGP, the Drell-Yan process,
and semileptonic decays of heavy quarks provide the dom-
inant contributions to the dilepton rate in the intermediate
range of the dilepton invariant masses. However, the signa-
ture effects of the magnetic field are the rate enhancement
and strong anisotropy, whose measurements could provide
valuable bounds on the field strength in the plasma pro-
duced by heavy-ion collisions!?”.

The main goal of this paper is to introduce the recent
theoretical understanding of photon/dilepton emission from
a strongly magnetized hot QGP. The corresponding results
will reveal a nontrivial anisotropic photon/dilepton emis-
sion caused by the background magnetic field for a range of
model parameters. As we will argue, such anisotropy car-
ries information about the magnitude of the magnetic field
at the early stages of heavy-ion collisions.

1 Anisotropic flow

In noncentral heavy-ion collisions, the anisotropic
flow coefficients (v, ) are defined by the following Fourier
decomposition of the azimuthal particle distributions!>82°1:

&N 1 &N

d3p 27fp-rdp-rdy 1+2Zv cos[n(¢ ‘PRP)]) (1)

n=1

where E is the particle energy, p is the momentum, py is
the transverse momentum, ¢ is the azimuthal angle, y is the
rapidity, and Pgp is the reaction plane angle. By definition:

v,(pr,y) ={cos[n(¢ — Prp)]), 2

where the angular brackets denote the average over all
particles (or all events, or both) in a given bin of the trans-
verse momentum (pr) and rapidity (). Note that the
second coefficients in the Fourier decomposition v, , char-
acterize the elliptic flow.

The direction of the magnetic field in a noncentral col-
lision is (approximately) perpendicular to the reaction
plane. In the paper, we assume z axis is the direction of the
magnetic field, x-y is the reaction plane and the x axis
points along the beam direction. The azimuthal angle ¢
measures the angle between the particle momentum p and
the reaction plane. The particle four-momentum is given by
p"=(p°,p). The transverse components of the particle mo-
mentum are given by

p)':pT COS(¢)’ P:=Dr Sin(¢)a (3)

where pr= ‘/p§+p§ is the magnitude of the transverse

momentum.

For photon/dilepton, we assume that the mean free
path is larger than the system size so that the particles leave
the plasma region without reabsorption. The anisotropy

coefficients v, can be evaluated from the differential distri-
bution of particles as follows:

1 o &R
U, =— ——— cos(ng)de, 4
ROJ; prdprdgdy (99 )

where the normalization factor is given by the particle pro-
duction rate integrated over the angular coordinate ¢, i.e.,

d’R 27t d*R
. )

= = d
prdprdy prdprdyde i’

2 Thermal photons in a magnetized QGP

By making use of quantum field theory, the thermal
photon production rate can be expressed in terms of the
imaginary part of the retarded polarization tensor as fol-

lows!301:

0 ¢R 1 Im[IZp)]
dp.dp,dp.  (2m)° exp (% ) 1

(6)

Because of a quantizing background magnetic field,
the quark and antiquark states in the one-loop photon polar-
ization are characterized by the Landau-level quantum
numbers, the integer indices #» and »’. For simplicity, we
will assume that the masses of both light quarks are the
same, namely, m,=myg=m=5MeV. The flavor-dependent
quark charges are g;, where ¢,=2/3e, g4=-1/3e,and e is
the absolute value of the electron charge. We define the
modified fine structure constant a_,:qi/(47'() for different
flavors of quarks. N,=3 is the number of colors, 7 is the
temperature of the system and ng is the Fermi-Dirac distri-
bution function.

The imaginary part of the (Lorentz-contracted) polar-
ization tensor in the leading order with a background mag-
netic field can be written as follows2%):

11, = ZNafngn)

[e(pif -pi+p3)-0(pt-p3- 1, ,)]

n,n

\/ (7, +02-R3)(P2 ,+ P2 - 1})
Z N(;f Z go(”)H(Po - P+ f)

f=ud U =0 \/(P pz)<p0 p:- p+f)

!

n,n®

(M

where 6(x) is the Heaviside step function, the transverse
momentum thresholds are given by

pas = |\ v 2ala B o2l B]. ®)

We also used the following shorthand notations:
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' po . Poln—n)lgqBl
gn,n)=2- n [—+s—+
Z Fl7 1 p(z)—Pf

S1,5=%

SZ% Jp-p-p2 ) (- p —pi,f)],
8o(n) =g(n,n), )
and the explicit form of the corresponding function reads
Tl @ =8re(n+n + 0t G)[ T @+ T3 O+

22\ 2
8%[(170 r’) ¥

2 —(n+n)

R GEIIG]
(10)

where functions 77 ; (&) are defined in terms of the gener-
alized Laguerre polynomialsm] as follows:

Ig ’; (é‘-‘) = (_l)n+n’e—§L2'—n (f) LZ—n’ (é‘.:) i (1 1)
&=(k.€;)*/2 and the flavor-specific magnetic length

t,=1/+/lgsBl .

The total rate integrated over the angular coordinate
are plotted in Fig. 1 for both two different magnetic fields
and two different temperatures: 1) |eB|=m2, T =200 MeV
(red dashed line), 2) |eB|=5m%, T =350 MeV (purple dot-
ted line), 3) l|eB|=m%, T =350MeV (black solid line),
4) |eB|=5m%, T =350 MeV (Blue dot-dashed line). In the
case of the stronger field, |eB|=5m?, there are indeed well-
resolved peaks in the photon production rate at
pr~0.06 GeV when T=02GeV and at pr=~0.04 GeV
when T=0.35GeV.For each case, the transverse mo-
menta were taken in the range between 0.01 GeV to | GeV
with discretization step 0.01 GeV, and the azimuthal angle
was considering the range between 102 and £-10"%
with the discretization step 1077

***** T=0.20 GeV, |eB| = m?

R T=0.20 GeV, |eB| = 5m2
DR\ L ——T=0.35GeV, |eB| = m?
107 N, - T=035GeV, [eB| = 5m?

0.0 0.2 0.4 0.6 0.8 1.0
pi/GeV
The integrated photon production rate as a function
of the transverse momentum pr for two different mag-
netic field: |eB|=m?, |eB|=5m2 and two different tem-
peratures: 7=200MeV, T=350MeV (24, 26]. (color on-
line)

Fig. 1

As argued in Ref. [26], there also should have similar
peaks appear in the case of weaker fields. The existence of
such maxima is a necessary consequence of the Landau-
level quantization of quark states in a strongly magnetized
plasma. However, because of the numerical calculation dif-

ficulties at tiny pr, the peak is not showing here. The max-
ima are larger when the temperature is higher and the mag-
netic field is weaker. In addition, when the transverse mo-
mentum increases further, the photon production rate starts
to decrease quickly. The higher temperature and larger
magnetic field induced a higher rate at larger pr.

To better understand the role of the magnetic field on
the direct photon emission from hot quark-gluon plasma,
we show the plot of the ellipticity v, dependence on the
transverse momentum in Fig. 2. For all the physics para-
meters we are plotting here, we found in all the cases we
have the following feature. At large pr, the ellipticity
reaches and saturates at a relatively large positive value,
i.e., Uyma=02. At small p; regime pr < VleB], the el-
lipticity become negative. The sign of v, changes at around
pr = V]eB|. The corresponding results mean, the emission
rate at small values of pr has an overall tendency to peak
at ¢ = 7, i.e., in the direction perpendicular to the reaction
plane. When the value of pr is larger than about v]eB], the
emission tends to be highest at ¢=0, i.e., in the direction
along the reaction plane. Such anisotropic emission is
caused by a strong magnetic field and has nothing to do
with the hydrodynamic behavior of the quark-gluon
plasma(see Ref. [24] for details).

0.3
02F
0.1F
=
00F o2 T=0.20 GeV, [eB| = m2
o1 N T=0.20 GeV, |eB| = 5m2
T b ——T=035GeV, [eB|=m2
02 TR e - T=0.35GeV, [eB| = 5m?
0.0 0.2 0.4 0.6 0.8 1.0
pi/GeV

Fig. 2  Ellipticity of the photon production as a function of
the transverse momentum pr for two different magnet-
ic fields: |eB|=mZ , |eB|=5mZ% and two different temper-
atures: T=200MeV , T =350 MeV [24 261, (color online)

3 Dileptons in a magnetized QGP

The dilepton rate is given by[32]

d’q, d’q,

R’=2 2 —ﬂk(vL v
d Vi 7Te e /Jv(Ql’QZ)pH (ko’k)(27'[)3E1 (27.[)3E2’

(12)

where the three-momenta and energies of the two leptons
are denoted by ¢, and E; with i=1,2, respectively. One
should notice here, to distinguish with photon in previous
section, we use k*=(ky,k) as the four-momenta of the
dilepton in this section. To the leading linear order in the
electromagnetic coupling constant, the electromagnetic
spectral function p*’(ko, k) is expressed in terms of the ima-
ginary part of the photon polarization tensor as follows:
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v 1 eﬁku Im [H/,AV (k07 k)]
p# (ko’k)__']_'[eﬁkO—l K* .

(13)

In Eq. (12), the leptonic tensor for the final plane-
wave states has the following explicit form:

1
L(01.02)= 7 D rl(Q2)7,0(Q)7(Q)v.u(@:)]. (14)

spins

By using the explicit form of the leptonic tensor and
setting the lepton masses my; to zero, the corresponding dif-
ferential rate reads>%)

ARy _ @ ny(po)
d‘K  12m M?

Im (17 ko, k)] (15)

where a =¢e?/(4m)=1/137 is the fine structure constant
and ng(ky)=(e*'T —1)"' is the Bose-Einstein distribution
function. M*=K*=k* =k} —k> —k? is the square of the in-
variant mass of the lepton pair. By definition, k, = [k +k2

is the magnitude of the momentum component perpendicu-
lar to the magnetic field. Note that d*K =MdMk.dkrdydg,

where pr= [k +k2 is the transverse momentum (with re-

ko+k
ko—ky

After applying the imaginary part of the Lorentz-con-
tracted photon polarization tensor in Eq. (7), the final res-
ult reads

spect to the beam direction) and y= % In is the rapidity.

dRi _ &@Nony(Q) 0 47
d'K 48w M LG
o g mO(VM R~k )
[ = Jor i) [ -k ]
RN gm0 (ks — M +R2) T, ()
= e —ar )] [ - oe i)
> gnm)(M2+E ke ) FLL(O)

FLé-

. (16)
w e or i) [k, - v +ki)]}

In addition, it is useful to compare the results with the
corresponding rate in the zero-field limit. In the Born ap-

proximation, the rate is given by[3 3]
o fat 1K
deiBom 5a2T 4T
— = ——np(ko) In| —————— |, 17
T o K-k a7

where the massless quarks and leptons are assumed.

The dependence of the rate on the invariant mass is
presented in Fig. 3. The corresponding data was calculated
for the whole range of invariant masses between
M.;,=0.02GeV and M, =1GeV, using the discretiza-
tion step AM=0.01 GeV . Individual panels show the res-
ults for two representative choices of temperature, i.e.,

T=0.2GeV and T=0.35GeV, and two values of the mag-
netic field, i.e., |eB|=m? and |eB|=>5m2. Each panel con-
tains the rates for the same set of fixed values of the trans-
verse momenta, i.e., kr=0 (black), kr=0.1 GeV (blue),
kr=0.2 GeV (orange), kr=0.5 GeV (green), and kr=1 GeV
(red). For comparison, we also show the zero-field Born
rate (dashed lines).

N T=02GeV, |eB|=m? (a)
1073 ky =0 GeV (approx. M’<<|eB|) — ky=0GeV
_é; ==k =0.1 GeV
3
s
3
0.0 0.2 0.4 0.6 0.8 1.0
M/GeV
T=0.35 GeV, |eB| = m? (b)
107 l =0 GeV (approx. M<<leB)) == f, =0 GeV
= ==k =0.1 GeV
¥
<
3
S
3
0.0 0.2 0.4 0.6 0.8 1.0
M/GeV
T=02GeV, [eB| =5 m? ©
107 ky=0GeV (approx. M<<leB)) ==k, =0 GeV
= ===k, =0.1 GeV
¥
<
=
S
3
T=0.35GeV, |eB| =5 m? (d)
1073 i ky =0 GeV (approx. M><<|eB|) =k, =0GeV
N i ==k, =0.1 GeV
<
&
3
S
3
107 ¢
0.0 0.2 0.4 0.6 0.8 1.0
M/GeV
Fig.3  The integrated dilepton rate as a function of the

dilepton invariant mass M for several fixed values of
the transverse momentum kp=0, 0.1, 0.2, 0.5, 1GeV,
two values of the temperature, i.e., T=0.2GeV and
T=0.35GeV, and two values of the magnetic field, i.e.,
leBl=m% and |eB|=5mZ%). For comparison, the dashed
lines represent the zero-field Born rate and the gray
dotted lines show the approximate rate at kr=0 and

M < VeB| (27], (color online)
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By comparing the overall profiles of dilepton rates in a
strongly magnetized plasma with the benchmark zero-field
Born rate, the rates at B # 0 remain about the same on av-
erage as those at B=0 when the invariant mass is suffi-
ciently large, i.e., M > v]eB]. On the other hand, the mag-
netic field has a dramatic effect on the dilepton production
in the region of small invariant masses, i.e., M < VleB|,
where the rates are strongly enhanced. As seen in Fig. 3,
the rate can increase by several orders of magnitude when
M decreases only by half. The dilepton rate is on-average a
decreasing function of the invariant mass M. Generically,
the rate in the magnetized QGP approaches the zero-field
Born result (17) when the invariant mass is sufficiently
large (i.e., M > +/]eB|). By comparing the plots in Fig. 3
for different values of the transverse momenta, we see that
the dilepton rate tends to decrease with increasing ky. As

0.4
(@ T=02GeV,leBl=m> —, =0.1GeV
0.2
‘ — k=1 GeV
. 00 s I A [\A Al AL
A AN
! v ‘ 1
-0.2
-0.4
00 02 04 06 0.8 1.0
M/GeV
0.4
(c) T=02GeV, [eB| =5 m? I
0.2
N ‘
o 0.0 /n\ ' vl A B — AV_ | /lr r’\ < II‘V
N 7 Az v
—02 — k=01 GeV
0.4 — k= 1GeV

0.0 0.2 0.4 0.6 0.8 1.0
M/GeV

one can verify, the suppression of the rate at large M or kr
(or both) comes primarily from the overall Bose distribu-
tion function ngx(Q) in Eq. (16).

The dependence of the ellipticity parameter v, on the
dilepton invariant mass M is shown in Fig. 4. In the case of
small invariant masses, M < V|eB], there is a clear tend-
ency of v, to become positive. The latter is particularly
well pronounced at large kr, which is analogous to the
photon emission. Such a behavior is because the angular
dependence of the rate are systematically larger for the azi-
muthal directions near ¢ ~ 0 (in the reaction plane) and
systematically smaller for ¢~ m/2 (out of the reaction
plane). On the other hand, the value of the ellipticity
parameter v, for the dilepton rate at small invariant
masses, M < Vl]eB|, and large transverse momenta is
positive.

0.4
(b) T=0.35GeV, |eB|=m> — k= 0.1 GeV
0.2
J A —ky=1GeV
o 00p 7 NS AL /\/4 AL [\VM
AR AL A
-0.2
|
0.4
0.0 0.2 0.4 0.6 0.8 1.0
M/GeV
0.4
(d) T=0.35GeV, |eB| =5 m?
0.2 I
P
<o 0.0 Anl‘ \ 4“ A AL Afr’\ < A
02 — ke =0.1 GeV
—0.4 —ky=1GeV

0.0 0.2 0.4 0.6 0.8 1.0
M/GeV

Fig. 4 The dilepton emission ellipticity as a function of the dilepton invariant mass M for two temperatures, i.e., T=0.2GeV and
T=0.35GeV, and two magnetic fields, i.e., leB|=m2 and |eB|=5m2 ). (color online)

Each panel shows the results for four fixed transverse momenta, i.e., kr=0.1 GeV (blue), kr=0.2 GeV (orange), kr=0.5GeV (green), and

kr=1GeV (red)!?l.

The overall ellipticity is harder to discern from the
data at small values of the transverse momenta, i.e.,
kr=0.1 GeV (blue lines) and kr=0.2 GeV (orange lines).
For sufficiently small invariant masses, M < VeB|, the el-
lipticity parameter appears to be generally nonvanishing.
However, as seen from Fig. 4, its sign may change from be-
ing positive at intermediate values of M (i.e., M =~ v/|eB|),
to being negative at sufficiently small values of M (i.e.,
M < V|eB|). This is particularly clear in the case of the
stronger magnetic field |eB|=5m?. It should be also noted
that the average ellipticity parameter v, is consistent with
zero for sufficiently large invariant masses, M > VleB|.

4 Higher-order anisotropy coefficients

In this section, we will introduce the higher-order an-
isotropy coefficients v, and v4 in the photon and dilepton
emission from a hot magnetized quark-gluon plasma. By
using the definition of v, in Eq. (4), we get the numerical
results of v, and vg.

The numerical results for v, and vs in the photon
emission are shown in Figs. 5 and 6. The different panels
display the results for two different magnetic fields,
leB|=m? and |eB|=5m>,

blue solid and the red dashed lines correspond to two fixed

respectively. In both cases, the
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0.06 F
leB| = m2 (®)
0.04 ¢ — T=02GeV
0.02 f -- T=0.35GeV
. 0.00
-
-0.02 |
—0.04 |
-0.06 |
0.6 0.8 1.0
0.10 leB| = Smz (®)
— T=02GeV
---T=0.35GeV
0.05
=
0.00
X Pe
-0.05

0.0 0.2 0.4 0.6 0.8 1.0
p/GeV

Fig. 5 Anisotropic coefficient v, for the photon emission as
a function of the transverse momentum py for two dif-
ferent temperatures, 7=0.2 GeV (blue) and 7=0.35 GeV
(red), and two different strengths of the magnetic field,
leBl=m2 and |eB|=5m2 341, (color online)

0.03 ¢ @
0.02 F
0.01 } ‘
2
= 0.00 ¥
-0.01 ¢ leB| = m2
—om b — T=02GeV
0.02 . T=035GeV
-0.03 }
-0.04 b . . . . .
0.0 0.2 0.4 0.6 0.8 1.0
p/GeV
0.04} ()
0.02 | , A
Al A | A
. 0.00 |~ 'l 1 . 3 -rvx’ i
-0.02 | i
v |eB| = 5m?
—0.04 ¢ — T'=02GeV
-- T=0.35GeV
—0.06 |

0.0 0.2 0.4 0.6 0.8 1.0
p/GeV

Fig. 6 Anisotropic coefficient vs for the photon emission as
a function of the transverse momentum py for two dif-
ferent temperatures, T=0.2 GeV (blue) and 7=0.35 GeV
(red), and two different strengths of the magnetic field,
leB|=m2 and |eB|=5m2 [34], (color online)

temperatures, i.e., T=0.2 GeV and T =0.35 GeV, respect-
ively. At relatively small momenta, pr < VieB|, wv4(ve)
tends to be positive(negative). However, it becomes negat-
ive(positive) for pr > V|eB| . The absolute values of v, (v )
are of the order of 0.05(0.02). Together with the results of

v,, we note the alternating signs of the anisotropy coeffi-
cients v, with increasing n (all coefficients with odd » van-
ish) and the overall scaling of the magnitude goes as 1/n?.
The numerical results for the dilepton wv,(vg) as a
function of the invariant mass is shown in Fig. 7(8). The
four panels present the results for two temperatures, i.e.,
T=0.2GeV and T=0.35GeV, and two magnetic fields
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coefficient v,(vs) tends to be negative(positive) with abso-

leB|=m? and |eB|=5m?. At small invariant masses, the
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Fig. 7 Anisotropic coefficient v4 for the dilepton emission
as a function of the invariant mass M for several fixed
values of the transverse momentum kr . The panels cor-
respond to £€B|:m3w leB|=5m2, for T=02GeV and
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7=0.35Gev P4 (color online)
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lute values of about 0.05(0.02) . They are comparable to the
v4(vg) values in the photon emission at large transverse
momenta, see Figs. 5 and 6. A nonvanishing v, and v, are
barely resolved for the intermediate transverse momentum
kr=0.5GeV, especially in the case of the stronger field
leB|=5m?. 1t is not surprising as the corresponding k; is
comparable to v]eB| . Nevertheless, the trend becomes un-
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ambiguous for the larger values of kr. As anticipated, both
v, and vs have a weak temperature dependence at suffi-
ciently large transverse momenta. In addition to the altern-
ating sign pattern and the hierarchy of coefficients
v, o< 1/n? in the region of small invariant masses, e.g., we
see well-pronounced modulations in the v, dependence on
the invariant mass.

leB| = m2, T=0.35 GeV - kp=0.5GeV
- k;=1GeV
0.05 k=15 GeV
— k=2 GeV
= 0.00 A
-0.05
(b)
0.0 0.2 0.4 0.6 0.8 1.0
M/GeV
leB| = 5m?%, T=0.35 GeV
0.05
= 0.00
e k=
-0.05 by =
k=
k=
0.0 0.2 0.4 0.6 0.8 1.0
M/GeV

Fig. 8  Anisotropic coefficient vs for the dilepton emission as a function of the invariant mass M for several fixed values of the
transverse momentum kr . The panels correspond to |eB|=m2, |eB|=5m% for T=0.2GeV and T =0.35GeV [34], (color online)

S Summary

The electromagnetic probes in relativistic heavy-ion
collisions provide an ideal environment to study the proper-
ties of QCD matter under extreme conditions. By using the
Landau-level representation for the imaginary part of the
photon polarization tensor, we got an explicit expression
for the photon/dilepton emission rate from a hot QGP in a
quantizing background magnetic field.

For the photon emission from a strongly magnetized
hot quark-gluon plasma, there is a nonzero ellipticity coef-
ficient v, that depends on the transverse momentum. v, is
negative at small momenta, pr < V]eB|, and positive at
large momenta, pr > V]eB|. While the ellipticity coeffi-
cient v, is an overall growing function of pr, it reaches a
relatively high positive value v, ~ 0.2 at large pr. One
of the most exciting thing is the negative value of v, at
small pr, this result differs from the one in any hydro-
dynamic or transport calculations that predict positive v,
for any pr 1331 If such a negative value could be measured,
this definitely an evidence of the existent magnetic field in
the QGP plasma. Also, the higher-order anisotropy coeffi-
cients are as follows: vy ~ +0.05 and vs ~ —0.02. At large

momenta (i.e., pr > V|eB|), the signs of v, reverse, but the
absolute values remain about the same, i.e., vs ~ —0.05 and
vs =~ +0.02. Combining these findings with the v, results,
we see that the signs of even coefficients v, alternate. The
absolute values gradually decrease with increasing n in
each kinematic region. Quantitatively, the scaling appears
to go as v, « 1/n%.

The dilepton emission also has a noticeable aniso-
tropy. It is well pronounced only in the kinematic regime
with large transverse momenta (i.e., kr 2 Vl|eB|) and small
invariant masses (i.e., M < leB]). The signs and absolute
values of the anisotropy coefficients are as follows:
vs~+0.2, vy, ~—-0.05 and vs~+0.02. We see that the
signs of even coefficients v, alternate, and their absolute
values decrease with increasing n. The quantitative scaling
is similar to that in the photon emissions. One should be
noticed, under optimal conditions, the magnitude of v,
could be as large as 0.2. If such large values are measured
in an experiment, they will most likely indicate the pres-
ence of a nonzero magnetic field in the QGP plasma.

Besides, the background field strongly enhances the
rate at small values of the dilepton invariant mass
(M < V]eB|). At large values of the invariant mass
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(M 2 +eB]), of course, the role of the magnetic fields de-
creases, and the results gradually approach the isotropic
zero-field Born rate. Such significant enhancement of the
integrated dilepton rate at small invariant masses is a
unique signature of a nonzero background magnetic field.
Thus, measuring the corresponding rate at M < 0.2 GeV,
for example, could provide sufficient information to con-
firm or rule out the fields of order |eB| ~ m?% in relativistic
heavy-ion collisions.

It should be noticed, that although the motivation of
this study was triggered by potential applications in heavy-
ion physics, our main results may also find applications in
astrophysics, where relativistic QED plasmas are common
in such environments.
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