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Motivation

strong magnetic field B is produced in ultrarelativistic heavy-ion
collision experiments at RHIC eB ∼ 0.01 GeV 2 and LHC
eB ∼ 0.25 GeV 2

therefore, it would be interesting to explore how this huge magnetic
field affects jet quenching
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q̂ in pQCD

the jet quenching parameter (q̂) is defined as the transverse
momentum diffusion constant of the (emitted) gluon per unit length
of the jet trajectory [Baier et al. 1997]

q̂ = 〈p2
⊥〉/dz

q̂ is also related to the damping rate of an energetic color dipole of
size b through

Γdipole ≈ 1

2
b2

∫
d3q

dΓsingle

d3q
q2
⊥ =

1

2
b2q̂

therefore, q̂ can be computed by first computing the scattering rate
per unit momentum transfer dΓsingle/d3q of the jet from the thermal
quarks, and using the formula

q̂ =
1

v

∫
d3q

dΓsingle

d3q
q2
⊥
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q̂ in pQCD with strong magnetic field eB � T 2

in the strong magnetic field eB � T 2 regime, q̂ can be found by first
computing the scattering rate per unit momentum transfer
dΓsingle

LLL /d3q of the jet from the thermal LLL quarks, and using the
formula

q̂ =
1

v

∫
d3q

dΓsingle
LLL

d3q
q2
⊥

the total scattering rate of the jet from thermal LLL quarks

Γsingle =
∫
d3q

dΓsingle
LLL
d3q

can be found from the imaginary cut of the jet

self-energy, i.e., Γsingle ∼ −Im[ΣR(P)]
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q̂ in pQCD with strong magnetic field eB � T 2

the total scattering rate of the jet from the thermal LLL quarks is

Γsingle ∼ αs

∫
d4Q

(
nB(q0) + nF (p0 + q0)

)
ρgαβ(Q)

× Tr
[
γβγ0P(p + q)γαγ0P(p)

]
δ(p0 + q0 −

√
(p + q)2 + M2)

the gluon spectral density ρgαβ(Q) is [Fukushima et al. 2015]

ρgαβ(Q) ∼
Q‖αQ‖β × αs × e−

q2
⊥

2eB × sgn(q0)δ(Q2
‖ )(

q2
⊥

eB + const.× αs × e−
q2⊥
2eB

)2
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q̂ when the jet is parallel to the magnetic field (pQCD)

the scattering rate per momenta extracted from the total scattering
rate of the jet from thermal LLL quarks is

dΓsingle

d2q⊥
∼ α2

s (1 + v)(eB)Te−
q2
⊥

2eB(
q2
⊥ + const.× αs × eB× e−

q2⊥
2eB

)2

and the jet quenching parameter to complete leading order in αs is

q̂ ≡ 1

v

∫
d2q⊥

dΓsingle

d2q⊥
q2
⊥ ∼ (1+1/v)α2

s (eB)T
(

log (1/αs)+const.
)
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q̂ when the jet is perpendicular to the magnetic field
(pQCD)

the scattering rate per momenta extracted from the total scattering
rate of the jet from thermal LLL quarks is

dΓsingle

dqydqz
≈

1
vα

2
snB(qz) qz (eB) e−

(q2
z /v

2+q2
y)

2eB(
q2
z

v2 + q2
y + const.× αs × eB× e−

(q2z/v2+q2y)
2eB

)2

there are two independent jet quenching parameters

q̂z =
1

v

∫
dqy

∫
dqz q

2
z

dΓsingle

dqydqz

q̂y =
1

v

∫
dqy

∫
dqz q

2
y

dΓsingle

dqydqz
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q̂ when the jet is perpendicular to the magnetic field
(pQCD)

the jet quenching parameter q̂z to complete leading order in αs is

q̂z ∼ const. v2α2
s (eB)3/2

+ const. vα2
s (eB)T

(
log

(
T2

αs eB v2

)
+ const.

)

the jet quenching parameter q̂y to complete leading order in αs is

q̂y ∼ const. α2
s (eB)3/2

+ const.
1

v
α2
s (eB)T

(
log

(
T2

αs eB v2

)
+ const.

)
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q̂ in AdS/CFT correspondence

q̂ (the transverse momentum diffusion constant κ = 2
v q̂) can be

extracted either from force-force correlation function as [Gubser 2007]

q̂ = −vT lim
ω→0

ImGR(ω)

ω

or from light-like Wilson loop as [Liu et al. 2007]

q̂ = − 4
√

2

L−L2
ln〈W (Clight−like)〉

where L− = ∆t−∆x3√
2

, and L = ∆x1
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τ
C light−like

C static C static
boosted

longitudinal
x

transverse
x

3

1

time
t

L
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q̂ in AdS/CFT correspondence with strong magnetic field
eB � T 2

in the presence of a strong magnetic field B � T 2 in the bulk
[D’Hoker et al. 2009]

ds2 =
r2

R2

(
−f (r)dt2 + dz2

)
+R2B(dx2 + dy2) +

1
r2

R2 f (r)
dr2

the Hawking temperature T of the black hole

T =
1

4π

√
gzz(rh)f ′(rh)g rr ′(rh) =

rh
2πR2
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q̂ when the jet is parallel to the magnetic field (AdS/CFT)

from the force-force correlation function

q̂(v) = −4
T
‖
s

v
lim
ω→0

ImG
‖
R(ω)

ω
=

2T
‖
s

πα′v
gxx(rs) =

2

3π

√
1 +

1

v2

√
λBT

from light-like Wilson loop
(
r =
R2

u

)
q̂ =

1

πα′

(∫ uh

0
du

1

Gxx

√
Guu

Gtt + Gzz

)−1

=
4

3

√
λBT

log(B/T 2)
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q̂ when the jet is perpendicular to the magnetic field
(AdS/CFT)

q̂z from the force-force correlation function

q̂z(v) = −2
T⊥s
v

lim
ω→0

ImG⊥R (ω)

ω
=

T⊥s
πα′v

gzz(rs) =
v2

6π2

√
λB3/2

+
√
λ
√
BT 2

q̂z from light-like Wilson loop

q̂z =
1

2πα′

(∫ uh

uc

du
1

Gzz

√
Guu

Gtt + Gxx

)−1

=
2π

3

√
λ
√
BT 2
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q̂ when the jet is perpendicular to the magnetic field
(AdS/CFT)

q̂y from the force-force correlation function

q̂y (v) = −2
T⊥s
v

lim
ω→0

ImG⊥R (ω)

ω
=

T⊥s
πα′v

gzz(rs) =
1

6π2

√
λB3/2

+
1

3v2

√
λ
√
BT 2

q̂y from light-like Wilson loop

q̂y =
1

2πα′

(∫ uh

uc

du
1

Gyy

√
Guu

Gtt + Gxx

)−1

=

√
λB3/2

(3π) log(B/T 2)
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Summary

when the jet is parallel to the strong magnetic field B � T 2

q̂pQCD ∼ (1 + 1/v)λ2BT
(

log (1/αs) + const.
)

+O
(
T2/B

)
and

q̂AdS/CFT ∼
√

1 +
1

v2

√
λBT +O

(
T 2/B

)

when the jet is perpendicular to the strong magnetic field B � T 2

q̂pQCD(z) ∼ v2λ2B3/2 +O
(
T 2/B

)
q̂pQCD(y) ∼ λ2B3/2 +O

(
T 2/B

)
and

q̂AdS/CFT (z) ∼ v2
√
λB3/2 +O

(
T 2/B

)
q̂AdS/CFT (y) ∼

√
λB3/2 +O

(
T 2/B

)
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Thank You!
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