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Introduction

Axial Charge is P- and CP-odd

ψL → qL (quark) , q̄R (anti− quark)

ψR → qR (quark) , q̄L (anti− quark)

P : qL ←→ qR , q̄L ←→ q̄R

C : qL ←→ q̄L , qR ←→ q̄R

Axial Charge

J0
A = N(qL) + N(q̄L)− N(qR)− N(q̄R)

Kiminad Mamo (UIC) Spin Polarization of Photons
Topical Workshop on Beam Energy Scan (BEST 2016) (Indiana University Bloomington, May 9-11, 2016) 4

/ 23



Introduction

Axial Charge is P- and CP-odd

ψL → qL (quark) , q̄R (anti− quark)

ψR → qR (quark) , q̄L (anti− quark)

P : qL ←→ qR , q̄L ←→ q̄R

C : qL ←→ q̄L , qR ←→ q̄R

Axial Charge

J0
A = N(qL) + N(q̄L)− N(qR)− N(q̄R)

Kiminad Mamo (UIC) Spin Polarization of Photons
Topical Workshop on Beam Energy Scan (BEST 2016) (Indiana University Bloomington, May 9-11, 2016) 4

/ 23



Introduction

Axial Charge is P- and CP-odd

ψL → qL (quark) , q̄R (anti− quark)

ψR → qR (quark) , q̄L (anti− quark)

P : qL ←→ qR , q̄L ←→ q̄R

C : qL ←→ q̄L , qR ←→ q̄R

Axial Charge

J0
A = N(qL) + N(q̄L)− N(qR)− N(q̄R)

Kiminad Mamo (UIC) Spin Polarization of Photons
Topical Workshop on Beam Energy Scan (BEST 2016) (Indiana University Bloomington, May 9-11, 2016) 4

/ 23



Introduction

so far, the proposed experimental observables of the local P- and
CP-odd domain in heavy-ion collisions, such as Charge
Separation by Chiral Magnetic Effect, are not P- and CP-odd

and there are other background effects to the proposed
observables
therefore, we look for other possible “event-by-event P- and
CP-odd” observables in photon emission with

1. clean isolation and no (easy) background effects
2. unambiguous signal of axial charge and triangle anomaly
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Introduction

Photons

Spin polarization (helicity h) is P-odd

εµ± =
1√
2

(0, 1,±i , 0) , ~k = kx̂3
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Introduction

the “circular polarization asymmetry” A±γ of photons

A±γ ≡
dΓ

d3~k
(ε+)− dΓ

d3~k
(ε−)

dΓ

d3~k
(ε+) + dΓ

d3~k
(ε−)

=
Imσχ(k0)

Reσ11(k0)
∝ µA

is P- and CP-odd observable

since, the total photon emission rate has already been computed
by AMY in pQCD, we only need to compute the “P-odd photon
emission rate”

dΓodd

d3k
=

dΓ

d3~k
(ε+)− dΓ

d3~k
(ε−)

in pQCD and AdS/CFT
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Introduction

the thermal photon emission rate is given by the retarded
correlation function of the electromagnetic current operator Ji in
momentum space

GR
ij (k) = (−i)

∫
d4x e−ikxθ(x0)〈[Ji(x), Jj(0)]〉

as
dΓ±

d3k
=

e2

(2π)32ω
nB(ω)(−2)Im

[
(εµ±)∗εν±G

R
µν

]

the P-odd photon emission rate

dΓodd

d3k
≡ dΓ+

d3k
− dΓ−

d3k
=

e2

(2π)32ω
nB(ω)(−4)ReGR

12(k)
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Introduction

the retarded Green’s function in “ra”-variables is

GR
ij (k) = −iG ra

ij (k)

then, the P-odd photon emission rate in “ra”-variables becomes
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d3k
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Introduction

by placing operators in suitable positions in the two contours,
one can generate all kinds of time orderings for correlation
functions of

Or =
1

2
(O1 +O2) , Oa = O1 −O2
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Spin polarized thermal photons from axially charged
plasma at weak coupling (pQCD)

the total thermal photon emission rate at weak coupling in pQCD
(AMY)

(2π)3 dΓtotal
LO

d3k
≈ A(ω)

(
log (T/mf ) + C

total,(0)
2↔2 (ω/T )

+C
total,(0)
LPM (ω/T )

)
+O(µ2

A)

in contrast, the P-odd photon emission rate at weak coupling in
pQCD

(2π)3 dΓodd
LO

d3k
≈ A(ω)

(
C

odd,(1)
Log (ω/T ) log (T/mf ) + C

odd,(1)
2↔2 (ω/T )

+C
odd,(1)
LPM (ω/T )

)µA
T

+O(µ3
A)
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Hard “leading log” and “constant under the log”
contribution of pair annihilation

(2π)3 dΓodd
hard

d3k
= e2g2(N2

c−1)
4ω

∫
p

∫
p′

∫
k ′ |Mpair(ε+)|2 − |Mpair(ε−)|2

× n+(|p|)n−(|p′|)(1 + nB(|k ′|))(2π)4δ(p + p′ − k − k ′)
where

|Mpair(ε+)|2 − |Mpair(ε−)|2 = 4(t − u)

(
1
t + 1

u − 2
(
p⊥
t −

p′⊥
u

)2
)
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Hard “leading log” and “constant under the log”
contribution of Compton scattering

(2π)3 dΓodd
hard

d3k
= e2g2(N2

c−1)
4ω

∫
p

∫
p′

∫
k ′ |MComp(ε+)|2 − |MComp(ε−)|2

× n+(|p|)n−(|p′|)(1 + nB(|k ′|))(2π)4δ(p + p′ − k − k ′)
where

|MComp(ε+)|2 − |MComp(ε−)|2 = 4(s − t)

(
1
t + 1

s − 2
(
p⊥
t +

k ′
⊥
s

)2
)
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Soft contribution

dΓodd
soft

d3k
=

e2

(2π)32ω
nB(ω)(−4)ImG ra

12(soft)(k)

where

G ra
µν(soft)(k) =

dR
2

∫
p
tr [σνρF (p)σµρF (p + k)]

(
n+(p0)− n+(p0 + ω)

)
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Collinear bremstrahlung and annihilation (LPM)
contributions

dΓodd
LPM

d3k
= e2

(2π)32ω
nB(ω)(−4)ImG ra

12(LPM)(k)

where

G ra
ij(LPM)(k) ≈ dR

∫ d4p
(2π)4

(
n+(p0 + ω)− n+(p0)

)
tr
[
S ra(p + k)σjSar (p)Λi (p, k)

]
and

Λi (p, k) = σi + (ig)2C2(R)
∫

d4Q
(2π)4σ

βSar (p + Q)Λi (p + Q, k)S ra(p + Q + k)σαGrrαβ(Q)
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Collinear bremstrahlung and annihilation (LPM)
contributions

G ra
12(LPM)(k) = −dR

4

∫ dp‖d
2p⊥

(2π)3 (n+(p‖+ω)−n+(p‖))
|k|(2p‖+|k|)
p2
‖(p‖+|k|)2 (p⊥ ·f⊥)

where
ω

2p(p+ω)

(
−∂2

b −
3
b∂b + m2

f

)
f (b) = i C(b) f (b)

f i⊥(b) =
∫ d2p⊥

(2π)2 e
ib·p⊥ f i⊥(p⊥)

and

C(b) = −g2C2(R)T
2π (K0(|b|mD) + γE + log(|b|mD/2))
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Complete leading order

(2π)3 dΓodd
LO

d3k
≈ A(ω)

(
C

odd,(1)
Log (ω/T ) log (T/mf ) + C

odd,(1)
2↔2 (ω/T )

+C
odd,(1)
LPM (ω/T )

)µA
T

+O(µ3
A)

CLPM
odd,(1)

C2↔2
odd,(1)
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Spin polarized thermal photons from axially charged
plasma at strong coupling (AdS/CFT)

AdS/CFT or gauge-gravity duality

Zgauge(J;Nc � 1,λ→∞) ≡ Zgravity(φcl ;G5 � 1,
α′

R2
→ 0)

φcl(ω, k, r) = F (ω, k, r)φ0(ω, k)

the retarded correlation function of an operator O in momentum
space is

GR(ω, k) =
δ2Zgauge

δJδJ
=
δ2Son-shell

δφ0δφ0
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Spin polarized thermal photons from axially charged
plasma at strong coupling (AdS/CFT)

Sakai-Sugimoto model

Sgravity(Acl
M ;G5,

α′

R2
) ∝

∫
dx4dr r

1
4

√
det
(
gMN + 2πα′F cl

MN

)
+ SCS

where

SCS ∝
∫

dx4dr εMNPQR ĀMF cl
NPF

cl
QR ⊃

∫
d4xdr Ā0(∂rA

cl
1 )(∂3A

cl
2 )

Ā0 ∼ µA and ∂3 ∼ k

Acl
i (ω, k, r) = F (ω, k, r)A

(0)
i (ω, k)
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Spin polarized thermal photons from axially charged
plasma at strong coupling (AdS/CFT)

the retarded correlation functions of the current operator Ji in
momentum space are

GR
11(ω, k) =

δ2Zgauge

δA
(0)
1 δA

(0)
1

=
δ2Son-shell

δA
(0)
1 δA

(0)
1

∝ σ11(ω, k)

GR
12(ω, k) =

δ2Zgauge

δA
(0)
1 δA

(0)
2

=
δ2Son-shell

δA
(0)
1 δA

(0)
2

∝ σχ(ω, k)

A±γ ≡
dΓ
d3~k

(ε+)− dΓ
d3~k

(ε−)

dΓ
d3~k

(ε+) + dΓ
d3~k

(ε−)
=

Imσχ(k0)

Reσ11(k0)
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Spin polarized thermal photons from axially charged
plasma at strong coupling (AdS/CFT)

0.5 1.0 1.5 2.0
Ω in GeV
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0.015

A ±Γ
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Conclusion

the “circular polarization asymmetry” A±γ probes the imaginary
part of the chiral magnetic conductivity σχ(ω, k)
at strong coupling, using AdS/CFT, we found A±γ = 0.01 for
µA = 0.1T and k = ω = 2T
at weak coupling, using pQCD with αs = 0.2, µA = 0.1T and
k = ω = 2T , we found A±γ ≈ 0.03
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Thank You!
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