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Introduction

Axial Charge is P- and CP-odd

¥ — q (quark), ggr (anti — quark)
Yr — qr (quark), g, (anti — quark)

P : q <—qr, q.<— Gr
C : qu<—3qL, Gr<— Qr

Axial Charge
Ja = N(q.) + N(gL) — N(gr) — N(gr)
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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

o 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
k —k
P
/ /
S = nk S = nk
h=+1 h=—1
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Introduction

e the “circular polarization asymmetry” A, of photons

de(er) — 42 () Imax(ko)
ﬁ’(&r) E‘(G,) Reall(ko)

is P- and CP-odd observable

A:I:fy =
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Introduction

e the “circular polarization asymmetry” A, of photons

_ dak( €4) = dak( -) _ Imoy (k)
d3k (6+) d3I? (67) Re 0'11(/(0)

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”

dredd  dr dr
E IR ARy
d3k d3k

in pQCD and AdS/CFT
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Introduction

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

Gy (k) = (—i)/d4x e O(x°)([4i(x). 4(0))

as
dri 62 * U
Bk (2w)32w”B(W)(—2)1m [(e) €L 6]
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Introduction

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

Gy (k) = (—i)/d4x e O(x°)([4i(x). 4(0))

as
dri 62 * U
Bk (27r)32w”B(W)(—2)1m [(e) €L 6]

o the P-odd photon emission rate

dredd  gr+  qr- e
Bk Bk Pk (27r)32w”3(w)(_4)ReG1§(k)
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Introduction

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

G (k) = —iGf (k)
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Introduction

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

G (k) = —iGf (k)

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

dredd _gr+ dr- e

Pk =k Pk (am)yaw e (FAmMGE(K)
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Introduction

Z, 1 r
3 . s
2
identified
e
t, —if3

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

functions of
(O1+0,), 0,=0;-0,

N —

O, =

Spin Polarization of Photons
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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)

total
drii%s

3
(@m) =3k

~ A(w)(log (T/me) + G2 O (w/ T)

+Go w/T)) + ()
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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)

3 drioéal total,(0)
(2m)* =0 ~ A(w) (log (T/mr) + G235 (w/ T)

+Go w/T)) + ()

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

dredd o o
(2m)* 10 ~ A(w) (g e/ T log (T/me) + G510 (w/ T)

+Comi (w/ T)) EA + 0(13)
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Hard “leading log” and “constant under the log”
contribution of pair annihilation
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Hard “leading log” and “constant under the log”
contribution of pair annihilation

(2m)3 %0 = LMD [ psin(e )2 — AP (e)2
« e (1p)n_ (/)1 + na(IK])(2n)*5(p + pl — k — K)
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Hard “leading log” and “constant under the log”
contribution of pair annihilation

p-k + k-p
p p' p p'
drodd 2 air air
(2r)3 T = SN [ MPAE (e )2 — [ M (e ) 2
< me(lp)n_ (16 (L + ns (1K) (2m)6(p + o/ — k — K
where

u

. . 7\ 2
M) = I )P = ate - o) (4 -2 (2 - %))
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Hard “leading log” and “constant under the log”

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

()2 Gt = SEGED [, [y fio MO (e )2 = [MOmP(e )
el (P (K D)ER) S+ f — k)
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Hard “leading log” and “constant under the log”
contribution of Compton scattering

(27T)3d2§%3 _ N2 1)f f fk’ |MComp(6 )|2 |MComp(6_)|2
X n+(|p|)n—(|p D1+ ns(||1k’|))(27f)45(p +p = k—K)
whnere

r\ 2
MO (e ) = MO ) = as - ) (12 -2 (2 + )°)
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Soft contribution

- ‘ %_C(\ AW |2
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Soft contribution

()
arod @2

d3k (2m)32w ne (w)(_4)ImG{§(SOﬁ)(k)

2
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Soft contribution

()
arod @2

d3k (2m)32w ne (w)(_4)ImG{§(SOﬁ)(k)

2

d where
Gpav(sofe) (K) = 7R/tr [0” pe(P)* pe(p + k)] (n4(p°) — ni(p° + w))
P
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Collinear bremstrahlung and annihilation (LPM)

contributions

P+k=~p
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Collinear bremstrahlung and annihilation (LPM)

contributions

I Nk
__<__ __<___

P+k=~p

droedd &2 ra k
= mnB(w)(_4)ImG12(LPM)( )

Kiminad Mamo (UIC) Spin Polarization of Photons /23



Collinear bremstrahlung and annihilation (LPM)

contributions

p
R Nk
__<__ __<___
pP+k~p
Shois = () ()M oy (K)
k. (@n)paw1BW mG15LPm)

where

4 . .
Giiipmy(K) = dr [ 555 (n(p° +w) — i (p°)) tr [S™(p + K)o ST (p)N (p, K)]
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Collinear bremstrahlung and annihilation (LPM)

contributions

__<__ __<___

P+k=~p

dd
dipw

Bk = ﬁ”B(W)(_A')ImGS(LPM)(k)
where

6L oaay (K) = d | 85 (1 (P +w) = i (b)) tr [S™(p + K)o? S (PN (p, K)]
and

N(p. k) = o' + (ig2Co(R) | &%0"S7 (p+ QN (p + Q. K)S"(p + @ + K)o G15(Q)
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Collinear bremstrahlung and annihilation (LPM)

contributions

. g K12+ 1K)
Ciapmy(K) = =% J (u27r ”+(P||+w)—"+(P||))W( 1-f1)
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Collinear bremstrahlung and annihilation (LPM)

contributions

. g K12+ 1K)
Gi5pmy(K) T/ (u27r ”+(P||+w)—"+(P||))W( Lf1)
where

(=02 — 30 + m2) f(b) = iC(b) f(b)

Fl(b) = [ &2 P (o)

2p(p+w)
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Collinear bremstrahlung and annihilation (LPM)

contributions

k K[)
G5 pmy(K) = de IZHZW 2 ( n+(P||+w)—n+(P||))|P|EF2,|,|)+TA|)|2( pL-f1)
where
2p(p+w) ( 62 38[3 + m%) f(b) = ’C(b) f(b)
F(b) = [ 5 e®P f{(p1)
and

c(b) = —E <RI (Ko(|b|mp) + vE + log(|b|mp/2))
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Complete leading order

odd
3 erO

(2m)* R ~ A@w) (ot w/ T)log (T/me) + G5 (w/ T)

+Comit (w/ T)) B2+ 0(1)
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Complete leading order

3 drodd

(27) d3k ~ AW )( 0Gld(1)(°"/T)'<>g(T/mf)+C§)<C_1>dz(l)( /T)

+Comit (w/ T)) B2+ 0(1)

Codd,(’l)(wn-)
0.8+
odd, (1)
0.6 CLPM
04+
odd,(1)
CZ(—)Z
0.2} ~—
w

0.0 I I I I I | —

0.0 0.5 1.0 1.5 2.0 25 30T
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Spin polarized thermal photons from axially charged

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

plasma at strong coupling (AdS/CFT)

e AdS/CFT or gauge-gravity duality
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Spin polarized thermal photons from axially charged

plasma at strong coupling (AdS/CFT)

e AdS/CFT or gauge-gravity duality
a/

Zgauge(JiNe > 1L\ — o0) = Zgravity(qﬁC’;Gg, <1, =2

—0)

ch/(w’ k: r) = F(w7 k7 r)¢0(W7 k)
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Spin polarized thermal photons from axially charged

plasma at strong coupling (AdS/CFT)

e AdS/CFT or gauge-gravity duality
a/

Zgauge(JiNe > 1L\ — o0) = Zgravity(qﬁC’;Gg, <1, =2

—0)
ch/(w’ k: r) = F(w7 k7 r)¢0(wv k)
@ the retarded correlation function of an operator O in momentum

space is

Gr(w, k) =
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Spin polarized thermal photons from axially charged

plasma at strong coupling (AdS/CFT)

e AdS/CFT or gauge-gravity duality

a/

Zgauge(JiNe > 1L\ — o0) = Zgravity(qﬁC’;Gg, <1, =2

—0)

ch/(w’ k: r) = F(w7 k7 r)¢0(W7 k)

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

522gauge o 6250n—she|l
5J6J  dpodeo

Gr(w, k) =
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Spin polarized thermal photons from axially charged

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

plasma at strong coupling (AdS/CFT)

@ Sakai-Sugimoto model

Oll

R2

Sgravity(Ad -G, ) x / dx*dr r% \/det (gMN + 27TO/FAC”IN) + Scs
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Spin polarized thermal photons from axially charged

plasma at strong coupling (AdS/CFT)

@ Sakai-Sugimoto model

/

o 1
S A G 7)o [ ar i Jde (gum + 27 i) + s

where
Scs o / dx*dr eMNPOR Ay FRILFER O / d*xdr Ag(0,A5)(03AS")
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Spin polarized thermal photons from axially charged
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@ Sakai-Sugimoto model

/

o 1
S A G 7)o [ ar i Jde (gum + 27 i) + s
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Spin polarized thermal photons from axially charged

plasma at strong coupling (AdS/CFT)

@ Sakai-Sugimoto model

/

o 1
S A G 7)o [ ar i Jde (gum + 27 i) + s

where
Scs o / dx*dr eMNPOR Ay FRILFER O / d*xdr Ag(0,A5)(03AS")

AONMA and 83Nk

A (w, k, r) = F(w, k, A (w, 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 J; in
momentum space are
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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 J; in
momentum space are

GlRl(w, 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 J; in
momentum space are

62 Zgau 2Son-
GlRl(CU,k) . gauge ) Son shell

= = X 0'11(w, k)
SAD5AD 540540
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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 J; in
momentum space are

62 Zgau 2Son-
GlRl(CU,k) . gauge ) Son shell

= = X 0'11(w, k)
SAD5AD 540540

Glﬁé(w, 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 J; in
momentum space are

62 Zgau 2Son-
GlRl(CU,k) . gauge ) Son shell

= = X 0'11(w, k)
SAD5AD 540540

4 52 Son-
R . gauge on-shell
GlZ(w7 k) - 6A§0)5Ag0) = 5A§-0)5Ag0) X O‘X(w, 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 J; in
momentum space are

5%z 82 Son- hell
GR(w, k) = gauge  _ S o 011 (w, k)
H sAL A0 540520

6 Zgauge 62Son-shell o O‘X(w, k)

Gl k) = 5AD540 " 540540

A= %(6 )~ gz (&) Imoy (k)
= 0
d3k( )+ﬂ( ) Reall(k )
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Spin polarized thermal photons from axially charged

plasma at strong coupling (AdS/CFT)

0.015
0.010

0.005

R N ——TY e Y
2.0
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e the “circular polarization asymmetry” A, probes the imaginary
part of the chiral magnetic conductivity o, (w, k)
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Conclusion

e the “circular polarization asymmetry” A, probes the imaginary
part of the chiral magnetic conductivity o, (w, k)

e at strong coupling, using AdS/CFT, we found A,., = 0.01 for
pa=0.1T and k =w =2T
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Conclusion

e the “circular polarization asymmetry” A, probes the imaginary
part of the chiral magnetic conductivity o, (w, k)

e at strong coupling, using AdS/CFT, we found A,., = 0.01 for
pa=0.1T and k =w =2T

e at weak coupling, using pQCD with oy = 0.2, ig = 0.1T and
k =w=2T, we found Ay, ~ 0.03
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Thank You!
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