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1. Background Introduction
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QGP is the most vortical fluid
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o Off-central HIC can produce huge global orbital angular momentum.
+ By spin-orbital coupling, global orbital angular momentum can lead
to the polarizations of A hyperons and vector mesons.
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Liang, Wang, PRL (2005); PLB (2005) Gao, Chen, Deng, Liang, Wang, Wang, PRC (2008)



1. Background Introduction

The strongest E & B field is created in HIC, 10*° Gauss!

W. Deng and X. Huang, PRC85,044907 (2012)

Pulsar: 1013 Gauss
Magnetar: 101> Gauss



2. Photon polarization in the vorticity

Photon polarization (dilepton helical production) in a vortical QGP

massless quarks and dileptons
New spin-polarized observable for dilepton production
dN ! ! ! S
W o Sprprg(NR(P,P") = N (P,P))(P' — P) - R

weighted difference

Nr (P, P"): right-handed lepton pairs
N; (P, P"): left-handed lepton pairs

n: auxiliary spacelike unit vector

(P’ — P) - n: weight factor




Photon polarization (dilepton helical production) in a vortical QGP
e Photon self-energy

Propagator in local equilibrium:
S<OI(K) = —2m K,y* 6(K?) e(k) f (ko)
S>O(K) = 2m K,y*5(K?) e(ko) (1 — f (ko))

~

f (ky): Fermi-Dirac distribution function

€(ko): sign function

\ortical correction to propagator

1 ~ ~, J. Gao, J. Pang and Q. Wang,
S<W(K) = S*W(K) = —2m - K#Q,, "y >8(K?)e(ko) f (ko) PRD.100.016008(2019)
ﬁuv = Wy Uy — WylUy, w,, . vorticity u,,: fluid velocity g SO S sadiang

X. Wang, PRC.94.024904(2016)
Lowest—order vortical correction

N L =
Mmi<W (@) = —2—1T2<NC Z e§> eUR((§ - w)§iCy + wiCy)

u,d,s

Anti-symmetric

o<W (Q) = —#(NC z e§> €% 4wy Cs C,/ C,/C5: the integral of k

u,d,s



Photon polarization (dilepton helical production) in a vortical QGP
e Dilepton helical rate

dN e* 1
d*Q - 0216 4 (NC z e§>Huv mv<W(Q)

u,d,s

W = 1Y — 1) = 4ie"VPo PP,

il d°p 4 o(4)
Hy = J 2E(2m)3 2E’ (2 )3( m)76Q = P = Py l" /1. : right-handed/left-handed polarization tensor

T \ FEEME £ \ Introduce a weighted factor
(P"—P)-n
n: auxiliary spacelike unit vector

vanish even odd

Weighted difference phase space integration

= 22 2P (om)ts((Q— P —P')(P' —P) A by = — -2

z 2E(2m)3 2E'(2m)3 127 uvpaQ

78]




Photon polarization (dilepton helical production) in a vortical QGP

e Dilepton helical rate
dN o? 1
= 2 = ~ S\
u,d,s
R,/ R, : the rotational invariant function
qj';l'TTzi), R.-B 0.0000- —'7-—-'——'—— '''''''
0.04 - — - - Q/rT=1,Ry-B oooib 1
| | i e Large g9, R;- B becomes accurate
q/nT=5,10*R,-B | I 0
0.03 q/rT=10,10""R,-B | R E I![
c I\\ —— =0, s ] + Small qq, R;- B tends to overestimate
0.02 ’, \ ——— q/7T=1, Ry -0.0004 | , -—— q/nT=0,R,
o\
[ IJ["} - q/nT=5,10*R, -0.0005 } ! JI — == q/nT=1,R;
oot ..‘; Q‘\ o/7T=10,10"°R, oo0osl ',,' - q/nT=5,10°R, ¢ R, is positive, and R, is negative
}!f k oovorh \UI a/nT=10,10"°R; |
e T S e T ¢ R, is about twenty times that of R,
nT mT




Photon polarization (dilepton helical production) in a vortical QGP

Dilepton helical rate

dN 28
30 32 P (NC Z e§> ((w - AR, + (@ - N)(§ - w)R,)

u,d,s

R, /: the rotational invariant function

The schematic plots of the angular distribution

n//w
R, givies a spherical angular distribution.
The correction R, deforms the sphere into an

approximate oblate ellipsoid.

nlw
Taking n and w along the x and y axis
respectively, the resulting angular

distribution o< sin? 8 cos ¢ sin ¢.




3. Photon polarization in the magnetic field

Photon polarization in a strong background magnetic field

Photon Self-energy: M, =1, Q, + MRy, +1p P J F, Nieves, and Palash B. Pal ,

— , it Phys. Rev. D 40, 2148 (1989)
Uyuy 1l l
Q,LL‘V = ;2 ) R/,tv = gyv Y Q,uv PHV= ;Euvaﬁkauﬁ,
fly = B By = B — g k= J@—K?), o=K-u
. Auv Buv qu
Resummed photon propagator. D,, = — — —

Hwv KZ—HT—HP KZ—HT+HP kz—HL
Ay =1 /Z(Rm, a Pw),Bm, = 1/2(Rm, i Pm,)

In a charged plasma, the photon self-energy in the LLL approximation:

2 0 UV g2 WURY {uv} i
uwv _ B qzutu’+qp b"b +qoqz ut"b i pu UVpao [u ~v]Apo 4T
" = > Tl - (qo € + ulte qy)uUpbg
u: chemical potential u,,: fluid velocity b, the direction of the magnetic field

L. Yang, Phys. Rev. D 105(2022) 074039 (Talk for July 18th) 0


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.40.2148

Photon polarization in a strong background magnetic field

Resummed photon propagator Dy, (in ra basis in Coulomb gauge)

2 —
DTT = —2T 1 E(CIO) (Sp_v & Ap_v) ( + f(Q)) (5(610 xle) + 5(q0 x2)>

CIO 2 qo B x1

Syv: Symmetry tensor Ay - anti-symmetry tensor

¢ Space-like mode: §(qé — x?)

1 2
x2 =E(qf + g% + 2q5 + u1? —\/(qf +q3 + ul?) +4q3 y12>

¢ Time-like mode: §(q3 — x3)

1 2
x2 = E(q% +q5 + 295 + p1? +\/(qf +q2 + p12)" + 4 g2 u12>
ul=p/2m

¢ One mode related to B



>

In the vorticity field, we have proposed an observable counting weighted difference
between right-handed and left-handed lepton pairs.

The helical rate Is sensitive to the vorticity. It is maximized when the n //w, In
which case, it has a nearly spherical ellipsoidal distribution.

In the strong background magnetic field, considering a charged plasma, the photon

splits into two modes due to the anti-symmetric component of the photon self-

energy.









Dilepton rate is maximized when then //w
gq=0, (PP—P)-n=2p-n

For right-handed lepton, it is proportional to the spin projected onto n.
For left-handed lepton, it iIs proportional to minus the spin projected onto n.
Since spin tends to align with vorticity.



Lowest—order vortical correction

d*K
) tT‘(V“S<(1) (K + Q)yﬁS>(O) (K) + yas<(0) (K + Q)yﬁs>(1) (K))

<@ = | -

Ry =qoCy; +qCs
Ry =q9C1 —qCs
C,: the integral of k

Resummed equation
B %), =(%5 %) (%) (8 m %),

qr = q* — (q - wu* + (q - b)bH
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