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Motivation
P, B, S, S S, 500 S, S B S BRI 500

Interesting physics expected IF B lives long
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Motivation

Naively, the life time of B is very short

_ 2(1Imy 2 = — "
By = (47.6 MeV) ( : ) Z sinh Y 0 = Y snb(Y)
P——
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Motivation

PG ST P BRGNP g7 BPG BPT BROPy? R, P T P B

McLerran-Skokov (2013)

t/Ray,
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Electric conductivity o
crucial for the fate of B

o affected by strong B ?
Maybe larger at finite u ?

However, lowest Landau

level approximation 1s
NOT good due to phase
space restriction

(Hattori-Satow-Li-Yee 2016)



Motivation

D SRR S SN S R TR R PN P SN G T

Fukushima-Hidaka (2016) ;
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HRG model with B

Density — More protons

* Inverse magnetic catalysis /
o 4 B — Lighter protons

* Enhanced charge fluctuations

Natural to anticipate enhanced electric conductivity ?
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Conclusion First
EE TR Tt TR AR SO SR R TRt TR S P

Single flavor (with unit charge; Cem=1)
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We assume: T' 2 \/¢B > ¢gI' (thermal screening neglected)
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Conclusion First

WP P P WPy P BORG WP Ry PG WP Gy P PG

30 (1flavor: g=€) T=200MeV u=0 eB=10m?

LLLA 1s not good (massless quarks
O cannot scatter in (1+1) D), but
ST Next-to-LLLA (NLLLA) is very good
(convergence 1s pretty fast)
my [MeV]

Results are surprisingly close to (quenched) lattice estimates
B and i dependence mild ? — Yes !?
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Calculations

SR SR S SR R, S SR R SR, R, B, 50

Kubo Formula

y 1 g g
i — lim lim —— [I1% (k) — T14
ot =l lin o Ma(k) — T (R)

Iy (k) 1= [ dto e 0(0) (1" (@), 7 (O)])
2 () = —i / d'z oF 7 0(— ) (7 (), 7 (0)))

jin —noT% (€ + 7>z->/

Hydro zero-mode subtracted if the charge density non-zero
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Calculations

PG SR g?, BEPG, WPy R, BOPG PO, SR WD, WPyl WP, BOPG

Tensor Decomposition

oY =op ek gk O'H BB + o (5” — BZBJ)

]/f-p "- '—T>
(?

o o 92T2
0 — ~ =
=B qB]
Hall conductivity Suppressed

T 2> +\/qB > gT
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Calculations

B G  BP e  P G  RRP T  EP NG PG P g P Ryt P g G

Pinch singularities must be avoided by resummation

Higher order diagrams

— _|_ < @% <
leadine t 2P (Ou + 4 Fuu0p, ) fp = —CI/]
eading to _ —
2P (0 —
2k 091, = —C|f] 2P} = a(p)y u(p)
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Calculations

B G  BP e  P G  RRP T  EP NG PG P g P Ryt P g G

Sy S g S D= =

(al)g — qg 9 — q ) @ — qg q9 — q qq — g ) 9 —qq
Solve the Boltzmann equations for given collision terms
Expand distribution f around thermal equilibrium feq

Linear deviation & fproportional to external £

5fp — 5feq(p)[1 — feq(p)] E, Xp s
5fp’ — Bfeq(p/)[l — feq(p/)] b, Xp' 5
09k = Bgeq(k)[1 + geq(k)] E X -
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Calculations

B G  BP e  P G  RRP T  EP NG PG P g P Ryt P g G

Sy S g S D= =

(al)g — qg ) a9 = q ) @ — qg )49 — @ ) 43— g ) 9 —qq
Express a current associated with £

Equilibrium has no current
Current proportional to 6 f'and thus £
Coefficient — Electric conductivity

Jz = o E, = / 2PpSQf(5fp —dfp)
p

>

7) = BN qu’QfB‘Z [ 2 {1 = felly ~ FalplL - P
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Calculations

PG SR DG, R Gyf? WOR g PG LG, WP WP, WL WP WP
Linearized Boltzmann equations

Symbolically S = J* —TY%/(E+P,) =

p'u/gfn p,u

j'u pp— — /,LL / 7-0'“ e /,LL
=qr | =p""/em | =1p

0 kH

Fixed from the collision terms
A huge matrix in Landau level space

This matrix has zero eigenvalue 1f hydro modes are not subtracted.
In this approximation quark-gluon and flavor mixing occur only
through the hydro mode subtraction.
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o/T

Results again

Pt BRGNP SRk AR 20 SEG SEPG.T SeRe it RN U SR i S iy

. (1flavor: g=e) T=200MeV u=0 eB=10m?2 LLLA recovers

Hattori-Satow-Li-Yee
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Results again

PO, SRl PG, BORGf BED g, WP PG, WPl WP, MRl WP BEPG

o/T
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No order of magnitude enhancement

- Unfortunately (and surprisingly)
\/ the life time of B not much changed
' by strong B and finite density

(Anyway, this is LONGITUDINAL)

eB/T?
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This may be interesting because
ONLY QCD-Clritical-Point may

»{ ___—""| significantly change o.

(o diverges at QCP)
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CME near QCP ?

PO, SRR PG BORG BER g BEPG BPO, R R PG, BORG BER G BEPG
Fukushima- Rugglerl-Gatto (2010)
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Chiral charge fluctuations enhanced at phase transition
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CME near QCP ?

B2 B e PN AP Gy RN PG SPGB PN WPy NP S

Fukushima-Ruggieri-Gatto (2010)
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Chiral charge fluctuations enhanced at phase transition

At finite chiral chemical potential there 1s direct mixing
between the chiral charge and the scalar (o meson).
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CME near QCP ?

Pt BRGNP SRk AR 20 SEG SEPG.T SeRe it RN U SR i S iy

Fukushima- Rugglerl-Gatto (2010)

[GeV?] [GeV?] 7\
0.008 - | | | 0.0087 (7 T
T=0 I T=0 : ~~~~~ —:
0.006 | --—-—-- T=0.95T, T 0.006+ -—-—-- 7=0957,  / )
— T=1.10 T, o - T=110T, [/ o
?2 0.004 N /,/ //// ] Pﬁ{ 0004* :?:._’_\-//\\ ,/’/ /////
> AN 7 S I NN -
@ 0.002 ¢ =S ﬁ - 1 o 0.002- M_AL T
N /// [
0 N 0.000/ ]
Us=0 ; Us=200MeV
: : : : : -oo00260 . . . . . =
0 10 20 30 40 0 10 20 30 40
(—:'B/mn2 eB/m
1 9%Q

2N 2:___
xs = (J3) — (Js) BV 0AL|, .

Current fluctuations enhanced at phase transition
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Implications

PG R PGS, SR G? WD, ORGP WP DGR, SR P, WG
QCP would significantly change o.

If us is non-zero, the chiral phase transition would
significantly change chirality and current fluctuations.

o diverges more around QCP if us is non-zero.

An interesting question:

CME signals are P-odd fluctuations (which are P-even).
They should be atfected by QCP — how?

y-correlator near QCP should deserve more investigations.

I do not have an answer yet...
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Conclusions

SR SRl S SO, SR 0, S0 S SR, SR, SR, B, 500

B We have done the electric conductivity calculation
at strong magnetic field and at finite density.

B We found weak dependence on the quark mass,
the magnetic field, and the chemical potential (after
the hydro zero-mode subtraction).

B Though our calculations assume a strong magnetic
field, our results are surprisingly close to the
(quenched) lattice QCD results.
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