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ESU Motivation

e Axial vector current in relativistic matter in a
magnetic field (3+1 dimensions)

—eB
(R0 =5 1o (frec theory!)

[Metlitski & Zhitnitsky, Phys Rev D 72, 045011 (2005)]

* Is there a dynamical parameter A (““chiral
shift”) associated with this condensate?

L = ﬁo + EA where ﬁA ~ A’QE’)’3’)'5’¢

* Note: A=0 1s not protected by any symmetry
e i e
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FSU  Chiral shift in NJL model

* NJL model (local interaction) @ @
—_—— s — + — — L Vi

* This leads to three equations:

1 : : :
p = po— —Gint{5°) (“effective” chemical potential)

2
= mg — Gint (YY) (dynamical mass)
1
A = — 5 Gint (j5) (chiral shift parameter)
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FSU Solutions

* Magnetic catalysis solution (vacuum state):

, |eB] ( 472 ) (l < m)
m = ex —_—
x P\ GimleB| NG

A=0 & p=pug

» State with a chiral shift (nonzero density):
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FSU Solutions

D
* Magnetic catalysis solution (vacuum state):
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» State with a chiral shift (nonzero density):
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FSU Chiral shift (@ Fermi surface

e Chirality is = well defined at Fermi surface (|k*| > m)

[ -handed Fermi surface:

n=20: k?’ :—I_\/(U’_SLA)z _m2 1'0-‘— B L & R-handed A

[0 L-handed only |
O R-handed only |

2
n>0: k3:+\/<\/u2—2n|eB|—sLA) — m?

2
k3 = —\/(\/;ﬁ — 2n|eB| + SJ_A) — m?

« R-handed Fermi surface:

0.5}

0.0

k3/ o

n=20: k3:—\/(u—sLA)2—m2

-05F

2
n>0: k3:—\/(\/u2—2n|6B|—sLA) — m?

-0k ==, . . .

2
k3 = —|—\/<\/p,2 — 2nleB| + SLA) — m? 0 5 10 15
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FSU  Chiral shift vs. axial anomaly

D
* Does the chiral shift modify the axial
anomaly relation?

» Using point splitting method, one derives

2 ,B;I)\O'F F Q
: €€ apu'Ac€ €3 [ .. A3 ‘o Aed
(Buit (w)) = ———35 (eminaciy ginac)
2
€ Buio
— T S € Fg, Fyo for e —0
]

[E. V. Gorbar & V. A. Miransky, I.A.S., Phys. Lett. B 695 (2011) 354]
e Therefore, the chiral shift does not aftect the
conventional axial anomaly relation
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ESil Axial current

* Does the chiral shift give any contribution to
the axial current?

* In the point splitting method, one has

. A A2A
<.7 g >singular — 5;‘; ~ 55
27m2€? 272

[E. V. Gorbar & V. A. Miransky, [.A.S., Phys. Lett. B 695 (2011) 354]

 This 1s consistent with the NJL calculations

* Since A ~ gueB/A? the correction to the

axial current should be finite

e
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FSi Chiral shift in QED (preliminary)

* Chiral shift 1s also generated in QED

-1 -1

(=)= ()

HDL: (MWAVW) = (V)
* Fermion propagator

G(I{ZH , I, I'/) — eicb(r’rl)é(ku I — I'/>

09

A well-defined
function of the
parameters in the
nt" Landau level

~ 5 9 e 1
Glki. k) =ie F*¢ —1)"D,,(ky. k
(k. k1) = ie ?;( )" D (k) L)M—Qn\eBy
* Gauge boson propagator
el)
q| o
D,.(q) ~ = O'mag) |
(2) q|? + Tmplqa] q; + |q|? +m3,

June 25-27, 2012 P- and CP-odd Effects in Hot and Dense Matter, BNL 9



FSi QED Weak field Iimait (preliminary)

« Weak field expansion

S(k”,kL) — S(O)(kﬁ”,kL>—l—gu)(k”,kj_)—I—

_ (w + o)y’ +mo — k-
5Ok key) = i
( IE _L) v (w+u0)2 _m%_kg )

(W + p10)y” +mo — k3y”
(@ + p0)? —mg — k7’
* Perturbative (linear 1n B) result for chiral shift:

S(l)(k”,kj_) — —’yl’yQBB

AL ~ — ach E sin® 6, In 2Ho _ (g sin” 0, + 1) In ﬁ]

87 110 W Q
magnetic modes electric modes
 Estimate
400 MeV B 140
A ~0.5keV In — t T ~1keV
¢ Lo 106G )~ aT . ¢
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FSi Yukawa model (pretiminary)

* One can define a model without IR problems,

_ 1 1
L= "Dy +mo)y+ 55’M§b08“¢0 + §8M¢Wau¢7f

1 - .
— 5mg (05 + &x) + 99 (6o +17°0n) ¥
e Chiral shift 1s also generated,

4 _4 ”—-\\

()= () =

 The value of the shift will be finite

2
A 82 ﬁln Rl
Uy \ 11,

June 25-27, 2012 P- and CP-odd Effects in Hot and Dense Matter, BNL 11



FSi QED Str()ng field Iimat (preliminary)

LT SSSS—————
* Lowest Landau level approximation

A’k d?k |
A= 770‘/ (2”7r)4 Tr [y S(ky, k1)) Dy (p — k)

where the LLL propagator 1s used

(w+ p0)y” + o — by
(w+ po)? —mg — (k%)

SWLL) () k1) = 2je K1t P_

 The value of the shift:

A ~ SLOéSgH(M())\/@

2

 Estimate:

B
1016 G

A ~ 30 keV\/
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Fsi Brute force approach oreliminary)

L ——
 The chiral shift becomes a function of #:

e20? & /dwEdk Pk d?py (—1)" (iwp + po)e PLHRDE
—sgn(eB)—

(wg —ipo)? +m2 + (k3)2 + 2n'|eB)|
A
2 2
q1 + 2q3 2 42 2 )2 2 42 2 42
_ L L1 (202 02V Lo (262 02) — L (202 03 L1 (282 ¢2)] L,

|m0¢3+zmg%0[ n . . 1]

1 q) 2 /2 2 42 2 )2 2 2
— — L (2p5 07) Ly (2k507) — Lp—1(2p5 07) Ly —1 (2k5 £7)
o IﬂﬂqP+zm%MAJ[ (2r1 - - L]

* There are no (obvious) divergences

* Two integrals (out of 6) can be done analytically

* The rest (including the sum) has to be done numerically
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£Si An @ Fermi surface (preliminary)
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£SiU AO VS. k3 (preliminary)
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Fsi Summary (1)

* Chiral shift 1s generated in magnetized matter
(evidence from renormalizable models)

* The magnitude of chiral shift scales as

B
A oce— or A x a+eB
W

* Chiral shift induces a chiral asymmetry at the
Fermi surface

* Chiral shift may potentially contribute to the

axial current density
N . e
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Fsi Summary (2)

» Potential applications:
— Pulsar kicks (?)

* Quark/hybrid stars

— Facilitation of supernova explosions (?)
— Axial current in hot QGP )
* Quadrupole CME |

@IB @ @®®®IB

<0 ¢4
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