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outhine

+ what s a “chiral spiral”

+ application to chiral magnetic effect

physics = magnetic catalysis+ topological charge fluctuations
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(T, u) phase diagram?
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inorganic spin-Peierls compound CuGeOs3
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Peierls Instability

one dimension: gap formation at the Fermi surface
can lead to breakdown of translational symmetry
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complex gap equation : NJLo

A(x) 0 -
2N = 5A () In det [g’?—l— (o(xz) — 2 W(Q?))]
A=o0c—m
reducible to NLSE: general bounded solution

i y

Basar, GD, 2008

twisted kink
crystal



complex gap equation : NJLo
AlpE =0
g?N  §A*(z)

In det [P+ (o(z) — i7° 7(z))]
Ao

reducible to NLSE: general bounded solution
Basar, GD, 2008

‘I’ ‘ :‘ ' ‘ ; 4 twisted kink
crystal

real kink
crystal




complex gap equation : NJLo
AlpE =0
g?N  §A*(z)

In det [P+ (o(z) — i7° 7(z))]

By = — Gor
reducible to NLSE: general bounded solution
Basar, GD, 2008

" | ‘ :‘ | ‘ 4 twisted kink

crystal

> ‘ ‘ >‘ ' ‘ >‘ real kink

crystal

spiral

crystal



Peierls Instability

one dimension: gap formation at the Fermi surface
can lead to breakdown of translational symmetry
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chemical potential and chiral spiral
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chemical potential and chiral spiral

special property of 1+1 dimensions
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chemical potential and chiral spiral: thermodynamics
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chemical potential and chiral spiral: thermodynamics
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currents and condensates

uniform charge density:

(% = (why) = &

chiral spiral condensate:

() — (i) = AeZne



chiral spiral is essentially unavoidable in 1d system
with chiral physics and nonzero p



relation to the chiral magnetic effect ?

3+1 dimensions ... 1+1 dimensions

chirality

G.Basar, GD & D. Kharzeev, arXiv:1003.3464
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dimensional reduction: 3+1 — 141

Gusynin, Miransky, Shovkovy
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Dirac matrices in 3+1 and 1+1 dimensions
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current projections
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finite baryon density
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finite baryon density
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finite baryon density
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recall: current projections
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the chiral magnetic spiral

transverse currents : chiral condensate
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the chiral magnetic spiral

transverse currents : chiral condensate
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L/R imbalance: 5 # 0 URr = Uy = —UT,

(J ) ~ cos(2us5 z — @)

(J5-) ~ cos(2us 2 — ¢5)
finite density : 1 £ 0 o=l =i}

(J*) ~ cos(2uz — X)
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chiral magnetic spiral can induce both
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proposal:
possible relation to observed in-plane (same and opposite
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separation: Bzdak et al, 0912.5050
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Figure 2: Correlations in-plane (cos(¢,) cos(¢z)) and out of plane (sin(¢, ) sin(¢pg))
for same and opposite charge pairs in Au + Au collisions. As can be seen the

correlations for same charge pairs are mainly in-plane.
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® experimental signal at RHIC ?
® realizable in other (CM, AMO, Astro ...) systems?

® visible on lattice ?
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chemical potential and chiral spiral
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chemical potential and chiral spiral
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chemical potential and chiral spiral

1 @)
) = 3 dFE p(F) In (1 S e_ﬁ(E_“)>
A(z) — e A(z) E— FE+gq
renormalization :
F= ey
e AT, ol = A 22— g - G qz) =
=
e oS
minimization : a_ e e U
q
2
Qle%#2A; T, u] = Q[A; T,0] — £
T
= oS Lt
ensity : p = = p—= —
ou T



gap equation, currents and condensates

<] O> — <¢T¢> = % uniform charge density

<Jl> = <¢TV5¢> = 8u<ju> == 8u<jgb>



gap equation, currents and condensates

<] O> — <¢T¢> = % uniform charge density

<Jl> = <¢TV5¢> = 8u<ju> == 8u<jgb>

0u(j8) = 2(o(2) (Y irv°Y) — m(2) (V)

for any inhomogeneous condensate



gap equation, currents and condensates

<] O> — <¢T¢> = % uniform charge density

<Jl> = <¢TV5¢> = 8u<j“> == 8u<jgb>

0u(j8) = 2(o(2) (Y irv°Y) — m(2) (V)

for any inhomogeneous condensate

vanishes on solution of gap equation
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<] O> — <¢T¢> = % uniform charge density

<Jl> = <¢TV5¢> = 8u<ju> == 8u<jgb>

0u(j8) = 2(o(2) (Y irv°Y) — m(2) (V)

for any inhomogeneous condensate

vanishes on solution of gap equation

chiral spiral condensate: <¢¢> = ’L<’(E2f'}/5w> — A 2T



