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Anomaly induced transport

Holography

Holographic model with anomalies and symmetry breaking

Discussion and Outlook



Anomalyinduceditranspont

e Chiral anomalies
Conflict between two core concepts of theoretical physics:

VS .
Symmetry <= Quantum mechanics
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* Pion decay into photons or gravitons — y
]
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Anomalyinduceditranspont

 Chiral anomalies

 Anomaly coefficients:

dabc = str (TaTch>r — str (TaTch)g

be = str (1y,),. — str (1y),




Anomalyinduceditranspont

® Chiral Magnetic and Vortical effects
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Anomalyinduced transpont

* Realizations: Heavy lon Collisions ?
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McLerran, Kharazeev, Warringa] 2008
[Fukushima, Kharazeev, Warringa] 2008

® Analogy to electroweak baryogenesis!
® Zhakharov conditions!



Anomalyinduceditranspont

* Realizations: Heavy lon Collisions ?

| I | I I
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Anomalyinduceditranspont

* Realizations: Weyl semi-metals ! CthME in NbP
CME in ZrTes
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[Li, Kharzeev, Zhang, Huang, Pletikosic,Fedorov, Zhong,Schneeloch,Gu, Valla] 2015
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Magnetic field (B)

[Gooth, Niemann, Meng, Grushin, Landsteiner, Gotsmann, Menges,
Schmidt, Shekhar, Suf3, Huhne, Rellinghaus, Felser, Yan, Nielsch] 2017
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anti-de Sitter space
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Gravity in asymptotically AdS = QFT
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> )/ “AdS is the hyperbolic cow of sQGP"

Son, Starinets, Policastro , Kovtun ...
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- ® CVE thought to be impossible
Anomalies are better than that: 9 P
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'*.; ® Naively gravitational anomaly 4-th order in
"N derivatives
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® Strict equilibrium = smooth Euclidean section
vanishing CME

0 _
ALTVALLY, THAT ASSumPT1oN ISNT REALY Az = ps
NECESSARY. wWE cAw SEE HERE THAT THE L s — Ag )
PoINT - cow APIROXImMATION woRKs EQVALY WEL- J= — B



Anomalousttranspontancd symmetn/breaking

Holography is a discovery tool for (anomalous) transport phenomena!

Goal: what happens if an anomalous and a non-anomalous symmetry are
broken by a common symmetry breaking parameter?
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: n = d’x\/—g 2N — ~F2 — —F% — ~F?
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Matching to axial anomalies of Dirac fermions:
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Anomalousttranspontancd symmetn/breaking

Symmetries: Jv ...Vector - consistent current is anomaly free

covariant current has anomaly

Ja ... Axial — axial anomaly

Jw ... “Anomaly free” current

T .... Energy-momentum tensor (similar to Jv)

Symmetry breaking: Ss = /\/_ (=|Dg|* —m?¢*)  Dpop=(0n —i(A, — Wy)) ¢
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QFT intuition: Su = /d‘lxM\Tf\I’



Anomalousttranspontancd symmetn/breaking

Symmetries: Jv ...Vector - consistent current is anomaly free

covariant current has anomaly

Ja ... Axial — axial anomaly

Jw ... Anomaly free current

T .... energy momentum tensor, as Jv

Symmetry breaking: S, = /\/_ (=|Dg|* —m?¢*)  Dpop=(0n —i(A, — Wy)) ¢
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QFT interpretation: Sm = /d4xM\T!\IJ



Anomalousttranspontancd symmetn/breaking

Ansatz: ds®> = — (—f(u>dt2 + eX(u)d_u2 + d:I_}Q) o= ¢(u) , lim M M

u—0 U

M=0:  f=1-(1+3 Q3w+ Q3 Si(u) = us(1 - u)
S s
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M#0: numerical solutions v =077, py =012, pa=035T, uw =0.23T
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Response and Kubo formulas:
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Anomalousttranspontancd symmetn/breaking
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(s € {v,a,w,e}, be{v,a,w})

All conductivities related to
non-anomalous symmetry vanish!

owe =0
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Chiral magnetic conductivities vs symmetry breaking
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Figure 7. Plots of the chiral magnetic conductivities o2 (left panel) and ¢, (right panel), where

Vortical conductivities: temperature part o = fta = fw =0
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Anomalousttranspontancd symmetn/breaking

The covariant derivative D,¢ = 0,6 —i(A, — W, ) = 0,0 —iA ¢ Af=A,+W,

L i 1 1
This implies for the conductivities  oas = 5 (045 +0-s) ows = 5 (045 = 0-5)

The M - o limit the W-field symmetry is maximally broken: o0-s5=0
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PiscussionandiOutieek

* Anomalies give rise to Chiral “transport” effects

e Conductivities are determined by anomaly coefficients
e Surprisingly non-anomalous currents can participate if symmetries are broken
* Realization in terms of holographic model explicit symmetry breaking

* What happens for spontaneous symmetry breaking? [work in progress]

* Weak coupling QFT calculation
e Real world applications?

 TaAs: Weyl semi-metal with 24 Weyl nodes,
* Possble complicated symmetry breaking patterns

151
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