
  

Anomalous transport in anomaly free currents from Anomalous transport in anomaly free currents from 
symmetry breakingsymmetry breaking

Karl Landsteiner

Based on:

JHEP 02 (2026) 219, e-Print: 2511.08374 [hep-th]

In collaboration with:
E. Megias (Univ. Granada), N. Rai, A. Tamang (Manipal Inst. Techn.)

International Conference on Symmetry Breaking Phenomena in Quantum Field Theory 

15-18 May 2026, Hefei, China

   

https://arxiv.org/abs/2511.08374
https://indico.ihep.ac.cn/event/28000/


  

OutlineOutline

● Anomaly induced transport

● Holography

● Holographic model with anomalies and symmetry breaking

● Discussion and Outlook



  

Anomaly induced transportAnomaly induced transport

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

Symmetry Quantum mechanics
vs

● Pion decay into photons or gravitons

[Adler],[Bell,Jackiw] 1969
[Kimura] 1969
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● Chiral anomalies

● Anomaly coefficients:



  

Anomaly induced transportAnomaly induced transport

[Vilenkin] 1980
[Alekseev, Fröhlich, Chaianov]   .
[Giovannini, Shaposhnikov]   .
[Fukushima, Kharzeev, Warringa]   .
[Newman]
[Son, Surowka]
[Newman, Oz]
[Erdmenger, Haack, Kaminski, Yarom]
[Banerjee, Bhattacharya, Bhattacharyya, Dutta, Loganayagam, Surowka]
[Megias, Landsteiner, Pena-Benitez] 
[Megias, Melgar, Landsteiner, Pena-Benitez] 2012



  

Anomaly induced transportAnomaly induced transport

● Realizations:  Heavy Ion Collisions ?

It is likely that this spontaneous breaking of the chiral symmetry occurs due to the effective 
interaction induced by instantons (see Ref. [22] for a review). The resulting Goldstone bosons play 
a key role in binding the nucleons in atomic nuclei. The flavor-singlet part of the symmetry UA(1) 
is broken by quantum interactions with gluons, similarly to the scale anomaly. This breaking is 
referred to as the chiral anomaly [11,12] discussed before. Because quarks possess both color and 
electric charges, the dynamics of the chiral anomaly can be explored not only with gluons, but also 
with photons. The photons can be directly observed in experiment; they can also be used to 
diagnose the behavior of quark-gluon matter through the chiral anomaly, which thus becomes a 
keyhole into the dynamics of quarks and gluons, and the way they exchange chirality. 
 
 
 

                                  
 
Fig.1 An illustration of the mechanism that underlies the Chiral Magnetic Effect (CME) in 
quantum chromodynamics (QCD) matter [13-16]. The QCD vacuum has a periodic structure, 
with minima corresponding to different Chern-Simons numbers that characterize the topology of 
color fields. An `instanton‘ [2] or `sphaleron‘ [7] transition between such energy-degenerate, 
but topologically distinct, vacuum sectors (shown by the curved dark blue arrow) is 
accompanied by the change of chirality of the chiral fermions. In an external magnetic field (!""⃗ ) 
that pins down the direction of spin (blue arrows), the change of chirality has to be accompanied 
by the change in the direction of momentum (red arrows). If the numbers of left- and right-
handed fermions are different, this results in an electric current along the direction of magnetic 
field – this is the CME. 
 
 
Indeed, consider a system of massless quarks in a strong magnetic field. Quantum charged particles 
in a magnetic field occupy a discrete set of Landau levels – closed orbits with different energies. 
For massless quarks, the lowest Landau level (LLL) has zero energy – the result of the cancellation 
between the positive kinetic energy of rotation and a negative Zeeman energy of the interaction of 
the quark’s spin with a magnetic field. The direction of the quark’s spin on the LLL is thus 
completely determined by its electric charge – the positive quarks (or antiquarks) will have their 

● Analogy to electroweak baryogenesis!
● Zhakharov conditions!

McLerran, Kharazeev, Warringa] 2008
[Fukushima, Kharazeev, Warringa] 2008
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● Realizations:  Heavy Ion Collisions ?

[Kharzeev, Liao, Tribedy] 2024
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● Realizations:  Weyl semi-metals !

FIG. 2: Magnetoresistance in field parallel to current ( ~B k a) in ZrTe5. (a) MR at various

temperatures. For clarity, the resistivity curves were shifted by 1.5 m⌦cm (150 K), 0.9 m⌦cm

(100 K), 0.2 m⌦cm (70 K) and �0.2 m⌦cm (5 K). (b) MR at 20K (red symbols) fitted with the

CME curve (blue line); inset: temperature dependence of the fitting parameter a(T ) in units of

S/(cm T2).

observed resistivity can be fitted with a simple quadratic term (Supplementary materials,

Fig. S1). This term is treated as a background and subtracted from the parallel field

component for all MR curves recorded at T  100 K.

A negative MR is observed for T  100 K, increasing in magnitude as temperature

decreases. We found that the magnetic field dependence of the negative MR can be nicely

fitted with the CME contribution to the electrical conductivity, given by �CME = �0 +

a(T )B2, where �0 represents the zero field conductivity. The fitting is illustrated in Fig.

2(b) for T = 20 K, with an excellent agreement between the data and the CME fitting

curve. At 4 Tesla, the CME conductivity is about the same as the zero-field conductivity.

At 9T, the CME contribution increases by ⇠ 400%, resulting in a negative MR that is

much stronger than any conventional one reported at an equivalent magnetic field in a

non-magnetic material.

At very low field, the data show a small cusp-like feature. The origin of this feature is not

completely understood, but it probably indicates some form of anti-localization coming from

the perpendicular ( ~B k b) component. Inset in Fig. 2(b) shows the temperature dependence

of the fitting parameter a(T ), which decreases with temperature faster than 1/T , again

consistent with the CME.

6

[Li, Kharzeev, Zhang, Huang, Pletikosic,Fedorov, Zhong,Schneeloch,Gu, Valla] 2015

CME in ZrTe5

[Gooth, Niemann, Meng, Grushin, Landsteiner, Gotsmann, Menges, 
Schmidt, Shekhar, Suß, Huhne, Rellinghaus, Felser, Yan, Nielsch] 2017

CthME in NbP



  

(The value of) Holography(The value of) Holography

Gravity in asymptotically AdS = QFT

Holographic Dictionary

Metric Energy Momentum  
Tensor

Gauge field Conserved current = 
symmetry

Scalar field Scalar operator

Boundary value Coupling

Black Hole Temperature



  

“AdS is the hyperbolic cow of sQGP”

Son, Starinets, Policastro , Kovtun ...

(The value of) Holography(The value of) Holography



  

Anomalies are better than that:

● Strict equilibrium = smooth Euclidean section
vanishing CME 

● CVE thought to be impossible

(The value of) Holography(The value of) Holography

● Naively gravitational anomaly 4-th order in 

derivatives
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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?

Model:

Matching to axial anomalies of Dirac fermions:
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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: 

QFT intuition: 
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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: 

QFT interpretation: 
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Ansatz:

M=0:

M≠0: numerical solutions
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Response and Kubo formulas: 

M=0: 
All conductivities related to 
non-anomalous symmetry vanish!
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M≠0:
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Figure 9. Plot of the conductivities �
V
a = �

B
"a and �

V
w = �

B
"w as a function of M/(⇡T ). We have set

µv/(⇡T ) = µa/(⇡T ) = µw/(⇡T ) = 0 .

6.4.3 Results in the large M limit

In the results presented above, we observe the following properties for both zero and finite
chemical potentials

�
B
sw(0) = �

B
ws(0) = 0 = �

V
w (0) , (s 2 {v, a, w, ")) , (6.6)

i.e. all the conductivities related to the w symmetry are vanishing in the massless case
(M = 0), which is the expected behavior in the absence of symmetry breaking. The values of
the non-vanishing conductivities in the massless cases are given by eqs. (6.2)-(6.4).

It would be relevant to study the behavior of the conductivities in the large M limit
(M ! 1). In order to derive analytical expressions for them, we will use the relation between
the conductivities in the (A,W ) and (A+, A�) basis. Let us consider for the moment the
chiral magnetic conductivities as response of the vector magnetic field ~Bv, which write

�
B
±v ⌘ lim

pk!0

i

pk
hJ±Jvi = �

B
av ± �

B
wv , (6.7)

where we have used that J± = JA ± JW . For simplicity, we have omitted in eq. (6.7) the
summation over Lorentz indices. Inverting this expression, one finds

�
B
av =

1

2

�
�
B
+v + �

B
�v

�
, �

B
wv =

1

2

�
�
B
+v � �

B
�v

�
. (6.8)

While both symmetries A+ and A� have CS interactions, the scalar field breaks only the A�
symmetry. At M = 0 there will be chiral conductivities for both A±, but for large M , A�
will be badly broken, and the chiral magnetic effect in the J� current goes to zero. 6 This
implies the vanishing of �B

�v in the limit M ! 1, so that one has from eq. (6.8) the following
relation

�
B
av(1) = �

B
wv(1) =

1

2
�
B
+v(1) . (6.9)

6See Ref. [36] for a similar effect.
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Vortical conductivities: temperature part
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Figure 6. Plots of the chiral magnetic conductivities �
B
sv with s 2 {a,w} (left panel) and �

B
vv along

with �
V
" (right panel), as a function of M/(⇡T ). We have set µv/(⇡T ) = 0.1, µa/(⇡T ) = 0.3 and

µw/(⇡T ) = 0.2.
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Figure 7. Plots of the chiral magnetic conductivities �
B
sa (left panel) and �

B
sw (right panel), where

s 2 {v, a, w}, as a function of M/(⇡T ). See fig. 6 for further details.
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Figure 8. Plot of the chiral vortical conductivities �V
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See fig. 6 for further details.

the relations discussed in section 5, cf. eq. (5.7). Other conductivities not shown in fig. 9 are
vanishing for zero chemical potentials.
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Chiral magnetic conductivities vs symmetry breaking
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The covariant derivative

This implies for the conductivities

The M→∞ limit the W-field symmetry is maximally broken:
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● Anomalies give rise to Chiral “transport” effects

● Conductivities are determined by anomaly coefficients

● 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 

● Real world applications?

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