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Relevance of chiral and  symmetriesU(1)A
And how magnetic fields change the picture
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Can affect the order of the 
QCD thermal transition
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Importance of  symmetryU(1)A

arXiv:2603.29153

CME: generated by the interplay between 
topological and axial-charge fluctuations 

with magnetic fields
Can affect the order of the 

QCD thermal transition

Deeply tied to the strong CP 
problem
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Impact of magnetic fields

MC at low 

IMC around the 
crossover region

T
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Impact of magnetic fields

MC at low 

IMC around the 
crossover region

T

The topological susceptibility 
displays an analogous behaviour

arXiv:1206.4205

arXiv:2409.00796

arXiv:2501.11262 2

https://arxiv.org/abs/1206.4205
https://arxiv.org/abs/2409.00796v3
https://arxiv.org/abs/2501.11262
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: symmetry realisationsB = 0

3

Classically, the light sector enjoys this symmetry in the chiral limit:

SU(2)L × SU(2)R × U(1)V × U(1)A

Spontaneously broken

Broken by the anomaly

SingletNon-singlet

SU(2)V × SU(2)A

Exact symmetry at :B = 0 SU(2)V × U(1)V
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S

SP

P
arXiv:1205.3535

https://arxiv.org/abs/1205.3535
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S ↔ P χS − χP = 0

S

SP

P
arXiv:1205.3535

https://arxiv.org/abs/1205.3535
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: how to probe itB ≠ 0
Does the magnetic field preserve the symmetries?
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Q ≡
2
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0 − 1
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=
1
6

1 +
1
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We immediately see that only one direction preserves the symmetry!

[τa, Q] { = 0 if a = 3
≠ 0 if a = 1, 2

Charged

Neutral
SU(2)V → U(1)(3)

V
SU(2)A → U(1)(3)

A

U(1)(3)
V × U(1)VExact symmetry at :B ≠ 0
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Oχ =
m2

s

f4
K

[χπ0 − χσ] OA =
m2

s

f4
K

[χπ0 − χδ0]
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Quark masses: ,          Nf = 2 + 1 ml = mphys
s /10 mπ(eB = 0) ≈ 220 MeV

Fixed scale and spatial geometry:          , β = 6.680 a ≈ 0.117 fm 323 × Nτ

Temperature range: , 17 ≤ T ≤ 281 MeV Tpc ≈ 170 MeV

 range: ,  eB 0 ≤ eB ≤ 2.51 GeV2 (0 ∼ 50m2
π)

arXiv:2104.06843
arXiv:2201.02349

https://arxiv.org/abs/2104.06843
https://arxiv.org/abs/2201.02349
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Non-singlet axial Ward identity

2ml χπ0 = ⟨ūu⟩ + ⟨d̄d⟩

Crosscheck against the connected pion 
susceptibility

ℛπ0 =
⟨ūu⟩ + ⟨d̄d⟩

2ml χ5,con

 within 2% for all studied ℛπ0 ≈ 1 (T, eB)

 in our setupχ(−)
5,disc ≈ 0

 is notoriously difficult on the latticeχ(±)
5,disc
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analogous enhancement for 
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Both splittings non-monotonic at 
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Magnetic catalysis counterpart for ; 
analogous enhancement for 

Oχ
OA

Different behaviour at  MeVT = 120

Both splittings non-monotonic at 
 MeVT = 140

At  MeV,  and   are already 
small and further decrease with 
T = 169 Oχ OA

eB
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At low , positive enhancement with T eB

At  MeV, the anomalous splitting saturates 
at large  while the chiral one starts to decrease

T = 120
eB
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at large  while the chiral one starts to decrease

T = 120
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At  MeV, both responses change sign for 
sufficiently large magnetic fields

T = 140
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ΔBOi = Oi(eB, T) − Oi(0,T)

At low , positive enhancement with T eB

At  MeV, the anomalous splitting saturates 
at large  while the chiral one starts to decrease

T = 120
eB

At  MeV, both responses change sign for 
sufficiently large magnetic fields

T = 140

At  we observe a saturation of the 
magnetic response

T = 169
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Peak structure at around Tpc
Important non-monotonicity, 

particularly for   MeVT = 120 ∼ 169
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Both splittings  are suppressed by the temperature for all 

magnetic fields 
Low :  shows an MC-like response;  behaves analogously 

Around the crossover:  displays an IMC-like behaviour;  is similarly 

suppressed 
The reduction of  begins at larger values of the magnetic field and is 

smaller than for  

Future studies with physical pion masses (and continuum limit) are 
required to establish quantitatively the effective restoration of chiral and 

 symmetries with a  background

π0 ↔ δ0 π0 ↔ σ
Oχ, OA

T Oχ OA

Oχ OA

OA

Oχ

U(1)A B
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O403×96 − O323×96

O323×96

Δcon = χ5,con − χcon
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Volume effects are observed to be below 1% in our 
setup

δFV(O) =
O403×96 − O323×96

O323×96

Δcon = χ5,con − χcon
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 seems to decrease with increasing magnetic fieldsTpc


