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Qtop = ∫ d4x qtop(x), qtop =
1

32π2
ϵμνρσTrGμνGρσ

How can we probe the topology of the 
strong interactions?

Qtop ∈ ℤ Qtop = NR − NL

Index theorem
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Outline

‣Topology with magnetic fields 

• Topological susceptibility 

‣Topology with electromagnetic fields 

• Axion-photon coupling
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Let’s turn on a magnetic          field!

What happens to ?Qtop  still CP symmetric, so S ⟨Qtop⟩(B) = 0

But is CP symmetric…χtop

It can couple to the magnetic field!

Perturbatively Non-perturbatively + finite T

ChPT [4]:  , for   , χtop ∝ B2 eB ≪ m2
π T = 0

That’s our goal!
χtop(B) > χtop(0)

Lattice QCD
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2+1 improved staggered quarks at the physical point



Topology on the latticeeB = 0.5 GeV2

T = 150 MeV

T = 212 MeV

T = 150 MeV
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Let’s also turn on an electric      field!

Now  is CP odd…S So we will have ,  !⟨Qtop⟩(E B) ≠ 0

Both  and  respond to  and Qtop χtop E B

For sufficiently weak EM fields ,  ⟨Qtop⟩(E B) ≈ g ⃗E ⋅ ⃗B

Qtop + QEM = NR − NL  !g < 0
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Axions? Where?Topology Axions

Solution to strong CP problem
⟨a⟩
fa

+ θ = 0

Axions couple to

FμνF̃μν

GμνG̃μν

,  ⟨Qtop⟩(E B) ≈ g ⃗E ⋅ ⃗B

Axion-photon coupling!

ChPT (NLO) [6]: gQCD
aγγ fa = − 0.0243(5) e2θ ↔

a
fa

χtop = m2
a f2

a

gmodel
aγγ + gQCD

aγγ
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Axion-photon coupling

T = 0
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What about reweighting  ? gaγγ

We can also try to reweight  for the coupling, but…det M

Overlap problem!

Partial reweightingSolution?

Caveat: sometimes too 
many eigenvalues!

Aproximate the reweighting factor: 
Lanczos quadrature

In progress!
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Effect of the partial reweighting

243 × 32, T = 0
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AWI with EM fields
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AWI with EM fields

∂μJμ
5 = 2mψ̄γ5ψ + 2qtop + 2qem
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AWI with EM fields

∫ d4x∂μJμ
5 = ∫ d4x2mψ̄γ5ψ + ∫ d4x2qtop + ∫ d4x2qem
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AWI with EM fields
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AWI with EM fields
gaγγ fa/e2 =

⟨Qtop⟩EB

e2 ⃗E ⋅ ⃗B

gaγγ fa/e2 ∝
⟨ψ̄γ5ψ⟩EB

⟨ψ̄γ5ψ⟩0
− 1
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Gluonic vs AWI
Free case

QCD
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Summary
๏How EM fields affect topological observables


๏First non-perturbative calculation of the dependence of with the 
magnetic field at finite temperatures (publication coming soon!)


๏First non-perturbative calculation of the axion-photon coupling

χtop

Outlook
๏Investigate the reweighting (exact and approximate) and the AWI method for the 

axion-photon coupling 
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Thank you for your 
attention!
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EM response of Qtop

, 403 × 48 T = 0
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Effect of the reweighing
T = 112 MeV, eB = 0 GeV2

23



Window reweightingT = 112 MeV, eB = 0.5 GeV2
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Isospin effects
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Isospin effects
Usually very small, < 1 %

But topological observables 
can be very sensitive!

To LO in ChPT [6]:

gphys
aγγ

gsym
aγγ

=
2
5

mu + 4md

mu + md
≈ 1.21

Our result: gphys
aγγ fa = − 0.023(2) e2
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