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Topology in QCD with EM fields



Effect of EM fields on QCD topology

I Definition of Oyop:
z 1
Dwp =  0*00wp(@); Diop=2— 000 O

32 2
I Adding electric or magnetic fields 0000J000I0: no changes in topology.
hOeopl = O:

I If0 6&0suchthat 0 06 0itcan be interpreted as an effective -therm
D’Elia et al., 2012.

I Hence, non-orthogonal EM fields ¢ non-trivial topology.

hDopi & O:
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https://www.jstor.org/stable/1970757?seq=3S

The topological susceptibility



Topological susceptibility g

5 -
I Is the second moment of Oiop:  top = hDD;j’
I It is also the mass of the axion:
02 [I]DZ(I]) = @—ZDDDZ( ) 022 =
0 2 - 2 = 0-0 — top-
0 =0 @ =0

I Hence, an analysis of top gives information on Op.

. 4
I Current estimate from ChPT at zero 0:  o,(00) = 75:5(5)MeV ~ Cortona
et al 2016.
m Lattice calculations give almost the same central value but with a

bigger error, o, = 75:6(1:8)(0:9)MeV 4 Borsanyi et al 2016.
m ChPT also predicts a mild enhancement with B at low [ Adhikari 2022.
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https://arxiv.org/abs/1511.02867
https://arxiv.org/abs/1511.02867
https://arxiv.org/abs/1606.07494
https://arxiv.org/pdf/2203.00200.pdf

Lattice artifacts of

I Index theorem says [/ has zero modes when Oy, & 0.

I Staggered operator lacks these zero modes ¥ huge lattice artifacts,
specially for high temperatures (we are talking of several orders of
magnitude!).

I One possible solution: substitute the smallest eigenvalues of Ustagg With
their continuum values Borsanyi et al 2016.

I How? Reweighting each configuration by:

]

2 J = Dj/4

Y ANl 200,

0 =1 0 D+2|:|]
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https://arxiv.org/abs/1606.07494

Simulation setup for

I Improved staggered quarks with 2+1 flavours and physical quark masses.
I O, 0O;=24% 6,24 828 10,36° 12.
I T =110-300 MeV, eB = 0, 0.5, 0.8 GeV?.

Gradient Flow used to reduce the UV fluctuations and control the topology
Lischer 2010.
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https://arxiv.org/abs/1006.4518v3

top: Preliminary results

Topology controlled after applying the gradient flow.
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ior T 2ZHBKBM v "2bmHib

> /B2Mi ~Qr 2p QHgXBIQM2Qi?2 TH i2 mbX

C pB2° >2 MEM/2x G iiB+2 Z*. M/iQTQHQ 62 KBH j#yk&Bikykj d f



ior T 2ZHBKBM v "2bmHib
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ior T 2ZHBKBM v "2bmHib

1z2+i Q7 i?2 "2r2B;?iBM; X

C pB2° >2 MEM/2x G iiB+2 Z*. M/iQTQHQ 62 KBH j#yk&Bikykj N f
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