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4d massless QED

4d massless QED with Ny massless Dirac fermion Z%& A %,
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a®) : dynamical U(1)y gaugefield, f® = da(

AW : background U(1) gaugefield, F(?) =dA®
w® : spin connection, R? = dw™® + w® A M
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U(1)a — gravity* anomaly D3R
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topological %t operator
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U(1)3 anomaly & U(1)s — U(1)%; anomaly D3R
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B; : dynamical U(1) gaige field on M3
AneZr K € M(L,Z) : symmetric
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4d QCD

UV theory & L T, massless up quark U & down quark D
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Noether current &
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pion @ shift symmetry 55 & EKRDFIET. symmetry
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Z® 2 DD non-invertible symmetry Z UV & IR T matching
— g =0 (photon A* 2 DD graviton IZARIE LA\
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4d axion electrodynamics
4d PSU(N,) gauge theory with matter
4d axion Yang — Mills(PSU(N..))
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Appendix 1(Witten-Reshetikhin-Turaev 3d TQFT
D&Y HT)

a=2mp/N € 2r(Q/Z) (p,N >0) D& E

— BIZIE. pN; copies of SU(2) level —(6N — 2)
Chern-Simons theory
PNy

PNy PNy
N

total central charge : ¢ = 3pNy =

I (mod1)
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BIZNE. ckps/3kap2 = p/q with p,q > 0, ged(p,q) =1
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