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Introduction

TH(p',p) = Y*Fi(¢?) + —~

An Introduction To Quantum Field Theory Michael E. Peskin Daniel V. Schroeder
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The effective action o(—e—)=a(-_ (O )

The effective action of 2-flavor Nambu- i
Jona-Lasinio type low energy effective o) ( X ) =0 | — + +
theory in Euclidean space

Txlq,q] = / TuDp+m)g+ > AT Gidi 0

The quark fields ¢ = (u, d)? Q = diag(2/3,—1/3)e
The covariant derivative of quark fields Du =0, —iQA,0

A background homogeneous magnetic field along z-direction
A,o0=1(0,0,2B, 0)
Four-quark scatterings.
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The Schwinger formalism, .-)-5 - O)
of quark propagator

G(z,y:q5) = (I)(a:,y)/ (;erf; e~ P9 G (p; qf). 2 (X) ) ( _><X+K+ %i)

Translation invariance part

é(p;Qf) = /OOO ds exp [— 3((1 + ?“f,s)z (Pﬁ +P2¢ tanh(quS)) N mQ)]

[(=ipyy (1 +7ps) +m)(1 + iy17y2 tanh(qy Bs))

—ap i y1i(1+7rrs)(1 — tanhQ(qus))]. il i <161
4d regulator k—0 I_“:;k_l k=A
e pt + p tanh(qs Bs)/(q; Bs) IR uv
R k2 t=log(k/A)

W.-j. Fu, C. Huang, J. M. Pawlowski, and Y.-y. Tan, SciPost Phys.14.4.069(2022)



Anomalous magnetic moment

Full quark-photon vertex
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The classical tensor structure
| .
[T(l)]u(pv 1) =1L, (i,
tensor structure related to the anomalous magnetic moment
[T(4)]M(p7 pla l) :iauv(l)y-

We define the form factor

Fyp(p.p' 1) =2mAS) . (0,p'1),  f € {u.d},
And quark AMM

K = hm )\543qu (p,p', 1), fe{ud},



The quark masses as functions of magnetic fields
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Four-point quark correlation functions
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Form factors

The magnetic moments of quarks

m 0.20
pr=qr(l+ FZ(O))WNMNa f€{u,d}

The constituet quark model

1
Mproton — §(4ﬂu - ﬂd)v

1 ™ 0.10
Hneutron = §(4Ud — /JJu) &'

Our results with the constituet quark model
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Quarks AMM
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Summary

1. We build a 2-flavor Nambu-Jona-Lasinio type low energy effective theory
under magnetic fields, which self-consistently include the Fierz-complete four-
quark scatterings through RG flows. The quark mass as a function of the
strength of magnetic field are in agreement with the lattice QCD results.

2. We calculate quark AMM in this LEFT. We find the quark AMM is dynamically
generated with chiral symmetry breaking. The quark AMM in the direction
perpendicular to the magnetic field monotonically decreases with increasing
magnetic field, while u-quark AMM in the parallel direction slightly increases

with the magnetic field. l

We will calculate quark AMM in QCD within in future work.

Thanks for your attention
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