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Magnetic Moment: Non-Relativistic Case




Magnetic Moment: Relativistic Case
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Electron Anomalous Magnetic Moment: QFT Case
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Massless QED

For massless QED we cannot follow Schwinger’s approach because an
anomalous magnetic moment would break the chiral symmetry of the
massless theory, but this symmetry is protected against perturbative

corrections.
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However, the chiral symmetry can be broken dynamically via non-
perturbative effects.
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2 = 0O,1,2,... . are the I.arndau [levels.

In the lowest Landau level n=0, so the energy become £ = \/ pzz + 772°

and, if m=0, there is no gap between the vacuum and the LLL.
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The pairing dynamics around the LLL is essentially 1+1
dimensional, so any attractive interaction between fermion
excitations around the LLL becomes stronger.
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Chiral CondensateatH*+ 0
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H makes a pre-existing chiral condensate more stable.

H can induce the generation of the chiral condensate
at weak coupling.

H can induce the generation of an anomalous
magnetic moment.




Schwinger-Dyson Equation in the Quenched Ladder
Approximation
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Ritus’ Transformation
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The Full Fermion Propagator in Momentum Space

.5

1 .

A= s
2 7]

| )v

~ . _ NUT. V)
N'(-T.V))
DH(=T)

+

A(-)A] + ;l:?:r) “)A(—)A“‘

A(FATHAAT  AFA+A)A]
DI(T) D)

—iVI(AT — A7)

2 notation
NY(T, V) =M"'=T"' -V,
DYT) = (M")? = (V| +T")? + (V)

=(1- Z|l|)|1_9||| and Vi = (1 —Z)[p, | =1 —Z})\/2]eH]l




S(x,a") = ie*y" G, 2" )y Dy (2 — 1)
/ d%d%’ﬁ;(x)z(x,x’ )Ezl;,(a:’ ) = ie? / d%d%’ﬁ;(x)’y“

d4p” 1 w\ ol = =l vl
@lf o B )G (7B ()1 By 07) Dy =2

- 15 e—01 o
S = e @A) [ 5 BIE =)

+AH) VG D= )7 A+) + A=) G = v A=)

P—q= (po—qo,0,—sgn(eH)\/2leH|n,ps — q3)




Schwinger-Dyson Equation in the LLL
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Solution of the Schwinger-Dyson Equation in the LLL
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Schwinger-Dyson Equation in Higher LL’s




Solution of the Schwinger-Dyson Equation in the First LL
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Dispersion Relation Equation in the Condensate Phase

Transforming to momentum space the QED Lagrangian in the condensate phase
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in the reduced dimensional space of the spin-up LLL electrons.



Dispersion Relation Equation in the LLL
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Dispersion Relation in the First LL
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Energy Shift in the First LL
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Magnetic Moment of the Chiral Pairs
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Fierz Identities with Rotational Symmetry Breaking
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Mean-Field
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Inverse Propagator in Momentum Space
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Gap Equations
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| CondensateSolutions
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Critical Temperature
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Magnetic Field Penetration
in Color Superconductivity
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Rotated Charges

oQa /o

The pairs are all Q—neutral, but the quarks can be neutral or charged
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All Q -charged quarks have integer charges



Magnetic CFL
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Color Superconductivity:

quark-quark pair

Conventional
Superconductivity:
electron-electron pair

MAGNETIC MOMENTS
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Dirac Structure of the New Condensate

B. Feng, EJF, V. de la Incera, NPB 853 (2011) 213-239
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Fierz Identities for particle-particle channel at B = (

B e P R )
AN AN TN TN N NG N S N S

oI I I PP I
L B RS S0"w e e X
L~~~ 0 O 3 8 C C CTn
R o' s e 3P ® o s &
— b b2 b & s
N N S N N S’ .](((((
NN D D D DS D D D DN

— 8 "™ M
(((UJ/W\O o8 m S
— N
N e’ S’

N— -




Color-Flavor Structure of the New Condensate

» Strongest Attractive Channel ——»  Color antisymmetric channel

i (6’750'01)) —p Symmetric in Dirac indices

* Pauli Principle — Total antisymmetric
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Symmetric in Flavor
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Gap Parameters vs ¢B/u’




Effect of T on the Magnetization

—with T
- -=--without T




Concluding Remarks

. In the phenomenon of Magnetic Catalysis of Chiral Symmetry
Breaking, the induction of an anomalous magnetic moment

along with the generation of the dynamical mass.
. For particles in the LLL, the dynamical anomalous magnetic moment
simply redefines the system’s rest energy.
. For higher LL’s, the induction of an anomalous magnetic moment
produces an energy splitting of each LL. The AMM depends non-
perturbatively on both, the magnetic field and the fine-structure
constant.
. The magnetic catalysis produces non-perturbative Lande g-factor and
Bohr Magneton.
. The NJL model at B0, has new interaction channels that give rise to a
condensate associated to the MM of the chiral pairs.
. The induction of a MM for the chiral pairs in a magnetic field increases
the critical temperature of the chiral phase transition in 8 orders!
. In magnetized color superconductivity the Cooper pairs acquire MM.
. The MCFL phase exhibits a richer condensate landscape with two spin
zero condensates and one spin one condensate.
. The spin one condensate increases the system energy gap and
magnetization




