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Introduction

QCD has infinite vacuum
states with the same energy
Topologically non equivalents

energy

QCD axial anomaly

4
NL —NRZQ’N,N]P, Nf =6
4
The axial charge : ‘ ; T ngman

conservation is violated

Instantons < tunneling QCD vacuum state— linear
transitions combination

. _ inf
Sphalerons < non tunneling 6 >= Ze n >
transitions "
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= conexion between the axial anomaly and QCD vacuum

|6 > can be reproduced if the term:

gl

Lo =

8w

G, G J

is added to QCD Lagrangian in the Minkoswski space.

@ «a,; — QCD coupling constant.
@ G, — field tensor of gluonic force and G" is its dual tensor.
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Introduction

QCD special fields connect different topologic vacua < with
different axial charges

= conexion between the axial anomaly and QCD vacuum

|6 > can be reproduced if the term:

gl

Lo =

8w

G, G J

is added to QCD Lagrangian in the Minkoswski space.

@ «a,; — QCD coupling constant.
@ G, — field tensor of gluonic force and G" is its dual tensor.

IThis term violates the P-and C P-invariance!!! < Strong C' P
Problem
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Introduction magnetic field zero

@ No magnetic field = No
polarization.
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2o @ Afield B will align the spins,
depending on their electric

charges

é R-helicity quark will has

momentum opposite to a
L-helicity one

IIl' A field B can distinguish
between R and L!!!

Introduction

IIl'An electric current along

chiral symmetry (massless) B is imposible



ST @ What does a field B do with
chirality?
Introduction

electric current

non chiral symmetry




STARS-SMFNS-
2017

What does a field B do with
chirality?

Introduction B T
T electric current e™ move parallel to B
e~ move antiparallel to B

IlAn electric current is
created along B !l The
Chiral Magnetic Effect in
QCD

2

e
~—5HsB
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T electric current

non chiral symmetry

d

What does a field B do with
chirality?

e™ move parallel to B
e~ move antiparallel to B

IlAn electric current is
created along B !l The
Chiral Magnetic Effect in
QCD

62

= 5zHoB

IIThe chiral chemical potential
us isn’t well defined!!!
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The chiral effects have important applications in:
@ Heavy-ion collisions experiments

Introduction

@ Dirac semimetals and graphene in magnetic fields

@ Compact objets in astrophysics scenarios

The chiral effects are related with:
@ Axial anomalies in quantum field theory

| A

@ QCD vacuum structure

@ The Strong C P Problem

@ The topological mass generation in Chern-Simons theories

v




s> Il Overview

@ The results are based on the QFT formalism at finite
temperature and density (massive fermions).

@ We obtain a chiral current generation® in QED by longitudinal
photons in a magnetized medium (Chiral magnetic effect).

@ We introduce only an electromagnetic chemical potential-
and not a us.

@ An anomaly relation for the axial current in a magnetized
medium is found, — analogy to the Adler-Bell-Jackiw
anomaly.

@ We obtain an useful expression associated to the chiral
asymmetry due to pair creation in a magnetized medium.

@ In the static limit, an electric pseudovector current is
obtained.

@ We'll discuss the us—term in the frame of electroweak theory.

Overview

1- J.L. Acosta Avalo, H. Pérez Rojas, Nucl Phys. B 909 (2016) 230-242.
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We consider an electron-positron plasma in an external field B

Electrons and positrons move in bound states characterized by

Chiral current
induced by
longitudinal
photons

energy levels:

Emps = \[ D3+ m2 + [l B2m + 1 — sgn(e)s)

@ s3 = +1 — spin eigenvalues along x3
@ n; =0,1,... are the Landau quantum numbers
@ forn; =0, s3 = —1 for electrons and s; = 1 for positrons




LGS  If we will make here the fundamental assumption: 2eB > %, T*
= only the ground state LLL dominant

In equilibrium at temperature T' and chemical potential n

Net density of charged particles in the LLL

Chiral current eB 0 o
i<l No [ / dps(ng —nl) + / dps(ng, — ng)]
0

photons. 2772 — 0o

Magnetization in the LLL

0 2 oo 2
_ e p3dp3 e p3dp3
Mo= g5l B )+ [ B g o)

n®P = [1 + e F#)/T]=1 gre the densities(7" in energy units)



LGS  If we will make here the fundamental assumption: 2eB > %, T*
= only the ground state LLL dominant

In equilibrium at temperature T' and chemical potential n

Net density of charged particles in the LLL

Chiral current eB 0 <
i No [ / dps(nf —n) + / dps(ng, — ng)]

photons. 2772 — 0o

(=}
\

Magnetization in the LLL

0 2 oo 2
_ e p3dp3 e p3dp3
Mo= g5l B )+ [ B g o)

n®P = [1 + e F#)/T]=1 gre the densities(7" in energy units)

@ Exchange p3 <+ —ps = !ll equal densities with L, R helicities
in the state of equilibrium!!!
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@ = there is not electric
charges separation

Chiral current
induced by
longitudinal
photons

2 @ The magnetic moments are

aligned along B, —
paramagnetic behavior

momentum

@ To higher Landau quantum
numbers contribute —
paramagnetic and
diamagnetic terms

chiral symmetry
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The equation of Schwinger-Dyson for the photon:

(52 g — o (K| AGT)]AY (k) = O

Chiral current
induced by
longitudinal
photons

® A, — (radiation field) is a small perturbation added to A"
(external field)

@ A"t + A, — the total external electromagnetic field

The quantum corrections are given for the tensor of polarization
11,
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Chiral current
induced by
longitudinal
photons

In a magnetized medium, for propagation along B, they are:

@ Two transverse modes dependent of the
C-symmetry-(Quantum Faraday Effect)

@ A longitudinal mode independent of the C-symmetry-(Chiral
Magnetic Effect)

For each mode it’s obtained a dispersion law

k2 = 77i<k3, kJ_vw7 B)) Huuby(i) = nzbl(})

k* = k3 + k% —w?, ks and k. are respectively the components of
the photon four-momentum in directions || and L to B, and w its
energy
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The longitudinal mode is a pseudovector given by:

2
b@ (k) = Ac? (k)

o ¢

Chiral current

= Ry(Fk), — pseudovector
g ® Ry =1/B\/z1,z1 = k3 — w? (normalization constant)
@ A — parameter ( in potential vector units)
@ F,, — the dual of the electromagnetic field tensor F,,,,

The electric pseudovector associated to b} is:

Ez = E®@ep = A(K2 — w?)%ep

Il The longitudinal photon is not on the light cone, that is
k2 —w? #0 N
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Chiral current
induced by
longitudinal
photons.

The electromagnetic current as a function of A5** + A, depends on

//
the two relativistic invariants:

The pseudoscalar & £ 0 only for the longitudinal mode

An expansion in functional series gives:

(AR + Ay) = 5u(AT) + (85 /0AT) Ay + ...
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Its linear term in A, is:

ji = HZ‘VA,, = YbEﬁ vV = 1,2,3747 ’i,j = 1,2,3

Chiral current
longtudina @ E; =i(wA; — k;Ap) is the electric field, with A, = iA, and
photons .

ky = iw

(*] jM(Azmt) = N06H4

The complex conductivity tensor or admittivity is:

Yij = i fiw
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A, — is alinear combination of the eigenmodes b,(f)
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If we will consider A4,, = bff) (E || B) = problemin (1+1)
dimensions

This is strictly valid if we consider only the LLL
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A, — is alinear combination of the eigenmodes b,(f)

If we will consider A4,, = bff) (E || B) = problemin (1+1)
dimensions

Chiral current . . . . . .
iEﬁ;ﬁEZ?li.i This is strictly valid if we consider only the LLL
photons.

We will use the two-dimensional identity of Dirac matrices

5

Yy ==y

We can study the properties of the axial vector current by using
results already derived for the vector current J
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eigenvalue equation one gets also:

ji = iy A = sbi” J

Chiral current
induced by
longitudinal
photons

@ 5= c,(,2)HZc”(2) — is the eigenvalue of T1,,, corresponding to
the longitudinal mode
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e We must observe that from the linear approximation of j;, and the

eigenvalue equation one gets also:

ji = iy A = sbi” J

Chiral current
induced by
longitudinal
photons

@ 5= c,(,2)HZc”(2) — is the eigenvalue of T1,,, corresponding to
the longitudinal mode

o 111512 is a pseudovector !!l = !l the current j, is also a
pseudovector!!!

@ This is necessary for the breaking of chiral symmetry



sl Using the two-dimensional transversality condition ,

we obtain:

The non-conservation of the two-dimensional axial current:

. Z1 .
Ho_
Chiral current ku]A - ]f j3 7& 0
induced by 4

longitudinal
photons.




Using the two-dimensional transversality condition ,

we obtain:

The non-conservation of the two-dimensional axial current:

. 21 .
ku]ﬁ = k_1j3 7é 0
4

Electric pseudovector breaks the chiral symmetry in both the
C-symmetric and non-symmetric cases

4

A chiral magnetic effect is produced in the frame of QED

We are interested only in the region of real frequency k3 > 2; and
momentum
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The current density can be written in the general form as:

Ji = 03 Ej + (E x S);
s 1 ij

Chiral conductivity U_ﬁf = Im [Hfj ] /w

in non-static limit

@ €% — is the third rank antisymmetric unit tensor.

o II3, H;‘} — are the symmetric and antisymmetric parts of II,,,,.

The first term of the current density corresponds to the Ohm
current and the second is the Hall current.
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Here we’ll only work with the current associated to the longitudinal
mode.

The current density associated to the longitudinal mode can

be expressed in the form:

Chiral conductivity
in non-static limit

. 0
Js = 033E3

095 = Im[[33]/w = —wIm[s]/z

Il 69, is the chiral conductivity!!!
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Scalar s in the one-loop approximation is given by:

4= a3 i /oo dps aney, o(2p3ks + 21)
€q 4z1p3 + 4psksz + 2§ — 4wl

]

Chiral conductivity
in non-static limit

Eno=Vm2+2eBn, mn=mn+1/2+s3/2

Qp =2—"0n0, q=(n,p3)

The imaginary part of the scalar s is given by:
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The chiral conductivity at finite temperature 7" and density n is
given by:

Chiral conductivity

in non-static limit Sn = {a(zl)AN —+ 9(—45%70 = Zl)AH}/A

A= /z1(z1 +4€2 )

Il Scattering or pair creation contribute = chiral conductivity !!!

The chiral conductivity contains both diamagnetic and
paramagnetic terms



STARS-SMFNS- AN accounts for the excita-

e tion of particles [e(ps,n) —

e(ps + ks,n)] by increasing

AN = [N(e,) — N(g, +w)] their momentum along B
(only for z; > 0).

Chiral conductivity
in non-static limit



STARS-SMFNS- AN accounts for the excita-

e tion of particles [e(ps,n) —

e(ps + ks,n)] by increasing

AN = [N(e,) — N(g, +w)] J their momentum along B
(only for z; > 0).

AH accounts for the pair
: - creation (only in the region
WA A H = [H(—c,)+H(wtes)—2] 21 < —4e2 ).

N =n(e;) +nP(e,), H =n(es)+nP(w—ces) J

es = (wz1+lks|A) /221, e = (—wz1 + |k3|A) /221, 7,8= (mw,kg)J
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For magnetic fields very strong, such that: 2¢B > u?, T? = the
LLL dominant.

Chiral conductivity in the LLL

3
e’ Bw
Chiral tin the 033 = mQSO
static limit for the 27'('21
LLL
01ANR + 0 AHp

So

z1(z1 + 4m?)
91 = 9(21), 92 = 0(—4872170 - 21)
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Chiral current in the
static limit for the
LLL

In the low frequency limit w — 0 = |k3| > w

We have conditions very close to the static electric field case.

Chiral current is given by:

e m? 1 1 1

= +
87 k3| AT 1—|—cosh(>‘—;’i) 1—|—cosh()‘—;iﬂ)

Js

("] E(Q) = A|k’3|93

0 A= (\EZ +4m?)/2
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o In the low frequency limit w — 0 = |k3| > w

We have conditions very close to the static electric field case.

Chiral current is given by:

e m? 1 1 1

= +
87 k3| AT 1—|—cosh(>‘—;’i) 1—|—cosh()‘—;iﬂ)

Chiral current in the
static limit for the

LLL

("] E(Q) = A|k’3|93

0 A= (\EZ +4m?)/2

IlINotice that j3 # 0 for = 0!l
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Taking into account the expression for the four-divergence of j/
and the equation for o3, it is obtained:

Anomaly relation for j/ in a medium of massive particles

Axial anomaly in a
medium of massive

fermions
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If we consider z; < —4m?, only the LLL.

Pair creation contribution to the non conservation of j/,

ki = B———— AHg (E? .B).

Axial anomaly in a
medium of massive

fermions

IIIThe pair creation can generate a chiral asymmetry in a
magnetized medium!!!
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quarks

The electric and weak neutral charges are:

o ; 2
Qe:e[P;el?”foJr%Pm(73—1)wL—iP er+— PQL(T +- )QL+—Z

Purtr — 3 Pipdr — iPut[5(7% + D)ot] + i[5 (73 + I) 9] Py

1 s .
QY = —== " Py W] = S Py, (¢°7" + " D)yr — ig" ey,

Quantum 2 /!
Statistics of the g + g
Electroweak

Plasma

er— Py, (*°m°—g?L)QL+2Zg?P — 192 Pydr+iPy[3(g*3

-0°1)o"] —il3(g°m* — g"*1) 9| Py]
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Where the conjugated momenta are:
P =iGy,, P? =iF}, Py =iy, Py =i€rY0,

Po. =iQrY0, Pur =iQrY0, Pap =idryo, Ps=1i(0s+id7"
4 +i%5By)¢T, Pyt =i(0s — i§7'Wi —i$By)p, Py, =0
PQL =0, PJRZO’ PéR:Ov P, =0

The field tensor of the SU(2) non-abelian field

G =9 Wi—9 W LAt aR T va
Quantum v aﬂ v au m + ge W#LLV
Statistics of the

Electroweak
Plasma

The abelian gauge field tensor

F, =0,B,—-0,B,




STARS SFNS- Starting from density matrix, we may get

The partition funtional

3
Z =N(f) / 11 pPgDP,DP,DB™ DY DY [ 6(C™) <] ] 6(G;)

l,m n 7=0

x (DetM) x el doy [ d*aliPP' B'4+iPT ™ —HA piNi]

N(B) — temperature dependent constant

B! — bosons

! — fermions

§(C™) — delta functions for the constraints (momenta)
d(G;) — delta functions for the gauge conditions
DetM— Faddev-Popov determinant

H — Hamiltonian

Quantum
Statistics of the

Electroweak
Plasma
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Quantum
Statistics of the
Electroweak
Plasma

where
@ N; = Q¢/e— charged particles density
@ Ny = N'= —i(Py, 91, + Peper)— lepton number density
@ N3 = Q% /cot260— neutral charge density, tanf = ¢'/g
@ N, = N9 = —i(Py,Qr. + Pujur + Pi,dr)— quark density
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where
@ N; = Q¢/e— charged particles density
@ Ny = N'= —i(Py, 91, + Peper)— lepton number density
@ N3 = Q% /cot260— neutral charge density, tanf = ¢'/g
@ N, = N9 = —i(Py,Qr. + Pujur + Pi,dr)— quark density

Chemical equilibrium equations

Per — Mep = 11309, 9", Hugp — by, = 13M(g,9")

2 2
fan — pa;, = H3A(g,9"), Alg,9) = (5155)

Quantum
Statistics of the
Electroweak
Plasma
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Quantum
Statistics of the
Electroweak
Plasma

where
@ N; = Q¢/e— charged particles density
@ Ny = N'= —i(Py, 91, + Peper)— lepton number density
@ N3 = Q% /cot260— neutral charge density, tanf = ¢'/g
@ N, = N9 = —i(Py,Qr. + Pujur + Pi,dr)— quark density

Chemical equilibrium equations

Her — Herp, = NSA(gvgl)u Hup — MHuy, = MBA(gagl)

2 2
Hdr — Hdy, = M3A<gagl)7 A(Q? g/) = (%ﬁ)

.

chemical potential associated to the Higgs scalar

o = p3A(g,9") = pr — pr
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Quantum
Statistics of the
Electroweak
Plasma

@ If u3 = 0for T < T, (symmetry restoration temperature) —
gauge invariance plus symmetry breaking would lead to the
validity of the Higgs mechanism



STARS-SMENS- @ If u3 = 0for T < T, (symmetry restoration temperature) —
gauge invariance plus symmetry breaking would lead to the
validity of the Higgs mechanism

@ If uz # 0 — Higgs field o and the Goldstone boson 4?* would
be weakly-neutrally charged, but ~? can be eliminated from
the theory by taking the unitary gauge

271 2
Scalarfield—>¢=% ( 2 ) + ( Z(}TLJ:;.:;; )

¢ # 0 is the symmetry breakdown parameter

Quantum
Statistics of the
Electroweak
Plasma



STARS-SMENS- @ If u3 = 0for T < T, (symmetry restoration temperature) —
gauge invariance plus symmetry breaking would lead to the
validity of the Higgs mechanism

@ If uz # 0 — Higgs field o and the Goldstone boson 4?* would
be weakly-neutrally charged, but ~? can be eliminated from
the theory by taking the unitary gauge

1 2
Scalar field — ¢ = ( 2 ) + ( Z(}TLJ:;.:;; )

¢ # 0 is the symmetry breakdown parameter

Quantum =- a non-conservation of the weak neutral charge due to

Statistics of the

Electroweak Higgs mechanism !l contradiction !!

Plasma

It can be eliminated, if we take us = 0 for T’ < T,
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Quantum
Statistics of the

Electroweak
Plasma

@ If u3 = 0for T < T, (symmetry restoration temperature) —

gauge invariance plus symmetry breaking would lead to the
validity of the Higgs mechanism

@ If uz # 0 — Higgs field o and the Goldstone boson 4?* would

be weakly-neutrally charged, but ~? can be eliminated from
the theory by taking the unitary gauge

1 2
Scalar field — ¢ = ( 2 ) + ( Z(}TLJ:;.:;; )

¢ # 0 is the symmetry breakdown parameter

= a non-conservation of the weak neutral charge due to
Higgs mechanism !l contradiction !!

It can be eliminated, if we take us = 0 for T’ < T,

For T' > T., we may have u3 # 0 — It doesn’t contradict the
neutral charge conservation
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In the literature is usually defined the chiral chemical potential as:
M5 = R — KL
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=lis not possible defined a 5



STARS SFNS- In the literature is usually defined the chiral chemical potential as:
M5 = R — KL

@ In QED — [Q4, H] # 0 = the axial charge is not conserved,
even for massless fermions, due to axial anomalies

=lis not possible defined a 5

@ In an Electroweak plasma — there is a relation between the
neutral chemical potential-u.3 associated to the weak-neutral
charge-Q", n, and ps

Quantum
Statistics of the
Electroweak
Plasma



STARS SFNS- In the literature is usually defined the chiral chemical potential as:
M5 = R — KL

@ In QED — [Q4, H] # 0 = the axial charge is not conserved,
even for massless fermions, due to axial anomalies

=lis not possible defined a 5

@ In an Electroweak plasma — there is a relation between the
neutral chemical potential-u.3 associated to the weak-neutral
charge-Q", n, and ps

S In our case 5 # 0 = !llcontradiction!!!
Electroweak
Plasma :II

@ non-conservation of the weak-neutral charge due to Higgs
mechanism for T' < T,
@ conservation of the Higgs bosons number
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Conclusions:

@ We conclude, that as a consequence of:

@ The breaking of spacial symmetry due to B
@ The breaking of chiral symmetry due to B and E

Chiral effects are generated as:

@ Quantum Faraday Effect
o Chiral Magnetic Effect

Conclusions
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Conclusions:

@ We conclude, that as a consequence of:

@ The breaking of spacial symmetry due to B
@ The breaking of chiral symmetry due to B and E

Chiral effects are generated as:

@ Quantum Faraday Effect
o Chiral Magnetic Effect

The main results are:

@ We obtained the chiral current generation in QED by longitudinal
photons in a magnetized medium

Conclusions

IlIChiral Magnetic Effect in QED!!!
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Conclusions:

As difference of Chiral Magnetic Effect discussed in the literature:

@ We didn’t need to introduce a us

@ In QCD: The imbalanced chirality is associated to — winding
number — Instantons-Sphalerons

@ In our case: The imbalanced chirality is associated to —
longitudinal pseudovector photons

Conclusions
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Conclusions:

As difference of Chiral Magnetic Effect discussed in the literature:

@ We didn’t need to introduce a us

@ In QCD: The imbalanced chirality is associated to — winding
number — Instantons-Sphalerons

@ In our case: The imbalanced chirality is associated to —
longitudinal pseudovector photons

@ An electromagnetic chemical potential p was introduced
@ But the electric current reported is C-symmetry

Conclusions

@ We introduced a mass fermion, which is usually considered zero in
the literature
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@ The chiral conductivity was calculated at finite temperature and
density

It is due to:

o Electrons and positrons scattered by longitudinal
photons(inside the light cone)
e The pair creation due to longitudinal photons (out of light cone)

For fixed values (ks,w) — only one of these process contribute

Conclusions
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Conclusions:

@ The chiral conductivity was calculated at finite temperature and
density

It is due to:

o Electrons and positrons scattered by longitudinal
photons(inside the light cone)
e The pair creation due to longitudinal photons (out of light cone)

For fixed values (ks,w) — only one of these process contribute

@ The pair creation generate a chiral asymmetry in a magnetized
medium

Conclusions

@ We obtained an expression for the chiral current along B in the
static limit, this depends (m, ps, T, 1)
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2017 Conclusions:

@ In the QFT formalism at finite temperature and density.

e We obtained an anomaly relation for the axial current in a
magnetized medium Analogy to the Adler-Bell-Jackiw relation

@ This means the possibility of longitudinal photon splitting in two
transverse ones in a magnetized medium

@ An expression for the chiral current in terms of photon self-energy
tensor was given. A similar expression could be found for a
quark-antiquark gas, if we consider QCD coupled to
electromagnetism

Conclusions

@ The usual u5— definition generates a contradiction in the frame of
electroweak theory < non-conservation of the @~ and
conservation of the Higgs bosons number
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.......Thanks.......

Conclusions



STARS-SMFNS-
2017

Bo=m’c [eh=510°G @ hcks =1 MeV

3x101 @ hw=10eV

@ Blue curve:
oh{s) 2x10t) M — 25 MGV

(n = 10)
el @ Green curve:
w=12 MeV
*5 50 100 150 200 250 300 (n = 5)
BIR
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If we consider:
@ The C-non symmetric case.
@ Low temperatures (positron contribution is negligible).
@ mc > p3, CON i > mc?

Chiral current in the non relativistic limit

p2
ae mc? e~ lzm—mol/T

Ton lpa] T Jes

i3

Conclusions
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@ About the relation

() = - (jY) & AP =—"y, J
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@ About the relation

() = - (jY) & AP =—"y, J

@ We can use the above relation due to:

@ Electric field associated to longitudinal mode is || B.
Q@ Inthel LLL - n=0<p, =0.
@ Condition eB > T2, i?= confine the system to the LLL.

Conclusions
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@ About the 2-dimension nature of LLL.
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@ About the 2-dimension nature of LLL.

Dirac equation

[V (0 + ieAy™) + m]G(x, a'|A°) = 6(x — ')
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@ About the 2-dimension nature of LLL.

Dirac equation

[V (0 + ieAy™) + m]G(x, a'|A°) = 6(x — ')

Analytic prolongation (po — —ips + 1) of the time Fourier

transformation of G(z, 2| A°*)

G(pa, X, X'|A°"") = Z/dpzdps (pa+ip)? +e2)7"

Conclusions XM(pg,p4, n, C, Cl)ei[pg(wg—w2)+173(173—1:3)]




STARS-SMFNS- Where the matrix M(pg,pz;, n, ¢, C) is:

2017

Hn—l,n—l(x) 0 *Dn—l,n—l —Ln-1n
0 Hn,n(x) _Enfl,n Dn,n
anl,nfl _Enfl,n anl,nfl(_x) 0
_En—l,n _Dmn 0 Hn,n(_x)

By = Fi(2neB)? ¢x(Q)dw (¢')
Dy i = £p3¢1({) o (¢)
Hp g (%) = Hy g (ipa — p) = (m 4 ipa — ) or(C)dwr (¢7)

Conclusions

Hermite functions multiply by (eB)'/*

1
(B} g

€
Ti2% (nl)3

Dn(C) = H,(C), ¢=VeB(z1+ )
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Conclusions

In the LLL, the matrix M (ps, p4,0,¢) =

0 0 0 0

0 (m—ips+p) O +ps3

0 0 0 0

0 Fps3 0 (m+ips—p)
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2017 In the LLL, the matrix M (ps, p4,0,¢) =

0 0 0 0

0 (m—ips+p) O +p3

0 0 0 0

0 Fp3 0 (m+ips—p)

M(p3ap4707g)] <~ D2><2

detD]=0 < m?+pi=p?

Conclusions
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2017 In the LLL, the matrix M (ps, p4,0,¢) =

0 0 0 0

0 (m—ips+pu) O +p3

0 0 0 0

0 Tps3 0 (m+ips—p)

M(p3ap4707g)] <~ D2><2

detlD] =0 < m?+p2 = p?

Conclusions

= movement in a direction < (1 + 1) dimensions
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@ Helicity and the direction p.
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@ Helicity and the direction p.

Dirac hamiltonian H and spin operator S
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@ Helicity and the direction p.

Dirac hamiltonian H and spin operator S

Hp=a-p+pm, B=7" a=7"

§=-9x7

| .

Commutator between Hp and spin projection in the direction 7%

Conclusions [

-ii] = 0 ,if p'|| @ = Helicity = movement constant .
-7i] #0 ,otherwise.
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axial anomaly
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Opui'a

yuils

e2

21

axial anomaly

e2

1672

FWE,, #0

y

Ouity

°E #0, — (1+1) dimensions
7r

sE-B#0, — (3+1) dimensions

Conclusions
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Opui'a
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e2
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axial anomaly

e2

1672

FWE,, #0

y

Ouity

°E #0, — (1+1) dimensions
7r

sE-B#0, — (3+1) dimensions

Conclusions
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@ Anomaly relation in the limits xw — 0and 7" — 0 .

Anomaly relation for j/; in a magnetized medium of massive
particles

A(m) = (2rm/e) Z an Sy, C(m)=28nB Z nSy,
n=0 n—=1

Conclusions
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@ Anomaly relation in the limits xw — 0and 7" — 0 .

Anomaly relation for j/; in a magnetized medium of massive
particles

A(m) = (2rm/e) Z an Sy, C(m)=28nB Z nSy,
n=0 n—=1

Dependence with ;. and T’

Conclusions

{6(21)AN + 0(—4e2 , — 2 )AH}
A

Sp(p,T) =
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Sp(p=0,T #0) #0, = kuj"(u=0,T#0)#0

Conclusions
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Sp(p=0,T #0) #0, = kuj"(u=0,T#0)#0

Su(#0,T#0) £0, = kujh(u#0,T#0)#£0

Conclusions
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= k(1= 0,T #0) #0

Su(#0,T#0) £0, = kujh(u#0,T#0)#£0

In the limit 7 — 0 and 1 — 0

2
Conclusions Sn /,L—>0,T—>O :——7&07 :>]€]MM%O,T—>O>7£O
A HJ A
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= k(1= 0,T #0) #0

Su(#0,T#0) £0, = kujh(u#0,T#0)#£0

In the limit 7 — 0 and 1 — 0

2
Conclusions Sn /,L—>0,T—>O :——7&07 :>]€]MM%O,T—>O>7£O
A HJ A

NContribution of magnetized vacuum in a radiation field!!!
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