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OUTLINE

MOTIVATION
* Lorentz- & CPT -Violating Backgrounds in the Early Universe:

WHY? Novel ways for generating matter antimatter asymmetry at
tree-level — non-trivial Geometry as extra source of CP Violation

HOW? Role of Torsion as a C(PT- and Lorentz-Violating Background
PART I

* String-Inspired Space-time Backgrounds with (Kalb-Ramond) Torsion
and Leptogenesis = Baryogenesis

 Majorana neutrino mass generation due to torsion quantum
fluctuations: Novel role of axion fields coupled with the torsion

PART Ii

* Lorentz-Violation as UV regulator & Dynamical Neutrino Masses
of relevance to Interacting Dark Matter Models



VMotivation

Theoretical models for CPT & Lorentz Violation ’

— Standard Model Extension (SME)
Kostelecky et al. }

 CPT well-defined quantum mechanical operator O,
not commuting with the (Lorentz Violating) Hamiltonian

[©,H] 20

e Field Theoretical Formalism: CPTV induced by Lorentz-violating
backgrounds - Standard Model Extension (SME)

e Sakharov’s conditions in Early Universe modified/surpassed:
Early Universe matter/antimmater asymmetry already at thermal
equilibrium, Lorentz Violation (LV) = CPT Violation (CPTV) >

- different dispersion relations between particles/antiparticles in

thermal distributions (for Dirac fermions, not Majorana)

= LV Geometry as extra source for tree-level CP violation
(through decays of Massive right-handed Majorana neutrinos)

De Cesare, Ellis, NEM, Sarkar ’




STANDARD MODEL EXTENSION

Kostelecky et al.
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Contributions to Matter & Gauge sectors - Complete classification
Of dimension five Operators (gauge invariance requirement)



STANDARD MODEL EXTENSION

Lorentz Violating Kostelecky et al.
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STANDARD MODEL EXTENSION

Lorentz Violating Kostelecky et al.
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Lorentz & CPT - Violating

+ Gauge Sectors

Bolokhov, Pospelov 0703291.
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Contributions to Matter & Gauge sectors - Complete classification
Of dimension five Operators (gauge invariance requirement)



Our Models include

( i ) S M E Kostelecky et al.
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Our Models include

( i ) S M E Kostelecky et al.
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(ii)) Extended SME

[ Lsyre = z@ m + Q) ?)  +FERMION SELF INTERACTIONS \

Lorentz & CPT - Violating

Alexandre, Leite & NEM, arXiv:1404.7429 ’
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Alexandre, Leite & NEM, arXiv:1304.7706

AND IN THE GAUGE SECTOR
(iii)
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Alexandre, Leite & NEM, arXiv:1304.7706

AND IN THE GAUGE SECTOR
(iii)
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M is the scale of LV, if regulator M = infinity



(i) Discuss briefly the Microscopic origin
of such models

(ii) Discuss dynamical mass generation for fermions,
in particular neutrinos







Microscopic Origin of SME
coefficients?

Several "Geometry-induced” examples:
Non-Commutative Geometries

Axisymmetric Background
Geometries of the Early Universe
Torsionful Geometries (including strings...)

Early Universe T-dependent effects:
large @ high T, Low values today
for coefficients of SME



Microscopic Origin of SME
coefficients?

Several “"Geometry-induced” examples:
~ Non-Commutativ !

Axisymmetric Background
~ Geometries of the Early Universe
Torsionful Geometries (including strings

E&ﬁ.j Universe 'T-de.pude.n!: e.é::
large @ high T, Low values today
for coefficients of SME

Torsion



Dirac Lagrangian (for concreteness, it can be extended to Majorana neutrinos)

L

/=3 (697 Datp — m )

Gravitational covariant derivative
including spin connection
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Dirac Lagrangian (for concreteness, it can be extended to Majorana neutrinos)

Gravitational covariant derivative
including spin connection

BY may be constant in a given frame A
In some (torsionful) background
Geometries - SME




Dirac Lagrangian (for concreteness, it can be extended to Majorana neutrinos)

L= /=g (i7" Dot — mi))
Gravitational covariant derivative

including spin connection

o.ab — %[,70,,,},1)]

a b L
whea = eba (Bael + 17 elek) . €u€vllab = Guv

L=Ls+Lr=+/—g¥ [(iv*0a —m) +v*7°Ba] ¥,

If torsion then I, # I,
B — eabedg, | (00 e I‘:},,,e?e’; <_ antisymmetric part is the
contorsion tensor, contributes



A non-trivial example of Torsion: String Theories
with Antisymmelric Tensor Backgrounds
NEM & Sarben Sarkar, arXiv:1211.0968

John Ellis, NEM & Sarkar, arXiv:1304.5433
De Cesare, NEM & Sarkar arXiv:1412.7077




A non-trivial example of Torsion: String Theories
with Antisymmelric Tensor Backgrounds
NEM & Sarben Sarkar, arXiv:1211.0968

John Ellis, NEM & Sarkar, arXiv:1304.5433
De Cesare, NEM & Sarkar arXiv:1412.7077

Massless Gravitational multiplet of (closed) strings: spin 0 scalar (dilaton)
spin 2 traceless symemtric rank 2
tensor (graviton)
spin 1 asntisymmetric rank 2 tensor

KALB-RAMOND FIELD 5, = — B, ,

Effective field theories (low energy scale E << M) " gauge” invariant

BMV — B/W + 5’['“(9(%),/]

Depend only on field strength : H,ul/p — (9['u Bl/p]

Bianchi identity : [8[0H,uyp] —0—dxH = O}




ROLE OF H-FIELD AS TORSION

EFFECTIVE GRAVITATIONAL ACTION IN STRING LOW-ENERGY LIMIT
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ROLE OF H-FIELD AS TORSION — AXION FIELD

EFFECTIVE GRAVITATIONAL ACTION IN STRING LOW-ENERGY LIMIT |~ — aﬂb a,ub,

/
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IN 4-DIM DEFINE DUAL OF H AS ¢

b(x) = Pseudoscalar

—3 \/5801) = £/ —g GMVPUH“VP (Kalb-Ramond (KR) axion)




FERMIONS COUPLE TO H-TORSION VIA GRAVITATIONAL COVARIANT DERIVATIVE
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4 Non-trivial contributions to B* F Hcab
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FERMIONS COUPLE TO H-TORSION VIA GRAVITATIONAL COVARIANT DERIVATIVE
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TORSIONFUL CONNECTION, FIRST-ORDER FORMALISM
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Non-trivial contributions to B* F Hcab
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In string theory a constant B9 background is guaranteed by exact
conformal Field theory with linear in FRW time b = (const ) t

Antoniadis, Bachas, Ellis, Nanopoulos
Strings in Cosmological backgrounds
ds® = gfy(x)daf;“daf;’/ = dt* — a(t)?6;;dz" dz?
a(t) =1t
P = —lna(t) + @

Hy,yp = €2¢€uyp080b(ilT)

Central charge of uderlying world-sheet conformal field theory n E Z—|_

Kac-Moody

T “internal” dims
algebra level

central charge




Perturbatively we may also have such a constant B9 background in the
presence of Lorentz-violating condensates of fermion axial current

temporal component
<0]J%|0>%£0
at the high-density, high-temperature Early Universe epochs

De Cesare, NEM & Sarkar arXiv:1412.7077

O (\ﬁ_g [€41pe (07D — EJ°7) + (9((35)3) ]) — 0
b= ¢ (J2Y = & (] 4°4h;) = constant # 0

i
Condensate may be subsequently destroyed at a temperature Tc <0 |J% |0>> 0

by relevant operators so eventually in an expanding FRW Universe forT< Tc

b~ 1/a3(t) ~ T3

&



When db/dt = constant = Torsion is constant

Covariant Torsion tensor

—\ _
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Standard Model Extension type with CPT and Lorentz Violating background b°




De Cesare, NEM, Sarkar arXiv:1412.7077

A baclkground of kalb-Ramond H-Torsion generates
Matter-Antimatter Asymmetry (Leptogenesis) via
(Right-handed) neutrino CPViolating (tree-level) decays
i the Earbz Universe

— M — — — -
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What About the Quantum Fluctuations of the H-torsion ?
Even in the absence of a non-trivial H-background

Physical Effect tn Generating Majorana masses for neukrinos
via coupling to ordinary axion fields




ANOMALOUS GENERATION NEM & Pilaftsis 2012
OF RIGHT-HANDED MAJORANA s 20 6ag
NEUTRINO MASSES THROUGH R

TORSIONFUL QUANTUM GRAVITY
UV complete string models ?

, ANOMALOUs
MATERIALS
LABORATORY

. % Qr

_ ~."1.;\-_". I m WL A ;—-‘-;




Fermionic Field Theories with H-Torsion
EFFECTIVE ACTION AFTER INTEGRATING OUT
QUANTUM TORSION FLUCTUATIONS

Fermions: g . _Z/dﬂ‘\/__gsuw,\’,#,}ﬁw: _Z/SA*JS

+ standard Dirac terms without torsion

S="T
d
Sd - %eadeTabc Tabc % HCCLb — Ecabd a b
conserved
Blanchi identity d*S =0 torsion ” charge
Q=[S

classical

Postulate conservation ot quantum level by adding counterterms

Implement d*S=0 via 5(d*S) consktraint
> * lagrange multiplier in Path integral > b-field



Fermionic Field Theories with H-Torsion
EFFECTIVE ACTION AFTER INTEGRATING OUT
QUANTUM TORSION FLUCTUATIONS

PR 3 _ 3
Fermions: Sy 5 _Z/d4\/_—95#¢7u75¢= _Z/SA*JS

+ standard Dirac terms without torsion

S="T
d
Sd e %eabchabc Tabc % HCCLb — Ecabd a b
conserved
Blanchi identity d*S =0 forsion " charge
Q=[S

classical

Postulate conservation ot quantum level by adding counterterms

Implement d*S=0 via 5(d*S) constrain
agrange multiplier in Path integral > b-field




k2

/Dbexp[—z/ db A db+7db/\ J5+FJ5AJ5] |
b b

/DSDbexp /—S/‘\*S——S/\*J5 ( : )I/de*s]

multiplier field ®(z) = (3/ k2)1/2p(x).
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[o{oryl: [ sns-2snurs () Cody

/Dbexp[—z/ db A db+7db/\ J5+FJ5AJ5]
b b

C multiplier field ®(z) = (3/x2)'/2b(z):

fb — (3&2/8)_1/2 —



partial integrate

multiplier field ®(z) = (3/K2)1/2b().

— I$2 -1/2 _ 77 F
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1 5
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/ P 2 fb 2f7
partial integrate
Use chiral anomaly equation (ov\ertoop) in curved space-time:
e ~ 1

S __
Vul™ = g5 B Fw ~ 1530
= G(A,w).

V ~
R*PR oo

Hence, effective action of torsion-full QED
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Fermionic Field Theories with H-Torsion
EFFECTIVE ACTION AFTER INTEGRATING OUT
QUANTUM TORSION FLUCTUATIONS

b(x)
19272 f;,

vpo D
RHVP Ruupa

s = /cﬂx\/fg [%(a,jb)2 +

1
_JSJS#.
+2f3 y +

+ Standard Model terms for fermions

SHIFT SYMIMETRY b(x) > b(x) + ¢

c R*PP R0 and c FFVE,,, total derivatives



Mavromatos, Pilaftsis arXiv: 1209.6387

ANOMALOUS MAJORANA NEUTRINO MASS TERMS
from QUANTUM TORSION

OUR SCENARIO Break such shift symmetry by coupling first b(x) to another
pseudoscalar field such as QCD axion a(x) (or e.g. other string axions)

b(m) RHVPO ﬁpupa

1
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| - 1 2
+ap il +7(0ub) (0#a) + 5(040)
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Mavromatos, Pilaftsis arXiv: 1209.6387

ANOMALOUS MAJORANA NEUTRINO MASS TERMS
from QUANTUM TORSION

OUR SCENARIO Break such shift symmetry by coupling first b(x) to another
pseudoscalar field such as QCD axion a(x) (or e.g. other string axions)

b(m) RHVPO ﬁpvpa

1
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Mavromatos, Pilaftsis arXiv: 1209.6387

ANOMALOUS MAJORANA NEUTRINO MASS TERMS
from QUANTUM TORSION

OUR SCENARIO Break such shift symmetry by coupling first b(x) to another
pseudoscalar field such as QCD axion a(x) (or e.g. other string axions)

b(m) RHVPO ﬁpvpa

1
° = / Iov/=g [5(8"1’)2 1022,

| R 1 2
+ap il +7(0u0) (0a) + 5(0,0)

il

Yukawa

neutrino fields



Field redefinition

b(z) — b'(x) = b(z) + va(zx)

so, effective action becomes

s= [ d'av=g 5@ + 3(1-?) @u2

1 b'(z) — va(z)
_JSJS# RpupaR
i f2 19272 f, ks

—Yqla (d) YR —YRYE )] : (

must have 1 otherwise axion field a(x) appears as a ghost = canonically
vl < normalised kinetic terms
Se= [ dtav=g[50u) - — 2R,
2 19272 fi 4 / — 2
]
—— o (3 n— Trvil) + 5 i
v1-— ’7 f b

CHIRALITY CHANGE



THREE-LOOP ANOMALOUS FERMION MASS TERMS
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i
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CHIRALITY CHANGE
N\ = UV cutoff
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(16m2)2 19272fp(1 —~v2) 491528 74(1 — ~2)
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SOME NUMBERS

A = 1017 GeV ]\f[R iSUat tI;e TeV
— 01 for y, = 103
A = 10'® GeV Mp ~ 16 keV,

Yo =7 = 1077



SOME NOMBERS
— 1017 GeV Mp 1s at the TeV
0.1 ) for y, = 1073

2 >
| I

A = 10 GeV Mp ~ 16 keV,
Ya =7y = 107°

" INTERESTING
WARM DARK MATTER
REGIME
Appr’opriate Hierarch’y for the other two massive
Right-handed neutrinos for Leptogenesis-Baryogenesis

& Dark matter cosntraints ‘can be arranged’
by choosmg Yukawa couplmgs




Boyarski, Ruchayskiy, Shaposhnikov...
vMSM

MODEL CONSISTENT WITH BBN, STRUCTURE FORMATION DATA IN THE
UNIVERSE & ALL OTHER ASTROPHYSICAL CONSTRAINTS
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More than one sterile neutrino needed to reproduce Observed oscillations

vVISM Boyarski, Ruchayskiy, Shaposhnikov...
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Constraints on two heavy degenerate singlet neutrinos

N, DM production estimation in Early Universe must take into account
its interactions with N, ; heavy neutrinos



FINITENESS OF THE MASS

Arvanitaki, Dimopoulos et al.

MULTI-AXION SCENARIOS (e.q. string axiverse)

- 1 —
s = [d'zy=g |5 Y- (0w = M) +(0u) 0" ar)
i=1
1 n—1
2
—5 ; 5A/Ii,i+l Aidi+1 ] :

5]\/[32._{_1 < A/Ii]\/[i+l positive mass spectrum

for all axions

57 6—2 12

simplifying all mixing equals Mp ~ \,/gya 7R°A n(dﬂfa)n n<3
491528 4 (1 — 42)

V3yayk°(6MZ)*  (MZ)"°

T 49152v/8 74 (1 — A2) (M2)n-3

M

n>3J3



FINITENESS OF THE MASS

MULTI-AXION SCENARIOS (e.q. string axiverse)

n

s = [dtsy=g [% 3 (Buae)? = M2) +(8,5) (" a)

i=1

1 n—1
~5 D M1 aiaisy ] |

i=1

5]\/[12’2._{_1 < ]\/_fij\li_{_l positive mass spectrum

for all axions

V3yay KPAST2(SM2)"

T T 49152VB 7A(1 — A2)
V3yayk°(6MZ)*  (MZ)"°
BT 01528 (1 — 42) (M2)"3
M, : UV finite for n=3 @ 2-loop independent of axion mass

simplifying all mixing equals Mp n<3J

n>3J3



PART I

DYNAMICAL MASS GENERATION FOR
SELF-INTERACTING FERMIONS
IN LORENTZ-VIOLATING EXTENDED SME MODELS



Alexandre, Leite & NEM, arXiv:1404.7429

(ii)) Extended SME

Lsye =1 (1@ —m+Q)®Y  ,FERMION SELF INTERACTIONS

. a Y
Qz—zao'yomA—{—z@o'y(zﬁa-v—l—MQA)

A=90i=1,...3 M is the scale of LV,




(ii)) Extended SME

Lsye =1 (1@ —m+Q)®Y  ,FERMION SELF INTERACTIONS

a

a0
Q=173

A+z‘5ﬁ’(z’%5-

A=09;0i=1,...3

Alexandre, Leite & NEM, arXiv:1404.7429

7+ LA)

M?2

M is the scale of LV,

-

NB: For a=0 but c #0 - z=3 Lifshitz theory
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A String-inspired Macroscopic Model for extended SME

<

T~

r <<l
r >/l

Matter on Brane

Encounters DO defects
Recoil of the latter
Distorts space-time

BULK

NEM arXiv:1011.3528 ]

Ensemble
of

® DO branes



Ellis, NEM, Westmuckett

o ©

D-particle o § s

Recoil Momentum transfer

* * U; = gs% — gsn*’;\;i < 11
* s s

S = /d4x\/§ E[ig#,/y“a” —m] U =

/d4$(1 + uiujcsij)E[inw’y“@" + z'ui'yoai + iy u;0p — m] v

A
M2’

M, w09 — (gsrn*)? A = ;0,6

9s \/<< (ﬂ’*l")2 >

A[ —

A stringy model for Extended SME -> fluctuations of D-particles induce non-trivial

metric depending on momenta of incident matter strings = Finsler guantum geometry



Dispersion Relation, relativistic when regulator M > ©°

2 o (1+bp*/(Mm) ’ g 1 + cp?/M? .
W™ =m
1 + ap?/M? P\ Txap2/ 02

Focus hereoncase ac#0 -2 IR(p<<M)&UV (p>> M) regimes relativistic,
Only intermediate regime p ~ 7\ 1 non relativistic

wdw 14 2 m+bp?/M
pdp M?2 (1 + p2/M?)

UpUy =

z(bM —m)

NB: in stringy microscopic model M is proportional to density n of defects in space
Hence taking n = 0 removes the cutoff M = o & restores Lorentz symmetry

....But dynamical fermion masses remain finite in this lint as we shall not show



Massless model and dynamical mass generation

A Al '\12
Integration over fermions = (one-loop) effective potential Auxiliary
M2 d*p . ) ; |
Vi(o) = TO + 1 tr ) In [(wqf —p-9)(1+p°/M*) —bp° /M — ggb]

Gap Equation from minimization |0 = &6V, / 6¢ | b=,

M, _9 /,zd. /d[ (991 + bp*/M) ]
2 T w P T @ ) U+ p2/MR) + (g6 + b M)

Mayn = 9P1 -~} 2lenQ—l
Mdyn = 09 W50

for 0#b<<1

g° << 1,

Mayn = g U( 53 +(9(1/b?)> for b>>1.

NO CRITICALg > g,
COUPLING REQUIRED Finite as M = oo if g2 = 0 such that g>M = finite m



Two-flavour case and dynamical flavour oscillations

w2 ) Tr

‘I,z(dn)  and T=<g1 gs) |
() g3 g2

Lo=1 [i(@O'yO -9-7) (1 - A) A] U+ %(Tfr\l’)g,

Effective potential for auxiliary field linearising 4-ferrmion interactions

M, d*p
Vy = | ) +ztr/(zﬂ)4(lnA++lnA_)

A = (W’ =7 7)1 +p°/M?) —p°/M — hs

1

1
hy = 5(91 + g9) + 5\/(91 — g0)2 + 4¢3



minimization (dV,/d¢)s, = 0 leads to

M2 B hs 5 (hs¢2 + pQ/M)
5 2= 2 ?/p dp/dw [(w9+p2)(1+p2/M2)2+(hs¢2 +P2/M)2]

§=+4,—

g3 g9

hy <<1 > Mass Matrix M = a(g1 + g2)M (gl g3)

Mass eigenvalues M1, and mixing angle 6

84
me = 5 M [(91 +92)° & \/(gf —93)* +4g3(g1 + 92)2]

2
g1 — g2 g1 — g2
+4/1+ .
293 \/ ( 293 )

g2 M finite in the limit g, >0, M > oo |

tan @




Dynamical Oscillations

(E, —E_)t
o

P(vs, — vs,) = sin’(26) sin” [

Ei~p+m?/2p+..., for my < p.

2 9
P(vs, — vs,) = sin®(26) sin” [(m+ m_)L]

4FE

NB: Dispersion relation

o (LER /(MM  (1 /MR
- 1 + ap?/M? 1 +ap?/M?)

mi /p* < 1

m2 —m2
By — Byt =T TE )BT o /)




Dynamical Oscillations

(E, —E_) t
-

P(vs, — vs,) = sin’(26) sin” [

Ei~p+m?/2p+..., for my < p.

2 2
: : m: —m- )L
P(vs, — vs,) = sin®(26) sin” (m., )
- 4F

Plus = vs) = sin?(@8)sin? [T o ) EL
Ml/i1 vg,) = sin sin 15 m Degp |

_ sin’[A (g1 + 92)°V/ (92 — 91)* + 403 | with A — a’M?L

B 1+ (92 — 91)%/(493) ’ - 4E

NB: For large but finite M (microscopic string model) 2 phenomenological
Constraints on M from linear term in EL/M




kin

Majorana Fermions

A
M?

]. _ . 0 ~ A

Dynamical masses

m; = 2aM (g1 + g92)9;,

. = A
= VL [Z(ao’YO—a")’) (1——> +M

)

(Vﬂf'f)c — C(DAJ)T _ Vﬂf'f

| v

1 =1,2



Seesaw type Extension

| 1 o 1— )
[:M+D = —§I/L mry, (I/L) — V] mD Ngp — §NR mpg (NR) + h.c.

Mass matrix

ot ( 2)- (2 2
g3 g2 mp MR

with the following eigenvalues

my o aMg% = Mpg
2

m
m_ aMggzm—D<<mR.
R

NB: m,, m, generated dynamically not through Higgs mechanism



Alexandre, Leite & NEM, arXiv:1304.7706 ’

(iii) Minimal Lorenz Violation in ““gauge”’ sector

EZ—iF (1—\A[2 F“”-|—\Il zq}_';-A U,

€1 —1€ €1 + €9 €1 — €9
T=1. = - 1+ ‘ 03 + €09
1€ €9 2 2

o

Structure of Dynamical Mass matrix

,, my U mq + mo m1 — Mo
M = = 1+ Oq + [Lo
< n mg) 5 9 3 T HOq

Schwinger-Dyson Gap equations R /Dp,u ™H G
p

A :m




Alexandre, Leite & NEM, arXiv:1304.7706 |

Gap Equations

m
1 +1C = (e%ml + 62m2)11 + (/.L2 — mlmg)(e%mg + 62m1)12
m
1 +2C = (esma + €2my)I; + (1 — mymos)(esmy + €2ma) o
H 2 2
— e1eo — € )| [1 — — mqymyo)l
T+¢ pleres — €)1 — (p 1mg) o]
0 = e(leymy + eamo)l; + e(,u2 — mymga)(e1ma + eamq)Io
11 , [ A2 L, [A2
I ~ T6me AT — A2 [A ln(MQ) A ln(MQ)
1 1 A%
b= fgoar—a2 hl(AT) |
2 my + mg + 24 \/(m% — mg)g + 4p2(my + mg)?
Ar = 9 = 2



Dynamical Flavour oscillations m;=m,=m # 0

,LLQ =Ty = 7712 €1 = €9, e = ()
M 82 ve in coupl
m="—exp | — NB: non-perturbative in coupling e
2 (4 4 ()e? nature of mass

M — oo and er, e, € =+ 0 No Gauge fixing parameter { dependence
Mass finite in this limit 2 UV regulator

gauge fields
2
Mass eigenvalues )\, = 9 = Mexp (_J_%) Ao =0
€
J ]' ] J
MASS EIGENSTATES e = —= (19 £ 11)
V2 "o -

Mixing angle |g — - 7r/4 ~_

Mechanism also extended to Majorana neutrinos



Application to Standard Model with Right-Handed (sterile) Neutrinos

L

1
— _ZF“

1 — —

A

+ 9 (id — ea ) %(1 — 75> (U

)P 4 N(if — e 4) 5 (1475) N

Gauge field is viewed as a vector field in the case of Majorana neutrinos — there is no
Gauge invariance of the Lagrangian

Majorana doublet oM — (

Dynamical mass for right-handed neutrinos only in this case

)

mq

my

A_=0

)\+=]\Jexp(

— 872

(4 + ¢)e

)

—

AJ‘M+D _ (

0 0
0 mo




CONCLUSIONS

Reviewed theoretical models for CPT-and Lorentz symmetry- Violation
in the Early Universe in connection with dynamical mass generation for
fermions/neutrinos

Such models are those entailing (constant) Kalb-Ramond Torsion
backgrounds : they play a role in generating matter-antimatter
asymmetry in the early Universe

Torsion flucts 2 Majorana neutrino mass generation
Role of axions interacting with neutrinos via shift-symmetry breaking

Lorentz-Violating fluctuating backgrounds as regulators for neutrino
mass generation in (weakly) self-interacting neutrino models

Of relevance to interacting dark matter — keV mass neutrinos
interacting via vector fields may play a crucial role in galactic core and

halo structure Arguelles, NEM, Rueda, Ruffini (2015) |




IS THIS CPTV ROUTE WORTH FOLLOWING? ....

CPT Violation

) ¥

AnaelzFiliny.com

Construct Microscopic Quantum Gravity models with

strong CPT Violation in Early Universe, but

weak today... Fit with all available data...

Estimate in this way matter-antimatter asymmetry in Universe.




Thank you for your attention !






De Cesare, NEM, Sarkar arXiv:1412.7077

_ N = right-handed

Majorana neutrino

£ — iN§N — %(WN + NN = NBy°N — YiTedN + hec.

Lepton number & CP Violations @ tree-level due to N decays in Lorentz/CPTV Background

N; — Hv, Hv  Produce Lepton asymmetry

B
%~ 108
e

p-

Tp ~m ~ 100 TeV
m > 100TeV —

BY ~ 1MeV

20 B,
ALY =gy
Q= /B3 +m?

— e Bm [
e (2m3)

B<T,m Tp~m
Y, =105

(5] (5]



De Cesare, NEM, Sarkar arXiv:1412.7077

CPT VIOLATION IN THE EARLY UNIVERSE

_ N = right-handed

Majorana neutrino

£ = iNgN — %(mv +NN°) — NB+°N — YiIxdN + h.c.

Lepton number & CP Violations @ tree-level due to N decays in Lorentz/CPTV Background

_ 20 B,
N;— Hv, Hv Produce Lepton asymmetry [A [TOT = WB(Q)RN]
Equilibrated electroweak B-L conserved AL
e . i —10
B+L violating sphaleron interactions — ~ 10777,
Environmental ™

Conditions Dependent Observed Baryon Asymmetry

In the Universe (BAU)
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CPT VIOLATION IN THE EARLY UNIVERSE

_ N = right-handed

Majorana neutrino

£ = iNgN — %(mv +NN°) — NB+°N — YiIxdN + h.c.

Lepton number & CP Violations @ tree-level due to N decays in Lorentz/CPTV Background

_ 20 B,
N;— Hv, Hv Produce Lepton asymmetry [A [TOT = mn,v]
Equilibrated electroweak B-L conserved AL
e . i —10
B+L violating sphaleron interactions — ~ 10777,
Environmental ™

Conditions Dependent Observed Baryon Asymmetry

In the Universe (BAU) Consistent with SME bounds
1B < 107%eV
B; =b; < 10731 GeV

NB: Relaxation law:

BO = COI.T.3 BOtoday - 0(10_44) meV



Ellis, NEM, Westmuckett
Brane Universe

-
»*

”*

Open strings
(matter or Radiation )

D-particle »

A stringy model for Extended SME -> fluctuations of D-particles induce non-trivial
metric depending on momenta of incident matter strings - Finsler quantum geometry




