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Motivations

A Flavor problem:
How to account for massive
neutrinos and lepton mixing?

Am3, = (6.79 + 8.01) x 10™eV
Ams, = (2431 +2.622) X 107%eV

A Cosmological problem:

The Baryon Asymmetry of the Universe
(BAU) obtained in the SM is too small by
different orders of magnitude:

ng—n
yer = £ —Ll= (0.86 + 0.88) x 1071

\)

-

sin26,, = (2.75 + 3.50) x 10!

| sin?6,, = (4.28 = 6.23) x 107!

sin? 6,5 = (2.044 =+ 2.437) X 1072

(

Right Handed
(RH) neutrinos

Seesaw:

RH neutrinos provide a
natural answer to the
smallness of LH neutrino
masses: v2yr?

m; =
M.

l

Leptogenesis (LpGn) :

Lepton number violating decays of RH
neutrinos produce a Lepton asymmetry
converted to a BAU by sphalerons.
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Motivations

: h Quantitative? lobe Chgpked n
If seesaw is the origin Matching the the specific model!
of light neutrino masses observed BAU Note: original
then qualitative LpGnis —1 constrains the —— model for LpGn
unavoidable. . unknown RH requires M>707,
J neutrino sector. close to “natural
— » seesaw scale.




Outline

—— Model

— Universal Texture Zero

— UTZ seesaw

__— Leptogenesis (LpGn)

— Boltzmann Equations

—— Leptogenesis parameters

—— Analysis
— Procedure

— Results

— (Conclusions




Model: Universal Texture Zero

Model based on the Flasy &, = A(27) X Z)
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Same Dirac and Majorana structures:
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Model: UTZ see saw

As Dirac and Majorana matrices are in terms of rank-1 matrices, the UTZ is preserved
after seesaw:

) —1yT _
myz_vuYI/MN YI/ =m.| |.+my, b+ma( ab T ba)
2..02 v 2 12
VY4 _ o M, VY.
m, = — my, =m, 2—1/—— m.= —
M, Yo M, M,
m,, . entangle Dirac Y, ,.and Majorana M, , . neutrino couplings in a non-trivial way.
( mC mC mc \ <
— — m m.,m
6 c a’""*b
V2 V3 0 0 0 )
T m, m,. 6m, — m, m,
— - . . 0 0 6 ~ —C
Rrgm, Res 3V/2 3 NG semi-diagonalized Vom, | (my = 6
m 6m=m 4m-n | by a Tri-Bimaximal \0 V6m. 2m, )
2 :
(V3 V6 ) (TB) rotation

o

(0 0 0 6ma<2mb =
/ 2
0 0 6m, m, ~ 2m m _3— sinf =
) 3 b » My ’ 2mb

0 \6m, 2m, ) Gatto-Sartori-
Tonin structure

The correct neutrino mixing ——_ m, is compatible with a Normal
IS obtained it m, <m, < m, J/L Ordered neutrino spectrum
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Model: UTZ see saw

As Dirac and Majorana matrices are in terms of rank-1 matrices, the UTZ is preserved
after seesaw:

- 2 —-1vT _
mz/:_vquMN Yv = m, c+mb b+ma( ab+ ba)
2..U2 v 2.2
ViV B Yo M, Vi Ye
ma:— mb—ma _1/__ mC:_
M, Yo M, M,

m,, . entangle Dirac Y, ,.and Majorana M, , . neutrino couplings in a non-trivial way.

( m, m, m, )
° W2 2V 0 0 0 )
m, m, 6m, — m, m
RT m R — C C a C O O 6m z _c
7B\ TB 32 3 /6 Vo, (m, 6 )
m,. 6m,—m, 4m,—m, \O 6ma 2mb )
W e 2

(0 0 0 ) 2 -
0 0 +/6m, my~2m, , m, = 3— , Sinf = —= 2
my, ms mb
\O \/gma 2my, )
Neutrinos Charged leptons
> mg/meV  8.95 ¥ 3.01 x 1074
Fit of the Am31/2 ~ 25 meV mp/meV  24.6 Y, 3.90 x 1073
del: me/meV 226 yS 7.16 x 1072
modet m, = my\/Am3, /3 ~ 9.5 meV Ym 2.51 Ve 0.13
Om 1.26 e —1.31

See: JHEP03(2018)007 Ivo de Medeiros Varzielas, Graham G. Ross and Jim Talbert



Model: Majorana Masses

Structure of Dirac matrices: y;* 1 y,° 1y ~ GS,U : 662,1/ : 1

( 3,3
0 €e,1/ €e,1/ €e — ygly[f = 015
Y o~ oY 3 2 2 .
ew = e 6‘;’” 662’” Cew €, =y,/y, not fixed
(€ew €ew 1 by phenomenology

For the correct neutrino mixing m,. < m, < m, :

ﬂ: 2y1b/_Mb N 2_Mb ma<mb> Ma<€
iy, Ya Ma €y Ma | | | Mb g

mazygzMaNlMa mC<ma> Ma<€6
m. Y@M, €M, M, "

N; with M3 ~ M. effectively > We expect a hierarchical spectrum

decouples after seesaw

_J

kfor the RH masses: M; < M, < M,




LpGn: Boltzmann Equations

Generation of the BAU through N;-leptogenesis is a non equilibrium process treated
by means of Boltzmann equations (BEs).

We can use simplified BEs, in MSSM, 3-flavoured regime:

dy, K@

dz

N.
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10
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(a=e,ut,i=17273)

Yy, Yy 1 number densities of RH (s)neutrinos.

Y, total (particle+sparticle) number
densities of A, = B/3 — L,
(conserved by sphalerons)

L L
Decays N / \ N
(Inverse) ~ y
\\ H H
AL =1 "'> . St
Scatterings '“‘<
L. t

decay and washout terms

g]‘{,i, Ky, : decay factors and CP asymmetries

l

(geometrical model factors)
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Generation of the BAU through N;-leptogenesis is a non equilibrium process treated

LpGn: Boltzmann Equations

by means of Boltzmann equations (BEs).

We can use simplified BEs, in MSSM, 3-flavoured regime:

dYN,. DY — 7% dYy 2D(Yr — Y9 10 {
—_— - = y — = — o — ¥ Y = —_— Y
dz N N, dz N; N, B~ 3] za: A(I(Z > 1)
dY, K
C =20 D(Yy — YO + 262 D(Yyg = YD+—W Y A, Vs,
dZ i i Nz Nz K
N; o (@=eu,7,i=123)
0.005:\ ——————
0.0045—
Yy, Y5 © number densities of RH (s)neutrinos. 5
[ i 2 0.003:-
>~ o0l
Y, : total (particle+sparticle) number ™
densities of A, =B/3 - L, 000t}
(conserved by sphalerons) 4.% 10710 14
2.x 10710}
decay and washout terms _ ' J:
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LpGn: Decay Factors & CP asymmetries

The nature of RH neutrino masses imply the decays N, - L _H, and N, — L H*

Decay factors dominated by tree level diagram

a = T = L,H) +TQ; = LHP) N t /
n H(M) *

2 T A S
Ké=—=—0) (). N
N, m*M,( z/)m( z/)al N -
o S - L, L,
CP asymmetries arise only at loop level Lq
N; N,
~_T(N;— L,H)—-T(N; - L Hx n
E = — \
N WV, - LH,) + T(N; — L H* N .
H, \

1 o IR 2, y {—3Mi/Mj it M H;
En. = .

Y por A, 2MIM; if M; <M,

They are fully geometrical factors that depend only on the specific model!

A*=V,Y

14

(Ygiag — VeLYerR) d (M]il]iag = VY, )




LpGn: Decay Factors & CP asymmetries

0 e 63\
At LO we can consider 4, ~ Y, ~y’|e} €2 €2
\6‘3 €’ 1)
Always subdominant
compared with &
( 2\'\ 3 M ‘ !
M3 € a 1 64 - 4 U,T
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y This gives N

Always subdominant

an important _
compared with &y

contribution




Analysis: Procedure

Assumption of hierarchical RH neutrino masses: M; < M, < M5. Within this framework:
——=  Any Njgenerated asymmetry is assumed negligible.

—— The two lightest RH neutrinos do not interfere with each other:
the generation of the asymmetry from N, decays and from
N, decays proceed independently.
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Y |
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Analysis: Procedure

Inputs: Solve BEs (2 steps):
Generate randomly Solve for Y, from BEs with N,_,
IM,,| €[107,10'] GeV - assuming zero initial conditions

- Yn» Oy € [=7, 7]
(M, =5x10"GeV)

Compute leptogenesis
parameters from 4,

Solve forY, from BEs with IV;_y
assuming Y{=* as initial conditions

a.

Dirac couplings are
~entangled by M, .
~and m,, .(fixed by fit)

T Diagonalize Y., M,, and | _
W > obtain 4 = VjLYU% Y is computed from ¥ A

- Accept only points that

give Yp within 20% Y.




Analysis: Results

N, decays only N, and N, decays
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Allowed values of RH neutrino masses M, , giving Y within 20% (M5 ~ 5 x 10'*GeV)

See: ArXiv1904.10545, Fredrik Bjorkeroth, Ivo de Medeiros Varzielas, M.L. Lopez-Ibanez, AM, Oscar Vives



Analysis: Results

N, and N, decays

Correct BAU above 10 e rrrrr—
M, ~ 4 x 10°GeV , M, =~ 2 x 10! GeV E *
o/ A
Two regions: : §
| %\ I ]
.002,0.1 7 S I o |
M, /M, € 10.002,0.1] | M, < M, T el QN%\ ,,,,,,,,,,,,, Wag ]
| | : S/ 9 ]
M, < M; MM > 0.1 I :
1011; """"""""""""""" st E
BAU consistent with i | w | :
leptogenesis from NV, 108 10° 1010 10! 10'2
Ml(GeV)

Allowed values of RH neutrino masses M, , giving Y within 20% (M5 ~ 5 x 10'*GeV)

See: ArXiv1904.10545, Fredrik Bjorkeroth, Ivo de Medeiros Varzielas, M.L. Lopez-Ibanez, AM, Oscar Vives
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Analysis: Results

RH input mass parameters (M, ,)
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See: ArXiv1904.10545, Fredrik Bjorkeroth, Ivo de Medeiros Varzielas, M.L. Lopez-Ibanez, AM, Oscar Vives



Conclusions

_— We have studied the generation of the BAU
through N;+Nz-leptogenesis in the UTZ
SO(10)xA(27)xZy flavoured GUT model

Leptogenesis yields the observed BAU for a
considerable region of the parameter space.

——— The preferred mechanism is N, leptogenesis:
M, >4 x 10° GeV, with M, >2 x 10" GeV,
while 0.002 < M,;,/M, <0.1.

N, leptogenesis possible but not compatible
with the model!

_— We can constrain the neutrino Yukawa
couplings, which are bounded from below:

y,” >0.003,y,” >0.008
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