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Aim & motivation
Baryon asym. via Leptogenesis

° Build predictive neutrino models
[ predictive relations between nautrino parameters]

e Relate v-oscil CP viol. (5) to leptonic CP asymmetry,
I.e. have single CP phase.
Perhaps predict phase 6

e Work within framework which avoids various phen./cosm.
difficulties

[like gravitino problem etc.]



Outline:

e Motivated by above, consider system with two
quasi-degenerate RHNs =

' : Flanz et al'96
—> resonant leptogenesis allowing Pilafteis'07
low Mr<10'GeV Pilaftsis, underwood03

e Classify experimentally viable texture zero Dirac
Yukawas leading to (testable) predictions

e Cospological CP is related with neutrino osc. & -phase *

* |dea; with hier. 2 RHNs by:

Frampton, Glashow, Marfatia, PLB 536 (2002) 79
Frampton, Glashow, Yanagida'02



SUSY setup
e Successful Coupling Unificaton good for GUT

MSSM SM
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e low SUSY scale - Stab. Hierarchy
e Stab. LSP > Dark Matter Candidate



MSSM: Lepton and sLepton Numbers
With discrete R-parity:

R — (_1)13(B—L)+25’

—> no L and B violation at d < 5 level . LSP 1is stabile,

1.e. No AL # 0 superpotential couplings:
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SUSY d =5 AL = 2 operator:
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Neutrino Data:

Three-flavor oscillation parameters

1409.5439: M. C. Gonzalez-Garcia,”” Michele Maltoni,” Thomas Schwetz
Normal Ordering [Axg = 0.97) Inverted Ordering (best fit)
bftp =lo 30 range bfp =10 30 range
sin? A9 0.30470-015 0.270 — 0.344 0.30410-915 0.270 — 0.344
f12/° 33487918 31.29 — 35.91 33487912 31.29 — 35.91
sin? 023 0.452+0-052 0.382 — 0.643 0.57910 032 0.389 — 0.644
623 /° 42,3732 38.2 — 53.3 49.5%53 38.6 — 53.3
sin” A13 0.0218F0-0010 0.0186 — 0.0250 | 0.0219F2-291L " (0.0188 — 0.0251
f13/° 8.50703] 7.85 — 9.10 8.51703] 7.87 = 9.11
dcp/° 306737 0 — 360 254753 0 — 360
ﬁm%l ~ =n+0.19 ~ =n+0.19
10-5 V2 750715 7.02 — 8.09 7507 15 7.02 — 8.09
Am3a,

10-3 eV?2

(= m4-0.047
_|_2.—]:=Jf_0047

+2.317 — 4+2.607

A A0+0.048
—2.449% 47

—2.590 — —2.30°



Evidences for New Physics:

Atmospheric & Solar Neutrino ‘scales’

Am?

atm

=24-107%eV?  Am2,=7.5-10"%eV?
e Origin of these scales and mixings?

Unexplained in SM/MSSM < m,, 3 10°% eV
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Extensions for neutrino
masses

-- Type | See-Saw — with SM singlet N matter

-- Type Il See-Saw — with SU(2) triple scalars
(with hypercharge Y=2)

- Type Il See-Saw — with SU(2) triplet matter
(with Y=0)
... other possiblilities: radiative,
Inverse see-saw, etc



Extending SM - Neutrino masses via type | see-saw
- nu-masses, osclllations

V" —— SM singlet

lv‘H Mvv® > AL=2 Lepton number viol.
My
M
(H) M T TN
My ~ M

M ~ 10" GeV — m, ~ few-0.01 eV



Baryon asymmetry: 1 TE510- 1

Also reguires some extension

Th. model giving predictive v masses/mixing
—symmetry principle?

Extension with Right handed neutrinos:

e v masses/mixing =2 neutrino oscillations
e & B-asym. Through leptogenesis



e Neutrino parameters
Basis: Y., = Diag (\e, Ay, Ar)
->Lepton mixing matrix from neutrino matrix
M, = PU*P M{issy+p

70
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U = —C23512 — 523513C€12€ C23C12 — 523513512€ 523€C13
Lo P 7] . e 14] . .
593512 — (93513C12€ —5939C19 — (93513512€ C99C13 é Enterlng
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P’ = Diag(1, ¢, ¢%?) € Unknown
Entering in double B — decay

P = Diag(e™1, e™2, ¢'“3)



e SUSY setup. Extension of MSSM with 2 RHNs Ni,2

1
W, =1"Y.ehy, W,=I1"Y,Nh, — §NTMNN

Basis: Y, = Diag (e, Ay Ar)

K.S. Babu, Y. Meng , ZT
arxXiv:0812.4419

Degenerate RHNs: )/, = ( (1) (1) ) M

Consider all possible textures for Yv :
e 2 Or more texture zeros do not work;
o 1 texture zero: 3 possibility

o Texture without zero(s) can give only fit — no prediction(s)



One Texture Zeros in Yv

xoq 0 )
Texture A : Y,=| zay b |05
re® 1

roy b S
B, : Y, — (mz 0) 3 Single complex phase

re 1
rop b )
Bg : YV = .fCOégeid) 1 /8

T 0

: . v 1 yT /R 0\?
Build v Mass matrix: M, =Y Y Y <hu>
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Texture A = Normal Hier.

0 Oélb 1 | ZCBQ
MV — Clqb 20&2b o + be“b W(U Sin 6)2

Qi + be? 2e?

Prediction:

: ma2 :
tan @3 = sin b9, [ — > sin*03 ~ 0.05
ms3
Too large, Excluded.



Texture B1 Inverted Hier. Texture B2

N /

20&16 Ofgb Q1 + bei‘b 20616 ] + Ofgbeiqb b
M, = b 0 0% | aq + asbe® 2005€"? 1
ap + be'® oy 2e'? b 1 0

1 sin 63 tan O3 cos d 1 Am?Z

. 9
Sin” fyp >~ — — ,
272 | tan2 O sin? Or5 + €2] 8 |Am?

atm |

sin fy3 tan fag cos 0 1 imsnl

- — + =
tan? fos + sin? y3e20| 8 |Am2,,|




: 2
Texture B1  sin2¢,, ~ 1 ~ sin 03 t.an2923 CoS 0 . 1 Am;d
2 |tan®fy3sin® O3 + €20 8 |Amg,|
) Sin2912 Sin2923 Sin2913

~ (.2 0.33 (+20) 0.604 (+10) 0.0219
~ 0.4 0.33 (+20) 0.629 (+20) 0.0219

~0.72  0.344 (+20) 0.664 (+30) 0.0251 (+30)



6 Sin2912 Sin2923 Sin2013
=i
a8 ~ 0.2 0.33 (+20) 0.604 (+10) 0.0219
()
ek
.E ~ 0.4 0.33 (+20)  0.629 (+20) 0.0219
e
~ 0.72 0.344 (+20) 0.664 (+30) 0.0251 (+30)
\\ Check for
Leptogenesis..
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Resonant Leptogenesis

With degenerate N's, CP asymmetry:

mn(Y,)Y,)3, (M3 — M})MT, Pilaftsis &
(YY) 11 (YY) (M2 — M2)? + M2T% Underwood'03

/

Has maximum with M, =M |[1-5,|, M,=M|[1+6,] 6,01

€1 —

For arbitrary M !

Needed: 1) to generate On ; 2) (\?f\fv)ﬂ(:omplex- CP viol

In considered 1) On emerges at 1-loop;

framewrok: 2) Complex (Y.'Y),, at2-loop & related to &



Lloop RG: 672 C py = 20y Yy, + 2V Y My

at
1 M
-1 rl—loo , ~ty - ATy s (=
GJIN = _8;'r2 (;I'[N}J} v T }y }y "}'IN)H:JMG n T
—on 1
[ = ij My = | ON .
’L v =M ( R )

At 1-loop, phases are correlated and drop out !
No CP at this level

0 0
Y,=U as 0 17‘:’ . P = Diag(l.g"’;‘f)

I E&-g E}g

Drops out from 1-loop RG



. 1
2-loop RG: 16#%%\; = 2MNY]Y, —gaMn (Yj Y.YIY, + -

B Sy 1
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All Yukawa parameters, besides one (x), are
calculated in terms of observables and M:

For fixed M & & Ng/S vs. X can be plotted



Baryon Asymmetry: Inverted Hierarchical Case (texture B1)

tanps=21
tanp=25
— fADS=30

M = 10* GeV



rap b )
By: Y, = zawe® 1 |5 Does not work.

r 0 A do not hit CP phase

With this setup, only one 1 texture zero works (not well..)



Explore more possibilities...

Introducing additional /\ states:

(Ny N, N)
0 O

Y, = | x X
X X

Situation will change..



Some assumptions & simplifications

a) /\/ ‘s are much heavy than N, ,
“~~. do not contribute to leptogenesis

b) \V ‘s do not spoil degeneracy of N; ,

¢) Integration of AV > d=5 ops, improve
neutrino sector and keep predictions

J oS
5y _ Wh
) = O Lili oy,




Setup: (A. Achelashvili, ZT * 2016)

1 0
2. two texture zero Yukawas + single d=5 op.

e 1. Twodeg. RHNs (& Ye=diag) A7\ = ( 01 ) M

Helps classification:
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Examples:

ds 0

0 2@2 bg

0 agbg -+ 9 bg@iqb
0 ds

d5 20,2 bg

0 (lgbg -+ a9 bgeiqb
0 0

0 2@2 bg

d;{, Cbgbg + Cl/gbgems

0
Cbgbg -+ a9 bg ew
2@3 bg@igb

0
Cl,gbg -+ a9 bg 63%"‘:Zs
2053 bg@igb

ds
a3 bg + U9 bg ei‘?b
2@3 bg@igb



Obtained neutrino matrices

0 0 x
P, = 0 %X X
0 x 0 X X X x 00 X
Pr=1 x x X Po=1 0 0 x
X X 0
0 X X X X X
Pr=1 X X X
0 x 0
0 X X X X X X X X
Py = X X X Ps=1] x 0 X P-=| X x X
X X X X X X x X 0

Pl_t}rpe: *1[’_1(“}12) ; Pg—t}f*pe: J[r}ig) : Pg_t}rpe: J[(}ia} : P4—t}-*pe: J[Tgﬁ

Ps-type: ﬂfi(niz), ﬂ[,}'é'g): Fs-type: ﬂ[}il} ﬂféﬂs ) P?—t}--*pe: ﬂfi.%l),_ ﬂfgm



One example (for demonstration)

0 dx 0
ﬂier — | dx 2a9b9 | asby -+ Hgbgf? m
0 H-gbg + ﬂ-gbgﬁ?i"ﬁ 2{13 bgt
2 Arnm‘m + Aﬂlgoic%Z
Mg =

I — siycotgs(1+t13)% — iy
my = 0.00613 eV, mo =0.0106 eV, mg=0.0499 eV

2.4 _ 2.4
miti, — maci, —m3s o
COS p1 = 2L L 1; 5 2712 p1 = £3.036
21m1macisSTs
N y 2 ; C L4
0 = arg[myciy + masi,e] —arglm; — mye”] 0 = 20.378

O = £1.287



Preliminary numerical results (for P1 texture)
Resonant leptogenesis works with:

tan | 3m in a9 s bg 53 (f 5

101‘3 3.615 | 7643 x 1079 | 888 x 1076 [ 59.18 x 107°% | 57.28 x 107% | 3.78 x 10~*

[ 3]
1015 3601 | 2419x 1070 [ 2811 x 106 1873 x107%| 181 x10°°%]3.79 x 1010
10+ 35971 765 x107% ] 889 x 10| 592x107%| 572x107%]3.79 x 10~
1013 360312421 x10°%] 281 x 106 ] 187Tx10%| 181 x10°%]378 x 1012

l 85x10 1L F

eVv

8. x 10711 |
75%10" 11 |
npg i 5
— 0l M =10° GeV
q -
11 b
. .
6.5 x 10 ' —  Approximate
6. <10 :_ — Exact

75%x107° @9 8. x107° 8.5%107°




Summary

e With 2 deg. RHNs (& Ye=diag) neutrino Dirac Yukawas
only one 1 texture zero works for neutrinos
& resonant leptogenesis

e With 2 deg. RHNs (& Ye=diag)
2 texture zero neutrino Dirac Yukawas + single d=5 op.
Many scenarios are working for neutrinos
and also for resonant leptogenesis

e Future work: To justify textures by symmetries (flavor sym.)
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