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RATIONALE:
Consider the simplest (canonical) type-| seesaw framework

Q1: Which are the maximally-restricted texture-zero structures?
Q2: Which are compatible with data?
Q3: Predictions for mgsand leptogenesis?

Q4: What kind of restrictions if a CP symmetry is imposed?
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Seesaw and notation

Minkowski'77
. . . _ Gell-Mann, Ramond, Slanskiy'79
Minimal pure type-l seesaw: (N ,Ng)=(3,2) venaicar
Schechter & Valle’80
Glashow'80
Mohapatra, Senjanovic'80

: . 1—
Neutrinos: £, = (.Y, dvg — i(VR)CMEVR + H.c.

King'99
Frampton, Glashow, Yanagida'02
Cha rg ed-|ept0ﬂ5 Ee = _ELYEq) ER + H-C- Parameter Best Fit £10 30 range
612 (°) 345710 31.5 — 38.0
: . f23 (°) [NOJ 41.04+1.1 383 — 52.8
Eﬂ:eCtlve ﬂeUJl:_rl NO Mass 023 (°) [1O] 50.54+1.0 38.5 — 53.0
Matrix: 615 (°) [NO] 8447018 79 589
13 (%) [10] 8411518 7.9 -89
.2 —1~T 13
MV = —U YVMR YV 8 (°) [NO] 252756 0 — 360
47 0— 31
§ (°) 10 259791
() [10] T 42 4 360
Lepton mixing' U = UTU Am3, (x107° eV?) 7.56 +0.19 7.05 — 8.14
: - 14
¢ |IAm3,| (x1072 eV?) [NO] 2.5540.04 2.43 — 2.67
U?;MVUV — diag(ml, mo, m3) =d,, |Am3,| (x107% eV?) [I0] 249 +0.04 2.37 — 2.61
. [Salas et. al "17]
UEMgUe = diag(me, m,,, m,)
o C12C13 $12C13 size”®\ /10 0
pa a metrlzatlon U = —812C23 — 612823813616 C12C23 — 8128238136M $93C13 0 ew‘21/2 0
S12823 — C12C23513€"0  —Cl2893 — S12C23513€"0  Co3C13 0 0 elasi/2
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QI: Which are the maximally-restricted texture-zero structures?

Barreiros, Felipe, FRJ18

Charged leptons (#;= 6)

YV MR MV
[0 x 0 0 0 x 11, Tz Ra A 0 x
x 0 0], Ls: {0 x 0], e XX
\0 0 x x 0 0 T4, T5 R3 cX
/0 0 x 0 x 0 S [ 0 x)
cx 0 0], Le: (0 0 x T, Ty R1 B X X
\0 x 0 x 0 0 E \. . x/
. . _ . />< X 0\
Dirac Yukawa couplings (#;=2) : Ty, Ts R, E [¢] xx
0 x 0 x X X \ : X)
Ty: [x 0, To: | x x|, Tz: [0 x|, Ty, T Ro S [x x x\
X X x 0 x 0 D 0 x
Ty, Te R A \. . x/

x 0 x 0 X X

T, 0 x|, Ts: [x x|, Tg x 0], W /X x )
X X 0 x 0 x T3, Ts R1 E:|. x 0
\. . x/
RH-neutrino mass matrix (#;=12) : Ts, Te Ro X X X\

Cox
x 0 0 x X X 0 x T2, T3 Rs .
Rll ( X) y RQZ ( X) ) R3: ( 0) s R4I ( 0) 0)
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Q2: Which are compatible with data?

Barreiros, Felipe, FRJ18
NH (ml — ()) :m3 = Am3, , m3 = Am3,

IH (m3 = 0) :mi = |Am3;| , m3 = [Am3;| + Am3,

Low-energy relations due to the presence of TZs
2
Ni: M2 YasUss : :|ﬂ
ms3 UZ.Uj, Am2, Ul Up,
* * = ]Am%ﬂ * * 2
[H: & =02 02 , L |YalUs
mo a1 Y31 L+r, UL Up
U, U7
ma a3 33
ms (UazUﬁz) cosd = f1(6i;,70)
U, U cosa = fo(0;:,7
IH : Im(@) = —Im | 222 —¢ f2(03j; )
m2 UliUp
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Q2: Which are compatible with data?

Y, Mg M, 0 x 0 x X X R; (x O)
T,: [ x o0 To: | x x| Ts 0 x|, X
Ty, To Ro 0 x X X X x 0 x 0 0
Ty, T R x 0 x 0 X X :
S > ‘ X Tye: [0 x Ts: [ x x|} Te: [x 0],
> % X X 0 x 0 x R X X
i 0
T, T4 R | B |. x «x «
L Predictions vs. experiment:
/X 0\ 1_53 _l L L I_] T T T T 1T 17 15T // T 17 11 1117 117 17T I_
Ty, T R, C: _ - [ 10 T) 30+ Dbf P
7 5 . X 151 j ”” 7 t
\. . o) : It
C V; -7 ]
TS’ r]:'\4 RQ /X X X\ 149 i // /ﬁ”/ i
D: . 0 X k ; L” _\
Tq, Ts Rs \ ) X} = T o _\
- ”’ / .
[ % wf G j
Ts, T Ry E: . 0 i l/, el ]
0.491 - i
\. - x/ -t H
T5, T6 RQ (X X X\ 047 T T Y T S N Y T O | // N T [ N T N T Y T T S T A |
F: . % 0.06 0.08 0.10 0.12 0.14 1.86 1.88 190 1.92 1.94
Ta, T3 R \ : 0) afm
Barreiros, Felipe, FRII8 s =2 [s15(1 + 1) — ciy]s355%5 + ruc33sTacty o = (24 1)c35585¢y — [s1a(1 + 1) + cly]s335%5

[s32(1 4 7,) 4 c3,] sin(2612) sin(2623) 513 2VT 41, (c35 + 5353573)572¢1
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Q2: Which are compatible with data?
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Q2: Which are compatible with data?
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Q2: Which are compatible with data?

Y, Mg M, 0 x 0 x X X R, : (x O)
Ty: | x 0], |Te: | x x|, Tg: |0 x X
Ty, To Ro 0 x X X X x 0 x 0 0
- X X Rs:
T4, Ts Rs X x 0 x 0 X X 2 < X)
’ ' X Ty: [0 x|, |T5: [x x|, Te: [ x 0O
5 v X X 0 x 0 x Rs : X ;
Ty, Ty Ri : - X X «
S, Predictions vs. experiment:
/X 0\ T T [ v v 1+ [ T 1 [ r 1 T T [ T T T T [ T T T T
TQ, T5 Rl : . % « L4r ]
\‘ ><) s o
1.2 ~0%” .
T3, T4 Rao /X X X\ [ _22”
: -0 x % // k= ;5’
Tl: Te R; \ X} :6« 1.0F /;;’—/ i
/X X\ 0.8F /,;::, -
T3? T6 Rl : . 0 : ="
\‘ X/ 0.6} IH -
T5, T6 RQ (X x X\ PR T | PR SRN NN SR TR S S N PR 1 L
. < ||« 0.7 0.8 0.9 1.0 1.1 1.2 1.3
W
T2, T3 Rs \ . 0) a/m
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cs = 2(8%2 — oV 147,855 + (g — sToV/1 +7,)c335%5 Co ™ _3t23 + tz;, 00.3(24912) + 16575
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Q2: Which are compatible with data (the R, case)?

- . 0 X 0 X 0 X
Degenerate RH neutrinos: Ry : ( 0) T, [x o)., To: [x x
X X x 0
Specially attractive for radiative leptogenesis
Felipe, FRJ, Nobre'04 X 0 X 0
Joaquim'05 T4: |0 x|, Tsy: | X X
Branco, Felipe, FRJ'06
X X 0 x

Relation in
Y. Mr MY MY
(0 X x\

MU 174
1 Tl) T4 A.]_: . O X 33 = 13
IH : Ty = W 1~ 3.5 ) QMES M11J2

t12 \- - x
44 0 X X y y
NH : r & 52 = 0.005 To. T A, (_ | Ms, _ Mi
84 2, 5 2 X X w v
12 - \ 0) 2M5; MYy,

4 . .

X X 5 5
T3, Te Di: ] . 0 x = 13
2MY My
0 12 23
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Q2: Which are compatible with data (the R, case)?

: X

Degenerate RH neutrinos: Ry : (° N
: 0 T3 : 0 X
: . . . x 0

Specially attractive for radiative leptogenesis
Josuim0s X X
Branco, Felipe, FRJ'06 T6 . x 0
0 x

Relation in

Y, M«gr MY MY
TR N R
Ty, Ty A |- 0 x 32 -3

- oMy, MY,

(0 X ><\ y 5
TQ,T5 AQZ - X X M22 = 12

2M3;  Mi;
R4 \ : 0)
s =2 (0%2\/ 147, — 3%2)6'%3 + (3%2\/ 147, — 0%2)3%33%3 X X X
(\/1 + T 1) sin(2912) sin(2923)313 Ul 11/3
T3, T Di: | . 0 x 2NI1V = MY
c5 = 2(5%2 - c%2\/ 14 7"1/)3%3 i (0%2 - 3%2\/ 1+ 7“1/)0333%3 0 12 23

(V1A r, + 1) 8in(260,2) sin(26033)s13
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Q2: Which are compatible with data (the R, case)?

- 0 X X X
Degenerate RH neutrinos: Ry :
. 0 T3 . 0 X
. : . : x 0
Specially attractive for radiative leptogenesis
Felipe, FRJ, Nobre'04 X X
Joaquim’'05
Branco, Felipe, FRJ'06 T6 . X 0
Texture D 0 X

Relation in

2 YV MR Mu MV
TR N R
Ty, Ty A |- 0 x 32 -3

- oMy, MY,

(0 X ><\ y 5
M

T27T5 \ AQI VIR 22 _ 12
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RoONL \. . o) | M
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QJ3: Predictions for mg;?

Barreiros, Felipe, FRJ18

In the (3,2) type | seesaw . .
(3,2) typ Maximally-restricted zero textures

(2RHNSM):

x 0 x X x X
. _ / 2 2 .2 —2ix 2 . .
NO m[j[j = |Am31“qx7"y(313812€ +513| B: % % D: 0 X
. . b . . X
. _ .2 f 2 2 / 2 —24
IO mﬁﬁ — 613 |Am31 | ‘612 + 1 + TyS]_Qe ’LC\:| Texture B Texture D
1.5 T T T T T T T
saf O 10 T 3 bf
General 2RHNSM | S ) v
T L e e e Iolg -7 7 P
aof e 0.2 smmmTTT
500 of :
CUORE s 3 5o 4 %
0.51f '—\: ______ -— M‘\\ _oal \"‘“-H__ "I
0. |!)§ O I D X B et S S bt
047F —04F
100} | ‘ : ‘ - - : ‘ :
I KamLAND-Zen : o 16 L7 1.8 1.9 5.0 5.1 1.0 1.2 1.4 1.6 1.8 2.0
/‘\ N mag (%1077 V) mgs (x1072 6V)
z) 50 Texture C Texture F
=
= [O 1.55
1.53 - L4r
a i - 1
- 1.51 " N ] mmmemm -«
g N —— Y 2 s
10 . . :
- = ] !
NO — bf A 1o 30 = I E S i
D . 0.51 - A— 4 1 0.sf “‘~--__‘____ %
0.19 [} g I TTm=—___=z
oarp E 061
v J-L‘I ( LtT J:h Lt!! 5.0 Nl 1.0 1.2 1.4 1.6 1.8 2.0
1 maa (%1072 &V) mgag (x1072 eVv)
L 1 1 | L 1 1 | 1 L 1 | 1 L 1 | 1 L 1
0.0 0.2 0.4 0.6 0.8 1.0 x x 0 x x 0
C: | - x x F: |- x x
Cl/'ﬂ' . . b . . 0
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QJ3: Predictions for mg;?

INn the (3,2) type | seesaw Maximally-restricted
(2RHNSM): Zero textures
NO: mgg = /|Am3, [|y/rctssie ' + st Interplay (BB),,/ Neutrino oscillations
10t mgs = ey IAMEledy + VI rpstpe 2] [ T
50
General 2RHNSM [
500 - 40k
CUORE S
D L
E 30}
100} KamLAND-Zen ; éé‘z i
z 50 | 20
£ v :
z | | 10f
s NO — bf W 1o & 30 0.0 0.5 1.0 15 2.0
ajn
* Improvement of the mg, limit would disfavour
D textures Band C
0.0 0.2 0.4 0.6 0.8 1.0
a/n « Alltextures with R, would be excluded

Barreiros, Felipe, FRJ18
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Q3: Predictions for leptogenesis?

e Reproduce the value of the baryon to photon ratio: Fukugita, vanagida’ 86
0 10 Abada et.al06
np = (6.11+0.04) x 10 e

e Casas-lbarra parametrization: Y, = v~ 1 U* d}?{Q O d}\/{,z UE

Casas & lbarra’ 01
lbarra,Ross'04

0 0 cosz —sinz
®* Forthe 2RHNSM: Oxu = | cosz —sinz | , Om = | Esinz Ecosz |, §=+1
£sinz  £cosz 0 0
Mp tan z for Yz, =0 tan z for Yz, =0
Ry R mz U —
mg Uj, my Up,
R, Any tan zl\\/ilvjth d, & obeying ~—imi M Up, + §/maMy U, M are free
fp =0 MUY, + & /ma MUY, 1,2
Ry i/miMiUp; + §/maMaUj, Any tan z with 4, « obeying ]
VMU — i€\ /ma M U, Mz =0
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Q3: Predictions for leptogenesis (flavoured regime)?

My AY [f(x2) 4 g(x2)] + Bi'g' (x2)

‘= 82 malc.|? + mals.|?
€5 — My A3 [f(x1) + g(x1)] + By g’ (x1)

82 mal|s.|? + mo|c,|?

with: A;x = A?(ml,QgUalaU(xQ:Z: 6)

B = Bf*(m12,Ua1, Uag, 2,§)

e and pin equilibrium: €] = €f + €/

1.5¢

o/m

0.5F

0.0

['(N; — ®4,) — T(N; — ®7¢,,)

107 GeV < M5 <1012 GeV

1.0

P ST, = ®Lg) + T(N; — ®1g)]

Barreiros, Felipe, FRJ18

5.x107"
3.x1077
1.x1077

1.x107%

|€7] for Xpuin

1.x107"
3.x1077

5.x1077
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Q3: Predictions for leptogenesis (flavoured regime)?

o T(N; = ®L,) —T(N; — ®14,)
T G0N = ®lg) + D(N; — OFig)]

107 GeV < M5 <1012 GeV

6(11 _ Mo A? [f(-fb“z) + 9(562)] + B?Q’(ZUQ) Y?, = 0, with R, Barreiros, Felipe, FRJ18
Smv? malc.|? + mals.|?
(o My AS [f(z1) + g(z1)] + BSg'(21) o s
2 T2 mal|s.|? + mo|c,|?

5.x1077
with: A? = A?(mlyg,Ual,Uag,Z, f) 3.x1077
1.x107"
1.x107%

B = Bf*(m12,Ua1, Uag, 2,§)

e and pin equilibrium: €] = €f + €/

« 2
|€i | for Xmin
1.x1077

3.x1077

B (TLR1) A (T2,R1)

5.x1077

0.0 0.5 1.0 1.5 2.00.0 0.5 1.0 1.5 2.0

alm al/w
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Q3: Predictions for leptogenesis (flavoured regime)?

['(N; — ®4,) — T(N; — ®7¢,,)

(o7

. T G0N = ®lg) + D(N; — OFig)]
P _
Antusch, di Bari, Jones, King'Tl 109 GeV S./ Ml 2 SJ ]_012 GeV
o — Mo A? [f(-fb“z) + 9(1172)] + B?Q’(iﬁz) Y, = 0, with R, Barreiros, Felipe, FRJ'18
8mv? malc.|? + mals.|? ’
o M A3 [f(an) + g(e)] + B3y (21)
2 82 mals.|? + malc.|? e
15F
3.x1071
W|th: A;:u = A?(ml’Q,Ual,Uaz,Z, f) le(:i
& I 5.x10712
B? = B?(ml,Q: UOil? Ua?a Zy 5) = 5 1.x107"2
. o . . ’y — e M 5
e and pin equilibrium:e; =€; + € N i for X
2 i 1.x107"2
L | 5.x107"2
- . 1 8.x10712
0.0— L ‘

0.0 0.5 1.0 1.5 2.0
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Q3: Predictions for leptogenesis (flavoured regime)?

(o7

['(N; — ®4,) — T(N; — ®7¢,,)
€. = —

.,
Antusch, di Bari, Jones, King' ]_09 Gev g M1,2 SJ ]_012 Gev
Qo — Mo A? [f(-fb“z) + 9(1172)] + B?Q’(iﬁz) Y = 0. with R, Barreiros, Felipe, FRJ18
1 87.‘.,02 m1|cz|2 +m2|sz|2 9 11 )
o M A3 [f(an) + g(e)] + B3y (21)
2 82 mals.|? + malc.|? e
15
! 3.x1071
with: A¢ = A (my 2, Uqat, Uy, 2,§) o
& 5.x10712
~ 10 2
B? = B?(mlag,Ual,Uag,Z,f) - 1.x107
e and pin equilibrium: €] = € + €/ M | e for i
5 - “I 1.x107"2
L | 5.x107"2
B (TLR1) A (T2,R1) _ ‘
gob——— L
THE BAU IS TOO SMALL! e
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Q3: Predictions for leptogenesis (unflavoured regime)?

Barreiros, Felipe, FRJ18

(T], Rl) (T5, Rl)
1016
1015 ’
%
SD_/ 1014 L /
. g |€l| fOI‘ X?n]n
M; 2 10'? GeV (unflavoured regime) 10
10° ' 1.x10™
M2 Am%llm[sz] y (T4, Re)
61 - - 2 2 2 [f(mz) _I'g(xQH 10 1 ><10_5
8mv? my |e.|? + ma s, .
1015
% 1.x1078
M, Am3;Im[c?] @) + o) D ok
€y = — iy g\ —
8mv? my |s:]? + ma |c|? = ol
1 2
For the “best-fit” textures: 102 |€2] for X
> (Ts, Rs) —_1.x107*
x 0 x 1016 .
Ty, Ty R1 B: « X v(1o) . — 1.x10
X S 1 — 1.x107
X 0 @ 1014
Tz, Ts Ry |C X X /(10) <
X 1013
T3, T4 R2 x X X x 1012 L L L L
D:]. 0 x v (1o) 10 102 10? 10 102 10°
Ty, Ts R3 %
TN N
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Q3: Predictions for leptogenesis (unflavoured regime)?

Barreiros, Felipe, FRJ18

(Tlp Rl) (TS': Rl)
1016 -
% i
g 1014;__ ] =
2 2 EH 13 1 9
M Am3,Im|sZ] 1013 i or = g for X7y,
€1= -2 5 5 [f(@2) + g(x2)] * |
SWU ml |Cz| —I_ m2 ‘Sz| 1012 | 1 |
(T3, Rs) (T4, Rz2) 1.x107
1016 . _
M, AmaTm[c] [f(z1) + g(x1)] — -
€2 — — T T i 1 ] -9
8mv2 my [s.|? + ma e, |? g o o : |
For the “best-fit” textures: < : L ixao®
> 1088 ¢ b E 3
x 0 x [ ]
Ty, Ty R B: ® X v (lo) 1012 \ ‘
X (Tla RS) (Tﬁa RS)
1016 —
To, T5 Rs C: e X -/(10’) Lot | 1 [ ]
T3, T4 Ro AR g 104 ¥ -
D: 0 x X /(10‘) E"' ]
Tl, Tﬁ R,3 % 1013 L d 3 7
1012 L | I L |
THE BAU |S OKl 10 10? 10? 10 10? 108
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Q4: What kind of restrictions if a CP symmetry is imposed?

vy, — 1 X, YoVt o 1
CP SYMMETRY: — L, =~ Y®vg — S (vr) Mpvp + He.
VR — 1 XRY VE

Branco, Lavoura, Rebelo’86
Grimus, Rebelo'97

Feruglio, Hagedorn, Ziegler'1214
Holthausen, Lindner, Schmidt'12
Branco, Felipe, FRJ'12

%k _ Li, Ding"14 o
XJLYVXR =Y, Seesaw - .\ PSR
> XI/ MVX-V = MI/ Chen, Ding, King 16

T % 1 T Chen, Ding, Canales, Valle'lo
x M x — M M, = —’UzYyM_ YV Chen, Chulia, Srivastava,Valle'18
RVLRAMR R v R :
Nan, Ding18
Penedo, Petcov, Titov'18
Samanta, Sinha, Ghosal18
Barreiros, Felipe,FRJ'18
Novichkov, Penedo, Petcov, Titov'19

For non-degenerate light neutrinos: U:LX,,Ujj = f(u = diag(+1,+1,+1)

~ iag(el?
For one massless neutrino: X, = diag(e™, a,b) for NO , (a,b) = (£1,41)

diag(a, b, e'?) for 10

~ 7 The lepton mixing matrix
In our case: U, = pijU » X, =UX_,U U fixes the LH neutrino CP

transformation

Filipe Joaquim - Flasy19 (Shanghai, Hefei, 22-27 Jul'19)



Q4%: What kind of restrictions if a CP symmetry is imposed?

RH NEUTRINO e o :
) — Degeneracies:.
CP transformation: URrRZRUR = Xg
My =My =..=M,
® |mpact on the Casas-lbarra orthogonal Matrix O R o 0
AR = ( 0 D )
Invariance: Casas-lbarra: N
XJLY;‘}‘XR —v, ~+ YV — p-1U* df}riz O d}\fUTR 0O,, - n x n othogonal matrix
In the non-degenerate subspace:
X, — U*RﬁRUTR } Constraint on O imposed by the CPt Dy_p = diag(+1,+1, .-, £1)
N AT * _ Fully-degenerate spectrum:
X, = UX, U7 X, 0'Xr =0

(n=N): Xzp=0y=0X,0

O must be real since X is unitary

e Non-degenerate RH neutrinos My # My # ... # M,,:

Barreiros, Felipe, FRJ 19

I >k
= 10,

C-C Li, G-J Ding14

% _ diag(e!?, £1,£1) for NO
Y | diag(+1, £1, ) for IO

.
.
I

X = diag(£1, £1,+1, ...
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Q4%: What kind of restrictions if a CP symmetry is imposed?

IN THE 2 RH NEUTRINO CASE:

0 0 cosz —sinz
Ong = | cosz —sinz| , O =|&sinz Ecosz
Esinz  £cosz 0 0
A */\ o
XI0*Xr =0
. *

Invariance under CPt

M # M,

Xn (a,b) O (NO) 0 (10) Label

0 0 cosz —sinz
(1,1) cosz —sinz Esinz Lcosz O
diag(1,1) Esinz Ecosz 0 0

(13_1)

T

!
> (% % x
> (% x %
> (% x x

0 0 coshz  —isinhz
(L,=1)  =| coshz —isinhz + | i¢sinhz Ecoshz Op

i€sinhz  Ecoshz 0 0
diag(1, —1) 0 0 isinhz —coshz
(-1,1) £ | isinhz —coshz t | £coshz ifsinhz Om
fcoshz i€sinhz 0 0
(—1,-1) X X X

C-C Li, G-J Ding'17

Wlth A I'ea,l. Barreiros, Felipe,FRJ'18
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Q4: What happens when a CP
symmetry is imposed?

Barreiros, Felipe, FRJ 19

x 0 0 x
w ()] ()
X X 0 x
R( 0),34.(_ 0),
0 x 0 x X X
Ty x 0], To:|x x||Ts:{0 x|,
X X x 0 x 0
x 0 x 0 ®x X
T4:1 0 x|, Ts: x x||Tg: x O0].
X X 0 x 0 x

Degenerate RH neutrinos (M, = M,)
Xp =0, =0X,0

(a,b) = £(1,1) : Oy Mmust be real and so O = Oy

(a,b) = £(1,—1) : O5is automatically real

Ti2.45+R1 (M) = M) + (a,b) = =(1,-1)
The results do not change




Q4%: What kind of restrictions if a CP symmetry is imposed?

Rl (M1 = MQ) + (a,b) = :|:(1D 1)
Ri,2,3 (M # Ma)

Barreiros, Felipe, FRJ 19

} O is parameterized by a single real parameter
<

e Remember from the previous analysis:

Mpr tanz for Y., =0 tanz for Y4, =0
R, ¢ /M D ¢ M2 Ui —
Ro Any tan zh}v;thf,g obeying —iy/miMUG, + §/maMaUg, M172 are free
ao \/mlMgUzl -+ i£\/m2M1U22
Rs i mi MUY, + &/maMoUr, | Any tanz with §, o obeying
VMU | — i & /my M U*, M. =0 —

The CPt will constrain the heavy neutrino
spectrum

rnN = Ml/MQ

Filipe Joaquim - Flasy19 (Shanghai, Hefei, 22-27 Jul'19)



Q4%: What kind of restrictions if a CP symmetry is imposed?

Y, Mr M,
(x 0 x\
T1, Ty Ri B: | . x x
. « )
(x O\
T2, Ts R C: | . 5
. x )
T3, Ty Ro (X X\
D:|. 0 x
T, Te Ra , x)
[ x X
T3, Te R1 E: | . 0
\: - x
Ts, Te | Ba (% x x
F: | . X
T2, T3 Rs \ 0

Barreiros, Felipe, FRJ 19
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of/m

0.0

-0.2

-0.4=

mgg (MeV)

0.2

D Ts, &=-1 1.3 F Ts, £ =+1 1
T4,|f=+l Tf,,.f:—l 1
1.2 ]
11k ]
Ts, & = +1
Ty, & = 1 .
LOE  f Tgé=xl P
Ty & = +1 ]
0.9 1
0.8F ]
Ts, &= +1 Ts, £= -1 ]
Ty, £=~1 0.7 T, £ = +1 ]
o | 10 ]
| I S T T N T 1 ) I T N NN N T N N W 1 1 (}.{) 1 1 1 1 1 1 1
04 06 08 1.0 12 14 16 04 06 08 1.0 1.2 14 16




Q4%: What kind of restrictions if a CP symmetry is imposed?

0.4 T T T T T T T 14T 1T 7
D Ts, £=-1 1.3F F Ts, £ = +1 1
Ty, £ =+1 Ts, £ =~1
0.2F 4 19k 1
Y, Mg M.,

r 1 1.1¢f 1
x 0 x ! ] Ts, £ = +1 ]
Ty & = £l _ ]

0.0F ' 1 10F ¢ 1sou P

Ta & =1

X} [ 091 '

Tq, Ty R1 B:

X
X
o/

0\ -0.2f 1 osF ]
X X T =+ * Ts, £ = -1 :
: Ts, £=-1 1 o7 Te &=+l 1
Ta, Ts Ry C: ] . x x _ ) 10 | ‘ 10 ]
) _[}4 U [N TR TR S (N TN TR TR N T TN TR SN TN N S (Y SN S S N T SN S N1 (}.{) 1 1 1 1 1 1 1 1 1 ]
- - X 04 06 08 10 1.2 14 1.6 04 06 08 1.0 1.2 14 16
D: 0 X neo 13f Te =+l 1
Ty, Te Rs x/ 0.21 1 l,2§ ]
/X % 11F ]
. 1 X

T3, Ts R1 E: 0Ofl= " To £ - £l A N Toé = 1
\ 5¢ 1 09F ]
-0.2F ] 0.8F ]

Ts, Te Ra (X - Ts, £ =1
F: | . X Ty, £= 1 10 07F e 10 |
o4 . . . . . 0 . . . . .
T2, T3 R3 \ . 0 10 12 14 16 18 20 22 10 12 14 16 18 20 22
rn N
Barreiros, Felipe, FRJ 19 lo: - -
O Oy O
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Q4%: What kind of restrictions if a CP symmetry is imposed?

Two texture-zero scenarios + CP are very restrictivel)
(and difficult to implement in minimal SM
extensions e.g. 2HDM).

N

NO (£ =1)

* ONE TZ SCENARIOS /.

Example: R : (O i),

10

5
J | £
£
1
100 T

® |nteresting relations among CP phases

!
.
—
X X X
X X O
~
<
11
o~
X X X
X © X
~_
<
(@]
o~
X X X
<o X X

TN

10

e Contraints on ry 10 (€= 1)

100

e Correlations between ryand a

MANY OTHER INTERESTING FEATURES
(Perhaps) more straightforward ’ 10 (6= -1)
implementation. 1 o

0.0 0.5 1.0 L5 2.0 0.0 0.5 1.0 L5 2.0 0.0 0.5 1.0 1.5 2.0

rN

10

afm afm ajn

bf: Oy lo: - O, 30 : 0,

(*) And only compatible with data for a IH neutrino mass spectrum ) )
Barreiros, Felipe, FRJ 19

Filipe Joaquim - Flasy19 (Shanghai, Hefei, 22-27 Jul'19)



CONCLUSIONS

« Maximally-restricted texture zero patterns in the 2RHN seesaw: IH only

lepton mass basis. Consider permutations.)

Y"Y Mpr M"” NH IH
x 0 x\

T, T4 R B: ( X X X
Ly
(x X 0\

T2, Ts R C: | . x x X
Y

 Sharp predictions for neutrinoless double beta decay

Compatible with neutrino data at lo with 8 ~ 3n/2 (in the charged-

-+ Leptogenesis works (in the unflavoured regime) for M; > 104 GeV

« CP transformations: further constraints on CP phases and heavy
neutrino mass spectrum (leptogenesis still to be analysed) i%ﬁ%ﬂl |

Filipe Joaquim - Flasy19 (Shanghai, Hefei, 22-27 Jul'19)
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EICIN

THANK YOU!
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SUMMARY TABLE

Barreiros, Felipe, FRJ18

Y., Mg M, NH IH
T1, T R 0 x X
A: X X X X
T4, Ts R3 L X
(x 0 x\
Ty, Ty R1 B: X X X /(10’)
\- - x/ . .
(% x 0) ) isin the 1ginterval
TQ, T5 Rl C: . X X X /(10‘)
\ .. X } Parameter Best Fit +£10 3¢ range
- - (x % 612 (°) 345710 315 - 38.0
B 2 D: | . 0 x X /(10) 623 (°) [NO] 41.0+1.1 38.3 — 52.8
Tl T6 RS \ f25 () [10] 50.56+£1.0 38.5— 53.0
: - X 015 (°) [NO] 8441015 79,89
(x X x\ 613 (%) [10] 8417015 7.9—89
T3, Ts Ri1 E:|. x 0 X X 5 (°) [NOJ 252758 0 — 360
\- ><) 5 (°) [10] osorar 03l
(X » X\ 142 — 360
Ts, Te Rz P X /(30) AmZ, (x107° eV?) 756+ 0.19 7.05 — 8.14
. . X X
Ty, Ts Rs \ ) |[Am3,| (x1073 eV?) [NO] 2.5540.04 2.43 — 2.67
’ - - 0 |Am3,| (x107% eV?) [I0] 2.49+0.04 2.37 — 2.61
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Examples of symmetry implementations

[Kobayashi, Nomura, Okada'l8]

Abelian symmetry realization — U(1)

Fields || Lr,.| Lr, | Li, | er| pr | TR | Nry| Nry || Hsa) Hi | Ho | Hy | Hy | @1 | 2 ©3
SU2)r || 2 2 2 1] 1|1 1 1 2 2 | 2 2 2 1

Uly ||-3| -3 | -3 |-1|-1|-1 0 | 0 T 33l 3 2]0ofl0o] 0
U(1)—7|| 0 1 —110 | 1 | =1 m no 0 ny |no-1{ni+1|{no+1|-2nq [-2ns|-nq1-no

Fields || Lr, | Lr,| {r | TR | Ng; | Nr, | H| Ha| 1 | mr | np | @8 | ¢5 | 10 || € | o2
SU) || 2 2|11} 1| 1 2|2 2|2 2|1|1|1]|2]1
Uly || =5 | =5|-1][=1| 0 0 |33 |3/ 3]0]0)0 /(3]0
Ul)p_p| =1 | =1 |=1|=1| =4 | 5 [[0|0 =3|=3 =388 /|10 |[-6] 2
D, 2 | 1|21/ 2 I T I T A | I IR
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Compatibility with data (Texture A)

Barreiros, Felipe, FRJ18

0
0 x 0 x X X Ry: (X >
Y} hdR de Ty : x 0 , Ty : X X T3 : 0 x s ' X
Tl, T2 Ro 0 x x X x 0 < 0 0 x
. % RQI ( )
Ty, Ts R3 x 0 <0 S i
- X Ty: |0 x|, Ts: [ x x Te: | x 0],
0 x )
X
X

/x X X 0 x 0 x R : (X ><>
T:, Ty Ri |[B:|. «x 0
>' ' \ Predictions vs. experiment:
x x 0
4 1
Ta, Ts R C:| . x x NH:r,,:t%:0.00E) H:r,=_34-1~35
579 5P
\. . x/
Ts, T4 Ro / X X x\ - Texture A y Texture A
Dif . 0 x ' 016 C) 30 Exp. 30 — bf | [ [ 16 Tl 30  Exp. 360 — bf
Ty, Ts Rs .. X} 0.04} ] 0
6.0 [ s
(X X X\ 0.03
Tg, T6 Rl E: ox 0 & 12 -l(,l_
\ ) 0.02F 1 -
- X N H N -
F: - X X non—— A A 0.0
To, T3 Rs L 0) 0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
5/W 5/W

Incompatible for both NH and IH
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Q2: Which are compatible with data?

Tl, Ts Ro 0 x x
X X
Ty, Ts Rs , »
/x X
T1, Ty R: ] . x x
\- - X
/x U\
Ta, Ts R 3 %
\- - x/
Tg, T4 R2 /X X X\
: 0 x
T1, Te R3 _ X}
=
T3, Te R i 0
\- - %/
Ts, Te Rs X X x\
X X
T2, T Rs 0)

Barreiros, Felipe, FRJ'18

Ty

0 0 x
Ty [ x To: | x x|, Ts: ,
X X x 0 x 0 0
X
RQI
x 0 x 0 X X - X
Ty: [0 x Ts x x1, Tg x 01,
X X
X X 0 x 0 x R; : 0

Predictions vs. experiment:

Texture B Texture B

0.15¢
0.10F

0.05¢

0.00

(INJcompatible for IH (NH)
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Q2: Which are compatible with data?

Tl, T, Ro 0 x X)
X X
T4, Ts Rs _ «
/x X
T1, Ty R1 : - X X)
\- %
(x 0
TQ, T5 Rl : . X)
\- - x
TS, Ty Ro /X X X
: .0 x
Ty, Ts Rs \ %
[ % )
Ts, Té R4 . 0
\. - x/
T5, T6 R2 X X X\
X X
Ta, T3 Rs 0/

Barreiros, Felipe, FRJ'18

0 x
RQ .
x 0 x 0 X X X
Ty 0 x|,1Ts: | x x Tg x 0],
X X 0 x 0 x xX X
Rg : 0
Predictions vs. experlment:
Texture C Texture C
0.30 1.5
0.251 10k
0.20F
0.5
0.15
, 0.0
0.10 g 2
=== S
0.05 =05 _ -
0.00 ' -1.0
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
d/m o/m

Filipe Joaquim - Flasy19 (Shanghai, Hefei, 22-27 Jul'19)
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Q2: Which are compatible with data?

0 0 x
Ty X Ty : x x|,|T;
Ti, To R> 0 x Xx X X x 0 x 0 0
A: X X Ry : ( i
T4, T5 Rg . v X 0 X 0 X X
Ty 0 x Ts x x|,|Ts x 0]}
/x % X X 0 x 0 x R : X X
T1, Ty R1 B: | . x x 0
\- - x
(% x 0 Predictions vs. experiment:
T2, Ts Ry C: | . %
\ . X Texture D Texture D
Ts, Ty Ro /X X 15.0F
D: 0 x
Ty, T Rs \ : X 10.0
(>< X x\ <
T3, Ts Ra E: x 0 5.0
\- - x/
T5, Ts Rz o X\ U'{{)l.(_) 0.5 li[l 1‘.5 2.0 0.0 Uj.5 1_I[) 1?.5 2.0
F' . X X
To, T3 R 0/ o/m /7
Barreiros, Felipe, FRI18 (In)compatible for IH (NH)
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Q2: Which are compatible with data?

0 0
Ty | % , To: | X | Ts:
Ty, T R> 0 x Xx X X x 0 0
! X
X X R :
T4 T5 Rg X 0 X 0 X X
’ : X T,: |0 x T X X T 0
4 - P 5 ) 6 b
X
/x X X X 0 x X R; : 0
Tl, Ty R4 : - X X
\- - x
(% x 0 Predictions vs. experiment:
T27 T5 Rl . . X
\ : X Texture & Texture E
T3, T4 Ro /X X X 3.50¢ ] 00
. .0 x 3.00% - SRS /,_i oo
Ty, Te Rs \ - « 2.50 f ~-=7 T | H
R 2.0():%] —0.4f
(>< x\ S : ] :
150 F
Ts, Ts Ri : . 0 2
\ ) 100
i X 0.50 F
Ts, Ts Ra X X X\ 0.00 . .
0.0 0.5 1.0 1.5 20 0.0 0.5 1.0 2.0
X X ) i
T, T3 Rs 0/ d/m 5/m

Barreiros, Felipe, FRJ'18

Not compatible!
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Q2: Which are compatible with data?

0 0 x
T, X , | To: x x|, Tj
Ty, To Ro 0 x X X X x 0 x 0 0 =
A: X X R2:(
Ty, Ts Rs x 0 x 0 X X X
X To: |0 x|, |Ts: [ x x|, Te: | x 0]}
/x % X X 0 x 0 x R : xX X
T1, Ty R1 B: | . x x 0
\- - x
(x x 0 Predictions vs. experiment:
To, Ts R1 C: . X
\ : X Texture F Texture F
Ts, Ty Ro /X X
D: 0 x
Ty, Ts Rs \ %
(% x x)
Tg, Tﬁ Rl E: -ox 0
\- - x/
Ts, T R2 xox X\
F: - X X
Ta, T3 Rs .0/
Barreiros, Felipe, FRJ'18 (ln)compatlble for ||_| (N H)
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