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Inverse -seesaw (ISS) mechanism

ISS(nR? TLS) w QUL LS wLN pqOLjl Lif wlj 6-g Bjuip Btz &' 6 Ljp Kldzr Lj) dzv
U Sterile neutrino fields : VR (Z - 1’ "'7nR)a Si (7‘ — ]-7 "':ns) (B+np+ns) X (3+ng+ns)
0 Mj; 0
—Linass = €L Myeg + 7L Mprg + 7 Mps + 55° Mys + H.c. mmmm) M= (M}, 0 Mg
0 ML M
i Effective neutrino mass matrix (& H L 0):

TN—1 gt m% U ThelSSis a low -scale
Meg = —M}, (Mp)™" MMy M), mmmmmp o, ~ fis neutrino mass

(i Active -sterile mixing : generation mechanism

Upy ~ VE (0, MD(ML)_l)Usﬁ Ugg) ~ =~ U ISS provides a ngtural
fs template for (active)
neutrino mass
2 . .
_ mi, mp My suppression with
Type-l seesaw : My ™~ = Uni ~ M N M sizeable active -sterile
neutrino mixing
Minimal Inverse Seesaw : U One massless neutrino
ISS(nR, fn,s)‘ [SS(2,2) U Neutrino data can be accommodated
Abada & « A gdzs [ dzt 4 u Still 17parameters (in the 'E diagonal basis)
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Neutrino oscillation

Minimal Inverse Seesaw

1SS(2,2):

17 parameters vs 7 observables

2
912 3 923 s 913 JAm21,31 ’

0, «
Parameter Best Fit +1o 30 range

012(°) 34.3+ 1.0 314 — 37.4
023(°)[NO] 48791992 41,63 — 51.32
023(°)[10] 4879110 41,88 — 51.30

615(°)[NO] 8.581011 8.16 — 8.94

615(°)[10] 8.6370 15 8.21 — 8.99

§(°)NOJ 21675; 144 — 360

5(°)[10] 277133 205 — 342

Am3, (x1075 eV?) 7501032 6.94 — 8.14

|Am3;| (x107% eV?) [NO] 2.56100% 2.46 — 2.65

|Am, | (x107% eV?) [IO] 246 £0.03  2.37 — 2.55

de Salas et. al, 20; Capozzi dzf{ m Lj,t 9 f N M¢ [ dzGLjs

Abelian flavour symmetries:

U All mass terms generated

dynamically
Mf 3 MD
Mass matrices
MR 3 MS
Vo
----- S = (I)aa Sa

Vs (ga +93+4qs) =0

U Impose texture zeros in the mass
matrices reducing the number of
parameters

u CPV from vacuum phases (SCPV)

L (60) = vac'®
_____ ® . .
al — ua,ez “
dzf m L)/ Yg )
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Scalar content and Yukawa Lagrangian

U Need to add a second Higgs doublet to be able to realise the charged -
lepton mass matrix textures .

U Add two neutral complex scalar singlets to dynamically generate E and E

2y 207 - :
gy = (¢5’2) =7 ( e ) o S = 5 (U126 + p3a +ins4)

0 .
1,2 v1,2€"12 4+ p1 o+ 1N

Yukawa Lagrangian

Ly, = 0p, (Y10, + Y28,) eq + 01, (Yb(f)l +Y%<i>2) .
+55° (YIS +Y28)) s+ 7R (YhS2 + Y3S5) s + He.

Scalar potential Vigit (B, Sa) = 129 1Dy + 12 52 + 114 |S1]2 51
V((I)aa Sa) — ‘/sym.'l' ‘/soft(q)aa Sa) + U5 |52|2 S> + H.c.

H4aUy
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u SCPV is achieved by: 0.6, =0, & = arctan (\/32M3 M4U1)




Abelian flavour symmetries

U Maximally -restrictive texture sets  compatible with neutrino oscillation

data that are realisable by Abelian symmetries:
Gr=U(1l) xZ, x U(1)p, n = 2,4

(5.1, Tas) (45, T124) (45, Tus6) (45, T136,1) (4%, T1a61)

Fiells  U(l)  ZoxUQ)p  ZoxU(l)p  ZoxUQ)p  ZyxU(L)p  Zsx UL)p
Dy 0 (1,1) (0,-5) (1,1) (1,2) (0,1)
P, 0 (0,—1) (1,-3) (0,-1) (0,1) (3,0)
S1 0 (0,2) (0,-2) (0,-2) (0,—-2) (0,—2)
Sa 1 (0,0) (0,0) (1,0) (0,0) (0,0)
le,, 1 (1,0) (0,0) (0,0) (2,0) (2,0)
buy, 1 (0,2) (1,2) (1,-2) (1,-1) (1,-1)
by, 1 (0,—2) (0, 4) (O, —4) (0, —2) (0,—-2)
eRr 1 (1,-3) (0,9) (1,-5) (3,—4) (0,—3)
IR 1 (0,3) (1,7) (0,-3) (0,-3) (1,-2)
TR 1 (0,-1) (0,5) (1,—1) (1,—2) (2,—-1)
VR, 1 (0,1) (0,-1) (0,-1) (0,—1) (0,—-1)
VR, 1 (1,-1) (1,1) (1,1) (2,1) (2,1)
81 0 (1,—1) (1,1) (0, 1) (2,1) (2,1)
Sy 0 (0,1) (0,-1) (1,-1) (0,—-1) (0,—-1)
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Abelian flavour symmetries

ONLY
NTERESTING £y =Ty (}0u + Y702 en + 72 (Yhoa + Y3 un
(50 1 Tas) +25°(YiS1 +Y25)) s+ vr (YRpS2 + Y%S3) s + Hee.
Fields — U(1)  Zox U)g
o, 0 (1,1) Mass matrices Yukawa decompositions
Do 0 (0,-1)
Si 0 0,2) M, Y, Y7 Mg Yr
% ! (0,0 0 0 x 0 0 0 0
ler ! (1,0) 5, o o o 0 x 0 Ty ( X)
l,, 1 (0,2) x 0 0 0 0 x x 0
rr 1 (0, —2)
ER 1 (1,—3)
KR 1 (093) MD YJID YJQD
R 1 (0,-1) M, Y! Y?
VR 1 (0,1) x 0 0 X
VR, 1 (11*1) T45 0 0 X 0 T X 0 0 0
23

$1 0 (1,—1) 0 x 0 0 0 O 0 x
59 0 (0,1)
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A common origin for Leptonic CPV

U  Parameterisation of the charged lepton -mass matrix :

0 0 ay a? 0  ajay c., 0 sp
5. My= |0 @ o, m = 0 a o0 Ve=( o0 1 0| 6,
as O a4 aras 0 a3+ af —sr 0 cp

. _ ! o, _ ! . _ !
5? 'VL,R—VL’RP12) 51 'VLaR—VL,R7 5’{ 'VL,R_VL’RP23?

NO.,, ,lO., ™= 6 distinct cases to be analysed

Real Yukawa couplings (CP is conserved at the Lagrangian level) ——
bl 0 0 b3
0 ds 1 _ f2 0 2 _ 0 0
YhL=(0 0| ,Y4=(bs O ,YR:( ),YS—( ),Ys—(
(0 bg) 0 0 di 0 0 0 0 fi

VEV configuration:
(#1) = vcos B
(¢9) = vsin B ) M, = (

"Dy TDs 0 M it
0 |, Mgz= M. — (PHsE 0
(S1) = ure® | (Sa) = us

0 mp,
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Correlation between Ilow -energy observables

i Effective neutrino mass matrix  :  VIMgVy
2 2 € . — /
Lo Zerie o2 cosf, 0 sinfy 51 Vir = Vi rP1
T w
Mg = e ¢ gy 0 |Ve=| 0 1 0 | B:Vir=Vig
: . —sinfl; 0 0
22 0 we? oL costL 51 : VL,r = VfL,RP23
2 2
_ . Mmp,Mp; P _Mp, p . Mmp, _ Mmp mp,
Z_#S MZ q2 ’ w_l'l’s M2 q27 :L._/J’S M2 ? y_lUJs M2
U The effective light neutrino mass matrix is written solely in terms of 6 effective
parameters

- Low -energy relations: -
— 2 2
(mﬂyﬂ Z,?U,@L,g) ‘ Oz — (Am21aAm3119ij:5: Of) Dqo
5 arg IMjPME—=| =0
i Do3
NO : M;; = |U™"diag (0, \//_\m%l, \/Amgl) U’T] - Do
! i B arg |[Mp2M2,=2| =0
: ! Dos3 |
10 : M;; = |U"diag (\/Afm%l, \/Amgl + Am%l,()) U’T] ] Do
L 1] *2 7 12 12
b1 : arg | M{sMzs—| =0
D,; = My M;; — Mz'zj 1 g _ 13 4133 Dos |
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Leptonic CP violation

360 360 :
315 I NO, ] 315 -
T (Am,6;) 1 I
270 - 4 270 il
i : i’g ] f (Am3,0)
225 7 i 225 ]
<180 3 180
L (5 i b (5
135 3o | 135 35
3 lo i 1o
90 |- bt - 0% o Tk
45 - . 45
0 / L | L | . . | . | . 0 ‘ L 1 L | L L | L | A
0 45 90 135 180 225 270 315 360 0 45 90 135 180 225 270 315 360
§(°) 5 (°)
U Strong correlation between 4 and 1, (S1) = uie’s
U No Dirac CPV implies no Majorana CPV, ) 7SP ., Inlaj O SIn(2€)

as in Branco, Felipe, FRJ, Serédio (2012)

U A measurementof jintheintervals T u,podand ¢ Vo p Y
would exclude the NO ,and NO, cases,

U b b analysis done in the paper (no time to discuss here).
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Heavy -light mixing relations

ny + I/j
i Charged and r 9 - S W
wt = —=W B.; eay"Prv; + H.c.
neutral current V2 O; ; o !
interactions Ca
g ny 3 ZO V;
_— *
Lz = T Zy, Z v+ (CijPL — Cz’jPR) vi, Cij = Z B),B.; ’VW\N\I\<
W=t a=1 |
v
B64NB65N x BT4NBT5NtaIl9L B#GNBH'zNZ—fLUtaIlQL B6NB7NO
— — ? — — ? — — 9 eo — elr —
B”4 BM5 yer, BH4 B”5 B s B, - w + ztan @y,
U Numerical estimates
U The = | At Q 1B hy are
NO. NO, NO, 10, 10, 10, related to each other;
B.s/B,s ~B.;/Bs 0.21 0.17 0.17 | 273 0.21 041
Bry/Bus ~Br5/Bys | 0.27 0.88 0.87 | 0.51 1.09  1.24 U The relations are expressed
- solely in terms of the low -energy
B,4/Bes =~ B,5/Bes 1.27 5.07 524 | 0.19 533 5.02 neutrino observables :
B.s/Bus ~ Ber/B7 0 — 0.36 0 — 4.96
B.s/B,s ~B;7/B,; | 0.61 - 0 1.14 — 0 U Due to the flavour symmetries the
heavy -light mixing parameters are
B:s/Bes ~ Br7/Ber — 1.64 0 - 0.23 0 not independent

Relations among cLFV processes (no time to discuss here)
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Charged lepton flavour violation ( cLFV)

U Muon cLFV:strongest current constraints and future lowest sensitivities




