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1-2-3 Model (Schechter/Valle)

J. Schechter and J.W.F. Valle, Phys. Rev. D 25, 774 (1952).
1-2-3 model: SU (2) singlet ¢(I = —2), doublet hA(l = 0) and triplet T'(l = —2)

<¢> = 0, <h> = U, (T) =u

1 _ (M mp _ mp
[:mass—_zp ZUQMP+ h.c.. M = (mg MR ce=0|—

UTMU = (m 0 ) = real positive, diagonal,
0 mpr
p=Uv.
Ansatz: U= (exptH)V,
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1-2-3 Model (Schechter/Valle)

S = —imip (M)

VlT (—mDMIglm% + MH) V1 = m = real positive, diagonal,
1 1
%4 (MR + §(M§)_1mjromp + 2m£m}(Mj§)l> Vo = mp = real positive, diagonal

The transformation matrix UV 1s then
U — Ua Ub
U. Uy

_ (1= gmp(Mp) " Mg mp) Vi mi, (Mf)~'Va
~ Mz 'mEv; (1= 2Mp mEmh (M) ™) Vs

+ O(e).
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1-2-3 Model (Schechter/Valle)

Yukawa couplings:

1 MII_ mDh—
Lln:_— TZO u v + h.c
T ef 2(%% Mr%) "

Gauge Transformations

Example: Hyper-charge, Triplet | 5(T-)_= 2ay (T;)

Invariance of Higgs potential

oV oV oV oV oV

hyper-charge @ = 28Tr T; — 28_TiTr + (9_th — o, h, =0
ov. oV oV oV oV
lepton number 8_Oq = 06, Oi — B3 O + 570 T?;O — 570 Tf =0
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1-2-3 Model (Schechter/Valle)

Taking vevs with no spont. CP break and diff. with respect to o;

<§;/r> ~ ) <2’2¢:?/> ~ () <ajja?g> =0

.. 0’V 0%V
At the . = .
minimum o < aqbf > + u <a¢i aTiO > 0

0?V . 0?V 0
OT;0¢; T2/

O*V L9 0*V 0
Uu _— )
A(hY)? OhYOT?
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1-2-3 Model (Schechter/Valle)

1 v _ v
2 2 2
MHiggs: 2L 4@_%2 _4@—% a CL_< az]/ >
T =k d(h;)?
2u dou 4u?

One 0 eigenvalue with double multiplicity

Majoron

J = N (—2vu’h] 4+ o(v* + 4u*)¢; + wv*T})

¢* = —iNo(v? +4u)J + ...
WO = —2iNovu?J + ...
T = iNuv?®J + ...
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1-2-3 Model (Schechter/Valle)

Coupling of the Majoron with neutrinos

hO

v

1 TO *
ﬁyJ:—inZ‘O'Q (—UC?MI]UQ_" ¢
u

(UrmpU.+UImbU,) + =Ur MRUC> v+ h.c.
o)

1
L, = —§NJ7)21/T1'02V1T (MII — mDMIglmg) Viv + h.c. + O(€%)

Coupling of the Majoron with photons

| Aa)
) 0 R !

oo NratgrrpQy Xy . s
9Iyy = 87m s ’ ftk=p) g

Xy = —2m3Co(0,0,m%,m7,m%,m3) ~ 14+ m3/(12m?})

gy,
, ) o) fik)
" R Sk + g
9158 = =z, i (=2T5) 69 N 1)
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A4 neutrino masses w/ spont. break. lepton num.

Ly, = hiLy (vp®), + hoLy (vp®), + h3Ls (vp®)| + ALY CALy + ALYCAL, + N LT CAL;
+ Mg (Stvr), +h (STCSL) o+ hee
Table 1: Lepton multiplet structure (Q =75+ Y/2)
Ly Lo Ls LRi ViR ®; A o SiL

SU(2) 2 2 2 1 1 2 3 1 1
Ul)y -1 -1 -1 =2 0 -1 2 0 0
Ay 1/ 1 17 3 3 3 17 1" 3
L 1 1 1 1 1 0 —2 —2 1
2
0 mp 0 X 1 w w
M=\ mL 0 M |, mp=vdiaghy, ho,h3)U, U= 7 1 1 1
T
0 M H 1 w  w?
Inverse seesaw h? 0 0 0 N 0
1 hv?u,
MY =mpMT ™yt = i 0 0  hohg MIE=2un| X 0 0
0 0

0  hohs 0
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A4 neutrino masses w/ spont. break. lepton num.

V(®) =mg ((DT(I))1 t A1 ((I)Jrq))1 (¢T(D)1 + A2 ((1)*(1)) 1/ (qjﬁcb)
((I)]L(I))m + s ((I)T(I))3

+ A3 (<1>T<1>)3

L]

Invariant Higes Potential

V=V(@®) +V(®A0)+...

((DT(I))?,S + A4 ((I)T(I))S

8

1”
((I)T(I))Sa

a

V(®,A,0) = (MX + plo]?) Tr(ATA)+)\g|J|4+[m§ +¢& ((IDT@)J lo|*— (6T A®o*+h.c.)

%

— =0= (Mi+pu?)ua — 6v°u, =0

0A

“vev-seesaw’”’

%
oo

relation:

—

UAUG ~ U

2

ua

v, dv?

Y

T M2 A puZ pu,

— =0= 2/\au§ + (mi + &v? + puzA) Uy — 26v°up =0

UA, UV << Uy

:> Uy = _ﬁ
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A4 neutrino masses w/ spont. break. lepton num.
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Majoron decaying Dark-Matter

Present Majoron density: n(to) = n(tp)e™ /7

ny(to) _ gus(to) nJ(tD)e—to/T O h? = f—L _=to/T

ny(to)  gus(tp) ny(tp) 1.36 keV

Majorons can explain DM if

L'y <1.3x1079s71 012 keV < Bmy < 0.17 keV

J — vy

mj Z@(

my)*

PJVU —

32w 2u?

J — 7

2

ozm QUA m2
P = s ZNfouu (- 2Tf)12ni !
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Majoron decaying Dark-Matter

Iy <1.3x107% st 0.12keV < Bmy < 0.17 keV
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Left panel: I';,, as function of the Majoron mass for ua =1 eV (turquoise),
100 eV (dark green), 10keV (magenta), 1MeV (grey), 10MeV (dark blue) and
100 MeV (black). Right panel: I';,, as function of the Majoron mass for the
same values of the triplet vev as in the left panel. The upper orange shaded
region is the excluded region from X-ray observations taken from Herder et al.
arXiv 0906.1788 [astro-ph].
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Conclusions

e The A, group as a flavour symmetry can accommodate the phenomenolog-
ical neutrino data with an extended leptonic sector and with spontaneous
breaking of letpon number.

e In this setup there is a goldstone boson, the Majoron, which although
instable is very long lived and is a good candidate for Dark Matter.

e We exepct maximum CP-violation in the region for 6,35 probed by the next
generation experiments.

e The predicted 1-loop induced Majoron decay into photons can be tested
through the search of cosmological X-ray, as it is the purpose of the Xenia
experiment.
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Majoron decaying Dark-Matter - 8

Representations of Ay n? +n3+n3+nj=12
1:5=1,T=1
1°:8=1,T =exp(27i/3) = w l+w4w?=0

1:8=1,T = exp(4ni/3) = w?

1
or V=—
\I‘l@ (
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Character table (Altarelli, hep-ph/0611117)

Majoron decaying Dark-Matter - 9

Class | 1 ¥ ¥ ¥3
&, 1 1 1 3
G, 1 w w? 0
c, 1 w? w 0
o3 1 1 1 1
X(a) - X(b) m— 3 ®3=101015303
(B®3)1 = a1b1 + azbs + asbs
(83 ®3)1"= a1b; +w?azbs +wasbs
(83 ® 3)1 = ai1b; +wasbs +w?asbs
(3 ®3)3 = (azbs, asby, a1bs)
(3 ® 3)3 = (asbs, a1b3, azdy)
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Majoron decaying Dark-Matter - 7

A4 - Group of even permutation of 4 objects

Generated by S = (4321) and T = (2314): S* =T33 = (ST)®* =1

Ay4: Rotational invariance symmetry of the tetrahedron

S4: Full invariance symmetry of the tetrahedron

4 Classes

Cy - I = (1234)
Co: T = (2314), ST = (4132), TS = (3241), STS = (1423)
Cs: T? = (3124), ST? = (4213), T%S = (2431), TST = (1342)
C,: S = (4321), T?ST = (3412), TST? = (2143)
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