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Neutrino Masses

Experimentally Challenging

Absolute neutrino mass ?
Hierarchy ?

Nature of neutrinos ?
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Neutrino Masses

Low-energy (~TeV scale) models
In General: Suppressed Yukawas hard to probe

«Tuned» models: Large Yukawas suffer destabilizing
+Cancellations radiative corrections

«Stabilized» models: Large Yukawas
+Symmetry mass Is protected

The symmetry can be explicitely broken by small parameters
or conserved above the EWSB

We study the UV-completion of the Inverse-Seesaw model
imposing a conserved global U(1)
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Neutrino Masses with a global U(1)

Add 3 RH neutrinos:
H1 Q UR dR L ER N1 N2 N3
gl O O O o1 1 1 =1 0

Conserved L:
—L D>y Ny H L+ MN, N, + h.c.

0 m%l 0
MV — ™mMp, 0 M
0 M 0

m, = 0
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Neutrino Masses with a global U(1)

Add 3 RH neutrinos + 1 Scalar doublet HZ2 + 1 singlet H3

Hi @Q ur dr||L egr N1 No Ns| s Hs
U(l)r o O O o1 1 1 =1 o01|-2 2

Perturbate the zeros: add scalar representations
L is broken after EWSB
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Neutrino Masses with a global U(1)

UV-completion of the Inverse-Seesaw:

Add 3 RH neutrinos + 1 Scalar doublet H2 + 1 singlet H3

Gain: 2 massive neutrinos

EPS-HEP 2011, Grenoble



Neutrino Masses with a global U(1)

UV-completion of the Inverse-Seesaw:

Add 3 RH neutrinos + 1 Scalar doublet H2 + 1 singlet H3

Gain: 2 massive neutrinos

+ 1 singlet S: L(S)=1

Gain: 2 massive neutrinos
+ Leptogenesis
+ Dark Matter
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2-Steps Leptogenesis
Reminder: standard Leptogenesis

1 .
L5 S MNN+ (leH1L+h.c.)

Majorana N L-violating couplings
N CP-violation
Out-of-equilibrium decays in decays
Sphalerons
AN IR > AB

Lepton asymmetry  Baryon asymmetry

Observed Baryon asymmetry

(g = 0.02255 + 0.00054
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2-Steps Leptogenesis

87 T X 2 %
— H.- Np N, — ~—85°“H —I—h.c.)
V2 PP s 3

1 _ _
_»CintD 5 3N3N§—|—(9N3NDS* +

Majorana Vs

N CP-violation L-conserving couplings
3 In decays
Out-of-equilibriu AS
decays
ANp
Ist step
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2-Steps Leptogenesis

1 L L o L /,l,” 5 )
—Lint DO = M3 N3 N5 + NaNpS* + — H s Np N — — S*“HX + h.c.
t 9 31V31Vg (g 31VD \/§ 31VDIVp \/§ 3

Majorana Vs

N CP-violation L-conserving couplings
3 In decays
Out-of-equilibriu AS
decays
2nd step
AN, Scatterings

Lst step \ Sphalerons
Decays AT, < > AB

Lepton asymmetry  Baryon asymmetry

Observed Baryon asymmetry

(g = 0.02255 + 0.00054
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2-Steps Leptogenesis

Relevant processes: O(g%),0(g”° &®),0(g"), 0(y?), O(g° y°)

1st Step
Decays / Inverse decays ANp =2 scatterings
[NgHNDS*] [NDS*HN_DS] [NDNDHSS]
Scatterings on N3: CP violation is included
[NgNDHS*Hg] [NgSHNDH?T] [NDSHNQ,HS]
2nd Step
Decays / Inverse decays of ND
‘Np <« ¢ H{| |Np < (H;]
Scatterings on top quarks Scatterings on N3
[NDZHEQg] Np g« {q] N3 S «— ¢ Hq| [NgSHZHS}
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Boltzmann Equations

YN3, — (1 - yNs) (’VD + 2 Z ,75\;73)

k=a,... e
yany,' = —€ecpyp (1 —un,) = 2€bp v, (L= un,) +2€ep v, (1= un,) +2€6p v, (1= un,)
—2 (Y& 2+ 272 2) (Wan, — ) —vpe (— —yar +Yanp) — Ypz ( + yae + Yany)
— (VA 29N,) (an, — yar) F R, ( — Uns — YNYAND) + Vi ( — YANp — UN3UAS)
+Yng (U, — YANp — )
"=ecpyp (1—un.) —2€tp i, L= un) +2€0p 7R, (1—un.) +2€8p 7R, (1—un.)
—2ecp N, (1 —un.) —2€ecp v, (L—un) +2 (VA2 + 27A2) (Wan, — )
+27535 ( - — 2 ) + 710{73 ( - — YN YANp) T+ V?\rg ( — YANp — YN; )
+5, (U, — YANp — Uns) + Y%, (Uan, +yae — yn,Uas)
—Y; ( + Yyae + YN, )
Yad =2ecpyy, (1—un,) —2ecp i, (1 —un,) + (i, + 27%,) Wan, — yac)
—¥pe( +Yar —Yany,) — Vp7 + yrr + yan,) — Yar=2 ( + + 2yar)

—Yi, ( + Yne — YN UAS) — Vi ( + yae + YN UAS)
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2-Steps Leptogenesis
1 L L L /7
—Lint D §M3N3N§—|—<9N3NDS* +%H3NDNB—M—\/§S2H§—I—126)

/7

Im(cr) p
167 Mg

CP asymmetry in N3 decays: eqp ~

1st
ND asymmetry@ 1st step: YA?VD x ecp X N(9)

1st 1st 1st
L asymmetry@ 2nd step: YAL YA?VD X N2(Y1,Y2) ~ A?\TD

Final Baryon asymmetry:

YAB X ecpm (9) 772(y17 yz)
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°8 My ~50TeV /' ~ 100 GeV
M ~1TeV yiE 3 5

Yy ~ 10_4 Yo ~~ 10_7

107 e

o > few x 1074

le| 1072

or the CP asymmetry = =
Is too small

10-4—1— ‘ | |

10°° 107 1074 103

g —5
g < few x 10
or the depletion processes are too big
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Dark Matter

S mostly annihilates to Majoron J and to WW

Dominant DM Annihilation Channels

< 300 GeV

< 500 GeV

<50 GeV =My < Mo

S viable singlet scalar DM

=< 1000 GeV

mJ
L W/Z
m Ao/ha
m H*
m ho/Ho

S| cross-section upper-bounded at low Ms
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Conclusion

We construct a UV-completion of the Inverse-Seesaw
iImposing a conserved global Lepton number

1 scalar doublet & 1 scalar singlet added (+RHNSs)

We add a scalar singlet
4 )

a new-scenario of Leptogenesis emerges

a viable Dark Matter candidate (S) exists

As long as N is charged under a conserved (lepton) number,

any asymmetry in N transfers to the lepton sector
through the neutrino Yukawa couplings
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Addendum: Model Lagrangian

. _ 1 _
Lagrangian: Line = LM — Vg, — MNpNp — > Ms N3 N
Lo ~ J— ~ a - —_
T (yiNDHing + y%NDHggj + EHSNDNIC) +gSNDN§ + hC) ,

Scalar Potential:

Vsea = —py H] Hy + Ay (H{ Hy)* — p3 HY Hy + Ao (HJ Hp)® — i3 Hj Hs + As (Hj Hs)?
1o H HiH) Hy + &y HI HyHY Hy + k13 H] Hy HZ Hs + kos H) Ho H Hs
+u% 5*S + \g (S*S)? + Fy HI H\S*S + Fyp HI HyS*S + Fs Hi H3S*S

/ !/

vhS2HT Hy + h* S*2H) Hy — 12 (Hj HoHs + H H1H§) P s2HE 4 52y .

V2 V2



Addendum: Higgs Sector

2 doublets + 1 complex singlet

3 CP-even neutral

2 CP-odd neutral

1 charged

ho , HO LEP+Tevatron+LHC constrained

ha

AO

~degenerate and unconstrained

j Majoron : massless Goldstone of U(1)

H:l:

Lightest CPE hO has suppressed couplings to SM

SM-like HO has
additionnal decay channels:

HO-> J J is important
before HO->WW channel opens

0.8

06]

0.4;

0.2]

H° dominant decay channel

g
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