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Neutrino portal dark matter in type I seesaw model: imitation

lype Ib seesaw model
e Neutrino portal dark matter

 Resonant leptogenesis
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Neutrino Portal Dark Matter

= General neutrino portal: ¥; ®X1V; the dark particles are charged under a Zy symmetry

-

dark scalar dark fermion RH neutrino

<= heavy scalar scenario: o — xIV;

= Freeze-n production of dark matter:
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v-Yukawa process o< Y ?y?

T

seesaw Yukawa

<= v-Yukawa dominance: sizeable Y

dark sector process o< y*

Chianese, Fu, King JCAP 03 (2020) 030
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Neutrino Portal Dark Matter 1n the Littlest Seesaw model

Littlest Seesaw model: a highly predictive version ot type I seesaw model with 2 RHNs

v-Yukawa interaction can dominate dark matter production when the RHN mass 1s above 4 TeV

Chianese, King JCAP 09 (2018) 027

Leptogenesis in the Littlest Seesaw model: Mg = 5.1 x 10' GeV, Mgy = 3.3 x 10** GeV

King, Sedgwick, Rowley JHEP 10 (2018) 184 |

Production through graviton for superheavy particles  Chianese, Fu, King JCAP 01 (2021) 034

Nevertheless, a v-Yukawa dominant region can be found, but 1t 1s very hard to be tested by experiments

Q: Can we find a model where v-Yukawa dominance can appear for GeV scale heavy neutrino?
And perhaps compatible with leptogenesis?
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Type Ib Seesaw Model

Iraditional type I seesaw mechanism (type la)

Y 292
Mn

T XX

At least 2 Majorana RH neutrinos + 1 Higgs

1 Yukawa couphng for each RH neutrino

2 free parameters after considering neutrino mass
an mixing: Mr1 and Mgy

1o have a sizeable coupling; the right-handed

neutrino has to be above 1eV scale
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= 'lype Ib seesaw mechanism
Hernandez-Garcia, King JHEP 05 (2019) 169
by 0P

=

2 Higgs Doublets
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I Dirac neutrino +2 Higgs
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I Yukawa coupling for each Higgs

/

3 free parameters after considering neutrino mass
an mixing: Y1, Yo and Mn
<= One of Y1, Y2 can be small while the other one 1s

sizeable, providing GeV scale heavy neutrino
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Neutrino Portal Dark Matter
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lype Ib Seesaw Model with a Neutrino Portal

<= Particles and symmetries
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= Seesaw Lagrangian and neutrino portal N = (N5, Ng2) Chianese, Fu, King JHEP 05 (2021) 129
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L:NRportal =5 y¢ YN - 4G
<= Freeze-in production of dark matter
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Neutrino-Yukawa processes Dark sector processes 7
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Relation to Experiments

(--—-me/my>1 N TS
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|~~~ my/m,=10*

F———- mgy/m,=10°

10—15

10’ 107

My [GeV]
Chianese, IF'u, King JHEP 05 (2021) 129
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2 key parameters: T'he strongest constraint 1s given by v, mixing

/
0.0

v-Yukawa dominance 1s allowed above the

e tanf3: the ratio of VEVs of the Higgs vo/vi

* my/m,: For hierarchical mass spectrum, the dark coloured dashed lines

\/

matter production depends on mgy/m, Less constrained as tanf3 increases

/
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U?2: active-sterile neutrino mixing strength More constrained as my/m, 1ncreases
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Resonant Leptogenesis in Type Ib Seesaw Model

An extended model with a superheavy third RHN and a scalar field

Lecesawlb = — Y1ala®1 Nr1 — YaaloatdaNrs — 2Y13E N&o Nr1 — 2Y23E NSu Ngo

1 i
< MNElNRQ == §M3N§3NR3 =+ i@

After the scalar field gains a VEV, Nr; and Ngro gain mass splitting through mixing with Nrs
0 M M 13 ;

Wi — = 0

Mys Mos

lype Ib seesaw mechanism can be realised eftectively at low scale ">

M3 AMip =

M3

¢1 0

I [(M13 = M23)2}

1 tanB="10

2M33

= collider

10~

a3

Fu, King Phys.Rev.D 105 (2022) 9, 095001

10

e B e e e e L e e e B e P e




N
Ge®

Summary

Features ot 'lype Ib Seesaw Model

3 free parameters after considering neutrino mass and mixing

e Allow a connection between dark matter and neutrino physics through neutrino

portal with GeV scale heavy neutrino

e Resonant leptogenesis can be realised
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lype Ib Seesaw Model with a U(1)" Symmetry

Dirac neutrino — can be charged under gauge symmetry Effective Model
50 I 5' rTprrrirrprrrrprrerrprrirrg /'/ LI | Ié
l l 4 .
Particles and symmetries N xLr | é isf ¢ :
SU (2) T 1 1 1 40F , E
U (l)y 0 0 0 35 .
/ 1 > 30 :
R B RR s Sate 2 5
S :
A Lo = :
Majorana dark matter candidate yf(’gb X$xr + yfqu X&XR T+ h.c. < :
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After ¢ gains a VEV, the U(1) symmetry 1s broken into a Z. 10 2
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lype Ib Seesaw Model with a U(1)" Symmetry
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Fourth family of vector-like fermions
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Due to the U(1)” charges of the Higgs doublets, the charged fermions can only gain mass from non-

renormalisable operators  qr,,Poursgo, q_Lai)1d35¢, ZoﬁheR@gb
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Fourth family of vector-like fermions: an example of up-type quark mass
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Fu, King 2110.00588
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lype Ib Seesaw Model with a U(1)" Symmetry

Renormalizable Model
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Leptogenesis in lype Ib Seesaw Model

In the minimal type Ib seesaw model, the correct asymmetry cannot be produced because the heavy neutrino
mass 1s completely degenerate

Minimal extension ot the type Ib seesaw model: a pseudo-Dirac neutrino

LSGGS&WIb = _Ylozza¢1NR1 == YQO{ZOA¢2NR2 o MNfcglNRQ — AN N}CQQNRQ + h.c.

In the Majorana basis, the phases of Yukawa couplings between RH neutrinos and Higgs bosons difter by /2

In a general theory with Yukawa interaction ¢V, ¢ GENR,

(GX?Ve_funCtion)ka X Z 2: lfikay}'kaifilﬁlfjlﬁ SIn (Hikoz ~ ija =[E (97;15 iy (93'55)
g7t 1,8
In the extension of the type Ib seesaw model with a superheavy third RHN and scalar field, an extra phase

difference is developed as (62 — 601)

1
tanfy o oS [(Mlg 3 M23)2] . tanfy ~
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Leptogenesis with GeV scale neutrinos

Higgs doublet decay as the origin of the baryon asymmetry

*

and Daniele Teresil:|T

Thomas Hambye'

' Service de Physique Théorique - Université Libre de Bruxelles,
Boulevard du Triomphe, CP225, 1050 Brussels, Belgium

We consider a question which curiously had not been properly considered so far: in the standard
seesaw model what is the minimum value the mass of a right-handed (RH) neutrino must have
for allowing successful leptogenesis via CP-violating decays?” To answer this question requires to
take into account a number of thermal effects. We show that, for low RH neutrino masses and
thanks to these effects, leptogenesis turns out to proceed efficiently from the decay of the Standard
Model (SM) scalar doublet components into a RH neutrino and a lepton. Such decays produce
the asymmetry at low temperatures, slightly before sphaleron decoupling. If the RH neutrino has
thermalized prior from producing the asymmetry, this mechanism turns out to lead to the bound
mpy > 2 GeV. If, instead, the RH neutrinos have not thermalized, leptogenesis from these decays is
enhanced further and can be easily successful, even at lower scales. This Higgs-decay leptogenesis
new mechanism works without requiring an interplay of flavor effects and/or cancellations of large
Yukawa couplings in the neutrino mass matrix. Last but not least, such a scenario turns out to be
testable, from direct production of the RH neutrino(s).
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