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Motivation

The simplest way to neutrino masses: Type | see-saw

Minkowski(1977),Yanagida(1979), Gell-Mann et al. (1979), Glashow (1980),
Mohapatra and Senjanovic (1981, Schechter and Valle (1980)
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We get for free: baryogenesis through leptogenesis irukugita and Yanagida (1986)]

Conventional Type-Il leptogenesis requires

9 -3
M E 10°GeV = A~ 10 [Davidson and Ibarra (2002)]

Resonant leptogenesis

[Pilaftsis (1997)]
M~10°GeV — A~ 10~° e

Consider a scenario which fulfills:
(I) type-|l seesaw at the TeV scale
(i) leptogenesis at T ~ O(TeV)
(i) testable at the LHC via direct production of N and of the new scalars



Possible models
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Possible models

Type | see-saw
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New scalar that couple to RH neutrino and SM fermions
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Possible models

Type | see-saw

1 I
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New scalar that couple to RH neutrino and SM fermions
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Possible models

Type | see-saw
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New scalar that couple to RH neutrino and SM fermions 1,
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W=l e, 0.8 To match the gauge qn of UL




Possible models

Type | see-saw

1 I
— Locesaw = 5*1[1:\1:\30 + AnilaN;eH

New scalar that couple to RH neutrino and SM fermions 1,

— L1 = DniVranN; ¥ + E ymn-?;fri,m-uf{én . + h.c.

T,I{)f T,b'”
r. U (LH) fermion fields 7. €€, Q. d°. u®
! RH fields €. e, Q. d. u
R

V=", ¢ Q,d, i ARE NOT SUPERPARTNERS !!!!!!!




How does it works?

@ The production of RH neutrino through > exchange which, being gauge
non-singlets, have sizable couplings to the SM gauge bosons.

@ The new decay channel N — 2> with associated CP violating asymmetry
contributions from self energy loops (A and ), and from vertex corrections (\).

© They contribute via new self energy diagrams () to the CP asymmetries in
N — (H decays.

Since the couplings n are not related to light neutrino masses, they can be sufficiently
large to allow for N production with observable rates and for large enhancements of the

CP asymmetries.
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Possible models

L(N)=0
Scalar field Couplings B L | AB | AL
le (ef*), Qd(ef*), Quf 0 0| 0 | -1
((el) e 0 |+2| 0 | +1
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dedi ~2/31 0 | =1 ] 0
d
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Possible models

L(N)=0
Scalar field Couplings B L | AB | AL
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Like another Higgs




Possible models

L(N) =0

Scalar field Couplings B L | AB | AL
/ le (el*), Qd(el*), Quf 0 0 0 | —1
[(el)é 0 |+2] 0 | +1
Q 7d (eQ*) +1/3| -1 0 | -1
ded —2/31 0 | =1] 0
d 0° i

This two cases are the interesting one ( I'll
come back later )




Possible models

L(N)=0
Scalar field Couplings B L | AB | AL
le (ef*), Qd(ef*), Quf 0 0| 0 | —1
& ((ele) é 0 |+2| 0 | +1
Q 0d (eQ*) +1/3 | =1 0 | —1
dedu —2/31 0 | =11] 0
d 0(eQ°)d, Q°(eQ)d, ue°d, udd | — | — | — | —
L(u) =0 and B(u) = —2/3
aN“u L conserving

A¢N H violate L A— 0
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L conserving
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Possible models

L(N) =0
Scalar field Couplings B L | AB | AL
¢ be (el™), Qd(el*), Quf 0 0 0 | —1
& ((ele) é 0 |+2| 0 | +1
Q 0d (eQ*) +1/3 | =1 0 | —1
dedu —2/31 0 | =11] 0

Fast proton decay
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Viable TeV leptogenesis

L(N) =0

Scalar field | Couplings B L | AB | AL

e ((el®) e 0 +2] 0 | +1
O fd(eQ*) | +1/3| —-1| 0 | —1

e is a lepton with L = 2

@ No B violation, safe from nucleon decays

@ ¢; -7 - e violates L, suitable to enhance the CP asymmetries for leptogenesis
@ Can be produced at the LHC via gg — ¢é*

e If M; > My, can have ¢ — ¢ N



Viable TeV leptogenesis

L(N)=0

Scalar field | Couplings B L | AB | AL

€ ((el®) e 0 +2 1 0 +1

O ld(eQ*) | +1/3| -1| 0 | —1

O is a leptoquark with L = —1 and B = +1/3
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Viable TeV leptogenesis

O is a leptoquark with L = —1 and B = +1/3
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Viable TeV leptogenesis

Q is a leptoquark with L = —1 and B = +1/3
e No B violation, safe from nucleon decays
e Q; -n-Q violates L, suitable to enhance the CP asymmetries for leptogenesis
e Can be produced via gg — Q0* and ¢qg — Q0* (also gg — QO)
@ Can bridge RH neutrino production at the observable level if its 7 couplings are
sufficiently large
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Viable TeV leptogenesis

O is a leptoquark with L = —1 and B = +1/3

e No B violation, safe from nucleon decays

e Q; -n-Q violates L, suitable to enhance the CP asymmetries for leptogenesis

e Can be produced via gg — Q0* and ¢qg — Q0* (also gg — QO)

@ Can bridge RH neutrino production at the observable level if its 7 couplings are
sufficiently large
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Viable TeV leptogenesis

O is a leptoquark with L = —1 and B = +1/3

e No B violation, safe from nucleon decays

e Q; -n-Q violates L, suitable to enhance the CP asymmetries for leptogenesis

e Can be produced via gg — Q0* and ¢qg — Q0* (also gg — QO)

@ Can bridge RH neutrino production at the observable level if its 7 couplings are
sufficiently large
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TeV leptogenesis: Sakharov conditions

Sakharov’s conditions [sakharov (1967)]: (1) L violation (ii) C & CP violation



TeV leptogenesis: Sakharov conditions

Sakharov’s conditions [Sakharov (1967)]. (I) L violatiorl (II) C & CP violation
(iil) Out of equilibrium Ny dynamics: Ny — (H . )"

I

LA

H(T)

T2
(HE()\T)\)II + H-¢(-?;T-r})11) T 3
p

M,
167

which, at temperatures T~ M; ~ 1 TeV, gives
ke AT + H-¢('T}T'T])1] S b

excludes direct production of N, at colliders

but direct production of N> 3 would be possible with 7,23y > 7a1

if My > M, we can have i) — N



TeV leptogenesis: CP asymmetry

n
_'.\!'

Assuming M; > M, > M, the CP asymmetries in N, — )" decay is

M7

e, = mmlzzhx I {(g,{x,)u (¢i6.). } s (w) wx' = {69}

{:1:!{:15’ — {)*.1??}
4= e S w37
For example 1he s-channel washout processes:
@ (|ﬂm‘|2' |;\m.|2) : Vs < LoH (LoaH)
O (l??-:u‘l2 ' |ﬂm‘|2) : Yath > P
The condition of out of equilibrium reads:
17 - T? oM My N\
37 ol 16 S 175 — el el S 16107 3 ()

where ¢ and ¢’ denote either A or 7.



The order of magnitude of couplings
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FCNC constraints
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FCNC constraints

ot

1. v = @: Through a loop mvolving N and @
S — dﬁf

i alngintil* ms. [ M7
Br(K™ — 7t~) = 1 J K i

Br(K+T — 7ty) < 2.9%x1079 W Im2imi;l S 0.29

|‘2.

) ~ 4.3 x 107 |T}2j7ﬁj|2

- alneint:[* md [ M? B .
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Br(p — ev) < 5.7 x 10713 \/Imegmi;| = 0.07



Production

g S

pp — ee” mediated by a photon or a Z boson



Production

The scalar leptoquark @
pp = QQ
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LHC 8 TeV: 19 = 0.1, My =2 TeV
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LHC 14 TeV: 7p = 0.1, My = 2 TeV
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Production cross section for leptoquarks and scalar leptons at LHCS8 (left) and

LHC14(right). The line with black squares in the left panel gives the CMS 95% CL exclusion limits
(with 19.6 fb~! [41]) for leptoquark searches through the process pp — QQ* — pjjj assuming lep-

toquarks decay with 100% branching fraction to muon+jet. The vellow band shows our estimated
sensitivity for leptoquarks decaying 100% into third generation fermions pp — QQ* — 77bb



Summary

* Type | see-saw with new scalars

0(3,2,1/6) and/or e(l1,1,—1)

» Generate neutrino masses
 Realize a new way to TeV scale Leptogenesis
» Possibility to detect at colliders®



Thanks for vyour
attention



In fact, Va1 Lﬁu in equilibrium = p; = py = No washout!
The reason being 1, — g is precisely the number densities factor that weights the
washout rates from the inverse decays v + U* — Nyand ¥+ ¢ — N,
However null washout is a Killer for leptogenesis (with vanishing initial N, abundance).

The reason being the asymmetry generated when 47" — N, exactly cancels the oppo-
site sign asymmetry when N, — yn)".

This is easily understood by writing the Boltzmann equations with no washout term:

}./N = —(w-— lhﬁfﬁ:&
}./fiﬂ—f. = & (w — l)’l’mﬁ:@
= (o T}./N

"[II_J

where Y = (sHz)dY /dz, with s the entropy density and z = M/T. After integrating, we
obtain at the final time z; > 1:

Yag_, (z) = €D Yn(z)

where we have used Yy(zr) = 0 and assuming no initial asymmetries Yag—r(zi) = 0.

But we do have washout from neutrino Yukawa interaction N, — /H!






	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42

