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1. Inverse seesaw or almost conserved lepton number

e Neutrino masses naturally explained by the seesaw mechanism — generically
no testable

e Inverse seesaw — global lepton number U(1) slightly broken by a small
parameter /, , protected from radiative corrections.

Mohapatra, Valle (1986)
e Rich phenomenology:
- Flavour and CP violation effects no suppressed by light neutrino masses
Bernabeu et al. (1987); NR, Valle (1990); Gonzalez-Garcia, Valle (1992)
- O(1) neutrino Yukawa couplings and heavy neutrino masses at the TeV scale

- Two strongly degenerate RH neutrinos (quasi-Dirac fermion) — resonant
leptogenesis at T' ~ O(1 TeV)

Pilaftsis, Underwood (2005); Asaka, Blanchet (2008); Blanchet et al. (2009)
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Example: SM + 2 RH neutral fermions per generation, vg;, S

0 mp 0
M= mb 0 M
0o MY 4

where mp = \y; v

For n ,mp < M,
—1
m, = mpM?’ ,uM_lmlT)

e We assume small lepton number violating affects negligible during
leptogenesis, i.e., 1 — 0

e RH neutrinos combine exactly into Dirac fermions

Ni=vpri+ sLi

Total lepton number L = Lgp; + Ly conserved — B — L conserved
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2. The CP asymmetries

CP asymmetry produced in the decay of the Dirac neutrinos V; into leptons of
flavour a:

I'(N; — loh) —T(N; — ¢,
_ZFNHEh)qLF( _

EOé’L

oh)
loh)

— Only the self-energy diagram contributes at one loop:

la

Y=

(a) Tree (b) Wave function
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Cai = 87T()\Jf)\)zz Z (aj_1)2+ 2Im [A* AO‘@()\TA)ZJ}

JF1

where a; = M? /M7, g; =T';/M; and

Covi et al. (1996)

It arises from lepton number conserving dimension 6 effective operator — not
suppressed by small neutrino masses

Antusch et al. (2010)

e CP asymmetry supressed by (M;/M;)? , instead of M;/M; for Majorana
neutrinos

e Resonantly enhanced if M; — M, ~ I'; by a factor M, /2T,
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The total CP asymmetry exactly vanishes

€ = E €ai = 0,
(8

by CPT invariance and unitarity.

In terms of projection coefficients, Agi = vV Kaiy/(ATA)set0e

Z (a; 1)2+ 2 >\ >\ v Kai \% C“J Z \/K/BZ\/KBJ paﬁ y

J71 pFa

where B
pgg = _pga = —p‘zf@ = Sin(Qai — Paj + Ppj — i)

€ni = _% V Kain/ Kaj Z \/KﬁZ\/KﬁJ paﬁ

7o
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3. Basic requirements for the generation of B
e Flavour effects

e Sphaleron departure from thermal equilibrium during the leptogenesis epoch
— baryon asymmetry freezes at

YB X YB—L5M<T = Tf) 7& 0

since B — Lgy; = 0 after the heavy RH neutrinos disappear.

e My and M close to Ty — M; < O(TeV)
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4. Boltzmann equations

Evolution of the number densities Yy = nx/s:

YA, =YB/3-Y,,

Ynin, =YN, + YR,

Yy.—n, =Yn, — Yy — 0 for Majorana RH neutrinos.

e ALgy; = 2 washout processes /,h — (sh , etc. absent, since total lepton
number is perturbatively conserved

e Washout of the lepton asymmetries due to ALgy, = 0 lepton flavour
violating scatterings mediated by N;, {,h — (3h, etc.and ALgyr = —ALy = £1
reactions with one external NV;.

e Since N7 and N5 have similar masses, they coexist during the leptogenesis
era — we include both in the BEs.

e Strong lepton flavour violating washout due to N>

Aristizabal et al. (2009)
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e B — L conservation + initial conditions — > YA, —> Yy _x

1

e For temperatures My (1) < T < Mw(T)/aw,

Pas o) ~ My (M (T) /o T)* (M (T)/T)? expl— Eop /T
Arnold and McLerran (1987); Pilaftsis and Underwood (2005)
aw — SU(2)r fine structure constant,
My (T') = gv(T)/V2
sphaleron energy —
Esp ~ Mw (T)/aw

— the lepton asymmetry is not converted into baryon asymmetry below T%,
for which FA(B+L)(Tf)/H(Tf) S 1.
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For T. > T > TY:

4 TTT?4540(T)?
Yp(T) = 4869T2+666v(T)2 Z Ya,(T)

with v(T) = v ( — T—2)%
and

12

6 S AP Y
Tc_v(4+16>\+16>\+4>\>

Harvey and Turner (1990); Laine and Shaposhnikov (2000)

Planck 2010, CERN, Geneva 10



5. Results

Resonant case — mechanism works in a wide range of the parameter space
My =800 GeV, My = M, + —2

(ATA)11 =10712, (ATA)gy = 10710

K =03, K,;;=03 K;=04

Keo=01, K, 2=01, K;2=038

12 12 _ 12 __
pe,u_peT_ppn'_l
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Non resonant case:
— at least one large Ny Yukawa, A\oo S A ~ 1072, to have flavour effects

Blanchet et al. (2007)

— Experimental bounds from weak universality, lepton flavour violation
processes and collider signatures [(ATA)as| <5 x 1073(My/v)?.

Antusch et al. (2006,2009)

— one Ny Yukawa very small, to avoid washout in that flavour Ko < 1
M; = 250 GeV, My =275 GeV

(ATA)11 =82 x 1071 (my; =1073eV)  (ATA)yy =107

K =0, K,;;=03, K;=07

Keo=0., Kp=101" K,~1

Pep = Per = Pur = 1
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— onIy works for (MQ — Ml)/Ml ~ 2.4 x 10_5 > FQ/Ml =4 X 10_6
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Reaction densities normalized to Hnjq
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