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Outline

Soft Leptogenesis

Soft Leptogenesis in the inverse seesaw:
The Lagrangian: L and CP violation.
CP asymmetry in sneutrino decays.
Results: out of equilibrium condition.

Summary



Soft Leptogenesis
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Lepfagenesis . very attractive solution to the baryon

asymmetry problem.
Standard framework: seesaw mechanism + sphaleron processes

Soft Lepfogenesis « soft breaking terms introduce
new sources of CP and L violation. Mixing between the two
sneutrinos of a single generation induces CP asymmetry in their
decay.

It works for relatively small values of the right-handed neutrino
mass (10° - 108 GeV)

It eludes the gravitino problem. -v.Grossman, T. Kashti, ¥. Nir and E. Roulet,
Phys. Rev. Lett. 91 (2003)

-6. D’ Ambrosio, G.F. Giudice and M. Raidal,
Phys. Lett. B 575 (2003) 75

- Y. Grossman, T. Kashti, Y. Nir and E. Roulet,
JHEP 11 (2004)
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Soft Leptogenesis in the inverse seesaw:
The Lagrangian: L and CP violation.



Inverse seesaw oot 5o

Inverse Seesaw: alternative mechanism to

generate neutrino masses, f.
i vr iod i
L' = ({{‘} ) sEp.Vp, Sy,
mass matrix of the neutral sector:
0 mp 0
M = mg 0 MT mp, pp <K M
0 M pu

: : T agT=1 3=
Light neutrino masses: m, = mpM*~ puM'mp
Heavy neutrino masses: M

Limit p — O: lepton number conservation is restored and neutrinos become

masslesss particles.

LFV processes not suppressed by p. Observable effects in accelerators.
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Supersymmetric version of the inverse seesaw

. 1
Superpotential, W =Y;;N,L;H + 5 115:8; 4+ M;; S;N;
Soft susy breaking terms,

g = AVRLNH + 285 + w2 NN 4 2y SN + BsSS + BanSN + hue.
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Supersymmetric version of the inverse seesaw

: 1
Superpotential, W =Y;N;L;H + 5SS + M;;SiN;

Soft susy breaking terms,

- Lsoft = AYMZZNH—I— ﬁnggT - ffLNNNT 4
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?TJ_.f-,-NgﬁT + BgSS

+ Bgn §§7 + h.c.

e
L-violating

~ -

L-conserving



Supersymmetric version of the inverse seesaw

) ] 1 .
Super'pOTenTlCll, W =Y;;N;L,H + a,u.-,;_.;S..g.S*_;; + M;;S;N;
Soft susy breaking terms, )

— Lsoft, — AYMZ7NH + ﬁ?%ggT —|— ﬁlfVNNT + ?T}'ixgi:\vﬂ - B&gg; “} B‘g;hrgﬁr —|— h.C.
T 2L = S

L-violating  L-conserving

Sneutrino mass basis:

- Soft L-conserving (B) + L-violating (UM) terms — mass splitting of the
4 sneutrino states in each generation.

- Ny — LiH, N; — L;.h + antiparticles.
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Supersymmetric version of the inverse seesaw

. 1
Superpotential, W =Y;;N,L;H + - 514 9iSj + Mij SiN;

Soft susy breaking terms,

— Leote = AYyL;NH + m%8St + m%, NNT H

Sneutrino mass basis:

7% SN + BsSSH Bon SN [+ he
@ {}
L-violating  L-conserving

- Soft L-conserving (B) + L-violating (uM) tferms — mass splitting of the

4 sneutrino states in each generation.

- N;j — LiyH, N; — L;h + antiparticles.

We have the 3 basic ingredients (Sakharov conditions)
L violation: baryogenesis via leptogenesis (Majorana masses)
CP violation (3 independent CP phases)
Out-of-equilibrium decay (I < H |;_,;)
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Outline

CP asymmeftry in sneutrino decays.



CP asymmetry in sneutrino decay

The relevant CP asymmetry in each sneutrino decay:

€g,Cs + €4,C _ Cs—C
6(T) = _f' [ =
Cs T Cf Cs T Cf
— 4 |Bb‘1ﬁ‘n'r A| r . |
€s; = —€f, = € = SN @

A[Bsy[? + [M]T
Many features analogous to Soft Leptogenesis in seesaw models:
CP asymmetry vanishes if c¢ = cg.

Presents a resonance behaviour: Bsy ~ MT

CP asymmetry is due to the presence of soft susy breaking
terms + irremovable CP phases.

As a particular thing in this model,
It is not suppresed by the lepton number violating scale p ...
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Limit p=0

If p = O, sneutrinos are degenerated in mass

and we can choose a lepton conserving mass
basis (L = 1):

- 1 /e~
N’:—(ST—N)
V2
- 1/~ ~
N’:—(ST+N)
YD)

Although there is a CP asymmetry in the
decay of the sheutrinos, it is not a lepton
number asymmetry.

5/9



Outline

Results: out-of-equilibrium condition.



Results

B-L asymmetry can be parameterized as:
Yoo =—r Y &(Ty) YT > M;)
K < 1: dilution factor. |

After sphaleron processes:

ng  24+4dng n_¢
s 66+ 13nyg s

Compare with experimetal value:
ng3

= (8.7103) x 107"
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D. N. Spergel et al., astro-ph:0603449



Results

Assuming:
Maximal CP violation, sin¢ = 1
Out-of-equilibrium decay:

['<H|p=m

Asymmetry produced before the spontaneous ew
symmetry breaking (sphalerons still active):

I'> H(T ~ 100 GeV)

—» we need to assume some hierarchy:

Y3, Y3 S MYQJYQN s Y'Yy
M, M,

719 H3 M



Results

Works for relatively
small values of M. The
smaller is M, the smaller
are the yukawas.

In total analogy with
standard seesaw,

Bgn < Mmgusy
(because of the

resonant behaviour:

Bsy ~ MT ) 107" 107" 107" 1070 107 1078
Y IY
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Outline

Summary



Summary
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We compute conditions for successfull leptogenesis in the
inverse seesaw model:

Lepton sector is extended with two singlet superfields.
Small L-violating mass term y (m,, o 1 )-
Scalar sector: bilinear L-violating + L-conserving (B)
; terms — mass splitting
trilinear coupling (A) > CP violation

The L asymmetry ~ B, (L-conserving) and it is not suppressed
by any L-violating term.

As in the standard seesaw, we find a resonant behaviour, which
requires small values of By,

M is low enough to elude the gravitino problem.

Out-of-equilibrium condition requires a certain hierarchy
between the yukawas in each generation.






CP asymmetry...

We use an effective field theory approach which takes into account the CP violation

due to mixing of nearly degenerated particles.
(A. Pilaftsis, Phys. Rev D56 (1997) 5431)

L L
N 3 _""'_ P
Hi I
I L
N 4]
H HH
~ 1T [Ai(N; — LiH)[? = |A;(N; — LLH)?
- AT . f f '11_.[?:3 Z
44-:(1-\}'3 _> f) —_— 'A'& - ;43 1{[2 ",}‘2 1_[ 651» — k — _ - — p———r
M = My + 1l Y Ai(Ni = LyH) P + [Ai(N; — L H')?
k
M =MD i=1,....4 2 AN = L) = |Ai(Ns = LiP

My =TIy = —TI3y = =I5 = ['Im(A) ST STV — L)+ AN — L)



A~ (,’j{mﬁugy}
my ~ mg ~mgy ~ O(msusy)

OTher. l im iTing Cases ces Bg ~ O(msgusyt)

1’?&,\ ! O(FHH['H‘-,':JIII\J

Keep all the entries in sneutrino mass matrix and assume that it is real
([Bsn| > [Bsl,|ul*)

4} BarAl T

_4|BSN|2 e |]\[|2P2 SillQb + jz(BSﬂ s Ajg'N)

€ —

In the limiting case |Bsn| < |Bs|.m&y sy 11| , the asymmetry also exhibits a
resonant behaviour

€ = ‘ —— 4 Begl® — |[M|“T'*) sin ¢



