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Baryogenesis

@ We have not observed clusters of antimatter within the solar system.
@ Baryon to photon ratio: 5.7 x 10710 <5 < 6.7 x 10710,
K.A. Olive et al., Review of Particle Physics. Chin.Phys. C, 2014
Katherine Garrett and Gintaras Duda. 2011 Dark Matter: A Primer. Adv.Astron
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Condition for Baryogenesis

@ Baryon number violation.
@ C-symmetry and CP-symmetry violation.
@ Interactions out of thermal equilibrium.

In SM, Sakharov's conditions are satisfied, the baryon asymmetry of the
Universe could be created during the electroweak phase transition.

Unfortunately, it has been shown that the amount of CP violation coupled
with the strength of a first order phase transition is not sufficient to create

enough baryon asymmetry in the SM
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Different versions of leptogenesis scenario

Non SUSY framework

@ Leptogenesis in type |-ll seesaw Davidson and Ibara Phys.Lett.B 535 (2002)
R G Felipe etc. IJMPA 28 (2013)
@ Resonant leptogenesis A Pilaftsis NPB 692 (2004)
@ Leptogenesis from scalar decay etc. P Konar,.., AKS et al 2007.15608
SUSY framework
o Affleck Dine Leptogenesis I. Affleck and M. Dine, Nucl. Phys. B 249, 361 (1985)
@ Dirac leptogenesis B Thomas et al. 0712.4134
@ Soft leptogenesis
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Soft leptogenesis in MSSM

. D'Ambrosio, G. F. Giudice, and M. Raidal, Phys. Lett. B (2003)

The supersymmetric see-saw model

W = Y,'J'L,'LJ'H + %MUN,NJ

The supersymmetry-breaking terms:
1
—Looft = mN N—|—A,JYN/H+2B,JM,JNN + h.c. (1)

Soft: dimension full parameters.

Only one complex parameter when the relative phase between A and B is
absorbed.

Neutrino mass

L= gzg‘{_,LH YLHN, Neutrino mass: m, = o>
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Mass matrix of N — NT system:
1 B
M == M ( B 2M) (2)
s L

e Sneutrino and anti-sneutrino states mix in the mass matrix. Their mass
eigenvectors

. 1 /. . .
Nt = 7 (Ne’d’/2 + NTe_'(D/Q) (3)
= (W2 i) @)

where ® = arg(BM) and the mass eigenvalues are
M3 = M? + @ £ |BM|. (5)

e The system of N — NTis analogous to the Ko—Ko or By—By system.

e We also choose ® = 0 for simplicity. A is the only complex parameter.
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e Evolution of Nl — N is determined (in the non-relativistic limit) by the
Hamiltonian:

T
H=M-— (6)
2
e Lagrangian of our interest:
L= /\"/(Y,Iflli—i—MY,-*T,-*H*—i—AY;IN,-H) +he. (7)
. . A2 B2
where, at leading order in the soft terms (77, 1z < 1),
1 5 1 4
M:M(B w) and r:r0<A M> (8)
w1 w1
e Hamiltonian eigenstates are different from mass eigenstates and not CP
conserving since A is complex since ‘g’ = Mu r12 2 £ 1.
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Time evolution of N — N fields

e Schrodinger equation:

oV

Iﬁ = HW,

where ¥ = (/IN\er) Solving this one gets,

Ri(t) = g1 (£)N(0) + gg,(t)mm),
Ni(t) = gg_(r)N(O) + g+ (£)R(0),
where,

g (t) = e Mte=Tt/2 cos( AML /2)
g_(t) = ie"™Mte=Tt2 5in(AME/2),

with AM = M, — M_ = |B|.
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Lepton asymmetry

e Lepton asymmetry:

€ =

F(N(t) — f)+ T(N(t)T = £) = T(N(t) = F) = T(N(t)t — 7)
F(N(t) — f) + T(N(t)T = £)+T(N(t) = F) + T(N(t) — F

2 o
_1 CcF — CB Jo~ dtlg-I?
€= < o0 2 2 (15)
2\|p q crtcee) [y dit(lgr|? +1g-I?)

_ TB ImA
IR

2

q P

where Agp = SB=<£ g for real A.

cgtcr’

q
p
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Important points to note

Remember Yukawa coupling Y is real. Only one RH neutrino is sufficient.
However,

@ B #0leads to e = 0.

@ Real A leads to e = 0.

@ cg = cF leads to € = 0.
Thermal mass corrections to the final state particles could generate non
zero assymmetry.

Final comments

MSSM extended by RH neutrinos require thermal field theory for having
non zero € from N decay at tree level.
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Our motivation and NMSSM

@ Is it still possible to achieve observed lepton assymetry at tree level
from sneutrino decay without thermal mass corrections!

@ Study of soft leptogenesis in NMSSM.
Why NMSSM?

MSSM s plagued by the so-called g problem which asks the question
why the scale of the supersymmetry preserving 1 term should be of the
same order as the soft supersymmetry breaking terms, which are of the

order of TeV.

‘,u term: Whissm = pHyHg, 1~ O(1 TeV) ‘

’ Wimssm = £SHuHg, 1~ /<3<5>‘
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NMSSM extended by a RH neutrino superfield

Superpotential: W O YyLAN + AySNN + %.§3 Scalar partner (S) ~ vse'.

Interactions:
Lmt:/V(YNHL+2ANyﬁ@e“H*E*+2ANyﬁaH*E%+ANyNHZ)
+U(MNN+A»WNN)+hQ

where 0 = § — (S).
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Lepton Asymmetry _

Expression of asymmetry parameter:

1/ a V2 [AAImAN + kvs{cos(36)ImAy + sin(36)ReAN}]
~ — X
21 (2 + a) A3 + K?v2 + 2A\kvs cos(35)

Small § case: Large § case:

Yy=107% ImAy =0, Ay = 1, vs = 107 GeV Log(jel)

‘| 1 ( a+f ) Y2 ImAy
=7 " 2x \24+a+ 8/ |Ax —rvs|’

Yy = 1072, ImA, = 10° GeV, Ay =1, vs = 107 GeV

101 6=rr,K=104 4

Log[Re Ay]
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Conclusion

@ Soft leptogenesis mechanism can yield non zero asymmetry even with
single RH neutrino superfield and real Yukawa couplings.

@ In MSSM, this requires one of the soft parameters complex and also
thermal mass correction of the final state particles.

@ In NMSSM we have shown,

o Without thermal mass correction € could be non zero.
e Complex nature of soft SUSY breaking parameter is not essential.
o The phase of the additional scalar field S turns out to be striking.

Thank you
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