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1. R-parity violating SUSY

òTo avoid the Proton Decay in the MSSM,

we usually impose the R-parity.

But actually, we have other two choices. ó
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MSSM and R-parity

MSSM

Hierarchy problem ќ solved!

Proton decay problem
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(Minimal Supersymmetric Standard Model)

Why does Proton decay?



¾ Superpotential of the MSSM

Both and Proton Decay

Proton Decay Problem
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R-parity

¾ Superpotential of the MSSM
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( s: spin )

with R-Parity conservation

Both and Proton Decayis stable.



SUSY without R-parity

However, since proton decay needs both     and    ,

we have other two possibilities!

¾ To forbid with Baryon -parity etc.

¾ To forbid with Lepton -parity etc.

with assuming
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(Allowing     )

(Allowing     )



SUSY without R-parity

That is, we can install RpV interactions additionally .

¾ MSSM with R-parity ќ

¾ -MSSM ќ

¾ -MSSM ќ
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MSSM without R-parity



Introductive Diagram
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Standard Model

Supersymmetry

MSSM

Dark Matter!!

R-parity

conservation

MSSM with R-parity

-MSSM

-MSSM

B-conservation

MSSM without R-parity

L-conservation

(Here we need other DM candidates.)



What I studied

Can we constraint such exotic couplings?
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¾Collider experiments ќ various constraints

of order            .

¾ We analyzed cosmological constraints

ќ much more stringent!
(as we will see lateré)

YES!!
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2. Cosmological Constraints

òThe violation of R-parity may spoil

the current Baryon Asymmetry of the Universe.ó
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Baryon Asymmetry of the Universe

Current universe:
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Thereõs Baryon,
and no anti -baryon.

Baryon



Baryon Asymmetry of the Universe

Note:

Today we assume that

Current Baryon Asym . is generated

before EWPT.
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Baryon Asymmetry of the Universe

Current universe:
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Thereõs Baryon,
and no anti -baryon.

Baryon



Wash-out with B-viol.

However, if we have interaction,

in the early universe.

And if frequently enough,

ќ achieve Equilibrium : 

ќ No Baryon Asymmetry!

ќ must be small enough!
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òWASH-OUTó



Wash-out with B-viol.

¾ That is, if
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LARGE        , then

òWASH-OUTó occurs!!

Bouquet and Salati , 1987

But this is a bit naïve viewé
We have to consider òsphaleron.ó



Sphaleron

In the early universe   (temperature                      )

ќ the sphaleron process is frequent . (by thermal effects)

Sphaleron converts

Baryon       Anti -lepton

ќ Equilibrium.
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Kuzmin , Rubakov , Shaposhnikov , 1985; Ringwald , 1988

Manton, 1983; Klinkhamer and Manton, 1984; õt Hooft , 1976



Sphaleronõs Effect

If Baryon is shorté

sphaleron works right to left
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sphaleron

(anti -lepton)

(baryon)



Sphaleronõs Effect

If Baryon is shorté

sphaleron works right to left
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(anti -lepton)(baryon)

and achieve Equilibrium .



Sphaleronõs Effect

Also when (anti -)Lepton is short,

sphaleron does left to right

<20 >

sphaleron

(anti -lepton)
(baryon)



Sphaleronõs Effect

Also when (anti -)Lepton is short,

sphaleron does left to right
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(anti -lepton)(baryon)

and achieve Equilibrium .



Wash-out with B-viol.

Thus, actually the previous wash -out by

isé
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(anti -lepton)(baryon)



Wash-out with B-viol.

Thus, actually the previous  wash -out by

isé
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sphaleron

(anti -lepton)

(baryon)



Wash-out with B-viol.

Thus, actually the previous  wash -out by

isé
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(anti -lepton)(baryon)

òWASH-OUTó



Wash-out with L-viol.

This story 

does not end here!
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Kuzmin , Rubakov and Shaposhnikov , 1985
Campbell, Davidson, Ellis and Olive, 1992



Wash-out with L-viol.

¾ If 

large (in the sphaleron era),
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(anti -lepton)(baryon)



Wash-out with L-viol.

¾ If 

large (in the sphaleron era),
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sphaleron

(anti -lepton)
(baryon)
































































