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[Our Work]

The òOur Work ó isé



1. SUSY without R -parity
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We usually impose the R-parity on
the MSSM.

But we have other choices than      
the R-parity, and itõs also important.



Introductive Diagram
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MSSM without R-parity



¾ Very successful model

¾ One unnaturalness

òHierarchy problemó

SUSY without R -parity

<5>

Standard Model

Supersymmetry
Various ExtensionséExtra dimension Othersé

MSSM
(Minimal Supersymmetric Standard Model)
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¾òHierarchy problemóSolved

¾ Proton decay problem

SUSY without R -parity
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Standard Model

Supersymmetry

MSSM



MSSM Superpotential:

Both and ќ proton decay

Proton decay @ MSSM
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Usual choice becauseé.
ќ 3 choices to avoid this problem !

¾To forbid   & with R-parity etc.

¾To impose B-conservation with Baryon -parity etc.

¾To impose L-conservation with Lepton -parity etc.

with the assumption that

Proton decay @ MSSM
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Both and

invoke decay of proton.



R-parity conservation ќ

¾ NO B- and L-violating events (proton decay etc.)

Why R -parity?

<9>

( s : spin )

Weõve never observed!

¾ Since

the LSP cannot decay!

ќ A candidate for the Dark Matter ! 

[Lightest Supersymmetric Particle]



Introductive Diagram
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We have 3 choices.

¾To forbid B- & L-violation with R-parity etc.

¾To impose B-conservation with Baryon -parity etc.

¾To impose L-conservation with Lepton -parity etc.

Without R -parity

( 2010/02/01 ) <11>[Thesis Oral Exam] SUSY without R - Parity / Sho Iwamoto

(and to assume                               .)



That is,

¾MSSM with R-parity ќ

¾ -MSSM ќ

¾ -MSSM ќ

Without R -parity
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That is,

¾MSSM with R-parity ќ

¾ -MSSM ќ

¾ -MSSM ќ

Without R -parity
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We can install 

New RpV interactions!
(R-parity violating)



Introductive Diagram
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¾SUSY detection in LHC is important.

R-parity is Conserved

ќ LSP yields Large

ќ Used as a signal

Then if not? ќ We have to study!

Why Important?

<15>

(missing transverse momentum)

? ÅWhatõs the Dark Matter ?
ÅIs SUSY the truth?



Introductive Diagram
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¾What I studied (with Hamaguchi , Endo)

= A detailed analysis of

cosmological constraints

on these RpV couplings.

What I studied

<17>

much more stringent
than from collider experiments.



2. Cosmological 

Constraints
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The violation of R-parity may spoil 
the current Baryon Asymmetry of 
the Universe.



¾Current university:

Baryon asymmetry of 

the Universe
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Thereõs Baryon,
and no anti -baryon.

Baryon



However, if we have

interaction,

in the early universe.

And if frequently enough ,

ќ achieve Equilibrium : 

ќ must be small enough!

( 2010/02/01 )

Wash -out with B -viol.
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¾That is, if

Wash -out with B -viol.
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LARGE        , then

òWASH-OUTó occurs!!

(Bouquet and Salati , 1987)



Kuzmin , Rubakov and Shaposhnikov , 1985
Campbell, Davidson, Ellis and Olive, 1992

¾This story

does not end here.

¾The L -violation also washes -out

the Baryon asymmetry

in the presence of the Sphaleron !!

Wash -out with L -viol.
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In the early universe 

ќ the sphaleron process is frequent.

(by thermal effects)

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

Kuzmin , Rubakov , Shaposhnikov , 1985; Ringwald , 1988



In the early universe 

ќ the sphaleron process is frequent.

(by thermal effects)

Sphaleron
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Sphaleron converts
Baryon      Anti -lepton

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

Kuzmin , Rubakov , Shaposhnikov , 1985; Ringwald , 1988



SphaleronõsEffect
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¾If Baryon is shorté

sphaleron works right to left.

sphaleron

(anti -lepton)

(baryon)



SphaleronõsEffect
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¾If Baryon is shorté

sphaleron works right to left.

(anti -lepton)(baryon)



SphaleronõsEffect
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¾Also when (anti -)Lepton is short,

sphaleron does left to right.

sphaleron

(anti -lepton)
(baryon)



SphaleronõsEffect
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¾Also when (anti -)Lepton is short,

sphaleron does left to right.

(anti -lepton)(baryon)



Wash -out with B -viol.
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¾Thus, actually the previous 

is

(anti -lepton)(baryon)



Wash -out with B -viol.
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sphaleron

(anti -lepton)

(baryon)

¾Thus, actually the previous 

is



Wash -out with B -viol.
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(anti -lepton)(baryon)

¾Thus, actually the previous 

is

òWASH-OUT!!ó



¾Therefore, if

large            before EWPT,

Wash -out with L -viol.
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(anti -lepton)(baryon)



¾Therefore, if

large            before EWPT,

Wash -out with L -viol.
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sphaleron

(anti -lepton)
(baryon)



¾Therefore, if

large            before EWPT,

Wash -out with L -viol.
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òWASH-OUTó occurs!!

(anti -lepton)(baryon)



¾But

NOTE ONE
IMPORTANT POINT!

Wash -out with L -viol.
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Campbell, Davidson, et al., 1992; Dreiner and Ross, 1983

(anti -lepton)(baryon)



¾But

NOTE ONE
IMPORTANT POINT!

Wash -out with L -viol.
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Campbell, Davidson, et al., 1992; Dreiner and Ross, 1983

(anti -lepton)(baryon)



¾ If the Lepton Flavor is not violated

Wash -out with L -viol.
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Campbell, Davidson, et al., 1992; Dreiner and Ross, 1983



¾And if at least

one of      is not violated,

Wash -out with L -viol.
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Campbell, Davidson, et al., 1992; Dreiner and Ross, 1983



Wash -out with L -viol.
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Campbell, Davidson, et al., 1992; Dreiner and Ross, 1983



Wash -out with L -viol.
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sphaleron

Campbell, Davidson, et al., 1992; Dreiner and Ross, 1983


