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(if we have time, that is,
if Iõm not trapped anywhere.)
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1. SUSY and R -Parity
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¾SUSY‎‗ Ό Ὼ⁴Ὸ⁮
R-Parity₀  ”Ό΅΅⁭῀



¾Standard Model (SM)
üVERY NICE theory!!

üBut has some problemsé. such as

¶Hierarchy problem, Neutrino mass, é.

ќ The most hopeful theory isé..

¾SUSY (or Models with supersymmetry)

SUSY and R -parity
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But SUSY also has some problems.

üMany Particles (do they exist?) ,

üMany Models (How to break SUSY?),

üMany Parameters (Real values areé?)

And furthermore,

Proton decays!!!

SUSY and R -parity
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Under MSSM (Minimal Supersymmetric Standard Model) ,

we have following interactions:

And thenéé

Proton decay @ MSSM
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Proton decay @ MSSM
Proton decays!!
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Proton decay @ MSSM

( i, j, k for generations.)
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¾How should we do?

ќ Review the Standard Model case.

¾Why does not proton decay under SM?

ќ Because

Baryon number B and Lepton Number L 
are accidentally conserved.

SUSY and R -parity
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Under SM, interactions are only

and their Hermitian conjugates.

ќ B and L are accidentally conserved

by the gauge symmetry.

ќ Proton decay, e.g.                     , is forbidden.

Proton decay @ SM
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¾Roughly speaking,
Proton decay, such as

is B-/ L-violating process.

¾Therefore,

òProtect B and L as SMó
may be a good solution.

Proton decay @ SM
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However, under SUSY models,

possible interactions are:

Proton decay @ MSSM

( B / L conserving )
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MSSM conserves neither B nor L !



¾We want to omit

these B/L -breaking terms.

ќ We introduce R-Parity .

SUSY and R -parity

( s : spin )
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¾R-Parity forbids these interactions.
ќ B/L are conserved again!

ќ Proton become stable again!!!

SUSY and R -parity
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¾And as you know, since

R-Parity makes LSP stable,
(Lightest Supersymmetric Particle)

ө LSP ќ a Candidate

for Dark Matter!!

SUSY and R -parity
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2. Other Ways
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¾‖‾ „R-Parity ⁄’΅
‖‾΅΅⁭



¾But Why R-Parity?
üEvidence for R -Parity conserving?

üNo other symmetry can prohibit 
Proton Decay?

é Actually we donõt have to
BELIEVE R-Parity conservation.

Other ways
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¾Roughly speaking,

Proton Decay needs

both B-violating and L -violating term.

Proton decay @ MSSM
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LB
More precise?



¾Roughly speaking,

Proton Decay needs

both B-violating and L -violating term.

Proton decay @ MSSM
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LB

¾Or a bit precisely,
Proton decay doesnõt occur if

ÅBaryon number is conserved

OR

Å(Lepton number is conserved

and                              )
More precise?



¾Therefore we can easily find 
òother ways.ó

Other ways
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¾Baryon Parity
üProton ќ not decay

Other ways
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L-violate B-violate

Good!



¾Lepton Parity
üProton ќ not decay if 

Other ways
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L-violate B-violate

Good!



¾R-Parity
üProton ќ not decay

üLSP ќ can be DM

Other ways
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Good!

Lucky!

L-violate B-violate



¾That is,
we can ADD
B- or L-violating interactions! !

[Example]

Other ways

( 2009/06/08 ) <24>[Lunch Seminar] SUSY@LHC without R- Parity / Sho Iwamoto



Other Ways
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NOTE
÷From a practical viewpoint, 

òWhich symmetry is installed?ó
is a secondary concern .

÷What is important is

òWhich terms are
in Lagrangian ?ó



3. What Iõm studying
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¾By the way,

What Iõm studying
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almost ALL
studies on LHC

What Iõm studying
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is assuming

R-Parity 
conservation.

What Iõm studying
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However, as weõve seen,

We can violate 
R-Parity!

What Iõm studying
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¾R-Parity violation introduce

additional 
interactions

to the Lagrangian .

What Iõm studying
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¾Therefore if R -Parity is violated, 
we will observe 

different
LHC event

from R -Parity conserving case.

What Iõm studying
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Then, if R -parity is violated,

What will 
happen in LHC?

What Iõm studying
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Then, if R -parity is violated,

What will 
happen in LHC?

What Iõm studying
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Therefore 
Iõm interested in

What Iõm studying
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LHC study 

without
R-Parity.

What Iõm studying
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But Why is this theme 

not explored?

What Iõm studying
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Is there some 
PROBLEM?

What Iõm studying
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4. Why not explored?
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¾R-Parity₀  ’΅‗ LHC‖
”SUSY event” Ό‗―‾›
–Ὸ ῼ’⁴Ὸ⁮῀



¾If R -parity is conservedé

Why not explored?
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¾If R -parity is conservedé

Why not explored?
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¾If R -parity is conservedé

Why not explored?
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jet

jet



¾If R -parity is conservedé

Why not explored?
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jet

jet

Created in pair!

Thené



Why not explored?
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(e.g.      )

Therefore

we canõt observe!



Why not explored?
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Here, These LSPs are NOT observed!!!



Why not explored?
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Here, These LSPs are NOT observed!!!

ќ Momentum seems to be 
NOT conserved .

ќLarge òMissing Energyó

This would be a good SUSY signal.



Why not explored?
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¾However, if R -Parity is not 
conserved, 

LSP DOES 
DECAY!!



Why not explored?
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Therefore

Observable!




