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1. SUSY without R-parity

We usually impose the R-parity on
the MSSM.

But we have other choices than
the Rpari1 ty, and 1 t0s
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Introductive Diagram

Standard Model

Supersymmetr

MSSM
L- conservation
R-parity
conservation B -MSSM

Also possible & important.

MSSM with R-parity L -MSSM
© park vattert MSSM without R-parlty
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SUSY without R-parity

Standard Model

Very successful model
@ One unnaturalness
OHierzarchy probl em

Extra ension Ot €r S€ varjious Extensions

Supersymmetr

MSSM

(Minimal Supersymmetric Standard Model)
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SUSY without R-parity
< Supersymmetr

I‘SOMH)d e mo

Proton decay problem
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Proton decay @ MSSM

MSSM Superpotential:
W 3 Hquj HdLE_’,, HdQD.J HUQU,

Both B and l: K proton decay
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Proton decay @ MSSM

Both B and L

Invoke decay of proton.

noices ta 'dthls problem |

becausecé.
To forbid B & l/, with R-parity ec.

To impose B-conservation  with Baryon -parity etc.

To impose |_-conservation with Lepton -parity etc.
with the assumption that TEs o 7 5
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Why  R-parity?
PR = (—1)SB_L+2S (s:spin)

R-parity conservation K
NO B- and L-ViOlating eventsS (proton decay etc.)

®

Since { +1 for SM particles,
Pr =

—1 for superparticles,

the LSP cannot decay! [Lightest Supersymmetric Particle]
kK A candidate forthe  Dark Matter ! ('&;\(m\
fl"‘
— — — (N~
W s Hy,Hyq, HqLE, HdQD,_ ]‘IHC;)Uj (@

™R, IRE, Do [0RD]| -




Introductive Diagram

Standard Model

Supersymmetr

MSSM with R-parity

@ Dark Matter!!
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Without R-parity
We have 3 choices.

To forbid B- & L-violation with etc.

To Impose B-conservation with Baryon -parity etc.
W s H.Ha, HqLE, H4QD, H,QU,

(LH,, LLE, LOD)(0%D) l:

To impose |_-conservation with Lepton -parity etc.
(and to assume M™MLSP =~ Mproton

W > H,Hy, HiLE, HiQD. H,QU,
(a.. meE. el (0DD) B
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Without R-parity

Wrpc = nH,Hg + yuinuQin
That iS, + Yaij HaQiDj + YeijHaLi E;

MSSM with R-parity K W = Wgrpc

7,-MSSMK
WL— Wrpc + AijeLliL; Ek + )\ ikl Q; Dy + k;L;H,

F < j

B-MSSMK W= Wipc + w;ﬁb Dy
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Without R-parity

Wrpc = pHHy + yuinuQ?lUj
That iS, + Ydij HaQiDj + YeijHaL; E;

We can install

New RpVY interastionsis!

(R-parity violating)
(2 <J)

= Wrpc + Aijk Li L Ex + A3, LiQ; Dr + v L; Hy

(J <k)
B-MSSMR WE: Wrpc + )\;k(_]@DJDk
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Introductive Diagram

Standard Model

Supersymmetr

MSSM
L-conservation

.
conservation
. Also possible & @

O Dark Matter!! MSSM without R-parlty
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Why Important?

-\ AWh a t & sDark Madter ?
-/ As SUSY the truth?

SUSY detection in LHC is important.

R_parity Is Conserved (missing transverse momentum)
K LSP yields Large ?T
K Used as a signal

Then if not? kK We have to study!

<15



Introductive Diagram

Standard Model

Supersymmetr

MSSM
L- conservation
R-parity
conservation B -MSSM

Also possible & important.

MSSM with R-parity L -MSSM
@ varkvater: MSSM without R-parity
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What | studied

What | studied (with Hamaguchi , Endo)
= A detailed analysis of
cosmological constraints
on these RpV couplings.

) A
much more stringent

than from collider experiments.

<1/



2. Cosmological
Constraints

The violation of R-parity may spoill
the current Baryon Asymmetry of
the Universe.
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Baryon asymmetry of
the Universe

Current university:

Ther BaryOﬂ,

and no ant -baryon.

Baryon
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Wash -out with B -viol. E

However, If we have

W 2 N'UDD interaction,
~ s —— ~k
q <—d4qq, { <« {4{q

In the early universe.
And If frequently enough
K achieve . B =0.
kK )\ must be small enough!
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(Bouquet and Salati, 1987)
Wash -out with B-viol. E

That is, if E
LARG E  then

OWWAIS-GUIT occwre!'c u



Kuzmin , Rubakov and Shaposhnikov , 1985
Campbell, Davidson, Ellis and Olive, 1992
Wash -out with LI_VIOI' ZJ

This story
does not end here.

The I_-violation also washes -out

the Baryon asymmetry
In the presence of the Sphaleron !
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Manton, 1983; Klinkhamer and Mant on ,Hoolt 9197 ;
Kuzmin , Rubakov , Shaposhnikov , 1985; Ringwald , 1988

Sphaleron

In the early universe T 2 100 GeV
K the process Is frequent.
(by thermal effects)

Osph — -(uddzx)

L=1 1 1
— uddcsstbbzze
1 1
BZEEEEEEEEE

AB=3,AL=3; A(B—L)=0
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Manton, 1983; Klinkhamer and Mant on ,Hoolt 9197 ;
Kuzmin , Rubakov , Shaposhnikov , 1985; Ringwald , 1988

Sphaleron

In the early universe T 2 100 GeV
K the process Is frequent.

Sphaleron converts
Baryon ZAntl -lepton

L = 1 1

B __
AB=3,AL=3; A(B—L)=
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Sphal er oHkfféecs

| f Baryon 1 s shorté
sphaleron works right to left.

.. sphaleron B (in T' 2 100 GeV)

.9.

(baryon)

(anti -lepton)
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Sphal er oHkfféecs

| f Baryon 1 s shorté

sphaleron works right to left.
(in T' 2 100 GeV)

B

(baryon)

1#» (i Jeptor)
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Sphal er oHkfféecs

Also when (anti -)Lepton is short,

sphaleron does left to right.
(in T' 2 100 GeV)

PAE- P,

(anti -lepton)
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Sphal er oHkfféecs

Also when (anti -)Lepton is short,

sphaleron does left to right.
(in T' 2 100 GeV)

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

Thus, actually the previous

(baryo (anti -lepton)
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Wash -out with B -viol. E

Thus, actually the previous

sphale

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

Thus, actually the previous
IS

b\\/\/\msm utrt |9 6

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

Therefore, If (e.g. | = I*e from LLE)

large before EWPT,

(baryon) (anti -lepton)
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Wash -out with [ -viol. l:

Therefore, If (e.g. | = I*e from LLE)

| -lepton)
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Wash -out with L -viol. l:

Therefore, If ”l (e.g. I = I*e from LLE)

OWWAIS-GQUIT doccwrs!'c u |

A

(baryon) (anti -lepton)
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Wash -out Wi’th b L-viol. L
But
NOTE ONE
IMPORTANT POINT!

(baryon) (anti -lepton)
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Wash -out Wi’th b L-viol. L
But
NOTE ONE
IMPORTANT POINT!

(baryon) (anti -lepton)
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Wash -out with [ -viol. l:

If the Lepton Flavor is not violated
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Wash -out with [ -viol. l:

And If at least
one of [.s not violated,
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Campbell, Davidson, et al., 1992; Dreiner and Ross, 1983

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

Wash -out with [ -viol.

rrm—0) O O
Ol0 |O
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