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1. R-parity violating SUSY

oTo avoid the Proton Decay in th
we usually impose the  R-patrity.
But actwually, we have other two



MSSM and R-parity
MSSM

(Minimal Supersymmetric Standard Model)

@Hierarchy problem K solved!

Proton decay problem

Why does Proton decay?



Proton Decay Problem

v, Superpotential of the MSSM

W > H,Hy, HiLE, HiQD, H,QU,

J\LH., LLE, 1QD] |
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v, Superpotential of the MSSM  with R-Parity conservation
W > H,Hy, HiLE, HiQD, H,QU,

=BH——are—= Proton | s stable.
®

T ~ OO

(s:spin)

R-parity




SUSY without R-parity

However, since proton decay needs both aBd , Z,
we have Other two possibilities!

+ To forbid B with Baryon -parity etc.
W s Hy Hyg, HdLE, HdQD, HUQU,

(LA, LLE._1QD) (PBR)|  niowing &

+. To fOrbid L with Lepton -parity etc.

with assuming  Mp,Sp > Mproton -
W > H,Hy, H4LE, H4QD, H,QU,

T Ik, TOR| (UDD|

(Allowing /3




SUSY without R-parity

Thatis, we can INStall RpV interactions additionally .

7 MSSM with R-parity K W = Wgpc
WRPC = NHqu + yuinuQin
- + Ydi; HaQiDj + Yoi; HaLi E;
% 44-MSSM K B _
Wy= Wrpc + NijeLiLj Ep + N, LiQ; Dy + ki L H,

7. B -MSSM & -
\ WB: WRPC + )\ilijzDJDk

MSSM without R-parity




Introductive Diagram

Standard Model
/ @ersymmetb

B -MSSM
MSSM with R-parity L -MSSM

@) Dark Matter!! MSSM without R-parity

(Here we need other DM candidates.)
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What | studied

Can we constraint such exotiC couplings?
)\ijléLiLjEka )\;jléLinDka g L H @ij
—> YES!!

v, Collider experiments K various constraints
of order 10172

i Dy

% We analyzed cosmological constraints
kK muchmore Sstringent!

(as we will see | a
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2. Cosmological Constraints

0 The vi olRaparitynay syuoi
the current Baryon Asymmetry of



Baryon Asymmetry of the Universe

Current universe:

Ther Bary()ﬂ,

and no ant -baryon.

Baryon
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Baryon Asymmetry of the Universe

Note:

Today we assume that

current Baryon ASYM . is generated

before EWPT.

)

T > 100 GeV




Baryon Asymmetry of the Universe

Current universe:

Ther Bary()ﬂ,

and no ant -baryon.

Baryon
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Wash-out with B-viol. E

However, ifwe have W 2 N/UDD interaction,

q=qq, q =qq

In the early universe.

And if frequently enough,
¢ achieve Equilibrium : B = (.

K No Baryon Asymmetry! 0 WASGIUT (’

/!
¢« A" mustbe small enough!
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Wash-out with B-viol. E

¥, Thatis, If

LAFQ'G E | , then

o WASBUTO ocgu

Butthisisabit nalve vi ewe
We havetoconsider o s phal e

<16>



Manton, 1983; Klinkhamer and Mant on ,Hoott 91976;

Kuzmin , Rubakov, Shaposhnikov , 1985; Ringwald , 1988

Sphaleron
sph ( ALl 11 1
= uddcsstbbvev, v,
Aag_ 111111111
333333333

AB=3AL=3; A(B—1L)=0

In the early universe  (temperature 7' 2 100 GgV
K the sphaleron processis frequent . (oythermal effects)
Sphaleron converts

Baryon ZZAnti -lepton
K Equilibrium.
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Sphal eronos Eff ec

] >
| f Baryon i s shorté(mTNmOGeV)

sphaleron works right to left
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Sphal eronos Eff ec

' >
| f Baryon 1 s shorté(mTNwOGeV)

sphaleron works right to left
and achieve Equilibrium .

o []

(baryon) (anti -lepton)
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Sphal eronos Eff ec

' >
Also when (anti -)Lepton is short, (in T2 100 GeV)

sphaleron does left to right

oo ;0,0 O
29 hadhd i

||||“““‘|‘|“‘||‘I ‘II.IlE‘l....I
% -
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(baryon)



Sphal eronos Eff ec

' >
Also when (anti -)Lepton is short, (in T2 100 GeV)

sphaleron does left to right
and achieve Equilibrium .

- [

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

Thus, actually the previous wash  -out by

(baryo (ant epton)
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Wash-out with B-viol. E

Thus, actually the previous wash  -out by

O
%o 0

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

Thus, actually the previous wash  -out by

(aryon) # (ani depon)
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bk dhphk
bII Ellis and Oliv

Wash-out with L- VIO|

This story &
does not end here!




Wash-out with L-viol. l;

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

large

(in the sphaleron era),

(baryon) W (ar%. \depton)
% <26 g



Wash-out with L-viol. l;

| N )
(e.g. | =2 [I"e from LLFE)

large

om0 O O
010 |O

(in the sphaleron era),

































































































