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1. SUSY and R -Parity

SUSY _ O Q4 O
R-Parity & o g -
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SUSY and R  -parity

Standard Model (SM)
VERY NICE theory!!

But has some probl emse.
Hi erarchy probl em, Neutr i

K The most hopeful theory isé..

S U SY (or Models with supersymmetry)
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SUSY and R -parity

But SUSY also has some problems.

Many Particles (do they exist?) ,

Many Models (How to break SUSY?),

Many Parameters ( Real values a
And furthermore,

Proton decays!!!
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Proton decay @ MSSM

Under MSSM (Minimal Supersymmetric Standard Model)
we have following interactions:

W>H,H,, H,LE, H,QD, H,QU,

H,L. LLE, LQD, UDD

And t henéeé
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Proton Adecav im NMQQ\
Protomdecays!s!!

W > H,Hyg, fleLE,, HdQD, HuQU,

H,L, LLE, LQD, UDD
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Proton decay @ MSSM

-

W > XN9*L;Q,; Dy,

+ X"%U,D; Dy,
(1, ], k for generations.)
1112\ 171112 |2 mgroton 1
' ~ ‘)\ A ‘ T < T35
~ 2
_ TN
‘)\’112)\”112‘ <5 %1023 ( 3 )
1 TeV

Unneasomablyl constrainedhed!



SUSY and R  -parity

How should we do?
K Review the Standard Model case.

Why does not proton decay under SM?
K Because

Baryon number B and Lepton Number L
are accidentally conserved.
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Proton decay @ SM

Under SM, Interactions are only
[-"yukawa — yuUHQ -+ ydDHTQ =+ yeE_'HTL

and their Hermitian conjugates.

K Band L are conserved
by the gauge symmetry.

_|_

K Proton decay,e.g. p — € ’7T,OiS forbidden.
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Proton decay @ SM

Roughly speaking,
Proton decay, such as
p — et !
IS process.

Therefore,

OPr oBamtLas S M6

may be a good solution.
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Prot MSSM conserves neither Bnor L !

However, under SUSY models,
possible interactions are:

W = H Hd, H,LE. HdQD H,QU,

~L V\Olaf | h%j
o Bvidang



SUSY and R -parity i
Ww>H,H;, H,LE, H;,QD, H,QU|

Ji,L, LLE, LQD, UDL

We want to oﬂit
these B/L -breaking terms.

K We introduce R-Parity .

Rp . (_1)SB—L—|—23

(s:spin)
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SUSY and R -parity i
Ww>H,H;, H,LE, H;,QD, H,QU|

R-Parity forbids these interactions.
K BJ/L are conserved again!

K Proton become stable again!!!
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SUSY and R  -parity

And as you know, since

R, =4

+1 tor SM particles

—1 for superpartners,

\

R-Parity makes LSP stable,

e LSP

(Lightest Supersymmetric Particle)

K a Candidate
for Dark Matter!!
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I, RParity /'~
R
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Other ways

sut Why R-Parity?

\
Evidence for R -Parity conserving? Y©O"

No other symmetry can prohibit $0\
Proton Decay?

¢ Actually we donot have
BELIEVE R-Parity conservation.
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Proton decay @ MSSM

Roughly speaking,
Proton Decay needs
both B-violating and L -violating term.
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Proton decay @ MSSM

Or a bit precisely,
Proton decay doesn|G

Baryon number Is conserved
OR

(Lepton number is conserved
and "™MLSP > Mproton )

More precise? '
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Other ways

Therefore we can easily find

oot her ways. o
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Other ways

W > H,H,;, H,LE, H,QD, H,QU]

H,L. LLE. QD] [DRQ

L-violate B-violate
Baryon Parity (-1)3"
Proton K not decay Good!
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Other ways

W > H*U,Hd: HdLE: HdQD'; H'U,QU:

T, DR Q| [UDD

Lepton Parity (—1)~ |

Proton K notdecay if mrsp > Mproton
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Other ways

W > H*U,Hd: HdLE: HdQD'; H'U,QU:

™

L-violate B-violate
R-Parity (—1)38-1+2¢
Proton K not decay Good!
LSPK can be DM Lucky!
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Other ways

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

[Example]
W =uH,Hq+ yeHqsLE + yaH.QD + y, H,QU+bVLH,
W =puH Hg + yeHyLE + yaHqyQD + y,H,QU+bLH,+\LLE
W =uH,Hy + y.HyLE + ysHiQD + vy, H,QU+N'UDD
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Other Ways

NOTE
+ From a practical viewpoint,

oOoWhi ch symmetry i
IS a secondary concern

+ What is important is
oWhi ch ter ms

In Lagrangian ? 0
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What | Oom studyl 1

By the way,



What | Oom studyl 1

almost ALL
studies on LHC



What | Oom studyl 1

IS assuming

R-Parity
conservation.



What | Oom studyl 1

However . as weove

We can violate
R-Parity!



What | om studylr

R-Parity violation introduce

additional
Interactions

to the Lagrangian .



What | om studylr

Therefore if R -Parity Is violated,
we will observe

different
LHC event

from R -Parity conserving case.

[Lunch Seminar] SUSY@LHC without RParity / Sho Iwamoto (2009/06/08 ) <32>



What | om studylr

Then, If R -parity Is violated,

What will
nappen e

RParity / Sho lwamoto



What | Oom studyl 1

Then, iIf R -parity Is violated, \\




What | Oom studyl 1

Therefore

| Om | Nt er est



What | Oom studyl 1

I_ H C study

|
I t I I N
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What | om studylr

But Why IS this theme
NOot explored?



What | Oom studyl 1

sree SOME
PROBLEM?
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4. Why not explored?

R-Parity o 7 _  LHCI
" SUSY event” o_ — »
0 Q' 40 -
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Why not explored?

fR-pari ty I s cons
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Why not explored?
fR-pari ty I s cons

9 -

e,

d €

P

T
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Why not explored?

fR-pari ty I s cons

[Lunch Seminar] SUSY@LHC without RParity / Sho Iwamoto (2009/06/08 ) <42>



Why not explored?

fR-pari ty I s cons

\Jet \

N Created |n pair!

Theneé
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Why not explored?

we canot observ

Therefore
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Why not explored?

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

Here, These LSPs are NOT observed!!!

A

K Momentum seems to be

NOT conserved .
—\ AL

17Kk Large oMi ssing Ene

pT ~ 100 GeV

Y 4 / s, ©
This would be a good SUSY signal.

\/
[Lunch Seminar] SUSY@LHC without RParity / Sho lwamoto (2009/06/08 ) <46>



Why not explored?

However, If R -Parity Is not
conserved,

LSP DOES
DECAY!
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Why not explored?

Observable!

Therefore
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