R-Parity Violation in High Scale Supersymmetry

e Strong Limits in Weak Scale Susy
* Do these carry over as the Susy scale 1s increased?

work with:E. Dudas, T. Gherghetta, K. Kaneta, Y. Mambrini
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The breaking of R-parity allows the lightest supersymmetric particle (LSP) to decay, and we
study the cosmological bounds on 1ts mass and Lifetime These bounds can be translated into a
lower limit on the neutrino mass when R-parity 1s broken by a nonzero scalar neutrino VEV, and

into lower himits on the symmetry breaking parameters when R-panty 1s broken by explicit
couplings 1n the lagrangian



R-Parity Violation
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e LSP decay
e Baryon number violation
e Lepton number violation



Y — Y + neutrino.
¥ — fermion + antifermion + neutral lepton.

¥y — fermion + antifermion + charged lepton,

Y — 3 quarks

Seems quaint to consider a photino LSP
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Fig 2 Cosmological bounds on the photino hfetime as a function of its mass Fig 2a shows the limit

from Davis’ experiment on solar neutrinos (curve a), the constraints from the energy density of the

Universe (curve bl from the overall density and curve b2 from the radiation density limut set by theories

of galaxy formation), and the limmt on the cosmic gamma-ray background (curve ¢) The overall envelope

of the constraints shown i fig 2b 1s also drawn for comparison purposes Fig 2b shows the limit

which comes from CBR distortion (curve d), the nucleosvnthests bound (curve ¢) and the supernova
limat (curve f)

Money Plot

Pioneering work setting
constraints from:

solar neutrinos,
cosmic energy density,
radiation density,
CMB distortion,

BBN,
Supernovae



R-Parity Violation + Spalerons

Sphalerons in equilibrium between

160 GeV < T < 1012 GeV

If an additional B-L violating operator is in
equilibrium at the same time

= Washout of the primordial baryon asymmetry
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Limits on

1 to 2 processes involving a Higgsino, lepton and gauge boson
with rate:
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Limits on A\, \, )\’

1 to 2 processes involving a scalar and two fermions or
2 to 2 processes involving four scalars

with rates:
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Also limits from higher order operators



Scale of

— 100 GeV - Weak Scale

— 1 TeV - Still close to the Wea

— 1 PeV - But still with ~ TeV sca

— 1 EeV - Susy out of reach, but grav

— 1 YeV - GUT scale

— 1 HeV* - Planck scale




What if the entire SUSY matter spectrum were very
large

with only the gravitino remaining “light”

Benakli, Chen, Dudas, Mambrini
Dudas, Mambrini, Olive

Supersplit Supersymmetry

x 1 parameter model: mz/2



Gravitino: MasstEmitS

Susy spectrum lies

FOI‘ Msusy > F1/2 > Minfl

~ (0.2 EeV




Gravitine Produicli®

gluon + gluon — gluino + gravitino




Gravitine Produicli®

0.1 EeV v TRH
m3/2 2.0 x 1019 GeV




Limits on

1 to 2 processes not applicable if all susy particles are heavy
But dimension 5 operators are still generated

1 1 g2M1 + gQMQ
L~ — hh _— ~ 2 2 1
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~ 2.8 x 1013 GeV

Out of equilibrium =  M; >
0.33g4

or 1 <1.7x107"GeV2mY2u(1 + tan? 8)Y2/g ~ 6.6 x 10*3 GeV |

lab limits slightly better 1.7 x 10" GeV



-violating interactions
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Deteclion?
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Limits on A\, \, )\’

Most of these disappear
particles not in the thermal bath
no D=6 B-L violating operators involving only SM fields

There are D=6 B-L conserving operators
and limits from p-decay can be derived
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