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Natural SUSY
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There are ways to evade the LHC constraints

1. R-parity violating MSSM
2. Compressed or degenerate spectrum
3. oplit SUISY

4. ...



1. R-Parity violating MSSM
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Squarks can decay to 2-jets due to UDD term and be hidden in the QCD background

Biplob Bhattacherjee, Amit Chakraborty, 2014
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2. Degenerate MSSM
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Sparticle Spect

Typical spectrum in the case of Mp ~ 975 GeV

D.Chowdhuri, K.M.Patel, X.Tata, S.K. Vempati 1612.06471




3. Split SUSY

. WIMP Dark Matter
* Coupling constant unification

* Fine tuned Higgs mass
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Scalar Superparticles

Gluino
Higgsinos
Electroweakinos

One tuned
Higgs



1. PeV scale SUSY - J.D.Wells (2005)

2. PeV Neutrinos and a 3.5 keV X-Ray Line from a PeV

Scale Supersymmetric Neutrino Sector -
S. B. Roland, B. Shakya, J. D. Wells (2015)
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Events per 1,347 days
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lceCube neutrino spectrum
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I Background atmospheric Muon flux
B Bkg. atmospheric neutrinos (n/K)

7] Background uncertainties

— Atmospheric neutrinos (90% CL charm limit)

— Bkg. + signal best-fit astrophysical (best-fit slope £2°%)
— - Bkg. + signal best-fit astrophysical (fixed slope £7?)
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Deposited EM-equivalent energy in detector (TeV)
Halzen, Nature Physics (2016)




Tensor-to-Scalar Ratio (rp.002)
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Starobinsky model
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Plateau potential
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SUGRA Inflation

Kahler potential K (¢;, ¢;)

Superpotential W (¢;)
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SUGRA Model of Starobinsky potential

Ellis, Nanopoulos, Olive , PRL, 2013
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R-PARITY VIOLATING MSSM MODEL
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D-flat directions

by =g =¢r=tp=d=ép=dp=1ur =0,
¢u = ¢ sin[f]

¢q = ¢ cos[f],
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A=76x10""
tan 0 = 1.8

A, =3.1x10"1
n, = 0.9664

r = 0.0033

Two parameter fit to inflation.



SUSY breaking is by the Polonyi field

tan || Masses in PeV RPV couplings
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Sparticle spectrum

SUSY Fields

Masses in PeV

~

dz’L,R (2 =4d,s,b)

M;;

T,
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Mg, .~ (845, 11.22), (12.61, 12.61). (13.05, 13.05),
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M;, ~ (10.78),  (10.78), (10.78),

M}, ~ 124 [GeV]

H My, ~ 17.53

A° M 40 ~ 17.53

H~ My - ~17.53

Ji (i =1...8) M, ~11.44
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Gauge coupling unification from PeV particles
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5 PeV DM decay gives lceCube neutrino events
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Thank You



