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Has the CMSSM survived Planck, the
LHC, Direct and Indirect Detection
experiments?

Weak scale susy?
More like TeV (or PeV or EeV) susy.

Dominant constraint from mg, but also from
Fermi-LAT, HESS, IceCube/DeepCore
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Constrained Models (CMSSM)

x MSSM with R-Parity (still more than 100 parameters)

®x  Gaugino mass Unification
= A-term Unification

x  Scalar mass unification

= hyHoQu" + hgH1Qd* + heHy Le® + pHoHy

1 ay« ¥ g
—il\fa)\ A — m?j¢ ¢’
— A h HyQut — AghgH1Qd° — AchoH 1 Le® — BuH>Hy + h.c.
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The Higgs mass in the CMSSM

16000_|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|_ 300 ARLALALELELELELELELELEL DL L ELELELEL L LR ELELEL LR
i . - [ All points after cuts -

14000 |- N [ W Points satisfying g-2 |
I 1 250 |- i
12000 |- d [ |
[ ] 200 |- 1
10000 |- . [ |
= 1 H L -

i ] g i ]

8000 |- . o 150 - .
i ] © : ]

6000 |- ] [ ]
I 1 100 |- i

4000 |- - I ]
i ] s 1

2000 |- . [ |
0 1 0 |
109 112 115 118 121 124 127 130 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128

m,, (GeV) m, (GeV)



What happened to weak scale SUSY

Mastercode
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Elastic scaterring cross-section
Mastercode
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Weak (?) scale
supersymmetric dark matter

Viable regions of parameter space with
dark matter 1s found along strips:

x  Stau-coannhilation Strip

®  extends only out to ~1 TeV

= Stop-coannihilation Strip
= Higgs Funnel

= Focus Point



Requirements

* Relic Density*

e LHC constrains: Sparticle searches; Higgs mass

* Spin-Dependent and Spin-Independent scattering cross sections
e Gamma Ray Fluxes

e Neutrinos from the sun

— Focus point
Well-tempered
— W-t w/Coann.

Funnel

* Assuming no late entropy production




JNagata; Olive, Velasco-Sevilla
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e Gamma Ray Fluxes
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Other Possibllities

More Constrained (fewer parameters)

= Pure Gravity Mediation

= 2 parameter model with very large scalar masses
®x Mo = M3/, tan 3
= MAMSB

x Similar to PGM, but allows mo # ma/»

(with PeV scales)



MAMSB

tan B =3.5, u>0

/|

1.2x103

Bagnaschi et al.



Other Possibllities

Less Constrained (more parameters)
x NUHM1,2: m12 = mo2 £ mo?, M2 # M2 # Mo?
= | and/or ma free
x NUGM
® gluino coannihilation
x subGUT models: Min < Macut
x new parameter Mi
x SuperGUT models: Min > Maut
x requires SU(D) input couplings



What about g, - 27

SU(5) - motivated
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What about g, - 27

Flipped SU(S5) - motivated

M5 #M1
ms # Mijo# Mj
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CMSSM
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Aa, (x10''): GUT models vs Standard Model calculations

Ellis, Evans, Nagata, Nanopoulos, Olive
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Gravitino Dark Matter

~ Weak Scale:

my, < 8 TeV = m3p <4 TeV  heavier gravitino — heavier neutralino
— €2 h? too large — €23h2 too large

unless(!) the susy spectrum lies
above the inflationary scale

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




Summary

LHC susy and Higgs searches have pushed CMSSM-like
models to “corners” or strips

However, still viable and more so beyond the CMSSM
Proton decay may be a visible signature of these models
Maybe the susy spectrum is very heavy

» [s Susy at the multi-TeV or PeV or EeV scale?

Need more input from Experiment!!!

Can we learn more from a UV completion?

Signatures at the EeV scale?



