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EeV Supersymmetric Dark Matter

1) Viable dark matter models in CMSSM-like tend to lie in
strips (co-annihilation, funnel, focus point).
How far up in energy do these strips extend”?

2) How much better are CMSSM-like alternatives?

3) Gravitino Dark Matter in High Scale SUSY models
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Long list of observables to!
constrain CMSSM parameter space
Multinest " :
I\/IQMC technigque to sample efficiently the #2 = e (((;:)‘2: 2()P-)2
SUSY parameter space, and thereby A '

construct the x? probability function +#%(Mn) + #°(BR(Bs " )
+ #2(SUSY search limits)

IM

Combines SoftSusy, FeynHiggs, Superkla,

obs bt 2

Bagnaschi, Buchmueller, Cavanaugh, Citron, Colling, D
Roeck, Dolan, Ellis, Flacher, Heinemeyer, Isidori, Malik,
Marrouche, Nakach, Olive, Paradisi, Rogerson, Ronga,
Sakurai, Martinez Santos, de Vri&¥eiglein!



#$2 map of m - M2 plane

Mastercode
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Buchmueller, Cavanaugh, De Roeck, Ellis, Flacher, Heiner

CMSSM Isidori, Olive, Ronga, Weiglein!
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Other Possibllities

Less Constrained (more parameters)
x NUHM1,2: mi2 = mo2 £ Mo2, M12 # M2 £ Mo?
®x | and/or ma free
= NUGM
= gluino coannihilation
x SubGUT models: Min < Maur
x  new parameter Mi
x  SuperGUT models: Min > Maur

Talk by Jason Evans
x requires SU(D) input couplings



Other Possibllities

More Constrained (fewer parameters)

= Pure Gravity Mediation
= 2 parameter model with very large scalar masses
® Mo = Map, tan 3

x MAMSB
x similar to PGM, but allow mg # mgz/

x MSUGRA

x Bp=Ao-mo<ztan 3 no longer free



Pure Gravity Mediation

= [wO parameter model!
= Mo = Mase; tan B (requires GM term to insure Bo = -mo)

= gaugino masses (and A-terms) generated through

loopPS i 33 2 :
92
Mo = 16!22”13/2 ,
02
Mz = | 316f2m3/2 !

®x <zPush towards very large masses



Pure Gravity Mediation

The sfermion and gravitino have masses O(100) TeV.

The higgsino and the heavier Higgs boson also have
masses O(100) TeV.

The gaugino masses are in the range of hundreds to
thousands of GeV.

The LSP is the neutral wino which is nearly degenerate
with the charged wino.

The lightest Higgs boson mass is consistent with the
observed Higgs-like boson, i.e. mnh ~ 125 - 126 GeV.
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Pure Gravity Mediation
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PGM with small p
Higgsino DM

NUHM1-like model; use EWSB conditions to
determine mi = Mz # M3z

U, tan B, max free; M1 = Mz, cH (GM term)
fixed by EWSB

Can drop cH, and allow m1 # mo,
but no viable Higgsino DM

Can drop y, and allow m1 # mo, (U = cH M3, BO = 2 May)
but no viable Higgsino DM



Higgsino DM

full universality




Even Larger Mass Scales

What if the entire SUSY matter spectrum were very
large

with only the gravitino remaining “light”

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

Supersplit Supersymmetry

x 1 parameter model: mg/2



Gravitino VIass [t

lecays to the gravitino:

Lifetimes 100-16s! BBN limits

NLSP" gravitino + %
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Gravitino Mass Eimits

Cyburt, Ellis, Fields, Luo, Olive, Spanos
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Gravitino IVIass' EimitsS

GeV (g /GeVps

m
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Gluino coannihilation

mg < 8 TeV! mz2<4 TeV

heavier gravitind heavier neutralino!
" ' gh?too large’ ' 3oh?too large

800C 1000(



Gravitino Viass: EirmitsS

e susy spectrum lies !
Scale.
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Gravitino Product

gluon + gluon' gluino + gravitino

3/ 2




Gravitino Productior

gluon + gluon' gluino + gravitino

3/ 2

mg>m!



Gravitino Productior

gluon + gluon' gravitino + graviti

Bl 2

see talk of Yann Mambrir
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Reheating

| gu 1H$%"




Reheating

Haio = My

! decay h2 - 0.11' 53/2

Bajo = #g/2/ #1 =
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Summary

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

= There remain several beyond the CMSSM-like models
x PGM at the PeV scale

= But maybe the susy spectrum is very heavy, and was never
part of the thermal background, yet the gravitino may still be
the dark matter!

x at the EeV scale



