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A= map D Of mo - mi plane

CMSSM: best fit,
4000 .

3500y}
3000¢

{ 14 TeV 3000 fb-!

. A/H funnel %i coann.

- CUSSIY

m, [GeV
stau coann. B hybrid stop coann.

focus point

Mastercode

2015

at LHC

18 TeV 20 fb

0 1000 2000 3000 4000 5000 6000

h funnel

Z funnel

-/ \ UL + AVTATT



ElaSte SCaterring cross-section
Mastercode

2015

-
-
-
-
-
-
o
- -

10°

. hfunnel

| stau coann. . hybrid - I stop coann.

" A/H funnel | Xt coann. focus point Z funnel
¥ gt i B i 0 € v g, €0, W Wil
I 1“5'\,]“' e Fader Mo yer Semian MLl Ravass Raiee,

Ll Bl o Ve W



1.0x10% 1.5%

m1/2 (GeV)

cllisyEvans, Luo, Olive, Zheng
LESTESUTET RIS




SIS

1 1.5 2 2.5 3 3.5 135

Ay = —4.2m0,ltanﬁ = D, ,ul > ()

60

130
50
125
~ A~
40
% 120 %
C 4 S
- 115 _
3 =
20 —mj —m, 110

—FH2100
10 1105
—FH2141
01 2 3 4 5 6 7 8100
m1/2 (TeV)

Ellis;Evans, Luo, Olive, Zheng

Bagnaschi et al.



ElISSEvans Mustatayey, Nagata, Olive



Other Possibilities

Less Constrained (more parameters)
x NUHM1,2: mi2 = mo2 £ Mo2, M1i2 # M2 # Mo?
= |y 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






Other Possibilities

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 mo # msz

x MSUGRA

x Bo=Ao-mo = tan 3 no longer free
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Even Larger Mass Scales

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: mg/2



Gravitino VIass [t

1ys to the gravitino:

Lifetimes 100-10% s = BBN limits

NLSP — gravitino + vy

my, > 300 GeV (m3,/GeV)?2>



Gravitino Mass Eimits

eV (mz/GeV)?>

or QA2 <0.12—2

ms/2

Gluino coannihilation

my <8 TeV = m3p<4 TeV

heavier gravitino — heavier neutralino
— €2 h2 too large — €230h? too large

10000



Gravitino Mass: Eimits

Susy spectrum lies
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Toy. Model




Gravitino Product

gluon + gluon — gluino + gravitino




Gravitino Productior

gluon + gluon — gluino + gravitino




Gravitino Productior

gluon + gluon — gravitino + graviting
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Reheating
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gauge coupling unifcatio!




gauge coupling unification

SM + Light Scalar
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gauge coupling unification

ms =173.5 GeV

m=3.16 x 10" GeV, ue = 1.3 x 10" GeV




gauge coupling unifiicatior

Higgs vacuum stability
achieved through coupling of S
(weak triplet) to H

Radiative EW symmetry breaking



Higgs vacuum staloility;
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Radiative Electroweak Symmetry,
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Detection?

-violating interactions
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Detection?

3
—) S w~m>»

) (2.0 % 1010 Ge\/>7/2
TR

—
o
oo_\
OO0

e g g Expect about 1 event at
< 1 RN P o 1
> . By ol ANITA every 137 years.
9 Y A @px = _3
o 10 et L
3 -6 \\i, 10-6
L ANITA has seen 2 O(EeV)
w0 e 1079 events in 3 years




Even Larger Mass Scales

Planck Scale SUSY = no susy at low energy



Even Larger Mass Scales

Planck Scale SUSY = no susy at low energy

S0(10) GUT?



Even Larger Mass Scales

Planck Scale SUSY = no susy at low energy

S0(10) GUT?

x  Gauge Goupling Unification

"

x Stabilization of the Electroweak Vacuum

x Radiative Electroweak Symmetry Breaking

x  Dark Matter

x  Neutrino masses...



SO(10) DM models

Mambrini, Nagata, Olive, Zheng

auge Group

esentation and insure proper splitting
tiplet, and pick low energy field content

Es to obtain Gauge Coupling Unification

R>=126 + ...



Exam pleS ; agata, Olive, Zheng

Scalars
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_ 11.08 0.0218  36.84 1.2
Higgs portal models 1238 00228  340+1.2
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Summary

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

However, still viable and more so beyond the CMSSM

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!

Can we learn more from a UV completion?

Signatures at the EeV scale?



