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SUSY breaking scale can be anywhere between EW scale and Mp

Why low-scale SUSY? What can low-scale SUSY do for us?

A) gauge coupling unification

B) Higgs vacuum stability

(
(
(C) radiative EW symmetry breaking
(D) dark matter

(

E) ameliorate hierarchy problem
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How about high-scale SUSY?

e.g. minimal SUSY SO(10) with 7 > m. . ~ 3 x 10! GeV

[S. Ellis, T. Gherghetta, KK, K. Olive, ’18]
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Any SUSY patrticles (except for gravitino) have never been produced after inflation

[Benakli, Chen, Dudas, Mambrini]
EeV gravitino is a good candidate for dark matter [Dudas, Mambrini, Olive]

Gravitino is produced through gluon + gluon — gravitino + gravitino (gluino exchange)

whose reaction rate is
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Number density of gravitino is given by
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How about inflaton decays? The detail depends on models?

— Tree-level decay depends on how the inflaton couples to the gravitino
— Loop-level decay depends on how the inflaton reheats the universe

[KK, Y. Mambrini, K. Olive, '19]

reheating by inflaton decay gravitino production through the same coupling
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To be more concrete, we consider a no-scale inflation model
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Since we consider y > M in high-scale SUSY, this channel becomes much more
significant, compared to the low-scale SUSY case.
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Tree-level coupling of inflaton to gravitinos (G = K + In| W|?):
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decay = 77\ 8.7 x 107 M, 1010 GeV / \ GeV .

[KK, Y. Mambirini, K. Olive, '19]
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How can this heavy gravitino be detected?
Gravitino can decay when R-parity is not conserved

The most generic form of the RPV interactions (at renormalizable level)
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In low-scale SUSY, the RPV couplings are strongly constrained by, for instance,
neutrino mass, proton decay, and baryon asymmetry preservation

In high-scale SUSY, most of the limits become significantly weak

For example, u’ is constrained by the neutrino mass:
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cf. in low (weak)-scale SUSY: u' <2.3 X 107> GeV (B-L asym. preservation)



Gravitino decay is induced by the bilinear RPV coupling: Wgpy D p'H,, - L
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Constraints/signals for the decaying gravitino dark matter

. ) 2 3
T 0.44 keV EeV ~
1014 GeV M Cﬂ ms,»
0.1 EeV'’ T, ’
By using Q,,h% ~0.11 | ——— < K ) , we can eliminate 5/, and obtain the
msn 2.0 X 1010 GeV

RPV parameter scale:
172 172 7/2
, Q,,h? 1028 s m 2 x 100 GeV
p'cy =14 keV
0.11 3 1014 GeV TRH

_ , 10 TeV\2 [ @2\ 1055\ [ 22x 1086\
cf. in low (weak)-scale SUSY: #¢g=l4keV{—= ) 0.11

32 Ty

A smoking-gun signal could be EeV scale monochromatic neutrinos
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Summary

Many good features existed in low-scale SUSY are still preserved in high-scale SUSY
EeV gravitino provides the right amount of dark matter number density

In addition to the thermal production, non-negligible contributions from radiative
inflaton decay always exist as they are related to the reheating processes

EeV gravitino may slowly decay via the RPV coupling, and provides monochromatic

neutrinos as a smoking-gun signal



