
Gravitino Dark Matter and Neutrinos inPartial Split Supersymmetry
Benjamin Kochcollaboration with Marco Aurelio Díaz and Sebastián García Sáenz,

bkoch@fis.puc.cl

Pontificia Universidad Católica, Chile
FLASY 2011

Benjamin Koch (PUC, Chile) Gravitino DM in PSS Valencia, July 2011 1 / 15



Outline
Partial Split Supersymmetry (PSS)
Neutrinos in PSS → constraints
Gravitino dark matter
Gravitino decay modes → constraints
Combined constrains
Conclusions

Benjamin Koch (PUC, Chile) Gravitino DM in PSS Valencia, July 2011 2 / 15



Split Supersymmetry

N. Arkani-Hamed and S. Dimopoulos, JHEP
0506, 073 (2005); G. F. Giudice andA. Romanino, Nucl. Phys. B 706, 65 (2005).

All scalars heavy except ofSM-like HiggsAbandon Higgs naturalnessKeep unificationSolve proton decaySolve FCNCSolve CP violation
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Partial Split Supersymmetry

M. A. Diaz, P. Fileviez Perez and C. Mora,Phys. Rev. D 79, 013005 (2009);R. Sundrum, JHEP 1101, 062 (2011).

S-quarks and S-leptons heavyAbandon Higgs naturalnessKeep unificationSolve . . . same . . .
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Neutrinos in Split Susy
Need violation of R parity

LRpV
PSS = −iεi H̃T

u σ2Li − i√
2
biHT

u σ2(g̃dσW̃ − g̃ ′d B̃)Li + h.c ., (1)
Mixing of neutralinos induces neutrino mass matrix

M ij
SS = Aλiλj (2)

Only one mass 6= 0also at loop level, where Λi = µbivu + εivd
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Neutrinos in Partial Split Susy
At tree level same as SSbut at one loop level:
Neutrino mass matrix:
Fits ν-masses and ν-angles:
M. A. Diaz, F. Garay and B. Koch,Phys. Rev. D 80, 113005 (2009)

M ij
PSS = AΛiΛj +B(εiΛj + εjΛi )+Cεiεj (3)
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Gravitino Dark Matter
Problem in PSS:

The usual scalar DM candidates ofSusy are too heavy!

Remaining candidate, gravitino: (
εµνρσγ5γν∂ρ − imσµσ

)
ψσ = 0 (4)

In principle stable, but R-parity violation ⇒ unstable!
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Gravitino Decay Modes
Two body decay: (Dominant for m3/2 small)

Γ(G̃ → γν) = m3
3/2

32πM2
P
|Uγ̃ν|2 (5)

with
Uγ̃νi '

µ
2(detMχ0 ) (g̃dM1sW − g̃ ′dM2cW

) ΛiThree body decay: Branching ratio

+ . . .
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Induced Photon flux
Two body decay should induce photon flux!Flux from dark matter halo dominant:
E 2 dJhalo

dE
= dγΓ(G̃ → γν)m3/2

2
δ
(
E − m3/2

2

) (6)
where dγ constant from DM profileCompare to observed photon flux:

⇒Constraint on gravitino lifetime( τ3/2
1027 s) > B

0,851
p

( m3/2
1 GeV)0,41

B : two body branching ratiop: detector efficiency at E = p3/2

← FermiLAT, PRL 103,251101(2009)
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Connecting Neutrino Model with Gravitino DM
Link due to neutrino photino mixing:

Γ(G̃ → γν)︸ ︷︷ ︸determines γ-flux ∼ |Uγ̃νi |
2 '

(
µ

2(detMχ0) (g̃dM1sW − g̃ ′dM2cW
) Λi

)2

︸ ︷︷ ︸parameters of neutrino model
Numerical parameter scan, values of Uγ̃νiFixed: Q = 951,7, M2 = 2M1Continuous: tanβ, |µ|, mh, mA, εi , ΛiDiscrete: M1 = 100, 300, 500 GeV
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Connecting Neutrino Model with Gravitino DM
Link due to neutrino photino mixing:

Γ(G̃ → γν)︸ ︷︷ ︸determines γ-flux ∼ |Uγ̃νi |
2 '

(
µ

2(detMχ0) (g̃dM1sW − g̃ ′dM2cW
) Λi

)2

︸ ︷︷ ︸parameters of neutrino model
Numerical parameter scan, values of Uγ̃νi

M1 |Uγ̃ν|2(min) |Uγ̃ν|2(max)100 GeV 2× 10−16 4× 10−13300 GeV 2× 10−17 3× 10−14500 GeV 1× 10−17 1× 10−14
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Combined constraints
Combined constraints from gravitino DM and neutrino mass matrix

Maximal value for m3/2! (Low)
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Conclusions
Conclusions:

PSS valuable neutrino modelGravitino in PSS is a good DM candidateIf m3/2 < MW then ⇒ m3/2 < 10 GeVFurther studies on the way
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