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Dark matter evidences
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Supersymmetry and mixed sneutrinos

Framework: MSSM Standard particles SUSY particles
(with Dirac R T A 4
neutrinos)
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Supersymmetry and mixed sneutrinos

Framework: MSSM Standard particles SUSY particles
(with Dirac A ey
neutrinos)

, [ mE+gmycos28  SsAzusinf \ with Ay ~ O(100 GeV)
v \%A,; vsin f3 m% instead of Ay x vy, =0
= (U, Uy, sinf;) 71 — LSP and dark matter candidate

Dirac neutrinos and A ~ O(100 GeV) is well motivated {Egg;gﬂjggg%’]é}
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Light and heavy sneutrino dark matter

Two very different cases: ['(Z — invisible)?
e light sneutrino (mg, < mZ/Z)/: I'(h" — invisible)?
* heavy sneutrino (mgz, > myz/2)
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Main annthilation channels
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with heavy
sneutrinos, we
also have
annihilations into
a pairof W, Z, h



Bayesian inference using MCMC methods.

MCMC scan

Parameters and nuisance parameters

We assume uniform (linear) priors on all the parameters.

Nuisance p‘dl’?’lllll!l.l!l’

Experimental result

Likelihood function

Ai A L(A;|A;)
1 My /1y 0.553 £+ 0.043 (Gaussian
2 Mg/ Mg 18.9 £ 0.8 Gaussian
3 T 44 4+ 5 MeV Gaussian
4 o 214+ 7 MeV Gaussian
51 PDM 0.34 + 0.09 GeV /em?® Gaussian
§] v 236 £ 8 km/s Gaussian
7 Vpsc 550 £ 35 km/s Gaussian
8 my 173.3 £ 1.1 GeV Gaussian
9 my(my) 4.1!}ﬂ::[1'2 GeV Two-sided Ganssian
10 ae(mg) (0.1184 £ 0.0007 Gaussian

i Parameter Scan bounds
Pi
1 my,, [1,mz/2] GeV (light)
or [mz/2,1000] GeV (heavy)
2 mg,, [“m,,:,T1 + 1, 3000] GeV
3 sin (07, ) 0,1]
4 Mp,, =M, (ma,, +1,mz/2] GeV (light)
or close to myp, (heavy)
5 Mp,, = Mip,, (M. +1,3000] GeV (light)
or close to my,, (heavy)
6 | sin(0,) = sin (05,) [0, 1] (light)
or close to sin (f7_) (heavy)
7 tan 3 3,65
8 1 [—3000, 3000] GeV
9 | My=2M, = Ms/3 30,1000] GeV
10 Aj [—8000, 8000] GeV
11 M4 130,3000] GeV
12 | mg, = mp, =mp, 1100, 3000] GeV

other squarks masses: 2 TeV

Astrophysical parameters
from [arXiv:1005.0579].
Recent lattice QCD values for
os and o from [arXiv:1202.6407].
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MCMC scan

Observables

i Observable Experimental result Likelihood function
i D, L(Dj| )
1 Al'z < 2 MeV (95% C.L.) F(p1,2 MeV)
2 Qppih? 0.1123+0.0118 Gaussian
3 Aay, (26.1 +12.8) x 10710 Gaussian
ul ng = 750, 1000 GeV not included
Or none (a posteriori cut)
51 Higes masses from Ls = 1 if allowed
HiggsBounds 3.6.1beta Ls = 1077 if not
§] Mo = 100 GeV Ly = 1 if allowed
Lg = 1077 if not
7 Mep = Mg > 100 GeV L7 =1 if allowed
L- =107 if not
8 s = 85 GeV Lg =1 if allowed
Ls = 1077 if not
9 TS (mpn, osp) constrained by Lg=¢"X bn /2
XENONI10, XENONI100,
CDMS and CoGeNT
10 B(bh — sv) (3.55+0.34) x 10~ Gaussian
11 | B(Bs = ptp) | < 1.26 x 107° (95% C.L.) | F(pn1,1.26 x 107%)

« We use micrOMEGAS, SuSpect,
HDECAY and HiggsBounds

 \We consider a posteriori the
latest LHCDb result:

B(Bs — ptpu~) <045 x 1078

* F: smoothed step function
(emulates the 95% C.L. limits)
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Light sneutrino results
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* |f the excess around 125 GeV
in Higgs searches is
confirmed, it rules out a light
mixed sneutrino dark matter.
(similar result and
interpretation if one sneutrino
is light, the others heavy)
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Light sneutrino results

indirect detction — Fermi-LAT limits on y-rays
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Heavy sneutrino results
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Heavy sneutrino results

indirect detction — Fermi-LAT limits on y-rays
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LHC phenomenology

Mixed sneutrino dark matter has a sizable effect on SUSY
sighatures at the LHC.

posterior probability of light sneutrino heavy sneutrino
having

B(x) — v) > 0.9 90% 99%

B(xy — v) > 0.9 71% 44%

B(X{ — teeb) 12% 48%

+B(XT — D1,p™) > 0.5

BXf — 1,75)>05  65% 10%

« dominant invisible decays for the two light neutralinos
e sizable lepton production from chargino decay
» LHC potential to resolve the light sneutrino DM scenario: [1105.4878]
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Conclusion

* Mixed sneutrino dark matter is an interesting alternative to neutralino
dark matter

* There is a lower limit on the scattering cross-section — direct
detection limits are very constraining and could soon cover the whole
parameter space

 Fermi-LAT results below 5 GeV are needed for light sneutrinos — for
heavy sneutrinos, the limit is one or two orders of magnitude above

* Dramatic consequences on the Higgs boson if the sneutrino is light

* Gluino and squarks cascade decays are different from the CMSSM —
the limit may be more stringent — requires a dedicated analysis
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