
A Possible Explanation of Low Energy A Possible Explanation of Low Energy 
gamma-ray Excess from Galactic  gamma-ray Excess from Galactic  

Centre and Fermi Bubble by a Dark Centre and Fermi Bubble by a Dark 
Matter Model with Two Real ScalarsMatter Model with Two Real Scalars

Debasish MajumdarDebasish Majumdar

Astroparticle Physics and Cosmology DivisionAstroparticle Physics and Cosmology Division
Saha Institute of Nuclear PhysicsSaha Institute of Nuclear Physics

KolkataKolkata



15/05/2014 Debasish Majumdar, UNICOS 2014 2

Energy Budget of UniverseEnergy Budget of Universe

 Baryonic Matter are ~ Baryonic Matter are ~ 4.8%4.8%
 Dark Matter ~ Dark Matter ~ 26.5%26.5%
 Dark Energy ~ 68.4Dark Energy ~ 68.4%%

PLANCK 2013 RESULTS !!!
(March 21, 2013)
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General Properties of Dark General Properties of Dark 
MatterMatter

●Should be neutralShould be neutral
●Gravitationally interactingGravitationally interacting
●StableStable
●Very weak interaction withVery weak interaction with
other particlesother particles

➔Major constituent is perhaps heavy (massive) particles Major constituent is perhaps heavy (massive) particles 
(non-relativistic while decoupling)(non-relativistic while decoupling)
➔Mainly non-baryonic in natureMainly non-baryonic in nature
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Dark Matter HuntDark Matter Hunt

Through Direct Detection

Through Indirect Detection

CDMS II

CoGeNT

CRESST II

XENON 100

LUX

Final products of Dark Matter Annihilation, e.g. Gamma Ray, neutrinos etc. 
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Direct Detection ResultsDirect Detection Results
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Indirect Detection (Signatures?)Indirect Detection (Signatures?)

Excess Gamma Emission from Galactic Centre Region 
(Fermi Gamma Ray Space Telescope (FGST) searches 
Gamma ray around 5 degrees surrounding GC) 

Gamma Emission from Fermi Bubble

Excess positron fraction (AMS 02 @ ISS, PAMELA etc.)

Antiproton excess (BESS) 

Neutrinos at ICECUBE, ANTARES ?
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Hint of Dark Matter around 10 GeV

Observed gamma flux bump by FGST
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Fits to DM proposals
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Fermi Bubble
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A Model for Dark Matter that
may simultaneously explain

 Direct detection results 

Planck results for DM abundance

10 GeV Gamma ray excess from 
Galactic Centre region

Low energy gamma emission from 
Fermi Bubble
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Two Scalar Singlet 
Model for Dark Matter

We Propose SM with additional 2 SM gauge singlets

Stability ensured by or
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After SSB
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Vacuum Stability Bounds

Perturbative Unitarity Bounds
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The Potential
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Relic Density Calculation for 
comparing with Planck result 

Boltzmann Eqns.
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Annihilation 
Channels
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Direct 
Detection
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Direct Detection 
Bounds
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CDMS II + PLANCK
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CDMS II + PLANCK
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CoGeNT + PLANCK
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CRESST II + PLANCK
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XENON 100 + 
PLANCK
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XENON 100 + PLANCK
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LUX + PLANCK
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Dark Matter Halo Profile
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CDMS II + PLANCK for GC gamma excess
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CoGeNT + PLANCK for GC gamma excess
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CRESST II+PLANCK for GC gamma excess
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XENON100+PLANCK for GC gamma excess
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XENON100+PLANCK for GC gamma excess
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Comparing 
with 

Fermi 
Bubble
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Conclusions

Two real scalar SM gauge singlets odd under 

(CDMS II, CoGeNT, CRESST II) + Planck + Galactic Centre + Fermi Bubble 
prefer flat DM halo profile like isothermal/Burkart

(Xenon 100, LUX) + Planck + Galactic Centre + Fermi Bubble prefer 
cuspy nature of DM halo profiles such as Moore/Einasto

This model provides an explanation for excess low energy gamma ray 
emission from Galactic Centre region as also from the low lattitude Fermi 
Bubble region from the annihilation of Dark Matter
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