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What isWhat is Dark MatterDark Matter  ?

➢An Unknown, non-luminous matter with almost no An Unknown, non-luminous matter with almost no 
interactions with other particles except gravityinteractions with other particles except gravity

➢Contains more than 80% of the matter content of the Contains more than 80% of the matter content of the 
universeuniverse

➢All pervading across the galaxies, clusters, super-All pervading across the galaxies, clusters, super-
clustersclusters
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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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Evidence of Dark Matter in the Evidence of Dark Matter in the 
UniverseUniverse

➔  Flatness of the rotation curves of spiral galaxies at        Flatness of the rotation curves of spiral galaxies at        
large radius large radius 

➔  Gravitational lensingGravitational lensing

➔  Bullet ClustersBullet Clusters

➔  Anisotropy of cosmic microwave background                Anisotropy of cosmic microwave background                
radiation.radiation.

➔  Difference in gravitational mass and luminous mass in  Difference in gravitational mass and luminous mass in  
galaxy clustersgalaxy clusters

➔  Difference in total mass and observed massDifference in total mass and observed mass
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Spiral GalaxySpiral Galaxy
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Elliptical GalaxyElliptical Galaxy
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Flatness of Rotational CurveFlatness of Rotational Curve
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Flatness of Rotational CurveFlatness of Rotational Curve
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 Another method used to study 
mass/distance relationships among the far 
reaches of our Universe is called lensing.

Lensing occurs when an object’s gravity 
distorts light behind it.

LensingLensing
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In 1997, a Hubble Space Telescope image revealed light from a distant galaxy 
cluster being bent by another cluster in the foreground.

  Based on the way the light was bent, it is estimated the mass of the 
foreground cluster to be 250 times greater than the visible matter in the cluster.

  It is believed that dark matter in the cluster accounts for the unexplained 
mass.

Gravitational Lens Created by Galaxy Cluster Reveals 
Presence of Dark Matter
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LensingLensing
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Bullet ClusterBullet Cluster
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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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Types of Dark MatterTypes of Dark Matter
 Cold Dark Matter (WIMP)Cold Dark Matter (WIMP)

moves very nonrelativistically, so has a short free
streaming length 

 Hot Dark MatterHot Dark Matter

moves relativistically
 Warm Dark MatterWarm Dark Matter

 Baryonic DMBaryonic DM
 Nonbaryonic DMNonbaryonic DM
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WIMP Hunting
 Hadron colliders produce WIMPs through decays of new particles

– e.g., gluino production followed by a long cascade ending in a 
neutralino

 Production rate depends on details of the particle spectrum
– If a WIMP is found, it’s hard to identify it with the cosmic Dark Matter

● Does it live cosmologically long? What is its coupling?

Indirect searches rely on WIMP pair annihilation in the regions of high 
WIMP densities
– e.g., Galactic center, Solar core

 Annihilation rate depends on the local density profile
– Backgrounds are poorly understood

● Are there local sources of energetic radiations, e.g., pulsars?

Direct searches depend on the local WIMP density and velocity
– Assumed density at solar location to be 0.3 GeV/cm3, Maxwell 

distribution 
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WIMP Hunting
Going beyond gravity, three ways to 
detect WIMPs

WIMP pair 
production 
at hadron 
colliders

 

Indirect 
detection of 
radiation 
from pair 
annihilation

Direct detection of 
WIMP 

scattering off a nucleus

f f

χ χ
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• Rotation of galactic disc through 
the halo of Dark Matter causes 
the earth to experience an 
apparent wind of Dark Matter

• Elastic collision of WIMP with 
detector nuclei

• The recoil energy of the nucleus 
is measured

Detection of Dark MatterDetection of Dark Matter  
Direct DetectionDirect Detection
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Direct Detection ResultsDirect Detection Results
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➔Gamma RaysGamma Rays  from annihilations in 
the galactic halo, near the galactic 
center, in dwarf galaxies, etc.

➔NeutrinosNeutrinos  from annihilations in the 
core of the Sun 

➔Positrons/AntiprotonsPositrons/Antiprotons  from 
annihilations throughout the galactic 
halo
➔Synchrotron RadiationSynchrotron Radiation  from 

electron/positron interactions  with 
the magnetic fields of the  inner 
galaxy

  Indirect Detection of DMIndirect Detection of DM
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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 GC) 

Gamma Emission from Fermi Bubble

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

Antiproton excess ( BESS) 

Neutrinos at ICECUBE, ANTARES ?

Gamma Emission from Extragalactic sources 
(Fermi-LAT)
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Targets for Indirect Detection of Dark Matter

Galactic 
Centre 

Dwarf 
galaxies 
and 
Galaxy 
Clusters 

Galactic 
Halo

Extra
Galactic

Lines

Strongest signal expected, most difficult background
Hard sources, not well understood diffuse emission

Dwarfs: weak signal, but relatively well controlled Dark Matter 
Distribution and essentially no background (if at high latitude).

Clusters: DM density not well constrained, but provides boost 
factor (extended emission), so good for discovery (if lucky)

Fermi-LAT: spatial and spectral discrimination, good 
statititstics, extreme freedom in galactic diffuse emission.

IACT: best potential, small systematics due to diffuse 
emission, ~100 hour observation time (GC halo)

Very model dependent, good as target for spatial analysis.

Smoking gun*, got to get lucky.

http://arxiv.org/abs/arXiv:1205.6474
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                          Indirect Detection of DMIndirect Detection of DM

●AnnihilationAnnihilation
●FragmentationFragmentation
●Synchrotron RadiationSynchrotron Radiation
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Likely Candidates for Dark Matter
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Inert Doublet ModelInert Doublet Model

A Model for Dark MatterA Model for Dark Matter
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Inert Doublet Model (contd.)Inert Doublet Model (contd.)

ConstraintsConstraints
Perturbative calculations

Vacuum stability conditions

Unitarity Conditions
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Constraints (contd.)Constraints (contd.)

LEP measurements of Z decay width

ALTAS and CMS bounds on diphoton signal strengths (LHC Constraints)

(ATLAS) (CMS)

PLANCK bound on CDM relic density
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Best Fit Point for Low Mass DM in IHDMBest Fit Point for Low Mass DM in IHDM
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GAMMA-RAY FLUX FROM GALACTIC CENTREGAMMA-RAY FLUX FROM GALACTIC CENTRE
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Galactic Centre : a suitable target
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Galactic Centre : a suitable target
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Observed gamma flux bump from 5 
degree around GC by FGST

12/01/13 Kamakshya Prasad Modak, SINP, Kolkata 35

Hint of Dark Matter around 10 GeV
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Fits to DM proposals
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Calculation of gamma-ray flux



28/01/2015 Debasish Majumdar 38

GAMMA-RAY FLUX FROM 5 DEGREE 
AROUND GALACTIC CENTRE
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~1-3 GeV Gamma-Ray Excess from 5 deg 
around GALACTIC CENTRE
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with region masked out
Arxiv:1409.0042[hep.ph]
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region subtending the galactic centre

S. Murgia et al.
(Fermi Collaboration)
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Fermi Bubble
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Comparing 
with 
Fermi Bubble
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Dwarf Spheroidal Galaxies 
(dSphs)
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Dwarf Spheroidal Galaxies 
(dSphs)

Positions of 25 dSphs observed so far
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Limits on dark matter from dSphs
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Comparison of gamma-ray flux
with dSphs 
1. Bootes I
2. Canes Venatici I
3. Canes Venatici II
4. Carina
5. Coma Berenices
6. Draco
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Comparison of gamma-ray flux
with dSphs 
7. Fornax
8. Hercules
9. Leo I
10. Leo II
11. Leo IV
12. Sculptor
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Comparison of gamma-ray flux
with dSphs 
13. Segue 1
14. Sextans
15. Ursa Major I
16. Ursa Major II
17. Ursa Minor
18. Willman 1
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Extragalactic gamma-ray 
from DM annihilation
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Concentration parameter

Variance of density fluctuations of the linear density field in 
sphere that contains the mean mass M,

Concentration parameter and 
minimum halo mass are parametrised

Extragalactic gamma-ray from DM annihilation
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Extragalactic gamma-ray from 
DM annihilation in IHDM
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Non-DM contributions to Extragalactic 
Diffuse Isotropic Gamma-Ray Background 

1. BL Lac Objects

2. FSRQ

3. MSP

4. SFG

5. FR

6. UHECR

7. GRB

8. SBG

9. UHEp ICM

10. IGS
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DM + Non-DM contributions to EGB
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Galactic Smooth Halo and Subhalo 
Contributions to Extragalactic Diffuse 

Isotropic Gamma-Ray Background 
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Galactic Smooth Halo and Subhalo Contributions to 
Extragalactic Diffuse Isotropic Gamma-Ray 

Background 



28/01/2015 Debasish Majumdar 59

A Model for Dark Matter that
may simultaneously explain

Planck results for DM abundance

10 GeV Gamma ray excess from 
Galactic Centre region

Low energy gamma emission from 
Fermi Bubble

Gamma ray flux from dSphs

Extragalactic Gamma ray 
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