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Dark Matter Detection

The Standard Model of Particle Physics: Visible Matter

[Fermilab Visual Media]
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Evidence for sun: planets Rotation Curve
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M33 (Triangulum) Galaxy Rotation Curve

[Image: Mario De Leo, Wikipedia]
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Eg: v → constant for ρ(r) → 1/r2 (dark matter!)
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Structure formation

2dF, SDSS, BOSS, DES

[SDSS]
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Supernova Cosmology Project
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Cosmology ⇔ (Particle) Physics
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Cosmic Microwave Background (CMB)

COBE, WMAP, Planck

[ Planck 2015][Hu, Dodelson 2002]
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Big-Bang Neucleosynthesis (BBN)

[Tytler et al., 2000]

Note: Planck 2015

Ωbh
2 = 0.02226± 0.00023
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Inference

Flat on large scales

Expansion is Accelerating

95% is unknown dark matter + dark energy

What is it??
The DARK SIDE rules!
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95% is unknown dark matter + dark energy
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The DARK SIDE rules!
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What is the dark matter?

Dark Matter (DM)

Astrophysical objects? (Disfavoured)
MAssive Compact Halo Objects (MACHO) or Black Holes or . . .

Particle dark matter? (Favored)

Hot or Warm or Cold Dark Matter (CDM)

Requirements for particle DM

Must be long lived (stable?)
Must be neutral charge

Can we detect DM in some experiment?
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Indirect detection
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Dark Matter Detection

Direct Detection

DM directly intereacts with a detector

Indirect Detection

Look for indirect emmissions from DM

Collider Detection

DM escapes as missing momentum at colliders
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DAMA

DAMA, Gran Sasso, Italy. Detection claimed!!

NaI scintillators
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CDMS

Cryogenic Dark Matter Search (CDMS), Soudan Mine, USA

Ge detector
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XENON 100 Detector

Shrihari Gopalakrishna Dark Matter



Dark Matter Evidence
Particle Dark Matter

Dark Matter Detection

Direct detection
Indirect detection
Collider detection

e+, p̄ data

AMS02 e+ [PRL113, 2014]
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Fermi LAT γ
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DM at Colliders I

CERN Large Hadron Collider (LHC): ATLAS, CMS
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Summary

Strong evidence for Dark Matter

But what is it?

Many Candidates

Vigorous search underway - Direct, Indirect, Collider

Exciting times! We might discover DM particle soon
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Gravitational Lensing
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The expanding universe

Vesto Slipher : measured Red-shift (Doppler shift) of

galaxies (1917) z = λobs−λemit
λemit

Georges Lemaitre : Universe is expanding (1927)

Edwin Hubble

v = H0 d (H0 : Hubble constant) (1929)

H0 = 67.8 ± 0.9 km s−1 Mpc−1 [Planck 2015]

z = 1−a
a

in FLRW cosmology

[Riess, Press and Kirshner (1996)]
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The Standard Model (SM) of Particle Physics

[particleadventure.org]

Units: Mass & Energy in GeV (E = m c2, set c = 1)
(
1GeV = 109 eV

)
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