DARK MATTER and
COSMOLOGY










Dark Matter is weakly interacting & cold

Springel, Frenk &
White 2006
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GRAVITATIONAL LENSING
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GALAXY ROTATION CURVES
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ACOUSTIC OSCILLATIONS
IN CMB
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WEAKLY INTERACTING
DARK MATTER BOOSTS
FLUCTUATION GROWTH
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ISOTROPY OF THE COSMIC MICROWAVE BACKGROUND IN A
UNIVERSE DOMINATED BY COLD DARK MATTER
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FROM DENSITY FLUCTUATIONS TO GALAXIES
’—WgLTFar scale s
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EUCLIDEAN or flat space FITS TO HIGH PRECISION!

Q= 8nGp/3H,* H,=68+-1 km s Mpc -}

\\// 7z
curved

Q,=0.697+-0.011
Q= 0.303+-0.011

Q= 0.0484+-0.0007

t,=13.804+-0.058 Gyr




ACOUSTIC OSCILLATIONS IN BARYONS
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SUPERNOVAE AS STANDARD
CANDLES FOR COSMOLOGY
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Distant type Ia supernovae are too faint by ~25%

most of the mass-energy in the universe is dark




£2p

No Big
14rBang

12

dark energy

1.0

(.8

(.6

4

0.2

dark matter

E}'?].D 0.2 0.4 (.6

Qpr
Amanullah et al 2010

i.uv

0.2

lIIIIIlIIl"lIIIIIIIIIIIIIrIII'I|I1II'|II'II
- "ﬁ_ . I— . -

LA

B Pianck+ WP -

N Fianck+WP+BAO ]

= = = 11
_.0.‘41'IIll"!‘llr!!t?lf'till]rr!]l:'—l!-p-:—]

. LA — — WMAPY ~ -
- = 1 N Flanck+WP+JLA =

B Flonck WP —— Planck+WP+BAO -
[ i i [ [ ]

0.15 0.20 0.25 0.30 035 (.40 0.4
Betoule + 2014 €.




1. ASTROPHYSICAL CONSTRAINTS
2. DIRECT DETECTION
3. INDIRECT DETECTION

2




SUSY WIMP in thermal equilibrium
relic abundance if <o,,,v>~3x102%¢ cm3/s ~0.23/Q, generic WIMP
<o,,,v>~ a,%/mz2=a,?/1 TeV 2
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WIMPS or nonWIMPs
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NOW its one of many DM candidates...

One natural choice is asymmetric DM
for which m =5 GeV

lepton-like asymmetry:  pg=mgn.mz  p,=ngn,m,

Nussinov, Kaplan....

of interest for direct detection...

Another is minimal DM for which m =10 TeV

SM + quintuplet............. neutral, stable, thermal freeze-out + relic abundance

of interest for indirect detection.... Cirelli +




DARK MATTER DETECTION

Indirect Det., Kelic _Denff?fy
DM : SM

Indirect detection
of high energy y, v, e*...

direct detection
and colliders
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DIRECT
DETECTION

many WIMPs pass through lab per second

Jorization

Drukier, E'ruu ‘\&el gel PRDB6

Freese et al. F June
WIMP Nucleus O WIMP WIMP Wind V)
From galactic halo in laboratory . e
O Elastic WIMP
Scattering : Cygnus
(v ~ 250 km/s) (v=0kmis) Nucleus HRE’.".I

E(recoil) ~ 20 keV

DAMA/NaI (0:29 tonxyr) — : I < DAMA/LIBRA (0.53 tonxyr)->
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Spin-dependent elastic scattering sums incoherently
(couples to nucleon spin, cancels in pairs)

— XENON100 limit (2013) proton
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INDIRECT DETECTION

halo WIMPS occasionally annihilate into energetic particles

DM
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UNCERTAINTIES

Dark matter distribution

profiles, streams, clumps, velocity distribution
Cosmic ray propagation

diffusion, solar modulation, energy losses
Particle physics issues

fragmentation codes,

higher order corrections at TeVscales

Possible dark matter profiles in our galaxy Astrophysical backgrounds

Moore
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The dark matter V|ew
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positrons
Y rays




Radio synchrotron emission

Finkbeiner 2007

The WMAP microwave haze
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Fermi 1-5 GeV Haslam 408 MHz
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Via Lactea 2 simulation = =ns
(10° particles of 4000 M,,) g

5\ \\
Fermi inner galaxy excess i_inner.galaxy ekc?sx

Y

DM renderings by Lin Yang (2013) Diemand, Kuhlen, Madau 2006



THE GALACTIC CENTER 7°x7°
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Yang et al 2013

(d)

mpy =10 GeV, B=3 yC, ng, =3 cm™, 2/3mu +1/3tau

(e)

()

- - prompt only
— prompt +1C +brem

Lacroix + 2014
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Dark Matter around our SMBH




CDM cusp steepens by adiabatic growth
of IMBH: pxr " = pxr 7, with v/ = ?1 2y
Annihilation rate is amplified within a
radius GMy,/0? ~ 0.003(Mpy/10°Mg)pe

Density profile

Plateau: n (r)<ov>t;, ~1

annthilation plateau




supermassive black hole at Galactic Center

prediction for CTA: superexponential signature of TeV DM annihilations
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Surface mass density, = [AMg/Mpc? ]
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BULLET CLUSTER
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Simulation Lage & Farrar 2014

LENSING
CDM accounts for

Bullet Cluster




d 3 5 kev ||n o P, decay time (+ mixing angle) specifies relic abundance

7 keV v decays into 3.5 keV photons
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Ultra-faint dwarf galaxies predicted by CDM L
So far no y detection ;

Segue 3 with SDSS




If GC is DM signal, then we should soon detect dwarf

spheroidal galaxies: ideal DM laboratories

MSESM
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Following the light

TH E F UTU R E Higgs discovery and

the failure to find
evidence for SUSY,
the new frontier for
particle physics is
likely to be a 100
TeV collider
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The new frontier for DM
el detection will shift from
PO ©  light DM (10-100 GeV)
Il * « where the constraints

g | are increasingly tight

= | to heavy DM (1-30 TeV)

m(x;) (GeV)



