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Outline

e Standard Cosmology

» Evidences for Dark Matter
e Freeze out mechanism

o Dark Matter Searches

e Minimal Dark Matter

some references :

® Gorbunov, Rubakov, Introduction to theory of the early Universe: The Hot Big
Bang Theory (World Scientific);

® Bertone, Hooper, Silk (hep-ph/0404175)
e Cirelli (hep-ph/1202.1454)
...others given during the talk



Standard Cosmology

¢ Einstein equations: geometry +— matter

1 81
RHV — ng,R = —CTTH,/ + Agﬂy
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The Universe today

km

e homogeneous, isotropic and expanding :  Hp = (70.5 £ 1.3)
s Mpc

t~Hy'~1.4-100rs, I~cHy' ~4.3-10°Mpc

e Cosmic Microwave Background (gas of non interacting photons)

TC’MB ~2.T3K

5T
— ~107%*-10"°
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e flat Universe: Q~1 (CMB + Type la Supernovae)



The dominant part of the energy density is unknown!
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FEvidences for Dark Matter

e Galaxies rotation curves (galaxy scale)
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flat behaviour at large distances

GM(r)
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v(r) ~ const = M(r)ocr, p(r)ocl/r?
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Ordinary matter embedded in a DM cloud : galactic halo
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FEvidences for Dark Matter

e Gravitational lensing (cluster of galaxies scale)

bullet cluster
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90% of baryons in intergalactic gas
the gas is slowered by the collision

gravitational field mainly produced by DM



FEvidences for Dark Matter

¢ CMB power spectrum (cosmological scale)
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Informations about the composition of the Universe at decoupling time

good agreement with Big Bang Nucleosynthesis



Dark Matter is there, but...

what is it?



Dark Matter is there, but...

what is it?

Must be neutral, stable and weakly interacting
none of the SM particles is a good DM candidate:

physics Beyond the Standard Model is required!



Freeze Out mechanism

e X stable particle in thermal equilibrium
with the cosmic plasma
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nx freezes out at n¢(Ty)

formally described by Boltzmann Equations
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Tann(Ty) = nS(Tf) (Gannv) ~ H(Ty)
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e main dependence on og
e only log dependence on mx

e result completely independent on the initial conditions



Tann(Ty) = nS(Tf) (Gannv) ~ H(Ty)
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main dependence on og
only log dependence on mx

result completely independent on the initial conditions
Qx =Qpy ~02-0.3
00~ (0.3-1.5)10"8GeV ™2 ~ (1 —6)1073% em?
(0annv) ~3-10726 em?
comparable to weak interaction cross actions
crowocg(/mgg — mx ~ax 10TeV

Weak Interacting Massive Particles (WIMP): mx ~ 100GeV — 1TeV
(WIMP miracle)



Dairect Detection

X X

SM SM

GeV _3
PX 20.3—3,1;;( ~ 10
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1 GeV

cm?2s mx

Dy ~ 107

few events
Newy v ——

year
AFE ~ 10 — 100 keV

DAMA-LIBRA, CoGeNT, CDMS,
CRESST, XENON, LUX...



Dairect Detection

X X
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Indirect Detection

X SM

X SM

et, d (PAMELA, FERMI, 11555,
AMS)

X no directional infos

X unknown bg
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e™ excess — few TeV DM, huge

Oann ?

no excess on p — lepto-philic DM 7

¥ (FERMI, HESS, CT)
130 GeV excess

vV, UV (SK, ICECUBR)
bounds on DM cross section

high energy solar v, smooking gun
for DM



Collider searches

SM X

SM X

x model dependent searches based on natural EW theories
v/ model independent searches based on Effective Field Theories:
monophotons, monojets + MET channels at LHC

describe the unknown interaction DM-SM with effective operators

q X q X
>J-‘>4-*< — >Q< p? < M2
q X q X

x validity of EFT at LHC is questionable and get worse increasing the energy
Busoni, De Simone, Morgante, Riotto (hep-ph/1307.2253)

? need of new strategies for Dark Matter searches at colliders
De Simone, Giudice, Strumia (hep-ph/1402.6287)



EWSB theories — WIMP candidates

SUSY, Composite Higgs, Extra Dimensional Theories

but

e till now no evidences at LHC
e a lot of free parameters — not clear phenomenolgy

e DM stability imposed by hand (discrete symmetries)



Minimal Dark Matter

Cirelli, Fornengo, Strumia (hep-ph/0512090), Cirelli, Strumia (hep-ph/0903.3381)

SM + DM (X, multiplet of scalars or fermions)

e assume that X has only SU(2)r, x U(1)y gauge interactions with SM particles
e the only new parameter is \/x (fixed by Qx)

quantum number assignements that provide a good DM candidate:
e the lightest one is neutral
e lightest component is automatically stable
e still allowed by DM searches



Minimal Dark Matter

Cirelli, Fornengo, Strumia (hep-ph/0512090), Cirelli, Strumia (hep-ph/0903.3381)

SM + DM (X, multiplet of scalars or fermions)

e assume that X has only SU(2)r, x U(1)y gauge interactions with SM particles
e the only new parameter is \/x (fixed by Qx)

quantum number assignements that provide a good DM candidate:

e the lightest one is neutral
e lightest component is automatically stable

e still allowed by DM searches

the best candidate is a fermion quintiplet of SU(2);, with Y =0



Minimal Dark Matter

Cirelli, Fornengo, Strumia (hep-ph/0512090), Cirelli, Strumia (hep-ph/0903.3381)

SM + DM (X, multiplet of scalars or fermions)

e assume that X has only SU(2)r, x U(1)y gauge interactions with SM particles
e the only new parameter is \/x (fixed by Qx)

quantum number assignements that provide a good DM candidate:

e the lightest one is neutral
e lightest component is automatically stable
e still allowed by DM searches

the best candidate is a fermion quintiplet of SU(2);, with Y =0

another good candidate is a fermion triplet of SU(2)y, with Y=0

M ~ 3TeV  Cirelli, Sala, Taoso (hep-ph/1407.7058)
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Conclusions

» waiting for new results fron direct detection experiments
(Super-CDMS, XENON 1-ton) and indirect detection experiments

(AMS-02)

o need of new strategies of model independent searches at LHC-14
and future colliders

e lots of WIMP candidates from EWSB theories: many free
parameters

e Minimal Dark Matter: no free parameters, very clear
phenomenology



Thanks for your attention!
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? annual modulation compatible
with the motion of the Earth
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Hints of Dark Matter?
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Residuals (cpd/kg/keV)

50 4D 10%

VTime (dayj

Positron fraction

3%
2 annual modulation compatible
with the motion of the Earth

/ I

1 10 10? 10°
Positron energy in GeV

? fitted by a 3TeV DM candidate with
3
huge cross section (ov) ~ 10723 €2



