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3 different scales : particle (pb), Astro (light years), Cosmo (Hubble time)

3 different philosophies/visions of physics

Accelerators are made by physicists for physicists whereas Universe was made 

by ? for ?

LHC provides 600 millions collisions per seconds whereas we just have 1 Universe : 
we cannot reproduce the experiment to increase the luminosity!!!

LHC provides his own background, whereas in the Universe, you have no idea of the 
background as you always measure Signal+Background.
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When 

then the photon travel a 
distance larger then the 

Hubble horizon

cΓ−1
γ = H

−1(T )

It happens for Tdec. = 0.234 eV = 280 000 years

Remark : Tdec is lower that BH (0.2 < 13.6 eV)
because even if T < BH, still sufficiently numerous photons 

with Eγ > 13.6 GeV to destroy the atom of Hydrogen.
(both σ and n contribute to annihilation rate)
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A little thermal history of the Universe (III)

= -3 H n                                   (H = R / R)
.

Boltzmann Equation
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Ωh ~                  ~  0.1,        decoupling at T ~ Mχ/20 3.10  cm  s   
<  σv >  

-1  3  2  -27  
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Astroparticle data.. 
  

[DD = Direct detection; IDγ = Indirect gamma; IDe+ = Indirect antimatter]

DAMA + DAMA/LIBRA : DD ; 5-20 GeV WIMP

EGRET :  IDγ ; 40-100 GeV WIMP
INTEGRAL : IDe+ ; 2-5 MeV DM
HEAT : IDe+ ; 100 GeV DM

HESS : IDγ ; > 15 TeV DM

PAMELA + FERMI : IDe+ ; 100 GeV or > 5 TeV DM

CDMS : DD ; 10-100 GeV WIMP

CoGENT : DD ; 6-15 GeV WIMP

CRESST : DD ; 10-20 GeV WIMP
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Direct detection : signals
DAMA modulation

CoGeNT

Germanium detector with extremely low threshold of 0.4 keVee

exponential rise of events
at low energies
claim that it cannot be
electronic noise

Aalseth et al., 1002.4703

T. Schwetz, GGI, 19 May 2010 – p. 11

CoGENT

CoGENT signal CoGENT + DAMA

CoGENT modulation

CRESST Signal
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Except around the pole : 2MDM = Mh : small δ to respect WMAP 

=> small σDM-SM  
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Mediator
Mh

σDM-SM ~ 10-36 cm2
=> excess in DD exp. δ

DMDM
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Mediator can be mater fields 
(Higgs, squarks..) or generated 

by symmetries (Z’..)

If direct detection experiments see nothing 
=> δ < δmax   

=> Γ (h -> DM DM) < Γmax 
=> h not invisible at LHC
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δ

H

Z ν
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H

Z’ν

Z’µ
δ

α   δ 
2

α   δ 4

MZ� = 5 GeV

δ = 5× 10−3

mh = 125 GeV

⇒ Γh→ZZ� � 10−10 GeV

(ΓSM
h = 3.9× 10−3 GeV)
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Can be applied to any kind of SM extensions (SUSY, KK..)
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