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Andrey Kravtsov, cosmicweb.uchicago.edu

2 106 particelle di CDM, scatola di 43 Mpc di lato
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Progetto Aquarius della collaborazione VIRGO: 
1.5 109 particelle di CDM, un solo alone galattico

VIRGO coll., Aquarius project, www.mpa-garching.mpg.de/aquarius/
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The Evidence for DM

How would the power spectra be in MOND/TeVeS, without DM ?

(in particular: no DM => no 3rd peak!)

CMB LSS

The Tensor-Vector-Scalar theory and its cosmology 19

Figure 3. LEFT : The Cosmic Microwave Background angular power spectrum
l(l+1)Cl/(2π) for TeVeS (solid) and ΛCDM (dotted) with WMAP 5-year data [8].
RIGHT :The matter power spectrum P (k) for TeVeS (solid) and ΛCDM (dotted)
plotted with SDSS data.

the form of the matter power spectrum P (k) in TeVeS looks quite similar to that in
ΛCDM. Thus TeVeS can produce matter power spectra that cannot be distinguished
from ΛCDM. One would have to turn to other observables to distinguish the two
models. The power spectra for TeVeS and ΛCDM are plotted on the right panel of
Figure 3.

Dodelson and Liguori [75] provided an analytical explanation of the growth of
structure seen numerically by [73]. They have found that the growth in TeVeS cannot
be due to the scalar field. In fact the scalar field perturbations have Bessel function
solutions and are decaying in an oscillatory fashion. Instead, they found that the
growth in TeVeS is due to the vector field perturbation.

Let us see how the vector field leads to growth. Using the tracker solutions in the
matter era from Bourliot et al [67] we find the behaviour of the background functions
a,b and φ̄. These are used into the perturbed field equations, after setting the scalar
field perturbations to zero, and we find that in the matter era the vector field scalar
mode α obeys the equation

α̈ +
b1

τ
α̇ +

b2

τ2
α = S(Ψ, Ψ̇, θ) (40)

in the conformal Newtonian gauge, where

b1 =
4(µ0µa − 1)

µ0µa + 3
(41)

b2 =
2

(µ0µa + 3)2

[

µ2
0µ

2
a −

(

5 +
4

K

)

µ0µa + 6

]

. (42)

and where S is a source term which does not explicitly depend on α. If we take the
simultaneous limit µ0 → ∞ and K → 0 for which Ωφ → 0 meaning that the TeVeS
contribution is absent, we get b1 → 4 and b2 → 2. In this case the two homogeneous
solutions to (40) we τ−2 and τ−1 which are decaying. Dodelson and Liguori show
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Calibration Data
! Ionization yield: ionization signal 

13x our WIMP-search background

Calibration Data
y g

divided by recoil energy.

!
133Ba !-source used to define the 

electron recoil bandelectron-recoil band.

!
252Cf n-source used to define the 

nuclear-recoil band.

! The bands are well separated 

down to below 10 keV!
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DAMA/Libra 

(1998-2011)
CoGeNT 

(2010-2011)

CRESST (2011)

Sì! Sì!  
Materia Oscura!

Eccesso di eventi e/o modulazione annuale.
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per niente.
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niente da segnalare.
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E. Figueroa-Feliciano - ICRC 2015 —> updated by hand to status at 04.2018 by M.C.

PANDA-X (2016) LUX (2017)
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Direct Detection: future

E. Figueroa-Feliciano - ICRC 2015
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PAMELA

2008

Sì! Materia Oscura!
Eccesso di positroni

Rivelazione indiretta: stato attuale



PAMELA

FERMI

2008

2009-2013

Mmm, aspetta...
Sì, c’è un eccesso di positroni, 

ma nessun raggio gamma.

Rivelazione indiretta: stato attuale

Sì! Materia Oscura!
Eccesso di positroni
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FERMI
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2008

2009-2013

Andiamo a vedere…
2011-...
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Il teorico medio

2011-...

Rivelazione indiretta: stato attuale

Andiamo a vedere…

Mmm, aspetta...
Sì, c’è un eccesso di positroni, 

ma nessun raggio gamma.

Sì! Materia Oscura!
Eccesso di positroni
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Fabio Cirelli
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Il ‘problema’ è: la materia oscura non lascia tracce
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(NB:               in general)

Collisionneur

DM

DMSM

SM
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‘Problem’ is: DM flies away
Signature is: missing energy

transverse

Before collision: ~P tot
T ⌘ 0

~P tot
L 6= 0

After collision: ~P vis
T

?= 0
If ≠, then ‘MET’

p p

Production aux collisionneurs
Au LHC:



(NB:               in general)

DM

DMSM

SM

q, g

q, g
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‘Problem’ is: DM flies away
Signature is: missing energy

transverse

Before collision: ~P tot
T ⌘ 0

~P tot
L 6= 0

After collision: ~P vis
T

?= 0
If ≠, then ‘MET’

p p

Background: neutrinos (e.g. W→eν)
- model your background and look for anomalies 
- construct kinematic variables sensitive to χ mass

Production aux collisionneurs
Collisionneur Au LHC:
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Status: Per il momento,  
nessun segno di  
energia mancante. 
Nessuno.
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Per il momento,  
nessun segno di  
energia mancante. 
Nessuno.

trasversale

All’LHC: �

�

p

p

q, g

q, g



Di cosa è fatto l’Universo?



Di cosa è fatto l’Universo?



Di cosa è fatto l’Universo?



Di cosa è fatto l’Universo?

Fisica spaziale Fisica agli acceleratori Fisica sotterranea

‘produzione’‘rivelazione indiretta’ ‘rivelazione diretta’



Fisica spaziale Fisica agli acceleratori Fisica sotterranea

‘rivelazione indiretta’ ‘produzione’ ‘rivelazione diretta’

Di cosa è fatto l’Universo?


