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LCDM is successful but E
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Multipole /

DM interactions are omitted

and yet DM should have interactions!

Cold DM after all Imass and kinetic decoupling at a few MeV in several models"



Impact of DM Interactions on CMB physics



The physics of DM interactions on primordial fluctuations
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The physics of DM interactions on primordial fluctuations

DM collisions | DM free#streaming
primordial fluctuations " .
............ decoupling
Fluctuations first erased by collisional dampin then free#streaming
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http://arxiv.org/abs/astro-ph/0410591

The physics of DM interactions on primordial fluctuations
astro-ph/0112522

last until DM stop interacting efficient if the DM is coupled to a

\ / relativistic species
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http://arxiv.org/abs/astro-ph/0112522

DM-photon interactions astro-ph/0112522

u = ratio of cross section to the DM mass (1 parameter!)
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http://arxiv.org/abs/arXiv:1309.7588

DM-photon Interactiong:xiv:1309.7588
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CMB can exclude large DM!photon interactions!
ETh|s limit Is not competitive for heavy DM but it is reliable!


http://arxiv.org/abs/arXiv:1309.7588

DM-neutrino interactions
R. Wilkinson, CB, J. Lesgourgues arXiv:1401.7597
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Impact of DM interactions

oncosmological parameters



Impact on cosmological parameters
DM!nu interactions arXiv:1401.7597

CMB alone
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HO changes because of the additional source of damping!

Could reconcile cepheids and CMB measurememts:



Structure formation
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The P(k) is different from LCDM
(whatever the Interactions)!
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éStructure formation Is sensitive to DM Interactions!
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DM#neutrino interactions in the Early Universe
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http://www.youtube.com/watch?v=YhJHNG6z 0Oek

C.B., J. Schewtschenko et al



http://www.youtube.com/watch?v=YhJHN6z_0ek
http://arxiv.org/abs/arXiv:1404.7012
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DM-neutrino interactions

! hep!ph/0305261
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Effective theory
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The future for data-driven analysis



DESI and LSST will set strong bounds (stronger than C

arXiv:1505.06735

WiggleZ + Planck 2013
B COrE+ projection
0.128f mm DESI proj. + Planck 2015 Priors

: ; 2 4 6 8 10 12 14
redshift 10%°w

Courtesy JP Kneib With DESI we gain a factor 10
for the DM!photon interactions


http://arxiv.org/abs/arXiv:1505.06735

P(K) (h'! Mpc)®

10*

102

10° )

1072 ; o
............ us= 10'2 g :: i

4 K 1y,

10 ...... u= 10'3 : ::.x=....
..... _ 10 = al

1076 us= .
®cemoemo u - 10

1078 u=0

102 1071 10°

DM Indirect detection searches axiv:1602.07282

Extragalactic gammalray signal: damping + annihilations

Issues about extrapolations of P!k" at small scales



DM indirect detection searchesarxiv:1602.07282

Extragalactic gammalray signal: damping + annihilations

//Nolwith damping
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Same signal as in LCDM but suppressed .
: SO one could mistaken the damping effect with a smaller annihilation cross sectlon



Conclusion

Cosmology can probe the DM microphysics

CMB observations alone constrain primordial DM interactions

CMB observations do not exclude DM interactions though

N#body simulations of LSS beat CMB constraints but they are mofe
uncertain

If OHO discrepanciesO persists, it may be that DM has interactionf



DM without DM particles

Mond /Bekenstein

Bekenstein astro-ph/0403694

C. Skordis, D. Mota, P. Ferreira, C.Boehm : astro-ph/0505519
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LSS in the Universe
are modified too!

arXiv:1404.7012
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Numbers of MW satellite galaxies

arxXiv:1404.7012
CDM prediction is Interacting DM agrees - -
well above observation with observation Too many Interactions
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small satellites Solve the MW satellite problem! Sterilise the MW!
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self - interacting DM
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Light DM?
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1 scalar doublet 'L !(+ , | ) + mixing between chi, etal

3 singlet Majorana fermions !N"

As is well knownh ! "" s fully dominated by W* loop with some subleading contri-
bution from top quark loop which interferes destructively with theW=* loop. As alluded

earlier, h ! " receives additional contribution from charged Higg#* in this model [46].



