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Abstract: <p>ldentifying the nature of dark& nbsp; matter is one of the most challenging problemsin physics. There is a general consensus that dark
matter is a weakly interacting particle and predominantly cold, yet the Cold Dark Matter (CDM) hypothesis remains to be verified.&nbsp; | will
show that next cosmological surveys could play aleading role in understanding the dark matter microphysics.</p>
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Modern Cosmology has unraveled
a new type of matter
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Measurement of the matter power spectrum
at relatively large scales

But a new invisible form of matter is needed (Dark Matter)
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angular matter power spectrum

Lessons from CMB

Fluctuations in the matter energy density is at the origin of galaxies
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A Universe without DM is not a good Universe
TeVeS (relativistic MOND, only baryons; no DM)

Bekenstein astro-ph/0403694

TeVeS+Lambda
+neutrino

TeVeS+Lambda

LCDM matches data

Too much Silk damping
Too few small-scales structures

Suppression at small scales unavoidable

C. Skordis, D, Mota, P. Ferreira, C.Boehm : astro-ph/0505519
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Physics of Silk damping

Overdensity of matter (fluctuations)

Diffusion due to baryon-photon interactions
Silk damping

The effect is large because . . .
suppression of small size fluctuations

The Thomson cross section is large
The number density of photons is large
The photons are relativistic

Pirsa: 15060002 Page 9/44



What would the Universe look like if no DM?
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The weakly interacting massive particle paradigm makes sense!
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3 main strategies to discover DM particles

Direct detection
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Indirect detection
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Or...

you can try to exploit galaxy surveys

starting point: doubt everything you know!
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Is dark matter really weakly interacting?
(current paradigm)

o (K2

No interaction

(

Thomson

Multipole

What would happen if DM had weak but non negligible interactions?
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Notion of collisional damping

astro-ph/0012504, astro-ph/0112522, hep-ph/0305261. astro-ph/0309652, astro-ph/0410591

Perturbation = overdensity of matter

Diffusion DM-SM
the effect should be large depending . . .
on the cross section suppression of small size perturbations

Silk damping

Generalisation of Silk damping

1) Dark Matter instead of baryons
2) any SM particle instead of photons only

Pirsa: 15060002 Page 14/44



whether the species that is interacting with DM
is relativistic or not

whether DM has interactions or not?

u)_....) ‘!r}ndinf“f—f

2 42T

astro-ph /0012504 astro-ph/0410591
damping scale

whether the species that is interacting with DM
is collisional or not

4 >

No interaction, no effect! Work for baryon-photon!

Pirsa: 15060002 Page 15/44



Collisional damping in modern Cosmology

astro ]lll'“l]l.J W4, astro p]l.“”“ 91
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What would the CMB look like if DM interacts?

DM-photon interactions (but DM-neutrinos are similar)

C.B&Riazuelo et al: astro-ph/0112522 R. Wilkinson, CB et al : arXiv:1309.7588
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| Thomson interactions == dark matter is even more interacting than a baryon!

1 : 31 (MbM 2 .
u = 10 >0~ 6 10 GoV ) Cln” == dark matter is not a baryon:
e “ . .
! Can you tell it is coupled to photons?
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LCD
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C.B., J. Schewtschenko et al

YyCDM

2x106 m /GeV
Th DM

http://www.youtube.com/watch?v=Yh]|HNé6z_0Oek
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C.B., ]. Schew}schenko et al

SopM-_v < 10 33 (mpm/GeV) cm’
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C.B., ]. Schew}schenko et al

SpM-v < 10 33 (mpm/GeV) cm
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Potential link with neutrino physics

C.Boehm, Y. Farzan, S, Palomares-Ruiz, T, ]{.lnlll)l', S. Pascolhi IIl'I)—':ll/”'lli".’.:"”
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e — Light thermal DM?
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Fermionic DM scenario depends on both DM and mediator masses.

Scalar DM scenario depends only on the mediator mass

DM can be light if the mediator is also light and couplings are small!
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Fermionic DM scenario depends on both DM and mediator masses.

Scalar DM scenario depends only on the mediator mass

DM can be light if the mediator is also light and couplings are small!
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Indirect detection

annihilations bM DM —> SM SM + photons

Only depends on the DM profile
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Gamma rays constrain the light mass range

astro-ph/0208458 & hep-ph/030526

Comptel data |se= DM signal

(simplified) data

L NN FE==Z T

1

mdm (MeV)

LIGHT (thermal) DM needs p-wave annihilations or neutral final states
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Gamma rays constrain the light mass range
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Light (MeV - 10 GeV) DM

astro-ph/0208458

LOO many Zamina-rays

o correct abundance
unless it 1s suppressed

small indirect detection signal

Are light annihilating Dark Matter particles possible?
astro-ph/0208458
C. Boehm', T. A. En8lin®, J. Silk!
Denys Wilkinson Laboratory, Astrophysics Department, OX1 3RH Oxford, [ ngland UK
“Maz-Planck-Institut fir Astrophysik Karl-Schwarzschild-Str. 1, Postfach 13 17, 85741 Garching
(Dated: 22 August 2002

We investigate the status of light Dark Matter (DN) particles from their residual annihilation and
diecpee the ranee of the DAL i tatal appibilation crgae cection compatible with oapunaave
experiment data. We find that particles as light as a few 10 MeV or up to 10 GeV could perhaps

represent an interesting alternative to the standard picture of very massive WIMPs.

So in principle no reason to neglect the low mass range!
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10 GeV could P ||L‘|;).\
represent an interesting alternative to the standard picture of very massive WIMPs.

So in principle no reason to neglect the low mass range!
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Related signals: the 511 keV line

astro-ph/0309686

DM DM -> e- e+

If DM has a mass of a few MeV it may explain the 511 keV line

signal at LHC? / very constrained now

and not necessarily a good fit
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Related signals: the 511 keV line

astro-ph/0309686

»alactic longitude (degrees

511 keV DM DM -> e- e+

If DM has a mass of a few MeV it may explain the 511 keV line

signal at LHC? / very constrained now

and not necessarily a good fit
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Related signals: the gamma-ray excess
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Fermi collaboration 2000
Hooper&Goodenough 2009

D. Hooper and T. Linden: arXiv: 1110.0006
C. Gordon & O. Macias: arXiv:1306.5725

10-30 GelVV DM annihilating mostly
into b-quarks or muons can fit the

FERMI-IAT data...

Mps = 10 Gov, 100% bb Inner slope:
M 30 GeV, 100Y% bb Y= 1.2
Mpa = 10 GeV, 100% vt

T
E. [GCV]
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Related signals: the gamma-ray excess

But propagation of cosmic ray cannot be neglected

slope:
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Related signals: the gamma-ray excess
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Evidence in Direct detection experiments?

WIMP

nucleon cross section [¢m~|
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CoGeNT

p-type semiconductor

Soudan Underground

high-purity germanium crystal cooled to liquid nitrogen temperature

The surface of detector is an inert ‘dead layer’.
Between the dead layer and the bulk is

a ~ 1 mm thick ‘transition layer’. As the transition
region is on the outside of the detector module,

Events at the transition region = ‘surface events’.

No background discrimination
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|. Davis, C. McCabe, C. Boehm arXiv:1405.0495

CoGeNT
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400 T =T T T
j CoGeNT Data (before cuts)l
arXiv:1405.0495
Where DM lies collect ionisation charge
signal+background
100}~ g
50/~ R
L 1 1 1
0.5 1.0 1.5 2.0 2.5 3.0
Energy [keV, ]
L] T i T T
"se ¢ CoGeNT Data Log-normal bulk events
arXiv:1405,0495 " I — _.. 3 sttt or . ? ; .
. ‘ for 1 energy bin [ T 1 | "7 B Surface diebuter
, B0 0"...0 - » 80 T'*- ,&L.Iy ++r.‘,l, R
~- el - ¢ . +1 -1 .+ |
. | ! +4 - arXiv:1405.0495
DE‘ 60 .t ‘o. - sol | ) + + $.' v
a L a | T
g ! Y - !
: 4 £ uf | BN
Y . -’ | . ““ﬂ" ' .
+ ' %e ‘ Loget DT e ] . )
201+ 4t 0t 20 T. *"Qr-.- ,ﬂ‘_‘:
LT f B .
t Tatens { o “;'*':x Tipdyl
% i 2 13 3 5 % N 2 3 4 5
Rise time [us] Rise time [,

Page 39/44



Number of signal events?
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The future? Complementarity!!!
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Conclusion

We can probe DM microphysics using

Direct detection
Indirect detection
LHC (particle physics experiments)

Large scale surveys

(probing LCDM will be essential if no discovery in lab experiments!)
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whether the species that is interacting with DM
is relativistic or not

whether DM has interactions or not?

u)_....) ‘rrinlinf“f—f

2 42T

astro-ph /0012504 astro-ph/0410591
damping scale

whether the species that is interacting with DM
is collisional or not

4 >

No interaction, no effect! Work for baryon-photon!
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