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CMB as measured by Planck
Planck 2015 [arXiv:1502.01589]
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DM intera,ot only r vitationally in te sta,ndrd Cosmology
=> Constraints can be derived
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+ + +
e, u, T, W, b...

e ,u ,7 , W7, b...

What happens to the annihilation products %
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+ + +
e, u, T, W, b...

e ,u , 7 W, b...

What happens to the annihilation products %

+
Only € ,7 interact with the intergalactic medium (IGM) and CMB. They can :

i) Lose their energy through interaction with CMB and redshifting

eYCMB — €Y YYCMB — VY YYeMmB — eTe” ;

ii) ionize, excite or heat the IGM.
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e, u, T, W, b...

e ,u , 7 W, b...

What happens to the annihilation products %

+
Only € ,7 interact with the intergalactic medium (IGM) and CMB. They can :

i) Lose their energy through interaction with CMB and redshifting

eYCMB — €7 YYCMB — Y7 YYCMB — ete ;

ii) ionize, excite or heat the IGM.

Main impact of DM annihilations :
modification of the recombination
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= Ix,(2) + Ix_(2)
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db
dV dt

<) = | Npairs — /{nDM . Pann = \Oann?)NDM | - Eann — 2TnDl\/IC2
P 2

inj
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number density
of pairs

energy released

X annihilation probability X per annihilation

In the smooth background :

dE 2 202 6 <
Bl - 02 (1
aVdt inj,smoo(tfl) et DM( i Z) mpMm

Tann?)
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number density
of pairs

energy released

X annihilation probability X per annihilation

In the smooth background :

db
dV dt

Tann?)

(2) = kp2PDR (1 1 2)°
inj,smooth mpMm

Typical parameterization through the f(2) functions :

db
dV dt

()= 1) | ()

dep
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Energy deposition function f(z)
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_Examples of f(z) functions
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In practice, for annihilations in the smooth background, it has been found that the
CMB is only sensitive to

Pann = Jeff where feff — f(Z — 600) .
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In practice, for annihilations in the smooth background, it has been found that the
CMB is only sensitive to

Pann = eff< - > where feff — f(Z — 600) -
mpwm
ar 2 202 6
Hence, we usually write BT (Z) — Pann * KP.C QDM(1 + Z)
dV dt dep
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In practice, for annihilations in the smooth background, it has been found that the

CMB is only sensitive to
OannV
Dann = eff< ann’V) where ferr = f(z = 600) .
mpwm
. d_E _ 2.2()2 6
Hence, we usually write (Z) — Pann - KP:C DM(1 + Z)
AV dt | o,

-Thié equatiy ea,lly constrain pwe pet nlsis j
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No Dark Matter |
Py =2.3 107" m?/s/kg |
Pamn =2.3 x10°°m?/s/kg |

101} ¢ Fenetal 2006
. - McGreer et al. 2015
- Schenker et al. 2014

lonization fraction =z,

" Reionization : put byhn E
Mostly due to star formation.

Still to understand. |
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DM annihilations dela thrcia,tion a

" Reionization : put yhahd E
' Mostly due to star formation. |

and enforce the free electron fraction

to freeze-out (z=600) at higher values.

Still to under
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Modification of the ionisation fraction will in turn affect the CMB power spectra
through CMB scattering with free electrons.
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Recombination delay implies :

1) Shift of the peaks
&) More diffusion damping
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Modification of the ionisation fraction will in turn affect the CMB power spectra
through CMB scattering with free electrons.
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More scattering implies :
1) Suppression of power on all scales with ¢ > 200
&) Regeneration of power in the polarization spectrum
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TT, TE, EE + lowP + lensing

Results obtained from annihilation in the smooth background only

Is it possible to improve over it by taking into account Dark Matter halo formation?
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As time goes by, virialized structures of DM starts to form,
the so-called « DM halos ».

Universe globally homogeneous

2 L 2
<IO> |smooth - <'0> ‘smooth—l—halos

h : .
owever <p >|smooth < </0 >}smooth—|—halos
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As time goes by, virialized structures of DM starts to form,
the so-called « DM halos ».

Universe globally homogeneous
2 _ 2
<'0> |smooth - <’0> ‘smooth—l—halos
however ( p2>| <

ol
smooth — <’0 > smooth-+halos

It is the last quantity that enters the energy injection from DM !

=> More energy injected => Better constraints.
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As time goes by, virialized structures of DM starts to form,
the so-called « DM halos ».

Universe globally homogeneous
2 _ 2
<'0> |smooth - <’0> ‘smooth—l—halos
however ( p2>| <

ol
smooth — <’0 > smooth-+halos

It is the last quantity that enters the energy injection from DM !

=> More energy injected => Better constraints.

But, is it very so easy ? unfortunately, no !
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3. DM halos

Useful parameterization

(p*)(2) = (1 + B(2))(p")

Texas Symposium, Geneva

In the « Press-shechter formalism »

1
B(z) = — b )SerfC( 1::}1 )

(14 2
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We need to recompute the f(2) functions !
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f(2) decreases but it will be multiply by (1 + B(2))
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see also [arXiv:1303.5094]
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Impact of halos is similar to reionization

-4+  Fen et al. 2006 —— Standard reionization--=----- Smooth background
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Impact of « standard halos » not distinguishable by the CMB
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at low 1 : Effect well below cosmic variance.

at high 1: not distinguishable from background annihilations.
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YX—p m, =1 GeV
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In a, nutshell :
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In a nutshell :

From annihilations in the smooth background only, Planck

- improved bounds on {(ov) up to 1 order of magnitude;
- ruled out thermal relics below 10 GeV whatever annihilation channels;
© ruled out Fermi/Pamela/AMS DM candidates.
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In a, nutshell :

From annihilations in the smooth background only, Planck

- improved bounds on {(ov) up to 1 order of magnitude;
- ruled out thermal relics below 10 GeV whatever annihilation channels;
© ruled out Fermi/Pamela/AMS DM candidates.

From annihilations of standard DM models in halos :

~ optical depth cannot be significantly increased by realistic halos;
- impact on CMB power spectra depends on reionization modeling :
« too small to improve bounds for the standard parameterization,;
- non-negligible for « big halos » in a more realistic modelization of stars.
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