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DM annihilation and the IGM  
(and plenty of time) 
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primary HE shower 

heating and ionization 

Courtesy of T. Slatyer 
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Smooth component 

Structure component 

Structure formation history 

(Press-Schechter / Sheth-Tormen) 

DM density halo profile  

Burkert / Einasto / NFW 

Only after structure formation  z ! " 100 

Isotropically averaged cosmological DM annihilation 



…and its absorption by the surrounding gas 
(coupling DM induced shower to IGM) 

Photoionization, IC scattering,  

pair production (on CMB # and matter), 

## scattering 

[Slatyer et al. `09] 

“Opacity window”  

of the Universe 



Neutral: 

Ly-% absorber 

z 

Ionized: 

Ly-% free to pass by 

z ~ 6 

 &' = 0.038 

Completely ionized IGM!

& = 0.084  WMAP7 value 

( & = 0.046 

= neutral gas 

Electron optical depth &"



&! constraints 
(DM annihilations can overproduce free e-) 

To be integrated! 

[Cirelli, FI, Panci `09] 

In this models: 

 no astrophysical sources (z > 6) 

Extra-conservative bounds! 



Smooth component 

Structure component 

Structure formation history 

(Press-Schechter / Sheth-Tormen) 

DM density halo profile  

Burkert / Einasto / NFW 

Only after structure formation  z ! " 100 

Isotropically averaged cosmological DM annihilation 



Transparency of the Universe 

& structure formation 

HE shower gets efficiently absorbed 

 at high z 

Structure formation takes place in a  

late Universe (z < 60) 

[Slatyer et al.`09] 

[Cirelli, FI, Panci `09] 



Self-annihilating DM and the IGM 

The smooth DM component 

annihilates with a rate (per volume) 
(easily re-writable for decaying DM) 

depositing energy in  

the gas (IGM) at a rate 

Main effect of 

injected energy: 

ionization of the IGM 
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The only DM-related parameter is 

[Galli, FI, Bertone, Melchiorri `09] 



Evaluating “ f(z) ” 

All channels, 

all secondaries, 

redshift dependence 

[Slatyer et al. 09] 

Branching ratio of 

DM annihilation  

crucial for 

determining absorption 

Previous analysis 

based on constant 
“ f “ ; not-so-bad! 

see [Finkbeiner + ’11]  
for PCA motivation of 

f=f(600) 

leptons hadrons 



Self-annihilating DM and the CMB 

[Galli, FI et al. `09] 

Modifying TT, TE, EE with 

additional e- (by DM annih) 

@ z >1000 , many e-  

no effects 

energy injection is small 

Degeneracy  

of pann with 

cosmological 

parameters 

()b,ns,)dm) 

[Padmanabhan  
& Finkbeiner 05] 

RUN OF 

COMPLETE 

Cosmomc!

analysis  



Constraints from WMAP7+ACT 
( lmax=3500 ) 

3x10-26 

e+e- 

µ+µ- 

[Galli, FI, Bertone, Melchiorri ‘11] 

Similar analysis by [Hutsi et al ’11], no ACT data, different f(z) 



Forecasts for Planck 

[Galli, FI et al. `09] 

3x10-26 

analysis 

based on constant 

“ f “ ; 3e-26 line corrected  

trust your eye 



Constraining Sommerfeld Enh. with CMB 

[Galli, FI et al. 09] 

zr=1000, *+10-8 
Sommerfeld saturated 

f = 0.5 

cold DM !!!! 

See also [Slatyer et al ‘11] for a discussion of this 



Comparing constraints 

3x10-26 

e+e- 

µ+µ- 

Dwarf-Galaxies constraints on other channels vary, see talk by Maja Llena-Garde 

Gamma-constraints from 

dwarf Galaxies (approx.) 

µ+µ- channel 



Concluding 

•! CMB is a powerful tool to constrain !

 DM annihilation properties!

•! Independent from “usual suspect” unknowns: 

halo profile, central slope, minimal mass, 

structure formation history. Cosmology only!!

•! Exquisite tool to test Sommerfeld enhancement!

•! If Planck sees something, refrain from rejoying: 

think first!


