Constraints on large DM annihilation
cross sections from the early Universe

‘Fabio Iocco
Institut de Physique Theorique, CEA/Saclay

Institut d’Astrophysique de Paris

In collaboration with:

G. Bertone, M. Cirelli, S. Galli,

1eVPA, SLAC 7/14/09




Self-annihilating DM and the IGM

Main effect of
Injected energy:

heating and ionization
2 of the IGM

The smooth DM component
annihilates with a rate (per volume)
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depositing energy in
the gas (IGM) at a rate
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The only DM parameter is
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Structure formation “boosts” DM annihilation

Smooth component

(ov) 6
Am(z) =T 2
(2) 2mipDM,0( + 2)

Structure component

DM density halo profile
Burkert / Einasto / NFW

Structure formation starts at z ~ 150
with minihalos of Earth mass 10-° Msun




Structure boost: parameter dependence
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Electron optical depth T

Measured with CMB polarization Integrated quantity!

No Reionization

ACDM, 7=0.17

WMAP 5 value

7 =0.084 = 0.016




A quick view on “Reionization”

o0t =0.038

Neutral:
Ly-o. absorber

Completely ionized IGM
Zl~ 6




t constraints

(annihilation from structures can overproduce free €°)
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Temperature constraints!
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Watching negative: gammas
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Combining the constraints

T + IGM temperature
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Down to thermal
cross-section!
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Ruled out by WMAP5
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1 XDM p 2500 GeV, BF = 2300 10? 103
2 u*w 1500 GeV, BF = 1100
3 XDM ' 2500 GeV, BF = 1000 m, [GeV]
4 XDM e*e” 1000 GeV, BF = 300
5 XDM 4:4:1 1000 GeV, BF = 420
Planck 6 e*e 700 GeV, BF = 220
forecast 7 w'w 1500 GeV, BF = 560
CVL 8 XDM 1:1:2 1500 GeV, BF = 400
9 XDM p*w’ 400 GeV, BF = 110
10 p*w 250 GeV, BF = 81
11 W"W' 200 GeV, BF = 66
12 XDM e*e” 150 GeV, BF = 16
13 e*e” 100 GeV, BF = 10
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Concluding

Early Universe astrophysical observables
can constrain DM properties

The constraints are strong, competitive
with local Universe ones (astroph. uncertainties)
(getting to thermal value of <ov>I!l)

Can we reionize the Universe with DM?
Yes we can!

AND it is not structures to do it: smooth, cold component
(getting rid of astro-simulation uncertainties, too)
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The Pamela(/Fermi/ATIC) saga

IF intepreted as DM.:
High annih cross-section
<ov> ~1024-10-2'cm3/s
Forget about
thermal decoupling
WIMP miracle

et fraction

1000 0 UDl@SS
v o <oV> = <oV>(V)

HESS 2008
ATIC 2008

Recombination: 3 ~10-8
Small halos: 3 <104
Milky Way: 3 ~10-

“Sommerfeld” enhancement

fulfills the requirements

By courtesy of M. Cirell (higher masses preferred)




Self-annihilating DM and the CMB
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DM annihilation
Indirect,
SZ by “additional” e
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Energy injection is small
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A little more about “ f”
(coupling DM induced shower to IGM)
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[Slatyer et al, Q9] EEV

“Opacity window”

pair production (on CMB y and matter), of the Universe

vy scattering

“ f” is DM model-dependent:
type of secondaries is important!




All channels,
all secondaries,
redshift dependence

Branching ratio of
DM annihilation
essential for
determining absorption

from greek:
“it likes it small”

Evaluating “ [~
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Constralnlng DM with CMB

L] L] lllllll lllllll T T lllllll

I I TTTTTT
1

0 I T I

Ruled out by WMAP5

T 1 llll]ll
! L lllllll

100

: 9

I llllllll

| llll[lll

1 XDM p*w 2500 GeV, BF = 2300

2 u'w 1500 GeV, BF = 1100

3 XDM p*w 2500 GeV, BF = 1000

4 XDM e*e 1000 GeV, BF = 300

5 XDM 4:4:1 1000 GeV, BF = 420
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forecast 7 u'w 1500 GeV, BF = 560
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9 XDM p*w 400 GeV, BF = 110
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11 W*W" 200 GeV, BF = 66

12 XDM e*e” 150 GeV, BF = 16

13 e'e 100 GeV, BF = 10
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Constraining SE with CMB

_ar
B

Sommerfeld
enhancement .

S(8) = 2Tl — expor/f]

Vir) = —e[—mcp?“](;'/"f',.ji

Yukawa potential
a benchmark model

.-~ - z=1000, f=10°
(Galli et al. 09] Sommerfeld saturated




