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injection from Dark Matter Annihilation
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CMB Angular Power Spectra.
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CMB and the Visibility Function
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Gravity Aduaba’rlc Doppler‘ n= conformal time

The visibility function is defined as the probability density that a photon
is last scattered at redshift z:
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Physics of recombination (Peebies (1968) and Zeldovich, Kurt &
Sunyaev (1968) )
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Dark Matter Annihilation



Positron fractione*/ (e  +e7)

Motivations

* Anomalies: excess in the positron electron fraction
and in the energy spectrum of electrons.

* Several explanations: pulsar emission, dark matter

decay, dark ma

er annihilation etc...
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Motivations

— Thermal production of DM:
<gv> ~ 10 2% cm®/s. (WIMP)
— Annihilation rate:
On? <ov>. n from dm simulations, models, observations
‘As’rr'ophysical or Particle Physics BOOST +to explain the data.

Profumo, S. 2005, PRD, 72, 103521
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Motivations

— Thermal production of DM:
<gv> ~ 10 "%° em®/s. (WIMP)
— Annihilation rate:
On? <ov>. n from dm simulations, models, observations

BOOST of the cross section to explain the data, depends on

mass of DM and annihilation channel.

Dark Matter annihilation should leave a signature in CMB:

=» At (z~1000), when CMB forms, the homogenous dark
matter density is n(z=1000)= n,y4,, (1+2)° ~ n, 4, x 10

=» DM mean velocity B~10-8. Favours Sommerfeld
Enhancement.




Testing a specific Model:
Dark Matter annihilation

e Lyman alpha and ionizing photons affects xe and temperature

EE/dz‘:picZQDM(l—l-z)

Energy
injection rate

ann

Redshift dependence of the injection One new parameter that contain:

rate of Lyman alpha (ga), ionizing (i) f = energy fraction to plasma
photons and <oV> = Ccross section

heating term that changes matter m_ % = mass of the annihilating particle

temperature P [m%/s/Kg]
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Results on dark

matter annihilation
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S. Galli, F. locco, G. Bertone, A. Melchiorri, Phys. Rev. D, vol. 80, Issue 2,

(arXiv:0905.0003), 2009.




Coupling with gas: constant f
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Assuming constants f=0.5

Runs with a more proper redshift-variable coupling with the plasma are on
going.

Depends on annihilation channel, mass of the particle (Based on T.R. Slatyer,
N. Padmanabhan, P. D. Finkbeiner, arXiv:0906.1197)



Future constraints

* Constraints improvable by exctracting the lensing signal with the Hu
anii Okamoto quadratic estimator. (Okamoto, T., & Hu, W. 2003, Phys. Rev. D,
67

Adding lensing extration will
improve Planck data by 10%.

Experiment Dann 95% c.l.
ACTpol will provide info useful for Planck < 1.5 x 10~ ‘m” /s/kg
CMB science till TT Imax~2500 and Planck+ACT < 1.2 x 1()—?m3/5/kg
EE Imax~3500 (foregrounds CMBpol < 6.3 x 10°° m“/s/kg

limited). ACT will improve Planck
Data by 20%.

CMBpol with lensing extraction will
constrain DM annihilation to a level
comparable to the CVI case.

Galli S., Martinelli M., Melchiorri A., Pagano L., Sherwin B., Spergel D., arXiv:1005.3808




Conclusions on Dark Matter
anhihilation

* CMB = very good DM annihilation probe as
indipendent from the knowledge of DM
distribution

* WMAP already puts strong constraints

* More accurate model needed to improve
constraints

* Planck will improve constraints by one order
of magnitude.



