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Outline

* [Introduction of dark matter indirect detection

« Search for dark matter signal with Fermi

e Summary



Structure evolution: cold/warm dark matter

Bottom-up structure formation pattern instead of top-down
pattern (fragmentation): cold/warm dark matter

Springel et al. (2006) Nature

CDM simulation vs. galaxy survey




Thermal evolution of dark matter density

Garrett & Duta (2011)
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Weak Interacting Massive Particle (WIMP) is a natural candidate



Particle candidate of dark matter
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Detection of particle dark matter

Indirect detection

DM > SM
high energy photons
neutrinos, anti-matter
/J,._.-"‘ T T—
Direct detection
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DM Collider detection SM
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Indirect detection

. / Gamma-rays
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Search strategy
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Better to search for
DM signal in anti-
particles due to
lower background

gamma-rays and
neutrinos are also
good due to the
simple propagation



General method

fTE‘::I' (_l_\. ‘! o,

i 7. E)=Y B, 2(x)
Production 7 (r, E) Z o AE |, (r)

Propagation

diffusively for charged particles

i ON L o [dE __ | _,
— DAN + V. + 2hli60(2) N + - ( \) =q(x, E)

0z oOF \ dt

straight line for photons and neutrinos

DO(E, ) = C X W(E) X J(ip)
' IN o
| <U’1:) di « ,,l f 221Vl
4qr Emi. dE  pgRe JiLos

= P%Re

Two key factors: particle physics parameters (from DM particle model)
and density distribution (from gravitational observation and/or
numerical simulation)



Outline

« Search for dark matter signal with Fermi



Fermi gamma-rays can provide good test of the DM models

Credit: NASA/DOE/Fermi collaboration

Galactic center * Clusters
Galactic halo « Extra-galactic diffuse
Dwarf galaxies * Line search




(counts- model) / model

Galactic center
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Galactic center

_ Datai6xiSdeg

* 45°X45° region

* Majority of diffuse emission can be
removed with a physically-
motivated model based on GALPROP

, Galactic latitude
(=]

* Residual is consistent with known
point sources and small fluxtuations

« “Adding extra component like dark
matter may improve the fit, but not
necessary”

G. Vargas, DSU 2011
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counts/MeV
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Using Fermi GC data to study
the CMSSM model

Current Fermi data are not
sensitive to the CMSSM model
studied

More data and better control of
background uncertainties may

probe the focus-point strip and
rapid-annihilation funnel region

Ellis et al., arXiv:1106.0758



Galactic center
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Cold and warm WIMP scenario

DM signal does not exceed the
background

The results are comparable
with Fermi dwarf galaxy
constraints

Detailed comparison with
Fermi data are on-going



Galactic center

SFD Dust Haslam 408 MHz

* Fermi haze (larger
region 50°X90°)

* A hard spectrum
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» Possibly coincides
with WMAP
microwave haze

* Generally not from
DM 1however, Dobler
et al. 2011 proposed a
DM scenario with
anisotropic diffusion)
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Galactic center
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Su et al. (2010, Ap)
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larger region 40° X 50°ach
Roughly consistent with Fermi haze, with more detailed structure

(

Fermi bubble
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Most inner region “excess” (<2°)
Background template: a gas model
Could be explained with 7-12 GeV (tau) or 25-45 GeV (bb) DM

Density profile y~1.3
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Galactic halo
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PAMELA/Fermi favored leptonic DM annihilation models with
tau final states are constrained

Decaying DM scenarios are less constrained
Zhang et al. (2010, Ap.)



Galactic halo

DM DM - 4y, 1sothermal profile DM DM - u* ", isothermal profile DM DM - 7*1", isothermal profile
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Using the all-sky Fermi gamma-rays as upper limits of DM contribution
PAMELA/Fermi favored leptonic DM models are constrained

Allowed annihilating final states ptp~. pfp ptp= or eteete

Cuspy density profile is constrained

Papucci & Strumia (2010, JCAP)
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Dwarf galaxies
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 Fermi search for a series of dwarf galaxies but with no signals

* Non-thermal super-symmetric model is constrained

Abdo et al. (2010, Ap.
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WIMP cross section [cm” /s]

Dwarf galaxies

Upper limits, ¥ channel
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Joint analysis of a series of dwarf galaxies with 2-yr Fermi data
can exclude low mass WIMPs with canonical cross section

Abdo et al. (2011, PRL)
Geringer-Sameth & Koushiappas (2011, PRL)
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Galaxy clusters
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Galaxy clusters
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* Use the same data of clusters by Fermi to constrain the
substructure population of DM

« Scenario with standard extrapolation of CDM is constrained
Yuan et al. (2010, PRD)



Extra-galactic diffuse background
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Constrain the DM model parameters with dark star formation
Tension with the PAMELA/Fermi favored models
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Counts / (1.42 GeV)
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* 11%-13% energy resolution in 20-200 GeV

* No line sighal is detected

« Upper limits are obtained through a likelihood fit

Abdo et al. (2010, PRL)
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A proposed detector with better energy resolution to search for

DM line (HEGARD: 1%-2%)
Better capability than Fermi

Tang et al. (2011, ChPhC)
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Summary

* The sensitive Fermi detector is very powerful to probe
the possible dark matter signals

« Up to now, no reliable indication of dark matter signal
in Fermi data; stringent limits are placed

« Some possible candidate “excesses” are claimed, the
DM connection with some of which are discussed,
however, more careful studies of the data analysis and
source contamination are needed
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