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They Play Together!

Direct Detection

Relic scattering RIGHT HERE at low energy. Push to Accelerators
larger target mass, lower backgrounds, directional Sicect biadiation Pugkis Figk
sensitivity? irect production. Push to higher energy

Observations
Push toward finding
and studying
galactic halo
objects and large
scale structure.

Indirect Detection Simulations

Relic interactions (annihilations, decays) Understand the Large scale structure formation. Push
astrophysical backgrounds in signal-rich regions. Reveal the toward larger simulations, finer details.

detailed astrophysical distribution of dark matter.
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A.Cesarini, F.Fucito, A.Lionetto, A.Morselli, P.Ullio, Astroparticle Physics, 21,267, 2004 [astro-ph/0305075]

= Illlllll I T TTTITI I T TTTITI I 1 Illll|| I T TTTII
=
= 102 t - thar
= b - bbar
= W-W
10 5
« tau - tau
S
)
- 1
=
o -1
>
— 10
2
10 E _
-3 n _|
4 F 0 ]
10 = seco_ndar?f T component —=
E (arbitrarily rescaled) =
-5 — -
10 E =
Z E WIMP mass=200GeV N
10 | ~
7k | | | | ;
10 | I A | I | I I A | I L1111l
2 -1 2
10 10 1 10 10 10
Ey (GeV)




ol 103 1 IIIIIIII | T TTTTI 1 Ill]l”l | IIIIIIII [ | EE
o
=
S 192
> b - bbar
S~
% 10
D
—
W 1
*
= -1
= 10
~“— —
(2] -
= 2 F
— 10 =
= - neutralino mass
o -3
t 10 §_
& -
j=b 4 E
= 10 = secondary T’ componen
.9..; = (arbitrarily rescaled)
S
& 10 =
6 -
10 =—
7 | | | -
10 1 1 it | L L IIill 1 1 it | I | LIl Ll
2 - 2
10 10" 1 10 10 10°
Ev (GeV)

(NeN 67 A.Cesarini, F.Fucito, A.Lionetto, A.Morselli, P.Ullio, Astroparticle Physics, 21,267-285, 2004 [astro-ph/0305075] 6



11 June 2008

at




/

‘Es ermi

Gamma-ray

/ Space Telescope
\




o The Fermi LAT 2FGL Source Catalog

~*===__ http://fermi.gsfc.nasa.gov/ssc/data/access/lat/2yr_catalog/ —

MeV to 100 GeV energy range

August 4, 2008, to July 31, ,
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1873

1095 AGN's
589 unidentified

Fermi Coll. ApJS

o No association Possible association with SNR or PWN
< AGN ¥ Pulsar A Globular cluster (2012) 1991 31
* Starburst Gal ® PWN = HMB h*
PR -vive o P = HvB arXiv:1108.1435
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What has Ferml found: The LAT two-year catalog

‘1’ Supernova
“ remnants Globular clusters,

Pulsars 0 . iy
6% 4/’ _ high-mass binaries,
N normal galaxies

and more
1%

T

Non-blazar

active galaxies —
1% /

589 1095

Unknown Blazars
31% 57%
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6rid
Silicon Tracker tower Thermal
18 planes of X Y silicon detectors + converters Anticoincidence Blanke"'
12 planes with 3% R.L. of W , 4 planes with 18% R.L
2 planes without converters
total 1.5 R.L.

Shield

DAQ Electronics
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P7SOURCE_V6 PSF at normal incidence
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Effecttive area (m?)

P7SOURCE_V6 effective area at normal incidence (cos(6) > 0.975)
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Event topology

A candidate electron
(recon energy 844 GeV)

A candidate hadron
(raw energy > 800 GeV)

TKR: clean main track with extra-clusters
very close to the track

CAL: clean EM shower profile, not fully
contained

ACD: few hits in conjunction with the track

TKR: small number of extra
clusters around main track

CAL: large and asymmetric shower
profile

ACD: large energy deposit per ftile




Fermi Elec'rron + Positron spectrum
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23 Fermi LAT Coll. Physical Review D, 82 092004 (2010) [arXiv: 1008.3999] _ ‘ﬁ
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90° longitude

events arriving from West:
e* allowed, e blocked
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Positron Fraction
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Cosmic Ray Electrons
Anisotropy

the levels of anisotropy expected for Geminga-like
and Monogem-like sources (i.e. sources with similar
distances and ages) seem to be higher than the
scale of anisotropies excluded by the results
However, it is worth to point out that the model
results are affected by large uncertainties related
to the choice of the free parameters
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Search Strate

Satellites: Galactic center: Milky Way halo:

Low background and Good statistics but source Large statistics but
good source id, but low confusion/diffuse background  diffuse background
statistics

And
electrons!

" and
Anisotropies

Spectral lines:

No astrophysical Galaxy Extra-galactic:

uncertainties, good clusters: Large statistics, but

source id, but low astrophysics,galactic

statistics Low background but diffuse background

low statistics
@ Pre-launch sensitivities published in Baltz et al., 2008, JCAP 0807:013 [astro-ph/0806.291 1]
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bbar channel ISO Halo profile
— w/o background modeling
constrained free source fits
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- xx — u'u, 180

only PhOTonS 107 —— IC+FSR, w/o background modeling -
pr'oduced by muons - — FSR, w/o background modeling '

(no elec‘l'r'ons) to set ) 0_22: — IC+FSR, constrained free source fits
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10-25 :/,x' Pamela positrons region

FSR+IC from dark
matter

O WIMP freeze—out
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WIMP cross-section [cm

Upper limits, b6 channel
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WIMP cross-section [cm? /s]
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Predicted dSph Limits for bb Channel
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Clustérs:of gdléxies _

" 0

< Largest vnmallzed and mosT massuve structures in
.the universe : '

- Radio emlssmﬂ sugges’rs cosmlc ray (CR)
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CREs from DM annihilation

Schuster et al. (2010) discuss 2 scenarios in which dark matter

annihilation leads to cosmic-ray electron and positron (CRE)
fluxes from the Sun:

® intermediate state scenario: Dark
matter annihilates in the center of
the Sun into an intermediate state @
which then decays to CREs outside -
the surface of the Sun € '7/

® DM scenario: Inelastic dark matter
(iDM) captured by the Sun remains
on large orbits, then annihilates
directly to CREs outside the surface
of the Sun

C rs



INFN

Data selection and analysis

~10% CRE events (E > 60 GeV), from
| st year of operation

analysis performed in ecliptic
coordinates, in reference frame
centered on the Sun

search for a flux excess correlated
with Sun’s direction yielded no
significant detection, flux upper limits
placed




Parameter space above curves excluded at DAMAV/LIBRA allowed regions and
95% CL for CRE final state

CDMS exclusion curves
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solar CRE constraints exclude by ~ |-2

orders of magnitude all of the parameter
space compatible with an inelastic DM
explanation of DAMA/LIBRA and CDMS for

DM masses greater than ~ 70 GeV, assuming
DM annihilates to CREs




Anisotropy constraints on dark matter

®  angular power spectrum analysis of the large-scale
isotropic gamma-ray background (IGRB) yielded a
significant (>30) detection of angular power up to 10
GeV, lower significance power measured at 10-50 GeV

DATA (P6.V3 diffuse), 1.0-2.0 GeV

® measured (dimensionless) fluctuation angular power
consistent with a constant value in four energy bins
spanning 1-50 GeV

® fluctuation angular power measurement constrains
fractional contribution of individual source classes,
including DM, to the IGRB intensity

Constraints from best-fit constant fluctuation angular power (I = 150)
measured in the data and foreground-cleaned data

Source class Predicted Cioo/({I)* Maximum fraction of IGRB intensity
[sr] DATA DATA:CLEANED
Blazars 2x10™* 21% 19%
Star-forming galaxies 2x 1077 100% 100%
Extragalactic dark matter annihilation 1x10°° 95% 83%
Galactic dark matter annihilation 5x10~° 43% 37%
Millisecond pulsars 3x10°? 1.7% 1.5%
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Error bars on LAT data points
include statistical and systematic
uncertamntes on the exposure
and the ressdual CR background
contamination
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log p(r) [GeV cm™]

7 1+ (’f‘@/ ’fs)
p(r) = p@ — !
1+ (r/rs)”
Halo model | a v  rsin kpc y‘
Cored isothermal 2 2 0 5
Navarro, Frenk, White | 1 3 1 20 — 4
Moore 1 3 1.16 30 i

Einasto | a=0.17 =20kpc pg = 0.06 GeV/cm?®

A Lapi et al. arXiv:0912.1766
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SPCCTrum (E> 400 MeV, 7°x7° region centered on the
Galactic Center analyzed with binned likelihood analysis )
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Residual Emission for 15 * 15 degrees around the Galactic center

Galactic latitude (deg)
Galactic latitude (deg)

2 0 358 se 354
Galactic longitude (deg)

2 0 358 3s6 354
Galactic longitude (deg)

9 18 27 i6 45 54 63 72 81 J ) 6 4 -2 000598 2 4 3 8

E - S - = - : 4 - I i i
Diffuse emission and point sources account for most of the emission
observed in the region.

Low-level residuals remain, the interpretation of these is work in-progress

Papers are forthcoming and will include dark matter results. -
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Wimp lines search
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95% Confidence Upper limits to flux from spectral lines
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DM DM—> ete” NFW proflle

Fermi best fit
region

PAMELA best fit :
region :

cross section fora |
thermally produced -
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