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efm 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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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
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Non-blazar

active galaxies —
1% /

589 1095

Unknown Blazars
31% 57%







ACD Thermal

Anticoincidence Blanket
Shield

Silicon Tracker tower

18 planes of X Y silicon detectors + converters
12 planes with 3% R.L. of W , 4 planes with 18% R.L
2 planes without converters

total 1.5 R.L.

DAQ Electronics
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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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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 Ex'rra"Q?'“F““
uncertainties, good clusters: Large TGT"STlCSI' but
source id, but low astrophysics,galactic
statistics taom‘;vst‘)rif‘t(sg‘r:ztsmd but diffuse background

@ Pre-launch sensitivities published in Baltz et al., 2008, JCAP 0807:013 [astro-ph/0806.291 1]
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A.Cesarini, F.Fucito, A.Lionetto, A.Morselli, P.Ullio, Astroparticle Physics, 21,267, 2004 [astro-ph/0305075]
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DM annihilation signal Fermi two-year all-sky map
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bbar channel ISO Halo profile
— w/o background modeling
constrained free source fits
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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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Upper limits, Joint Likelihood of 10 dSphs

10-22 !

1077 ¢

~ - 3.10 *¢ --- utp Channel
— bbb Channel ... W+ W Channel
- - 7777 Channel

10t 107

WIMP mass [GeV]
ﬁ 1



Predicted dSph Limits for bb Channel

S ——
| —e— 2yr. 10 dSphs (Published)

| - @ = 2yr. 10 dSphs (Spatial Extension)
| = ® = 2yr. 30 dSphs

[| = @ = 10yr. 10 dSphs

| —@— 10yr. 30 dSphs (Spatial Extension)
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Clustérs:of gdléxies _
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< Largest vnmallzed and mosT massuve structures in
.the universe : '

- Radio emlssmﬂ sugges’rs cosmlc ray (CR)
population ° b

. Lensing'and X-Ray dl?ser\htlons mdn:a’re large -
* dark maTTer (DM) RN e
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Fermi 24 Months
bb final state
no J-factor uncertainties
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Wimp lines search
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95% Confidence Upper limits to flux from spectral lines
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- IGRB Spectrum (Abdo+10, PRL 104)
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Error bars on LAT data points
include statistical and systematic
uncertamnties on the exposure
and the ressdual CR background
contamination

10° & =

- ——e—— EGRET - Sreekumar et al. 1998 4

.- ——s—— EGRET - Strong et al. 2004

| ——e—— Fermi LAT - Abdo et al. 2010 [

- Fermi LAT - 24 month, PRELIMINARY
'5- - : i Sttt i i R EEERY . i NS
i 10° 10° 10°* 10°
Also Consistent with a softening at high energies ( E> 100 GeV ) Energy [MeV]

- N S, S0 G Err snd AR Mectine atdoMorselite - v [ 40
C L F



;fm The Fermi LAT 2FGL Inner Galactic Region

August 4, 2008, to July 31, 2010 100 MeV to 100 GeV energy range
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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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zem Residual Emission for 15 * 15 degrees
| around the Galactic center
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From high energy gamma sources to cosmic rays, one century after their discovery

Lecce, 20-22 June 2012
http://scineghe2012.le.infn.it/

The 2012 edition of the SciNeGHE conference will focus on the interplay between studies
and measurements concerning high energy gamma ray sources and cosmic rays. A special
session will be devoted to the history of the cosmic radiation research in the centenary of its
discovery. An update on the current and planned research with space-borne and ground-
based experiments dedicated to the observation of the gamma and cosmic ray sky will be
given, together with the analysis of up to date theoretical scenarios. R&D programs going
on to set up new observational techniques and devices will also be covered.







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 L F






http://fermi.gsfc.nasa.gov/ssc/data/analysis/LAT _caveats.html
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Search for Spectral Gamma Lines
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NeW Fermi- LAT data
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Electron spectrum and a conven‘rlonal GALPROP model
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Hard to get a good fit with a single-component diffusive model
Good fit possible with an additional high-energy component
If it is an e+/e— (e. g. nearby pulsars or dark matter), the Fermi spectrum and Pamela ~

crmi.’
C

ositron fraction can be simultaneously fitted . s
... .
NN Fermi LAT Coll. Physical Review D, 82 092004 (2010) [arXiv:1008.3999] _




The CRE spectrum accounting for nearby pulsars (d < 1 kpc)
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This particular model assumes: 40% e* conversion efficiency for each pulsar
o pulsar spectral index I' = 1.7 E_,=1TeV . Delay = 60 kyr £
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Muon-Antimuon final state
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Ruled out by Fermi-LAT
Gamma-Ray Limit 7

I | I | I I =

Ial 11l

\
I

N
/
\
\
\
\
RN
}

= e
- - Q\ . =
= -

— -~ ’/
P g i (5 \f < =
B S~ S LA T L o - $z$ /”/’ =
= y” 3
C/J & . = o
o DA ST 4 >
on - Q A =< > T
E o s ’l” /’,/ -~ i
—
_ — — e — L > > -~
S, 107 F o P T
eed = - 4 -~
S ~— ”” /’/ - « > /_
A [ -~ - =~ > - - -~ il
i ’/’ -
> T~ =7 — —/" <
- Il — g o o P S - -
— 5 > -
b - —~— = /’ -
v i el ',, ”, — - gl
- -
;}g — — —-—r’-:"_ -
103 . o y
- 4 S ————  Fornax =
— 7 o —
= o 7 2]
o — — =— Fomax,f=10%,M_ =10 M
B S cut sun T
-6 1~
L + == Fornax,f=20%,M =10 M_ ||
S cut sun

e CoOma
— — — Coma,f=10%M =10'M
S cut sun

[S—
o
I|II|
|
|

Coma, , £=20%, M_=10°M

cul sun
1 1 l | IJI T 1 1| I 1 1 | =21

1000 10000
Fermi Coll. JCAP 05, 025 (2010), arXiv: 1002.2239 WIMP Mass [GeV]

C F




E ®dA /dE (GeV’m?2s™)

)
=)

'
iy
(=




Comparison with isotropic flux

fluxes evaluated in a cone of 30° angular radius centered on the real Sun

flux difference (real Sun - simulated isotropic) flux upper limits (68%, 95%, 99% CL)
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Spherical harmonics analysis

fluctuation angular power spectrum of events E>60 GeV
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Multipole |

dotted and dashed lines show 30 and 50 limits on probability distribution of shot noise Cn

no significant angular power detected in this multipole range
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Parameter space above curves excluded at DAMAV/LIBRA allowed regions and
95% CL for CRE final state

CDMS exclusion curves
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DM masses greater than ~ 70 GeV, assuming
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- Some highlights from the first ~3 years in orbit:

v-ray only pulsars

population of y-ray millisecond pulsars; implications for gravitational

wave searches

high-energy GRBs; new window to look for violations of Lorentz

invariance

Large population of active galaxies detected: emission by supermassive
black holes

new source populations: novae, globular clusters, starburst galaxies
v-ray flares from Crab nebula
limits on dark matter and interesting data from the galactic center

Precision measurement of electron-positron spectrum of cosmic rays




- Some highlights from the first ~3 years in orbit:

~170 billion LAT event triggers
e GBM Triggers: 1194 (654 GRB, 141 TGF, 174 SGR, 56 solar
flare)
# Autonomous Repoint Requests (ARR):58
Highest-z LAT GRB: 4.35
Highest-energy photon from a GRB: 33 GeV (at 82s, z=1.82)

Highest-z LAT AGN:3.1

# Gamma-ray pulsars: 88

# Millisecond Pulsars (MSPs): 27

# Gamma-ray-only ( blind) pulsars: 26
# new radio MSPs due to LAT data: 31
Public data access: >8TB




. the Second Fermi LAT Cataloc

Type Number Percentage of total
Active Galactic Nuclei 832 44%

Candidate Active Galactic | 268 14%
Nuclei

Unassociated 594 32%

Pulsars (pulsed emission) | 86 5%

Pulsars (no pulsations yet) | 26 1%

Supernova Remnants/ 60 3%
Pulsar Wind Nebulae

Globular Clusters <1%
Other Galaxies <1%
Binary systems <1%
TOTAL 100%




effective area P6_V3_DIFFUSE for normal incidence

effective area (cm?)

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

0

effective area P6_V3_DIFFUSE for energy=10000 MeV

— front
— back
— total

TTTTTTTT]TTTH

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

|

9000
8000

IIIIIIIIIIIIIIIII IIllllllllI

10000 rrrrjrrrryprrrryrrrr|rrro|rrrrrrr e T

effective area (cm?)
(4]
o
(=]
(=]

2000

IIIIIIIIIIIIIIII IIIIIIII]IIIIIII IIIIIIIIII

1000

LI
TTTT

10?

0 Energy (MeV) 10°

eff. area intgrated over the FOV (cm2 sr)

25000

20000

15000

10000

5000

0 PR TN N T N T T N T W T T T N TN T N T T N T A WY

'IIlllllllllllllllllllIIIIIIIIIIIIIIIIIIIlllllllll'

— front
— back
— total

10° 0

v NN TS

20

30 40 50 60 70
incidence angle (degrees)

®
o

Acceptance P6_V3_DIFFUSE

— — front
— back
— total

10?

3
0 Energy (MeV) 1




Energy resolution P6_V3_DIFFUSE for normal incidence
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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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> dSphs are the most DM dommaTed sysTems known in The
Universe with very high M/L ratios (M/L ~ 10t 2000).

> Many of them (at least 6) closer than 100 kpc¢ to the GC (e.g.
Draco, Umi, Sagittarius and new SDSS dwarfs).

> SDSS [only % of the sky covered] already double the humber of
dSphs these last years

> Most of #hem are expected to be free from any other
astrophysical'gaémma source.

v Low content of gas and dust.
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Muon-Antimuon final state

I I
Ruled out by Fermi-LAT
Gamma-Ray Limit 7

I | I | I I =

Ial 11l

\
I

N
/
\
\
\
\
RN
}

= e
- - Q\ . =
= -

— -~ ’/
P g i (5 \f < =
B S~ S LA T L o - $z$ /”/’ =
= y” 3
C/J & . = o
o DA ST 4 >
on - Q A =< > T
E o s ’l” /’,/ -~ i
—
_ — — e — L > > -~
S, 107 F o P T
eed = - 4 -~
S ~— ”” /’/ - « > /_
A [ -~ - =~ > - - -~ il
i ’/’ -
> T~ =7 — —/" <
- Il — g o o P S - -
— 5 > -
b - —~— = /’ -
v i el ',, ”, — - gl
- -
;}g — — —-—r’-:"_ -
103 . o y
- 4 S ————  Fornax =
— 7 o —
= o 7 2]
o — — =— Fomax,f=10%,M_ =10 M
B S cut sun T
-6 1~
L + == Fornax,f=20%,M =10 M_ ||
S cut sun

e CoOma
— — — Coma,f=10%M =10'M
S cut sun

[S—
o
I|II|
|
|

Coma, , £=20%, M_=10°M

cul sun
1 1 l | IJI T 1 1| I 1 1 | =21

1000 10000
Fermi Coll. JCAP 05, 025 (2010), arXiv: 1002.2239 WIMP Mass [GeV]

C F




—

| ! lllllll

Fermi 24 Months
bb final state
no J-factor uncertainties

I T T
L LU

I lllllll

L

| llllllll
\
| lllllll

L llllllI
| lllllll

Combined Likelihood
—— AWM7

Centaurus

Coma

Fornax

L. — M49
Prellmlnary Fornax (11m Paper)

1 1 lllllll 1 1 lllllll

10°
WIMP Mass [GeV]

A
>
o
v
c
3]

-

=102
©o

N

| llllllll
| llllllll

—t
Q
N
o
T
Lt ol

-

d
=
)
>
-
o




E w
90° longitude

W E
180° longitude 0° longitude
E




Electron and

Positron
SPCCTrum 102t
(¢b] B

—&— Fermi 2010 (e” + €)

PAMELA 2011 ()
—eo— HEAT 2001 (&) +%

et

l l Total Error =
1 l L 1 1 1 1 L 1 1 l L ]
oL 1T
e 1 = S e 0 1
2|5 [ statError Only | )
=1 0.8 i
10 10°
Energy (GeV)

E3J (m?s'sr-'G

' 09.0
FN




