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* The Fermi Gamma-Ray Space Telescope is an international
Science Mission exploring the gamma-ray sky by means of its two
main instruments:

— Gamma-ray Burst Monitor (GBM): 8 keV - 40 MeV
— Large Area Telescope (LAT): 20 MeV - ~1TeV

Almost circular orbit, at 565 km
altitude and 25.6 deg inclination

Orbit period= ~90’

Large Area Telescope (LAT)

Gamma-ray Burst Monitor
(GBM)
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. . . Anticoincidence Detector (ACD)
Precision Si-strip Tracker (TKR) . - :
. o 89 scintillator tiles
Measures incident y-ray direction * First step in the reduction of large charged
* 18 XY tracking planes: 228 pm strip pitch cosmic ray background
* High efficiency. Good position resolution * Segmentation reduces self-veto at high energy

* 12x0.03 X, front end: reduce multiple scattering
* 4x0.18X, back-end: increase sensitivity >1 GeV

Overall LAT Design:

* 4x4 array of identical towers
* 3000 kg, 650 W (allocation)
*18mx18mx1.0m

* 20% sky in any instant

* All sky for 30’ every 3 hours

Hodoscopic Csl Calorimeter
* Segmented array of 1536 CsI(T1) crystals

« 8.6 X,: shower max contained up to:
~ 200 GeV normal (1.5X, from TKR inclum y
~ 1TeV @ 40° (CAL-only) L |

* Measures the incident y-ray energy ;
* Rejects cosmic-ray background e
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Pass 8 performance and data publicly released June 2015



< ermi Science themes

Multi-Messenger and Multi-Wavelength Astrophysics

Time Domain Astronomy - Searches for Dark Matter - Particle Astrophysics

Messengers

gammas, electrons

Time
ms transients to multi-year
periodicities

Dark Matter
WIMP and axion candidates

Particle Astrophysics

CR acceleration sites and
mechanisms
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Catalogs:

Classification of sources, population studies, possibility of finding new
classes of sources

FERMI -LAT general catalogs:

nFGL Catalogs detect 3FHL

and characlerize sources e
in the ~0.1-100 GeV 2FHL

energy range 1EHL (6.7 years (P8), 360 sources

nFHL Catalogs explore
the higher-energy sky

4 years, 3033 sources

I 1 1 lIlIIII 1 1 L1 I 1 1 11 ] 1 1 IIIIIII

10" 1 10 102 10°
GeV

class-specific catalogs:
— AGNs, Pulsars, GRBs, SNRs, transients...
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o
HEL ok x

1] -
%

-%___D
H
KX %
Xa

® AGN

« Other Galactic

® PSR

[m]

No association

Pulsar 4 Globular cluster
Binary + Galaxy
Star—forming region

#+ B =

a Possible association with SNR or PWN
+ Starburst Galaxy

= AGN
& PWN
+ Nova

* 4-years data sample with P7 reprocessed data

* 3033 sources detected with >4¢ significance

— Mostly blazars and pulsars

— Roughly 1/3 of the sources are unassociated

* See Astrophys. J. Suppl. 218 (2015), 23 (arXiv 1501.02003)

® Unassoc.
® SNR/PWN
® External galaxy
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2FHL

2FHL: E>50 GeV
360 sources in 80 months

75% blazars,
11% Galactic sources,
14% unassociated

Adaptively smoothed

Preliminary PRELIMINARY

3FHL: E> 10GeV
1720 sources in 84 months

74% extragalactic, 7% Galactic
sources, 19% unassociated

Adaptively smoothed

I 10

0 0.0099 0.03 0.069 0.15 0.31 0.62 1.2 2.5 5 10
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2FHL J0617.2+2234e (IC 443) 10-10 2FHL J1419.3-6047e (PSR J1420-6048)
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Intrinsic spectrum is attenuated due to interaction with EBL (photo pair
production)

dNo,s  dN; o
obs int v (_.—T,.{E‘.d)

MAnd, e dE  dE
f\/\/\/\'/r_\\‘“\*
. - 2016, ApJds, 222, 5
Cosmic gamma ray horizon Arxiv: 1508.04449

Highest energy photon — Dominguez+ 11

VS source redshift 1 - Finke+ 10 Model C

(for associated sources = 8" | mees Gilmore+ 12 Fiducial

in 2FHL with known > ! .

redshift) & m &

0.5 1.0 1.5 20 2.5

Different estimates of the cosmic @ T 5 Domingusee11

y-ray horizon are also shown &

(derived from the EBL models) M

Cosmic Gamma Ray Horizon: 0.1

energy at whicht=1as a

function of redshift. . o T g
0.0 0.5 1.0 1.5 2.0

Redshift 12
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Effect of the EBL on blazar gamma rays spectra

look for the collective deviation of the
spectra of blazars from their intrinsic ones

Franceschini et al. 2008 . -ﬁ -f .
— Dominguez et al. 2011 , In three different redshift bins
0.5r Kneiske et al. 2004 -- highUV ]
L omimimnas Kneiske et al. 2004 -- best fit ]
[ z<02 ] Inferred optical depth
0—_ - T T T T T T T T I T T T T ]
L L [ LATbestfit--1sigma
L [ LATbestfit--2 sigma
L 1 0 | =~ =——— —— = Franceschini et al. 2008
= — Finke et al. 2010 — model C
1= 1 :  — ——  Stecker et al. 2012 — High Opacity
F - Stecker et al. 2012 - Low Opacity
- Kneiske et al. 2004 -- highUV
- Kneiske et al. 2004 -- best fit
Kneiske & Dole 2010
I B Dominguez et al. 2011
05~ = = —— = Gilmore et al. 2012 -- fiducial
L - ° Abdo et al. 2010 e 1
F 0.2<z<0.5 = - ]
S - 3
U - - - —
1T e . i _ d ]
I / v z~1.0
: 107 — —
0.5 . = / B, -
I 1 / /1 1 ]
- 0.5<z<16 102
- Energy [GeV]
U N . .
! "Jz LAT-collaboration, 2012,Science, 338, 1190 13
10 1

Energy [GeV]
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IC444 and W44 SNR:

Gamma emission from pion decay

10® 10°

10'° 10" 10'?

Energy (eV)

2013,

ArXiv:

Science, 339, 807
1302.3307

> accelerated protons
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* Indirect detection (i.e. astrophysical) searches for DM in the
astrophysical targets where it is known to exist

GeV Sky Galactic

Point Sources Isotropic >4 4

Gamma-rays
v/

X
WIMP Dark Vi WIMP Dark
Matter Particles ~ ar
Ecm~100GeV >_IETM Matter Particles
% W*Z/G e\ Ecwm~100GeV ~
/ Neutrinos X V,Z,H° ...

+a few p/p, d/d
Anti-matter 15
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Satellites Galactic Center Milky Way Halo
Low background and good

source id, but low statistics

Good Statistics, but source Large statistics, but

confusion/diffuse background diffuse background

Dwarf Galaxies
Known location and
DM content
Low statistics

Spectral Lines
Little or no astrophysical Isotropic contributions

uncertainties, good source id, but Large statistics, but astrophysics,

low sensitivity because of expected galactic diffuse background

small branching ratio Galaxy Clusters

Low background, but low statistics 16
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* Likely the brightest dark matter source in
the gamma-ray sky, but it is embedded in
large and complicated backgrounds:

— resolved sources

— unresolved sources F LT R
— diffuse emission 3* oy b .
— A =
* Several independent studies find GeV i ‘
excesses above the expected diffuse &
background > 10~
— The excess and its spatial extension Z,
are robust = . =1
2 [I:u{sars !néensny-TCf;led Eie==
— —E=3 Pulsars index-scale f—"+
The spectrum of the excess depends = 3 0B Sur inziensity-fcgled
P m F tars index-scale
strongly on the emission model e Hooper & Slatyer (2013)
. Gordon & M 2013
* The excess at the Galactic Center could be | 5| 5 Sbuajian cial C014)
due to: % Calorelet al (2915). ol ‘
— 104 105
dark matter Energy (MeV)

— unresolved sources (e.g. MSPs)

* DM best fit cross section is in mild tension
with other limits

* See Astrophys.]. 819 (2016), 1

17
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* dSph Galaxies are the cleanest target for DM searches:
— DM-dominated (1000:1)
— 10s to 1000s of stars
* Mostly old stars
* Few gamma-ray emitters (pulsars, SNRs)
* Little gas content
— often high latitude: low diffuse background
— nearby (<250 kpc)
— Many! allows for joint analyses

CVn 11§ ®-Com
CVnl O Boo I Leo 11@
Boo III ® Boo II T66" N
; @ Lo v @Ses 1
Leo I

Sex
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95% CL upper limit on DM annihilation cross section from combined
analysis of 15 dSphs

10723 ;
— Pass 8 Combined dSphs

I Fermi-LAT M W Halo

| — H.ES.S. GC Halo
10-24L MA GIC Segue 1

[ 19 Abazajian et al. 2014 (10)

optical surveys are
significantly increasing
number of dwarfs

non observation of gamma-

L, Gordon & Madias 2013 (20) rays from dSphs in the next 4
Y [C)aly'a" ett 5:" 220(:1:((22")) years can exclude WIMPs
o 1077 7 Geloreetal o L | below ~400GeV (thermal
-~ — P{* S ' ] relic cross-section into bbar)
o e s” 2 ' and DM GC excess
-~ | - - T hermal Relic Cross Section ]
'Io— 26 5 P ” (Steigman et al. 2012} il
E _/ ” <
' ””—--‘LATdSph(15yrs6O dSphs) b :
10-27 - - e CTA GC Halo 100h (Silverwood+2015)
10! 107 10° 10

DM Mass (GeV/c 2)

Phys. Rev. Lett. 115,231301 (arXiv 1503.02641)

19
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The Galaxy NGC 1275:

10717
At 72 Mpc from Earth . Globular clusters ;

ALPSII |

Bright gamma-ray emitter

Located in the center of the IAXO

Perseus Cluster

strong magnetic field (tens
of nG)

RO
. }?»\*
Searched for irregularities in 107"
gamma rays spectrum from S

NGC1275 I IIIIIII| ] IIIIIII| | IIIIIII| I IIIIIII| | III| I IIIIIII| |
1010 107 103 1077 10°° 107 104

couplings > 5 x 10712 GeV~" for mg (eV)

neV

ST
Of |
> |

7/ |

TeV transparency CTA opacity

No evidence of ALPs

20
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Dedicated event selection to identify electrons (and positrons)

240 :—_._ Ferml Pass 8’ PRELIMINARY
220 —
200
1801
140- 444
1201
100}
80
60F

new measurement of the
CRE spectrum with Pass8,
achieving the first direct
measurement above 1 TeV

E° x Intensity [m? s sr! GeV?]

Energy [GeV]

Search for anisotropies in CRE arrival directions:
no anisotropy observed in the first year of operation: -> upper limits

new analysis with current CRE selected data set (7 years) at an advanced stage
21



Va
“oami Followup of Gravitational Waves

G-Eln' ma-ray

/ Space Telescope

Fermi is an excellent instrument for searches of EM counterparts of
GW events:

Routine searches

® Large FOV — entire sky coverage in 3 hours under MoU with
® |ocalization ~0.1-1° Ligo Virgo

® sensitive to transients from ms to years timescales Consortium

® GBM sensitive to impulsive flares

No excess found for the 3 GW events analyzed so far
Upper limits for GW150914

RA (J2000)

407 { L 15
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%> e » 3 V.
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Iog(énergy) [MeV] 22
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Rp— Conclusions

The LAT is an astroparticle observatory with unprecedented
capabilities that has been exploring the gamma-ray sky since 2008

— The LAT has been monitoring the gamma-ray sky for 8 years and
Is still in good health

— Significant improvements of the LAT performance thanks to the
newest Pass 8 event reconstruction and classification

~1G photons, thousands sources, public database

Fermi data probe fundamental questions

CR origin, particle acceleration and propagation

- Dark Matter Identification
dSphs are a promising target

EM counterparts to Gravitational Waves

23
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v =l
Dark Matter searches -
Radio Galaxies —

Starburst Galaxies o

Globular Clusters ————=

SNRs & PWN — g

Terrestrial y-ray Flashes ¢
Unidentified Sources Tt e'e spectrum

10°

10
E (GeV)
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N 100 o * Five hardware trigger
T \~ . \»\ Trlgger request 88
- rimitives
9 e - \/\ \ Trigger accept p
@© 3
o 10

\— - ,,,\,\.\AJ\AMM/\M}\\,\\,.\ Onboard filter

* Upon L1 trigger the entire
detector is read out

—
o
o

'f

-

J‘VJ N‘J \i\l\-"f \,;M &t\ \ ' P7TTRANSIENT

P7SOQURCE * Need onboard filtering to fit
ﬁ the data volume within the
‘ w w m # | P7§’S1UOI?)CE allocated bandwidth

I 1 1
N 1200 1800 OOOO 0600 1200

)

10

UTC
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A potential signal was reported in the

3.7yrs data sample for a small ROI
containing the GC

— Bringmann+, JCAP 07 (2012), 054

— Weniger+, JCAP 08 (2012), 007
The LAT detected the feature,

although with low global significance

Newest LAT data analysis:
— Increased data set (5.8 yrs)

— Use of Pass 8 event classification

* Improved energy
reconstruction

— Greater exposure towards the GC

* Modified observing strategy
from Dec 2013 to Dec 2014

The excess in the 3.7 yrs data is of 26
(3.30 with Pass 7 data) and decreases

using the full 5.8 yrs data set

Events /(5.0 GeV ) Residual(c) Events/(5.0GeV)

Residual(o)

The line feature at 133 GeV

ol P8 CLEANR337yr E,-1330Gev 3
70 : o = 2.47 =
60E n,, = 16.7 evts (2.0 o) 3
50 E- Moo = 400 + 20 evts =
40E- =
30E —=
20 —
105 —
0: e —————————— -. I -———-- II
2 % 4
1 .
ST AT f
40 60 80 100 120 140 160 180 200 220
Energy (GeV)
140k pg CLEANR358yr  E,=1330GeV |
120 & g = 2.47 =
100 £ Ne, = 7.3 evis (0.7 ) —
80 E- Nue = 700 +30 evts 3
60 £ =
40 - =
20 & ; =
0 Eum ——
2 1.1
o bbby B g
oM P by
40 60 80 100 120 140 160 180 200 220

Energy (GeV)
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s, e Modeling the GC emission

* Generalized NFW (gNFW), gamma =1.25 p(r) x > 5=
— All sky-fit (=) (1+2)
— Fit normalization in each energy bin for each template

Fractional residual, 1.1 — 6.5 GeV

\fdof =1.37 — Totalmodel & & PS
_ ooy ¥ § Data 44 Bubbles
10+t Preliminary i@ Gas i § GG orcoss -
: v¥ ICS ]

GC excess added back

29
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GBM detectors at 150914 09:50:45.797 +1.024s

5600 Times: 0.384: 1.408 s
Nal+BGO SNR = 5.1 1.0000 ' e ' ' BGOI o0 .
— F B + 3
5400 ] S i NAI_05 o 1
2 o.1000p — o .
— 5200_ — ‘-U) E ? E
= g :
3 £ 0.0100f % 1 .
€ 5000 . 3 : :
S = 0.0010} . '
= 4800 T 1 A 3
X 0 o s -
" 4600} l l i ooooli— O U N
4 2_ -
E abL.... —+ b E
4400} ] J : 2 %_ R i .

. . g ‘ . 10 100 1000 10000

4200 -4 -2 0 2 4 Energy (keV)

relative time [s]

weak transient in offline seeded searches around tew
excess is 0.4s long, ~1s after tew
false probability is 0.0022

cannot be attributed to known astrophysical, solar, terrestrial or magnetospheric activity (arxiv
1602.03920)



