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Our Universe is home to violent phenomena, which can reaeingess much higher than
the collisions we produce in our particle accelerators.rdtoee, the observations of high-energy
astrophysical phenomena can provide deep insights onifioeaial Physics, as well as information
for understanding how our Universe works. In the last desade expanded our investigation to
a wide range of messengers, from charged cosmic rays taafaxal waves, from neutrinos to
y-rays. High-energy-rays play a key role, because they are relatively easy txtiahd they have
low interaction probabilities during their propagation.

1. The Fermi Large Area Telescope

The Fermi Gamma-ray Space Telescope (formerly known as Gamma-rayelArea Space
Telescope, GLAST) was launched from the Cape Canaveral tatidd on June 11 2008 and it
is on a nearly circular orbit around the Earth at 565 km otwd# with an inclination of 2%°.
The Fermiobservatory carries two instruments. The main instrungtiié Large Area Telescope,
hereafter LAT, ay-ray imaging telescope detecting photons from 20 MeV to ntioa@ 300 GeV,
with a field of view of 20% of the sky at any instant and obseagyin the normal sky-survey mode,
the whole sky every 3 hours. The secondary instrument is the Gamma-ray BursitMq@GBM),
which supports the LAT in the observations of transient gineena in the energy range from 8 keV
to 40 MeV.

The Fermi LAT is a pair-tracking telescope [9], composed by an arras 9f4 towers. Each
tower is made from a tracker (TKR) plus a calorimeter (CAL)Xdule. The TKR has 18x,y) layers
of Silicon microstrip detectors interleaved with Tungsteifs to promote the/-ray conversion into
electron-positron pairs (12 thin foils of 0.03 radiationdghs in the front section plus 4 thick foils
of 0.18 radiation lengths in the back section, the last tweda have no conversion foils), for
a total depth of~ 1.5 radiation lengths. The TKR is followed by a hodoscopic C8ILGvith
imaging capabilities with a depth ef 8.5 radiation lengths. The whole system is surrounded
by an anticoincidence detector (ACD), a segmented saitaillshield to discriminate the cosmic-
ray background. On the bottom of the detector the Data AdonisSystem is located. The LAT
design and analysis [9] provide a sensitivity more than aderoof magnitude higher than previous
y-ray telescopes, like EGRET on ti@omptonGamma-ray Observatory, and a superior angular
resolution (e.g. the 68% containment angle for front-caimvg events reaches.® at 1 GeV
with respect to I7° for EGRET). Therefore, the LAT is providing an unpreceddntew of the
gamma-ray sky.

2. Highlights of Fermi y-ray Science

In this section we present a few highlights of thermi y-ray Science, selected on considera-
tion of the interests of the audience and the personal tashe apeaker among the wide variety of
results achieved during the first year of observations.

The skymap from the first 9 months of observations in shownign E The LAT is re-
solving they-ray sky, allowing the detection of hundreds of point sosraad permitting deeper
understanding of thg-ray diffuse emission. A major step toward the publicatibthe First Year
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Figure 1. Skymap obtained from the first 9 monthskdrmi observations (Galactic coordinates in Aitoff
projection).
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Figure 2: On the left: position of the sources in the LAT Bright Sourdstl[3] (Galactic coordinates in
Aitoff projection). The colour represents the spectraktgb each source, from softer (red) to harder (blue).
On the right: (PRELIMINARY) skymap of LAT observations inghlegion of the Large Magellanic Cloud
[14].

Catalog has been the Bright Source List [3], the list of th& &Burces detected with a signifi-
cance> 100 during the first three months of observations. The sourcekedist are shown in
Fig. 2 (left). The LAT is able to resolve for the first time emtked emission from extragalactic
objects in high-energy-rays. In Fig. 2 (right) we show a skymap of the region of thegeaMa-
gellanic Cloud (LMC), an external Galaxy where the LAT isaleing they-ray emission from the
central starbust region 30 Doradus and the diffuse emidsion the interactions of cosmic rays
with the surrounding gas [14].

A characteristic feature of thgray sky is its high variability. The LAT survey strategy is
providing a coverage of the whole sky every three hours, #flogving the monitoring of transient
phenomena, like the flares of active galactic nuclei gnay bursts. The first bright burst observed
by the LAT was GRB 080916C [1], triggered by the GBM, at a rdéftlsh= 4.35+ 0.15 [12]. The
LAT has detected more than 100 events above 100 MeV, up 18 GeV. The lightcurve of the
burst shows an onset between low-energy and high-energsiemi Under the hypothesis that this
delay is an upper limit to the effect of the breaking of Loramariance, a lower limit for the scale
of quantum gravity was derivediloc > 1.3 x 10'8 GeV, just one order of magnitude below the
Planck scale [1].
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Figure 3: PRELIMINARY — Spectrum of therray emission measured by the LAT for energies between
100 MeV and 10 GeV, averaged over all longitudes in the regitimGalactic latitude 10< |b| < 20°. Left:

the measurement by the LAT (red) compared with the measurelnyeEGRET (blue). Right: comparison
with thea priori model for the GDE described in the text [6].

Among the wide variety oy-ray sources, pulsars were the first objects identified irGalaxy.
However, in the EGRET era only sikray pulsars were detected with high confidence, although
~ 1000 were known in the radio. Five of them were normal radilsgrs, discovered thanks to
the ephemerides measured by radio astronomers. The lggBenm@nga, was a radio-quiet pulsar
identified after~ 20 years of multiwavelength observations [10]. The LAT hlsagly unveiled
16 new pulsars, identified in blind searches using grtgy data [4]. The LAT discovered also a
new population ofy-ray pulsars with millisecond periods, known from radio edstions as the
second life of normal pulsars in binary systems and neveergbd before at high energies. The
LAT detected strong-ray pulsations from 8 such ms pulsars [5].

A phenomenon of great interest for particle physics, ablysigs and cosmology is the diffuse
y-ray emission. The Galactic diffuse emission (GDE) is pamalby the interactions of cosmic
rays (CRs) with the interstellar gas (Wil decay and Bremsstrahlung) and with the interstellar ra-
diation field (via Inverse Compton, IC, scattering). Thectpen of the GDE measured by EGRET
showed an excess of a facter2 in all directions on the sky at energigsl GeV with respect
to conventional models based on the locally measured CRrapd@, 15], interpreted by some
authors as the long-awaited signature of dark matter. Thetéirget of study for the LAT is the
emission at intermediate Galactic latitudes, where mogt@émission comes from interactions of
CRs with the local gas. In Fig. 3 (left) the spectrum measlme&GRET is compared with the
spectrum measured by the LAT which is significantly softerFlg. 3 (right) the same spectrum
measured by the LAT is compared with ampriori model for GDE emission, a revised version of
the conventional model based on GALPROP [15], plus a paintee contribution and an isotropic
unidentified background derived from fitting LAT data witlet®DE model fixed. The LAT spec-
trum for this region of the sky is approximately reproducegdiie GDE model based on the CR
spectrum measured at Earth, thus being inconsistent wat#V excess [6].
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Figure 4: The electron spectrum measured by the LAT (filled red cijcl&he systematic uncertainties on
the event selection efficiency and the subtraction of thielues hadron contamination20%) are repre-
sented by the gray band. The two-headed arrow in the top-cimimer represents the effect of systematic
uncertainties on the absolute energy, constrained betw®&éf and—10% by the LAT beam test. Other
measurements (black) are shown together with a convemtidfissive model [15] (blue dashed line).

3. Measurement of the cosmic-ray electron spectrum from 20 GeV to 1 TeV

Designed as a highly-efficientray telescope (see Sec. 1), the LAT is by its nature also a de-
tector of electrons and positrons, because electromaggtativers are germane to both interactions
of electrons and photons in matter. The highly granular TKR@AL and the hermetic, segmented
ACD offer the opportunity to distinguish electrons from ptves and hadrons. The large field of
view of ~ 2.4 sr, the high efficiency and the on-board filter, configure@ddoept all the events
which deposit more than 20 GeV in the calorimeter, providtheoLAT a large collecting power
for high-energy electrons. However, the instrument dog¢shave the capability of separatireg
from e~, so we refer to electrons as the sum of the two.

The main steps to select candidate electrons are [2]: 1 #reeguents to fail the ACD vetoes
developed to selegt-rays (providing an over-all contamination of photen2% in the final elec-
tron sample); 2 — apply several simple selection criterigimg on the capability to discriminate
electromagnetic and hadronic showers based on their gevelat in the TKR and the CAL (re-
jection power for hadrons of the order of 1 :2)03 — boost the selection using classification trees
(enhancing the rejection power up to 1 31010%).

Then, the residual contamination by hadrons is evaluatéd dontecarlo simulations and
subtracted and the spectrum is corrected for the finite gmedjstribution with an unfolding tech-
nique. The final spectrum is shown in Fig. 4. LAT data are indgagreement with the measurement
by HESS at higher energies [8], but do not exhibit promingetcsral features as recently reported
by ATIC [11]. If compared with a conventional model of CR pagation based on the GALPROP
code [15], LAT electrons show a spectrum harder than exgdecthis spectrum, combined with
the measurement by PAMELA of an increase in the ratig(et +e~) up to 100 GeV [7], is very
hard to reconcile with such conventional models. A natuxalanation can be an additional local
source of electrons, which might be given by astrophysiceékerators, like pulsars, as well as by
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dark matter particles. Further investigation is needed,the LAT, with the studies of electrons as
well as ofy-rays (diffuse emission, pulsars, dark matter search@swill play a fundamental role.
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