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Abstract: The Large Area Telescope (LAT) on the Fermi Gamma-ray Space Telescope has been observing

the entire sky once every three hours since the beginning of Fermi science operations in August 2008. These

observations have revealed more than 1,873 high-energy (∼ 20 MeV −>300 GeV) gamma-ray sources, including

several classes of active galaxies, pulsars, pulsar wind nebulae, supernova remnants, binary sources, high-energy

gamma-ray bursts, a nova, and the Sun.
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1 Introduction

The launch of the Fermi Gamma-ray Space Tele-

scope in June 2008 provided a huge leap in several

key capabilities. The primary instrument, the Large

Area Telescope (LAT), provides observations from 20

MeV to greater than 300 GeV with a 2.4 steradian

(sr) field-of-view (i.e., about 20% of the sky at any in-

stant). A second instrument, the Gamma-ray Burst

Monitor (GBM), provides observations of transients

from 8 keV to 40 MeV. With a 9 sr field-of-view,

the GBM sees the entire sky not occulted by the

Earth. Together GBM and LAT provide observations

of gamma-ray bursts (GRBs) over seven decades of

energy.

Because of the wide fields-of-view of the LAT and

the GBM, the standard observing mode of the Fermi

Observatory is so-called “scanning mode” in which

the z-axis of the LAT is pointed between 30 and 50

degrees above and below the zenith direction on al-

ternate orbits. Thus, every two orbits (90 minutes)

the entire sky is surveyed with approximately uniform

sensitivity. Fermi has been nearly continuously scan-

ning the sky since the start of science operations in

August 2008.

This paper summarizes observations made with

the LAT, with emphasis on the discoveries made dur-

ing the past year. The breakthrough capabilities of

the LAT were made possible by the close coopera-

tion of the high-energy astrophysics and high-energy

particle physics communities — and their associated

funding agencies — in the U.S., France, Italy, Japan,

and Sweden. The LAT is described in [1]. The Fermi

LAT Collaboration continues to play a key role in the

operation of the LAT. All photon data from the LAT

is made available to the science community through

the Fermi Science Support Center (FSSC) at NASA -

Goddard Space Flight Center after level-1 processing

by the LAT team (at the SLAC National Accelerator

Laboratory, Stanford University) is completed, typi-

cally within 10 hours. To date, the LAT has recorded

nearly 2×1011 triggers.

The prime science operations phase for Fermi is

five years. However, as there are no consumables on

the observatory and the expectation that Fermi will

continue to provide new insights into the high-energy

universe, the mission lifetime goal is ten years.

2 Recent LAT Science Highlights

The just-released second Fermi LAT source cata-

log (2FGL) [2], based on two years of sky survey data,

has 1,873 sources: 43% of the sources are identified or

associated with blazars and another 14% with active
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galaxies of unknown type, 1% are radio and starburst

galaxies; 6% of the sources are pulsars, 4% are super-

novae remnants, and approximately 1% are globular

clusters and high-mass binaries. 31% of the 2FGL

sources are unidentified or unassociated. Of the ce-

lestial gamma rays detected by the LAT, 8.6% come

from sources in the second catalog, 67.5% from galac-

tic diffuse emission, and 23.9% from isotropic emis-

sion (a combination of diffuse emission and emission

from unresolved sources).

Table 1 summarizes the gamma-ray source classes

represented in the 2FGL catalog. Sources are clas-

sified as “identified” if they show either correlated

variability (typically a blazar or pulsar) or spatial

Fig. 1. Second Fermi LAT source catalog.

Table 1. Second LAT catalog source classes, adapted from [2].

Identified Associated
Description

Designator Number Designator Number

Pulsar, identified by pulsations PSR 83 ... ...

Pulsar, no pulsation seen by LAT yet ... ... psr 25

Pulsar wind nebula PWN 3 pwn 0

Supernova remnant SNR 6 snr 4

Supernova remnant / Pulsar wind nebula ... ... † 58

Globular cluster GLC 0 glc 11

High-mass binary HMB 4 hmb 0

Nova NOV 1 nov 0

BL Lac type of blazar BLB 7 bzb 425

FSRQ type of blazar BZQ 17 bzq 353

Non-blazar active galaxy AGN 1 agn 8

Radio galaxy RDG 2 rdg 10

Seyfert galaxy SEY 1 sey 5

Active galaxy of uncertain type AGU 0 agu 262

Normal galaxy (or part) GAL 2 gal 4

Starburst galaxy SBG 0 sbg 4

Class uncertain ... ... ... 1

Unassociated ... ... ... 576

Total ... 127 ... 1746
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morphology with sources known at other wave-

lengths. “Associations” are made based primarily

on close positional correspondence using a Bayesian

probability analysis based on the local density of

sources from catalogs of likely objects.

2.1 Galactic gamma-ray sources

Among the Galactic sources, to date, 106 gamma-

ray pulsars (i.e. the gamma-ray emission of the source

is pulsed) have been detected. Of these sources, 40

are relatively young radio-loud pulsars, 32 are radio

millisecond pulsars (MSPs), and 34 are radio-quiet

pulsars discovered in blind searches of gamma-ray

sources [3–5]. In addition, gamma-ray emission from

several globular clusters, home to many MSPs, has

been detected with the LAT [6]. Recently, the first

detection of an individual gamma-ray MSP in a glob-

ular cluster, PSR J1823-3021A in NGC6624, has been

reported [7]. Interestingly, no gamma-ray emission

from this globular cluster is detected in the off-pulse

phase of the pulsar, indicating that the entire gamma-

ray emission from the cluster is due to one pulsar!

Note that 35 radio MSPs in the field have been dis-

covered in radio searches of the error boxes of Fermi

unidentified sources [8–10]. Of these, 15 pulsars were

subsequently found to also pulse in gamma rays.

Gamma-ray emissions from supernovae remnants

(SNRs) and from a few pulsar wind nebulae (PWN)

have also been detected with the LAT. These in-

clude both middle-aged remnants (∼ 104 yr) as well

as young remnants (<∼ 103 yr), with the dominant

class being middle-aged SNRs interacting with nearby

molecular clouds.

Arguably, during the past year, the most inter-

esting new data from a supernova remnant has come

from LAT observations of the Crab nebula, a bright

source that was first detected by SAS 2 [11]. Observa-

tions with the Fermi LAT [12] and with the Agile tele-

scope [13] have revealed powerful flares of gamma-ray

emission from the nebula. To date, 4 flaring episodes

have been detected, the most recent by the LAT on

April 13-15, 2011; this flare reached a peak flux nearly

three times the average flux observed from the Crab

nebula (below ∼ 3 GeV) and exhibited a hard power

law spectrum with an exponential cutoff at 580 MeV.

No sign of pulsations at the spin period of the Crab

pulsar were detected in the flaring photons.

The observation of powerful flares, apparently in

the nebula’s high-energy synchrotron emission, was

possible because of the temporal coverage of the Crab

afforded by the LAT’s large field-of-view and the

scanning mode of observation. The brief timescale of

the flares (< 4 days) implies a compact flaring region

(∼< 10−2 pc) and is consistent with synchrotron radi-

ation since the electron cooling timescales for Inverse

Compton emission and bremsstrahlung are > 107 yr.

The detection of synchrotron photons up to a GeV in

turn implies electrons are accelerated to ∼ 1 PeV. The

efficiency of the synchrotron losses requires a strong

electric field to compensate, presenting severe difficul-

ties for the usual diffusive shock acceleration mecha-

nism [12]. Stay tuned for more from the Crab.

To complete this brief overview of new galactic

sources discovered by the LAT, consider that five

high-mass binary systems have now been observed

to emit GeV gamma rays associated with the orbital

motion of the compact object. These systems are LSI

+61 303, LS 5039, Cyg X-3, PSR B1259-63/LS 2883,

and the latest, 1FGL J1018.6-5856 which has the dis-

tinction of being the first binary system (16.6 day

orbital period) discovered in gamma rays [14].

Of these sources, PSR B1259-63/LS 2883 is the

only one in which the nature of both the compact ob-

ject (a neutron star pulsar with period of 47.7 ms)

and the companion (a massive Be star) are certain.

The orbital period of this highly eccentric (e∼ 0.87)

system is 3.39 yr [15]. The LAT observations [16, 17]

showed GeV emission from this system in Novem-

ber/December 2010, starting several weeks before

the 15 December 2010 periastron passage. About a

month after periastron when the pulsar was about

half-way through the post-periastron disk passage,

the gamma-ray emission increased considerably over

a period of a few days with a peak flux more than 20

times the pre-periastron flux. The spectrum of the

source was considerably softer post-periastron. The

gamma-ray intensity during the peak emission was

comparable to the spin-down luminosity of the neu-

tron star. Simultaneous radio and X-ray observations

showed no corresponding dramatic changes in radio or

X-ray emission between the pre-periastron and post-

periastron flares.

The companion Be star shows evidence for an

equatorial disk in its optical spectrum and the pulsar

comes within 0.67 AU of the companion at perias-

tron [15]. It has also been inferred that the orbital

plane of the pulsar is highly inclined with respect to

this disk so the pulsar crosses the disk plane twice

each orbit, just before and just after periastron [18].

The inferred geometry of the PSR B1259-63/LS 2883

system is shown in Figure 2 (adapted from [19]).

Finally, no pulsed gamma-ray emission has been

detected at the spin period of PSR B1259-63. This is

consistent with the flaring emission coming from the
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expected shock generated by the interaction of the

pulsar wind and the companion disk, which is well

outside the light cylinder of the pulsar, hence the

gamma-ray emission is not expected to be modulated

at the spin period [16].

Fig. 2. Inferred geometry of PSR B1259-63/ LS 2883.

2.2 Extragalactic gamma-ray sources

Among the extragalactic sources detected with

the LAT, hundreds of AGN have been observed,

with unbiased and evenly sampled light curves [20].

While most of the gamma-ray emitting AGN are

blazars, several radio galaxies have also been detected

with the LAT, most notably Centaurus A for which

gamma-ray emission from the lobes have been clearly

resolved [21].

The detection of a large number of high-energy

blazars (as well as GRBs) with emission extending

above 10 GeV, over a broad range of redshift to z∼ 3

(z = 4.3 for GRBs), has allowed constraints to be

placed on extragalactic background light (EBL). In

particular upper limits on the gamma-ray opacity of

the universe in the 10-100 GeV energy range from var-

ious redshifts have been compared with predictions

from well-known EBL models [22]. The LAT obser-

vations to date have ruled out an EBL intensity in the

redshift range ∼ 1 to 4.3 as great as that predicted

by Stecker et al. [23] in the ultraviolet range. As

the high-energy photon data set collected by Fermi

grows in the future and more blazars and GRBs are

detected, they will further constrain the opacity of

the universe to gamma rays over a large energy and

redshift range, and help further understanding of the

evolution of the EBL intensity over cosmic time.

Fermi LAT observations of blazars have provided

bounds on the strength of extragalactic magnetic

fields, thereby constraining models for the origin of

cosmic magnetic fields. In particular, Neronov and

Vovk [24] report a lower bound of B≥ 3×10−16 gauss

on the strength of intergalactic magnetic fields, de-

rived from the non-observation of GeV gamma-ray

emission from electromagnetic cascades initiated by

TeV gamma rays in the intergalactic medium; i.e.,

from the non-detection of the so-called pair-halo ef-

fect.

The LAT has also detected 30 gamma-ray bursts

with emission above 100 MeV. Both long (> 2 s) and

short (< 2 s) duration bursts have been seen. Red-

shifts between 0.38 and 4.35 have been obtained for

about 1/3 of the LAT bursts. Judged by the isotropic-

equivalent energy emitted in gamma rays Eγ,iso, the

LAT bursts are among the most energetic bursts ob-

served. For GRB 080916c, Eγ,iso ∼ 8.8× 1054 ergs

[25]!

Most of the LAT bursts show high-energy emis-

sion afterglow and delayed high-energy onset rela-

tive to detection by the GBM. The timescale of the

high-energy emission places constraints on the bulk

Lorentz factor of colliding shells in the outflow to be

∼ 1,000, making these sources among the most rel-

ativistic objects observed in nature. Observations of

these short, bright flashes of radiation at great dis-

tances can also be used to probe basic physics. For ex-

ample, with observation of high-energy emission from

GRB 090510 limits have been placed on fundamen-

tal physics parameters, particularly hypothesized tiny

differences in the speed of light of photons of vastly

different energies [26].

2.3 Others

In addition to the highlights discussed in sections

2.1 and 2.2, LAT observations have had important

impacts in other areas that include the discovery of

high-energy gamma-rays from a nova event [27], pre-

cision measurement of the spectrum of electrons and

positrons from 8 GeV to 1 TeV [28, 29], and mea-

surement of two components of cosmic-ray induced

gamma-ray emission from the quiescent Sun [30]. Ta-

ble 2 provides a concise summary of LAT discoveries

and highlights from three years in orbit.

3 Summary

Several of the LAT discoveries highlighted here

were only possible because of the instrument’s wide

field-of-view that allows the scanning mode of obser-

vation of the Fermi observatory. We can certainly

expect more serendipitous discoveries in the future

as Fermi continues to scan the sky once every three

hours.
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Table 2. Summary of LAT discoveries and highlights.
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