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Large Area Telescope (LAT):  
20 MeV to more than 300 GeV
observes 20% of the sky at any instant
entire sky every 3 hrs
absolute timing ~ 300 ns

Gamma-ray Burst Monitor (GBM):
8 keV to 40 MeV
observes entire unocculted sky
absolute timing ~ 2μs
compute burst location to allow re-orienting Fermi 2

The Fermi observatory

The Fermi observatory
http://fermi.gsfc.nasa.gov/

Large Area Telescope (LAT)

I Pair conversion telescope

I Energy range: 20 MeV – >300 GeV

I Field of view: ⇠ 2.4 sr (at 1 GeV)

I E↵ective area: ⇠ 6500 cm2 on axis
(at > 1 GeV)

I Launched by NASA on 2008 June 11,
from Cape Canaveral, Florida

I Launch vehicle: Delta II Heavy

I Orbit: 25.6� inclination, 565 km
altitude

Carmelo Sgrò (INFN–Pisa) CRIS 2015, September XX 2 / 18

• Launch: June 11 2008, NASA
• Orbit: circular, 565 km altitude, 

25.6° inclination
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TRACKER-CONVERTER
• Incoming particle direction
• 18 x, y tracking planes: SSD
• 16 planes of tungsten:

• “FRONT” -> first 12 “thin” 
layers of 3% radiation length 
tungsten converters 

• “BACK” -> next 4 “thick” 
layers of 18% radiation length 
tungsten converters

CALORIMETER
• energy deposition
• shower development 

imaging 
• 96 CsI(Tl) crystals

ANTICOINCIDENCE 
DETECTOR
• Charged-particle bkg rejection
• Plastic scintillator, WLS fibers
• Segmented tiles

The Fermi LAT detector

!3

Pass8 = complete revamp of event 
reconstruction algorithms (2015)
• Improved performances and IRF
• Retroactively updated entire data archive
• Open new discovery space !3



On March 16, 2018: one of the two solar panels of Fermi got stuck, as a 
consequence the observatory went into safe hold → instruments powered 
off and science data taking stopped  

On April 3, 2018: both GBM and LAT have been returned to operational 
status and are actively collecting science data. 

GBM has immediately returned to full functionality. 
LAT started getting back to normal operation temperature (5 days 
needed to complete the recovery)

Since April 8, 2018: the LAT operates normally again, a new observing strategy 
is under study

Ongoing investigation to understand the problem on the engineering side 

Fermi operational anomaly
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Fermi sky in 30 hours30 hours (~20 orbits)
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60 hoursFermi sky in 60 hours
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5 daysFermi sky in 5 days
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10 days
Fermi sky in 10 days
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20 daysFermi sky in 20 days
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40 daysFermi sky in 40 days
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80 days
Fermi sky in 80 days
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160 daysFermi sky in 160 days
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320 daysFermi sky in 320 days
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640 daysFermi sky in 640 days
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1280 daysFermi sky in 1280 days
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~7 yearsFermi sky in 7 years

!16



? ? ?

Decomposing the Fermi-LAT Sky
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5000+ γ-ray sources: several source classes, including AGN, PSRs, SNR and more

Point Sources
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Gamma rays from high-energy cosmic rays interacting with dust, gas and 
radiation fields in the Galaxy

Diffuse Emission
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Isotropic Emission

Unresolved emission from extra-Galactic sources, possibly other contributions
!20



GRBs

Fermi Bubbles

Nova (1) SNRs & PWN

Blazars

Radio Galaxies

LMC & SMCStarburst  Galaxies

γ-ray binaries

Globular Clusters

Sun: flares & CR interactions

Pulsars: isolated, binaries, & MSPs

TGFs

Unidentified Sources

Galactic

Extragalactice+e- spectrum

Fermi sources classes
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Some of the Fermi-LAT
HIGHLIGHTS



One possible approach for finding and studying new source classes
Systematic analysis of the sky exercised the LAT analysis tools (e.g. definition 
of event classes and IRFs) and tested assumptions of the analysis (e.g. effects 
of residual Earth limb emission) 
Good initial guess for detailed study of a (newer and longer) data set

Catalogs

!23

Several other possible causes of “lost” sources are evident:
(1) the 3FGL γ-ray centroid has shifted with respect to the
previous FGL catalogs, preventing the matching; (2) statistical
threshold effects, i.e., their TS has dropped below 25.
Additional considerations include variability and (generally
small) effects from the different event selections used for the
analyses (P7REP_ SOURCE_ V15 for 3FGL, P7CLEAN_ V6
for 1FHL, P7SOURCE_ V6 for 2FGL, and P6_ V3_ DIFFUSE
for 0FGL); different Galactic diffuse emission models; different
analysis procedures (unbinned likelihood analysis for 0FGL and
1FGL, binned likelihood analysis for 2FGL and 1FHL, and a
combination of binned and unbinned for 3FGL). We analyze

those causes in more detail for 2FGL in Section 4.2.4. We stress
that these differences are often not negligible.
A comparison of the source significances of the “lost”

sources with those in the 3FGL catalog shows that (Figure 21)
in the latter we have not lost highly significant sources. The
peaks of the source significance distributions for all the sources
of the FGL catalogs (not shown in the Figure 21) have shifted
from 4–6σ for 1FGL to 4–5σ for 2FGL and 3FGL.
The power-law indices of high Galactic latitude ( b 10∣ ∣ > °)

“lost” sources with power-law spectral type tend to be softer
than average for their catalogs (Figure 22).
The numbers of associated sources among the 0FGL, 1FGL,

and 2FGL catalogs and the 3FGL catalog do depend on the

Figure 15. Full sky map (top) and blow-up of the inner Galactic region (bottom) showing sources by source class (see Table 6). All AGN classes are plotted with the
same symbol for simplicity.
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0FGL (3 months)

1FGL (11 months)

2FGL (2 years)

3FGL (4 years)

coming soon:     

4FGL (8 years) with 

5000+ sources
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Fermi bubbles (1) – Large lobes of hard- 
spectrum emission extending +/-60° above and below 
the Galactic plane in the inner Galaxy (Su et al. 2010) 

 
GC GeV excess – A large region around the 
Galactic center is brighter than expected in GeV 
gamma rays (Vitale et al. 2009) 

 
Behind-the-limb solar flares (2) (Pesce-Rollins+ 2015) 

 
Variable pulsars – Isolated PSR J2021+4026 
(Allafort et al. 2016), millisecond pulsar in a binary 
system PSR J1227-4853 (Johnson et al. 2015) 

 
Crab flares (3) – The Crab nebula, a standard 
calibration source, is generally ‘boiling’ and 
occasionally in outburst (Tavani et al. 2010)

Surprises

!24

radius of 190″, which is ∼20% smaller than the value we
reported in Pesce-Rollins et al. (2015) using Pass7_REP data.
In addition, in the Pass 8 data set, the total number of >1 GeV
events measured from this flare increased from four to seven.
The highest-energy photon detected from this flare was
3.4 GeV and the arrival was 07:19:00 UT.

For the Jan14 flare, the Fermi-LAT photon statistics were
not sufficient to provide an emission localization error circle
smaller than 0°.5. However, we can still conclude that the
emission detected by Fermi-LAT was consistent with the
position of the Sun. In Figure 7 we show the STEREO-A
and SDO images of this event at two different times. The top
panels of Figure 7 present SDO 171Å (left) and STEREO-A
195Å (right) image at 07:55:46 UT and show the filament
eruption, while the bottom panels show the SDO 193Å (left)
and STEREO-A 195Å (right) images at 08:25:46 UT with the
RHESSI 6–12 and 25–50 keV contours of this flare.

The Fermi-LAT >100 MeV emission centroid of Sep14 is
located at heliocentric coordinates [−720″, 610″] with a 68%
error radius of 100″. RHESSI imaging shows a 6–12 keV
source located above the visible limb slightly offset from the
Fermi-LAT centroid, both shown in Figure 8. If the
RHESSI source is the loop top of the BTL flare, then the
minimum height needed for this source to be visible from
∼40° BTL would be ∼1010cm. HXR loop-top emission from
a flare located ∼40° BTL has been detected before by
RHESSI(Krucker et al. 2007). Fermi-LAT measured 17
photons with energies >1 GeV; 15 of these (including a

3.5 GeV photon with an arrival time of 11:16:01 UT) arrived
during the first 20 minutes of Fermi-LAT detection.

3. Spectral Analysis

3.1. Gamma-Ray Spectra

We performed an unbinned likelihood analysis of the Fermi-
LAT data with the gtlike program distributed with the
Fermi ScienceTools.57 We selected Pass 8 Source class
events from a 10° circular region centered on the Sun and
within 100° from the local zenith (to reduce contamination
from the Earth limb).
We fit three models to the Fermi-LAT gamma-ray spectral

data. The first two, a pure power law (PL) and a power law with
an exponential cutoff (PLEXP), are phenomenological func-
tions that may describe bremsstrahlung emission from
relativistic electrons. The third model uses templates based
on a detailed study of the gamma-rays produced from the decay
of pions originating from accelerated protons with an isotropic
pitch angle distribution in a thick-target model(updated from
Murphy et al. 1987).
We rely on the likelihood ratio test and the associated test

statistic TS (Mattox et al. 1996) to estimate the significance of
the detection. The TS is defined as twice the increment of the
logarithm of the likelihood obtained by fitting the data with the
source and background model components simultaneously.

Figure 6. Localization of the Oct13 flare. Images near the flare peak are shown for STEREO-B 195 Å (a), SDO 193 Å (b), and an enlargement of the SDO image (c)
marked by the white rectangle in (b). The green circle in (b) shows the 68% error circle for the Fermi-LAT emission centroid and the green dot in (c) represents the
Fermi-LAT emission centroid position. The time range for the Fermi-LAT emission is from 07:10:00–07:35:00 UT. The green contour in (c) shows the 25–50 keV
RHESSI source. The blue cross in (a) and (c) marks the centroid of the STEREO flare ribbon as seen from the STEREO and Earth/SDO perspectives, respectively. The
white dashed line in (a) represents the solar limb as seen by SDO. The positions of STEREO and SDO/Earth relative to the Sun are shown in the lower-right corner
of (a).

57 We used the version 10-01-00 available from the Fermi Science Support
Center: http://fermi.gsfc.nasa.gov/ssc/.
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Galactic novae – White dwarf star accreting matter from a companion, detonating, 
started with V407 Cygni (Abdo et al. 2010), now many

Shocks in the expanding nova envelope produce γ rays that appear 1-3 weeks after onset of 
optical outburst
Fermi ToO in response to optical discovery resulted in ~8 new detections
Synergy with radio observations that reveal shock sites

High-mass binaries – Started with PSR B1259-63 (Abdo et al. 2010), gets active at periastron
Star-forming galaxies – Started with M82 and NGC 253 (Abdo et al. 2010), now several 
Globular clusters – Started with Abdo et al. (2009), 15 sources in 3FGL 
Misaligned AGN – blazar jet not pointed at the Earth; CenA nearby prototype (Abdo et al. 2010) 

New sources classes

Novae

• Shocks in the expanding nova envelope produce gamma 
rays that appear 1-3 weeks after onset of optical outburst 

• Fermi ToO in response to optical discovery resulted in ~8 
new detections 

• Synergy with radio observations that reveal shock sites

Novae

• Shocks in the expanding nova envelope produce gamma 
rays that appear 1-3 weeks after onset of optical outburst 

• Fermi ToO in response to optical discovery resulted in ~8 
new detections 

• Synergy with radio observations that reveal shock sites
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The Sun SED
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Disk   Integral Flux(E>100MeV) = (1.97±0.03) 10-7 ph cm-2s-1

Sun IC Integral Flux (E>100MeV) = (7.39±0.11)10-7 ph cm-2s-1sr-1

Sun-ICDisk

Preliminary Preliminary



Solar disk modulation 

!27

Trend of the relative variation of the disk integral flux (>100MeV) w.r.t. the overall disk 
integral flux evaluated over the entire ≈10 years time interval.
Superimposed the mean sunspot number trend.

Preliminary

Solar activity source: WDC-SILSO, Royal Observatory of Belgium, Brussels



Fermi-LAT CRE spectrum well fitted by a broken power law: 
Hint of a break at 53±8 GeV (significance ~ 4σ)
Best fit spectral indices Γ1=-3.21±0.02 below and Γ2=-3.07±0.02 above the break

Exponential cutoff lower than 1.8 TeV excluded at 95% CL
Slightly harder than AMS- 02 spectrum (spectral indices different at 1.7σ level)
Syst. uncertainty on: energy scale ~ 2% + energy rec. 0% @ 10 GeV → 5% @ 1 TeV 

 

CRs e+e- (CRE) spectrum

than but compatible with the all-events spectrum, as can be
seen in Fig. 14. Although the energy resolution for the
long-path selection is much better, the systematic uncer-
tainties (except the one on the energy measurement) are
similar to the ones of the all-events spectrum up to 200 GeV
and larger above. Regarding the systematic uncertainty on
the energy measurement, the long-path selection spectrum
is halfway between the nominal spectrum and the spectrum
corresponding to an energy correction of -5% at 1 TeV. It is
compatible with the systematic uncertainty on the energy
measurement of the long-path selection which is 2.5% at
1 TeV. We conclude that the long-path selection does not
allow a more precise measurement of the CRE spectrum but
it tends to favor a scenario in which the energy correction is
negative rather than positive.
Below 100 GeV, the new LAT measurement differs from

the previous one by 10%–30%, as can be seen in Fig. 13.
A large part of this difference below 30 GeV is due to the
lack of correction in the previous analysis for the loss of
CREs above the geomagnetic energy cutoff. After applying
this correction, the remaining difference is 10–15% and is
due to imperfections in the simulation that was used in
the previous analysis (remnants of electronic signals from
out-of-time particles were not simulated [34]).
The CRE spectrum between 7 and 42 GeV is well fitted

by a power law with a spectral index 3.21! 0.02. The low
χ2 (2.25 for 15 degrees of freedom) means that the
systematic uncertainties are too large to detect the deviation
from a power law due to the magnetic field of the helio-
sphere. This is strengthened by the fact that fitting between
15 and 42 GeV changes the spectral index by only 0.005.
We therefore do not take into account the heliospheric
effects in the following fits.
As can be seen in Fig. 15, when not taking into account

the uncertainty on the energy reconstruction, the LAT CRE
spectrum is above the AMS-02 one for energies larger than

∼70 GeV and suggests the presence of a break in the
spectrum. Fitting the spectrum between 7 GeV and 2 TeV
with a single power law yields χ2 ¼ 64.6 for 36 degrees of
freedom, corresponding to a probability of 2.4 × 10−3.
As expected, a broken power-law fit yields a much lower
χ2 ¼ 19.2 for 34 degrees of freedom. The break energy is
53!8GeV and the spectral indices below and above the
break are 3.21! 0.02 and 3.07! 0.02, respectively.
In order to estimate the influence of the energy meas-

urement systematic uncertainty on the detection of a break,
we consider the event-energy rescaling scenario that would
be responsible for such a break, among the scenarios
allowed by the systematic uncertainty on the energy
reconstruction. In this scenario, the energy is unchanged
up to 50 GeV and then decreases linearly with log10 E to
−5% at 1 TeV. The single power-law fit then yields a
χ2 ¼ 49.9for 36 degrees of freedom, corresponding to a
6% probability.
This relatively low probability suggests that the broken

power-law hypothesis would be preferred. The broken
power-law fit, performed with the same scenario, yields
indeed a lower χ2 ¼ 28.9 for 34 degrees of freedom, a
break energy of 47! 6 GeV and spectral indices below and
above the break of 3.21! 0.02 and 3.11! 0.02, respec-
tively. The χ2 difference is 21 for two less degrees of
freedom. The broken power-law hypothesis is thus pre-
ferred at the 4σ level. We note that in all the fits, some of the
systematic uncertainties are treated using the nuisance
parameter approach. Therefore the χ2 and corresponding
probabilities depend slightly on the number of nuisance
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FIG. 14. CRE spectrum between 42 GeV and 2 TeV measured
with all events (grey band) and with long-path events (black
points). In both cases, the statistical and systematic uncertainties
(except for the energy measurement) are added in quadrature. The
area between the dashed lines corresponds to the uncertainty band
due to the LAT energy reconstruction uncertainty only of the all-
event selection.
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FIG. 15. CRE spectrum between 7 GeVand 2 TeV measured by
the LAT along with other recent measurements by AMS-02 [15]
and H.E.S.S. [17,18]. All error bars represent the quadratic sum
of statistical and systematic uncertainties (except the one on the
energy measurement). The LAT flux is multiplied by the cube of
the representative energy in each bin, computed following Eq. (6)
of [33] with an E−3spectrum. The area between the dashed lines
corresponds to the uncertainty band due to the LAT energy
measurement uncertainty only. The 2% systematic uncertainty on
the energy scale is not indicated.

S. ABDOLLAHI et al. PHYSICAL REVIEW D 95, 082007 (2017)

082007-10
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Comparison with recent results

!29

CALET: 
Cal. depth 30 X0, energy res. ~ 2%, acceptance: ~ 
0.06 m2 sr
Single power law above 30GeV (Γ=-3.152±0.016)

DAMPE: 
Cal. depth 32 X0, energy res. ~ 1.2%, acceptance: ~  0.2-0.3 
m2 sr
Broken power law (Γ1≈-3.1 - Γ2≈-3.9), Ebreak≈0.9 TeV

Consistent with Fermi, except the TeV break
Overall higher than AMS-02

!29

Differences might be due in part to the uncertainty in the absolute energy scale. 
With increased statistics and improved understanding of detectors’ performances, more 
consistent measurements may be achieved in the near future. 



!30

MULTI-MESSENGER

STUDIES



Synergy with other instruments

Radio: pulsations, synchrotron 
emission,  gas / dust maps, 
high resolution imaging of 
host galaxies…

Optical: 
GRB afterglows, AGN/
GRB redshifts…

X-ray: 
GRB afterglows,  Galactic source 
morphology & pulsar association…

TeV: High-energy spectral 
breaks, supernovae 
morphology…

IR: gas/ dust maps, 
host galaxy 
characteristics

Microwave: diffuse maps 
& morphology, host galaxy 
characteristics…

LAT Source Localization better 
than 0.1° 
Great for followups

Energy
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Transient Searches

!32
Nicola Omodei – Stanford/KIPAC 47th Fermi symposium



6 GW events announced by the LIGO/VIRGO 
Collaboration: 

5 BH- BH: GW150914, LVT151012, 
GW151226,GW170104, GW170814; 
1 NS-NS: GW170817;  

BH-BH mergers are not expected to produce EM  
radiation.  

NS-NS: predicted (and confirmed) to produce EM 
radiation. 

Gravitational waves

!33

Nicola Omodei – Stanford/KIPAC

Following up LIGO events

• 6 GW events announced by the LIGO/VIRGO 
Collaboration: 
– 5 BH- BH: GW150914, LVT151012, 

GW151226,GW170104, GW170814; 
– 1 NS-NS: GW170817; 

• BH-BH mergers are not expected to produce EM 
radiation.  

• NS-NS: predicted (and confirmed) to have EM 
radiation. 

• General strategy for Fermi-LAT searches at high-
energy: 
– Automated full sky searches of transients; 
– Specific searches in the LIGO contours; 
– Specific followups of detected counterparts; 
– All done automatically in pipelines to quick 

alert the community;

37th Fermi symposium

General strategy for Fermi-LAT searches at high- energy: 
Automated full sky searches of transients 
Specific searches in the LIGO contours
Specific followups of detected counterparts 
Pipelines to quick alert the community
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Figure 2. The joint, multimessenger detection of GW170817 and GRB 170817A. Top: The summed GBM lightcurve for
sodium iodide (NaI) detectors 1, 2, and 5 for GRB 170817A between 10 and 50 keV, matching the 100 ms time bins of SPI-ACS
data. The background estimate from Goldstein et al. (2016) is overlaid in red. Second: The same as the top panel but in the
50–300 keV energy range. Third: The SPI-ACS lightcurve with the energy range starting approximately at 100 keV and with
a high energy limit of least 80 MeV. Bottom: The time-frequency map of GW170817 was obtained by coherently combining
LIGO-Hanford and LIGO-Livingston data. All times here are referenced to the GW170817 trigger time TGW

0 .
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Figure 1. The final localizations. The 90% contour for the final sky-localization map from LIGO-Virgo is shown in green
(LIGO Scientific Collaboration & Virgo Collaboration 2017a,b,c). The 90% GBM targeted search localization is overlaid in
purple (Goldstein et al. 2017). The 90% annulus determined with Fermi and INTEGRAL timing information is shaded in gray
(Svinkin et al. 2017). The zoomed inset also shows the position of the optical transient marked as a yellow star (Coulter et al.
2017b,a; Abbott et al. 2017c). The axes are R.A. and Decl. in the Equatorial coordinate system.

mass 2–500 M�. Signals are required to be coincident
in time and mass in the LIGO detectors, but Virgo data
are not used in the significance estimates of the all-sky
o✏ine search (Abbott et al. 2017a).

We present the results of two o✏ine targeted searches
that coherently combine the data from the LIGO and
Virgo detectors and restrict the signal o↵set time and
sky-location using information from the EM observa-
tion of GRB 170817A. The onset of gamma-ray emission
from a BNS merger progenitor is predicted to be within
a few seconds after the merger, given that the central en-
gine is expected to form within a few seconds and that
the jet propagation delays are at most of the order of
the SGRB duration (see, e.g., Finn et al. 1999; Abadie
et al. 2012, and references therein). The gravitational
and EM waves are expected to travel at the same speed.

The first targeted search (Harry & Fairhurst 2011;
Williamson et al. 2014; Abbott et al. 2017d; Nitz et al.
2017a) assumes that the source is a BNS or NS–BH
binary merger and is located at the sky-position ob-
served for the optical counterpart to GW170817 and
GRB 170817A (Coulter et al. 2017b,a; Abbott et al.
2017c) and that there is a [�1, +5] seconds time delay
in the arrival of gamma-rays (determined by the GBM
trigger time) compared to the binary merger time (Ab-
bott et al. 2017d). At the detection statistic value
assigned to GW170817, this search has a p-value of
< 9.4 ⇥ 10�6(> 4.2�), with this significance estimate
limited by computational resources used to estimate the
noise background. The second coherent search does not
assume any particular GW morphology or GRB model
(Sutton et al. 2010; Was et al. 2012; Abbott et al. 2017d)

GW170817 detected on August 17, 2017 by 
the Advanced LIGO and Virgo observatories. 

1st signal due to the merger of two NS 

Only 1.7 seconds after the GW detection, 
Fermi-GBM and INTEGRAL detected 
a short GRB 170817A

For decades astronomers suspected that sGRB 
were produced by the merger of two NS or a 
NS and a BH 

➡The combination of GW170817 and GRB 
170817A provides the 1st direct evidence 
that colliding NS can produce sGRB. 

GW170817/GRB170817A
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GW170817/GRB170817A



The LAT and the GBM do not collect data when 
in the SAA

SAA definition for the LAT is slightly larger 
(14%) than the GBM one
At the time of the GW event the 
LAT was in the SAA
We observe the entire region between 
tGW+1153 – tGW+2017

LAT observation of GW170817

!36

AASTEX Follow up GW170817 5

Figure 1. The position of Fermi at the trigger time of GRB170817A (green dot) and its orbital path from West to East. The
dark and light red regions define the boundaries of the SAA for the GBM and LAT instruments respectively. Both instruments
do not collect data inside their respective SAA boundaries due to an elevated charged particle background.

et al. 2013a, 2014; Kouveliotou et al. 2013). The LAT is currently the only instrument that has detected and localized163

long-lived high-energy emission from SGRBs, and can substantially reduce the localization uncertainties with respect164

to GBM, aiding follow-up at other wavelengths.165

Fermi -LAT was entering the SAA at the time of the LIGO/Virgo trigger (tGW = 2017-08-17 12:41:04.444 UTC).166

During SAA passages the LAT and the GBM do not collect data due to the high charged particle background in this167

region. Because of the higher susceptibility of the LAT to the charged particles in this region, the SAA boundary168

employed by the LAT encompasses a ⇠14% larger area than the boundary used by the GBM, resulting in slightly169

di↵erent times at which the two instruments do not collect data. The GBM and LAT SAA boundaries are illustrated170

in Figure 1. At the time of the GBM trigger (tEM = 2017-08-17 12:41:06.474598 UTC), the centroid of the final171

LIGO/Virgo LALInference map (Veitch et al. 2015; The LIGO Scientific Collaboration et al. 2017) using data from172

all three gravitational-wave observatories (H1, L1, and V1) was located at R.A.=197.�25, Dec.=�25.�62 (J2000), or173

Galactic l=307.�9, b=37.�1. This position was ✓ ⇠ 90� from the LAT boresight and outside the nominal ✓ < 65� LAT174

FOV. The LAT resumed data taking upon exiting the SAA at tGW + 1153 s. At that time, the entire 90% credible175

region of the LALInference map was within the LAT FOV and the region subsequently exited at tGW + 2027 s. Fig. 2176

shows the sky coverage of the LAT at tGW + 1153 s, when the entire localization region was observed.177

2.2. Constraints on the high-energy gamma-ray flux of GRB170817A178

We searched the LAT data for a high-energy gamma-ray counterpart on di↵erent time scales before and after the179

trigger time, and we computed upper bounds on its flux using an unbinned likelihood analysis described in further180

detail in Ackermann et al. (2016), Racusin et al. (2017), and Vianello et al. (2017b). For all the analyses presented here181

we used the P8 TRANSIENT010E V6 events class and the corresponding instrument response functions, and the Fermi182

Science Tools version v10r0p51. We furthermore assume a flat ⇤CDM cosmology with H0 = 67.8 km s�1 Mpc�1,183

⌦⇤ = 0.692 and ⌦m = 0.308 (Planck Collaboration et al. 2016), and a distance to the host of GW170817, NGC 4993,184

1 http://fermi.gsfc.nasa.gov/ssc/

No electromagnetic counterpart above > 100 MeV on 
timescales of minutes/hours/days after tGW 

Upper bound (0.1-1 GeV): F < 4.5x10-10 erg cm-2 s-1 
Liso < 9.3x1043 erg s-1 → strong constraint  
(5 orders of magnitude less luminous than GRB090510)

Prospects for future LAT detections: assuming a 
sGRB+GW rate of 1-2/yr → LAT has a P~5-10% 
to detect at least 1 event in 1 year



So far only the Sun and SN1987A have been identified as astrophysical ν 
sources

Mechanisms and environments responsible for the high-energy cosmic neutrinos are 
still to be identified

Many potential astrophysical source candidates exist: 
Heavy black holes (MBH~108-9MSUN) → AGN
Strong magnetic fields (B ~ 1015G) → magnetars
 Bright explosions (L ~ 1052 erg/s) → GRB
Big gravitationally bounded objects → Galaxy clusters/groups 

AGN - blazars in particular - are the most promising candidates:
Powerful relativistic jets could accelerate particles up to the highest energies
Such particles, interacting with radiation and matter, would produce pions that 
decay into photons and ν

➡The coincident observation of ν with electromagnetic flares 
would enable the identification of the sources

Neutrinos
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Correlation with known catalogs of blazars: 3LAC (>100MeV, 4years); 2FHL (>50 
GeV, 6years); 2WHSP (most complete list of HSP) 

no significant evidence for ν signal in none of the catalogs
results compatible with bkg fluctuations. 

Searches for time-dependent ν sources
IceCube real-time alert system targets ν of likely astrophysical origin
On Sept. 22, 2017: first detection of gamma-ray excess 
positionally and temporally consistent with an IC EHE 
neutrino! 

Searching strategies
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The GCN notice triggered follow-up by ground and space-based instruments 
to help identifying a possible astrophysical source for the candidate ν:

Fermi-LAT: detected an increased γ-ray activity of the known γ-
ray source TXS 0506+056 (3FGL J0509.4+0541) inside the IC error 
region, redshift unknown 
AGILE: confirmed the enhanced γ-ray activity
IACTS: MAGIC (detection of  VHE γ-rays from direction consistent with ν 
event), HAWC and HESS (upper limits)
Radio: detection of flux variability
X-ray: Swift-XRT (detection), INTEGRAL (upper limits)
Optical: ASAS-SN (enhanced flux), Liverpool telescope (optical 
spectrum)

 

➡ These observations suggest that blazars may be sources of high-
energy ν…more details coming soon, STAY TUNED!

MW follow-up of IC170922
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Outreach

Dual-training 
(learning and working)

Researcher Night

Masterclass
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Outreach
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10th Fermi Anniversary
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The Fermi mission is celebrating its 10th anniversary and continue to work well

Public data and public analysis tools maximize the scientific return
 

Huge advance for high-energy astronomy (exceeding expectations!)
current performances are already impressive, but they can be further improved with 
a new event selection…stay tuned!

 
The mission is far from over but it is already clear that Fermi will have a lasting 
legacy

 
Some of the highlights:

catalogs
surprises
new source classes
multi-messenger 
➡ Fermi is always scanning the sky, and new multi-messenger 

opportunities are helping to maintain the scientific relevance

Conclusions
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