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Fermi Instrument Response Function

http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm

only 4 planes but 0.7 X0

12 planes 0.36 X0
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Now you know the difference between frontal and rear events.
You can then select which events to analyze depending on what 
you are studying.
For example, if you are interested in regions with high flux and
many sources, you can use only frontal events.

If you are interested in high -energy studies,
you can use all events (rear + frontal)
because at high energies, multiple scattering is negligible
and the statistics are low.
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Fermi Instrument Response Function

http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm
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Multiple 
Scattering

E(GeV)



6Aldo Morselli                                                                                               International School of Cosmic Ray Astrophysics                                                          Erice 29 July -06 August  2026 

pitch
distance between planes
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The first part of the angular resolution curve is due to multiple 
scattering.
The second part is flat and depends on the geometric 
configuration .
i.e. depends on the ratio between the pich and the distance 
between the planes
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Sensitivity depends on

field of view 

depends on

angular resolution 

Ngs= number of photons from source

NgB= number of photons from background

DW = solid angle around dth source

Aeff = Effective area ( Area* efficiency )

x = converter plane in radiation lengh

Sensitivity number of s
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good detector

large field of view 

large effective area

(large geometric area and large total 

conversion efficiency )

small converter plane
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Sensitivity of g-ray detectors
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The Fermi LAT gamma -ray sky
Å3-year all-sky map, E > 1 GeV
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The sky in gamma-rays
E>10 GeV
7 yrs

M.Ackermann  et al. [Fermi Coll.]  3FHL: The Third Catalog of Hard Fermi -LAT Sources   arXiv:1702.00664
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The sky in gamma-rays  4th source catalog
> 6500 sources 50MeV-1TeV
                12 yrs

Fermi Fourth Source Catalog, The Astrophysical Journal ss, 247; 33 March 2020 [arXiv:1902.10045 +Incremental 
Fermi Fouth Source Catalog,  ApJS 260, 53 (2022) arXiv:2201.11184
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The sky in gamma-rays  4th source catalog
50MeV -1TeV
12 yrs

5065 sources
galactic coordinates

Fermi Fourth Source Catalog, The Astrophysical Journal ss, 247; 33 March 2020 [arXiv:1902.10045 +Incremental 
Fermi Fouth Source Catalog,  ApJS 260, 53 (2022) arXiv:2201.11184
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ÅMany sources have been identified [GeV , TeV ranges] 

ÅSeveral classes of objects

[SNR, Pulsars, PWN, AGN, GRB, ...] 

ÅProbably different acceleration mechanisms. 

Still developing an understanding many questions remain open 

Gamma Astronomy has revealed a a very rich, 

fascinating landscape 
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ASSOCIATION: SNR, PWN, BINARY AND NOVAE 

Åfor these classes of sources we rely on the 

images on optical and spatial coincidence 
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Credit:  NASA/Goddard Space Flight Center Scientific Visualization Studio
NASA GSFC Flickr Fotostream

https://www.flickr.com/photos/gsfc/5162413062

The Fermi Bubbles
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Pulsation at
1/10 of the real 
frequency

The pulsating 

gamma rays sky
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g-ray PULSAR CENSUS
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Not just an increase in number 

Diverse Family

millisecond pulsars - can be explained by assuming that all of the millisecond pulsars were originally 
in orbit with another star. After the pulsar formed, matter was pulled from the companion star on 
to the pulsar. During this process the pulsar rotated faster and faster until it became one of the 
millisecond pulsars. Later, the companion star died and became either a white dwarf, neutron star 
or black hole depending on its original size. If the companion star remained in orbit with the pulsar, 
a binary millisecond pulsar system would be formed.
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A gamma-ray pulsar timing array constrains the nanohertz gravitational wave background  Science 376 (6592) April 2022 [arxiv:2204.05226]

Fermi  LAT pulsars
Gravitational waves can be detected by monitoring the times of arrival of the steady pulses from 
each pulsar, which arrive earlier or later than expected due to the spacetime perturbations. 

ÅAfter large galaxies merge, their central supermassive black holes (SMBH) are expected to form binary systems 

whose orbital motion generates a gravitational wave background (GWB) at nHz frequencies. 

ÅUsing 12.5 years of LAT data to form a gamma-ray pulsar timing array (PTA) formed by 35 bright gamma-ray 

pulsars, it was possible to constrain the emission from the gravitational wave background (GWB). 
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Science with the Fermi-LAT

Dark Matter searches

Terrestrial g-ray Flashes

GRBs (see G. 
Principe and R. 
Pillera's talks)

Novae

SNRs & PWN

Blazars

Radio 
Galaxies

Starburst Galaxies

g-ray Binaries
Globular Clusters

Sun: flares & CR 
interactions

Pulsars: isolated, binaries, & MSPs
(see G. Principe's talk)

e+e- spectrum

Moon
Earth Limb

NEW! Gravitational waves

Fermi Bubbles

LMC & SMC
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Dark Matter Search : Targets and Strategies
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(Another way to see it) 

Dark Matter Search : Targets and Strategies
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Annihilation channels
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