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§ Dr. Daniela Hadasch 
§ dhadasch@ice.csic.es

§ PhD here @ Institute for Space sciences (UAB)

§ 1 year university assistance @University of Innsbruck, Austria

§ 10 years @ The University of Tokyo (Institute for Cosmic Ray Research)

§ Now: Staff Scientist at the Institute for Space sciences (ICE-CSIC)

§ Working for MAGIC telescopes & Cherenkov telescope array & Fermi satellite
§ Construction & Galactic Science
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§ 8. July
§ How do we detect?

§ 9. July
§ What do we detect in our Galaxy?

§ 10. July
§ What do we detect outside our Galaxy?

§ Some slides based presentations by Alicia López, Marcel Strzys, Liz Hays, Shoushan Zhang and 
Alison Mitchell. 
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OUR SOLAR SYSTEM
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§ Milky Way
§ Spiral arm Galaxy

7/6/26Summer School 2026 12

10
0.

00
0 

li
g

h
t y

ea
rs



7/6/26Summer School 2026 132.4 million light years



7/6/26Summer School 2026 14

11
0 

m
il

li
on

 li
g

h
t y

ea
rs



7/6/26Summer School 2026 17

8.8 * 10
26 lig

h
t years

10
0.

00
0 

li
g

h
t y

ea
rs

2.
4 

* 
10

6  
li

g
h

t y
ea

rs

11
0 

* 
10

6  
li

g
h

t y
ea

rs



Summer School 2026 7/6/26 18



§ Light is electromagnetic radiation.

§ Relationship frequency, wavelength, energy
§ λν=c where λ is the wavelength, ν is the 

frequency and c is the speed of light.

§ Electronvolt (eV) is a unit of energy equal to 
approximately 1.6×10−19 joules (J). 

§ An electronvolt (eV) is the energy gained by 
an electron accelerated through a potential 
difference of 1 volt.

§ 1eV = Energy of the visible light
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Light is a form of electromagnetic radiation.
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Light is a form of electromagnetic radiation.
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Search for Cosmic Rays
through Gamma-rays

Gamma-ray

Apparent arrival
direction
of Cosmic Rays

Cosmic Rays

π0 -> (gamma + gamma)
π+/- -> neutrino + …

Cosmic rays + X -> p + X‘

29
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Large Area 
Telescope (LAT)

Large field of view 
• 1/5 of the sky
• >85% of the sky in 

3 hrs 

Broad energy range 
(20 MeV - >300 
GeV)

Gamma-ray 
Burst Monitor 
(GBM) 

Views entire 
unocculted sky

NaI: 8 keV -   1 
MeV

BGO: 150 keV - 
30 MeV

LIGO

LAT Field of View

GBM Field of View





Collect light through reflection or refraction and record the image

Source Telescope Galaxies and StarsObserver



Gamma rays are scattered and 
absorbed in matter
• Coherent Scattering (electron 

remains bound to atom)
• Photoelectric Effect
• Compton Scattering
• Electron (e-) positron (e+) Pair 

Production

• Details depend on composition 
and density of the material and 
photon energy

Credit: Richard Kroeger

Difficult to focus onto a camera or even detect. Blame physics!
Gamma-ray attenuation in Germanium



Radiation
Electron
Electron + Positron
Photons

Collecting light through creative 
absorption

Matter Sensors/Electronics Computers

Instrument 
simulations, 
background models

More computers Observer
Black Holes, compact objects, 
effects of stellar explosions…

Source



§ Fermi continues to operate extremely smoothly 
and to perform at full capability

§ On orbit for 17 years

§ No consumables

§ No degradation of science performance

§ Improved due to software (LAT Pass 8) 
and configuration changes (GBM Continouous 
Time-Tagged Event data)



g

e+ e–

The photon energy is determined 
from measured energy deposited 
in the calorimeter.

Gamma ray converts 
to
an e+ e- pair in a high 
density foil layer.

The tracks of charged
particles in the instrument 
are recorded by sensors. 

An anti-coincidence detector 
identifies and rejects 
incoming charged particles.

Oct. 23, 2020 40

LAT is a Pair Conversion Telescope 

The tracks are used to 
determine the direction of the 
gamma-ray source.
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NASA's Goddard Space Flight Center Conceptual Image Lab



LAT SKY COVERAGE



The GBM detectors are made of 
scintillator material, sodium 
iodide (NaI) or bismuth 
germanate (BGO), that produce 
light when gamma rays strike 
them.

The low-energy detectors (NaI) 
are placed in different positions 
and directions. Transients are 
located using the difference in 
gamma-ray rates.

The high-energy detectors 
(BGO) provide sensitive 
spectral information that 
overlaps with the NaI detectors 
and extends measurements to 
higher energy. 



GBM instantaneous field of 
view: ~70% of the sky
~87% uptime (off during 
South Atlantic Anomaly)



Fermi LAT, Energy > 1 GeV, 12 years of data (7,464,664 photons) 
45



46Northern Hemisphere Southern Hemisphere

This movie 
shows 1 day 
frames of 
LAT data 
over 1 year
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Different particles interact with matter differently, and particle 
detectors are built in layers to exploit those differences.



7/6/26Summer School 2026 49



7/6/26Summer School 2026 50



7/6/26Summer School 2026 51



7/6/26Summer School 2026 52



7/6/26Summer School 2026 53
n = refractive index



7/8/26Summer School 2026 54
n = refractive index

Charged particles moving faster than light 
propagates in a medium emit Cherenkov radiation

𝑣particle >
𝑐
𝑛

For water, 𝑛 ≈ 1.33, so the threshold is 𝒗 > 𝟎. 𝟕𝟓𝒄.
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β=v/c
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Atmospheric depth 
falls rapidly with 
altitude, so most of 
the material is 
concentrated lower 
in the atmosphere.

The refractive index 

excess 𝑛 − 1drops 
with altitude 
because the air gets 
thinner.

At high altitude, the 
Cherenkov 
threshold rises. Only 
more energetic 
particles emit 
Cherenkov light.

Cherenkov angle 
shrinks with altitude, 
so the emitted cone 
is narrower higher 
up in the 
atmosphere.
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TeV
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