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The MACRO detector

A ~ 10000 m2sr    <h> ~3800 mwe

Liquid scintillators

Streamer tubes

Nuclear track-etch
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γ-ray production mechanisms
accelerated electrons accelerated protons

local photon fields

or

electron induced synchrotron radiation

High energy γ-rays

Inverse Compton 
scattering

p γ → ∆ → p π0  

p γ → ∆ → n π+

γ from neutral π

ν from charged π



Absorption

High energy γ-rays are absorbed 
via interaction with several 
photon fields: 

InfraRed/Optical background

Radio halos

Cosmic Microwave Background

The last one put a stringent 
cutoff above 100 TeV



Experimental Techniques
The Earth atmosphere is opaque to high energy gamma ray. 

It corresponds to about 28 radiation lengths.

Only experiments performed above the 
atmosphere, on balloons or satellites, 
can detect the primary gamma rays

The gamma ray fluxes are very low and decreases rapidly with energy.
Example:    γ-rays from Vela   
 Φ (Eγ>100MeV) ~ 10-5 photons/cm2/s    and   dΦ/dE ~ K·E-1.89

 A ~ 1000cm2 ⇒ few photons/day  above  10 GeV

gamma ray astronomy above ~ 100 GeV
can be done only with ground based 

detectors



GLAST - LAT

e+ e–

γ
Si Tracker
pitch = 228 µm
8.8 105 channels
12 layers × 3% X0
+ 4 layers × 18% X0
+ 2 layers

Data 
acquisition

Grid (& Thermal 
Radiators)

Flight Hardware & Spares
16 Tracker Flight Modules + 2 spares
16 Calorimeter Modules + 2 spares
1 Flight Anticoincidence Detector
Data Acquisition Electronics + Flight Software

3000 kg,  650 W 
1.8 m × 1.8 m × 1.0 m
20 MeV – >300 GeV

CsI Calorimeter
Hodoscopic array
8.4 X0 8 × 12 bars
2.0 × 2.7 × 33.6 cm
⇒ cosmic-ray rejection 
⇒ shower leakage   

correction

ACD
Segmented 
scintillator tiles
0.9997 efficiency





IACT detectors
Fast light pulse (~ 5ns)

Small angular size (<1°)

Short wavelengths with respect to night sky background

Low energy threshold

Example:

Night sky background (300-500 nm): ~2·1012 photons/m2/s/sr

If   FOV~1° and T~10ns   ⇒ background ~ 5 photons/m2

For a 1 TeV shower the signal is ~ 70 photons/m2

E ~ 1TeV is a reasonable threshold for a 1m2 mirror telescope





ARGO-YBJ
Resistive Plate 
Chamber carpet

Resolutions: σt ~1ns  
⇒ σθ~ 1°

Energy: 100GeV-10TeV



Flux sensitivities

The next-generation ground-based and space-
based experiments are well matched

Complementary capabilities

ground                  space
ACT EAS Pair

angular resolution good good      good
duty cycle low high       high
area large large      small
field of view small large      large
energy resolution good fair        good



Underwater/Ice 
Cherenkov Telescopes
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Radio,AcousticRadio,Acoustic

Air Air showersshowers

Microquasars etc.





AMANDA-II

depth AMANDA

Super-K

DUMAND
Amanda-II:
677 PMTs
at 19 strings

(1996-2000)



1 km

2 km

SPASE air shower arrays

• calibration of AMANDA
angular resolution and pointing !  

→ resolution Amanda-B10 ~ 3.5°

results in ~ 3° for upward moving muons

(Amanda-II: < 2°)

Unique:
spase-amanda



AMANDA 
Event 

Signatures:
Muons

AMANDA 
Event 

Signatures:
Muons

νµ + N → µ + X

CC muon neutrino
interaction

→ track



3600 m

1366 m

Baikal

Upgrade with only 22 PMTs
→ factor 4 in  sensitivity

Φ ⋅ E2 < 1.9 ⋅10-6 cm-2 s-1 sr-1 GeV

Limit on diffuse fluxes
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ANTARES Design

2500m2500m

300m300m
activeactive

ElectroElectro--opticoptic
submarine cablesubmarine cable

~40km~40km

Junction boxJunction box

Readout cablesReadout cables

Shore stationShore station

anchoranchor

floatfloat

Electronics containersElectronics containers

~60m~60m
Compass,Compass,
tilt metertilt meter

hydrophonehydrophone

Optical moduleOptical module

Acoustic beaconAcoustic beacon

~100m

10 strings
12 m between storeys



Mediterannean

South Pole

0.0      0.1     0.2       0.3     0.4      0.5      0.6      0.7      0.8     0.9      1.0

Fraction of time sky below horizonPoint sources:
detector South 
+ detector North


