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Measuring cosmic-ray and gamma-ray air showers

=1+—— First interaction (usually several 10 km high)

Alr shower evolves (particles are created

b and most of them later stop or decay)

Aleasurement of

fluorescence light

Some of the particles
ly’sE
hleasurement of Cherenkov e, o (e (Fly’s Eye)

light with telescopes l,

\

Measurement with seintillation counters _)J
| — | E— | E— )
ff / =z Measurement of low-energy muons
with scintillation or tracking detectors
Neasurement of particles

with tracking detectors

(with drift chambers or Measurement of high-energy
streamer or Geiger tubes) T deep underground




The MACRO detector
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A 10 EeV Extensive Air Shower (EAS)

12km

100 billion particles at sea level
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The OWL Concept

Uge air flucrescence technique to image 300 — 400 nm
photong in ~ 0.1 pixels (with 10 ns — us timing), from low Barth,
equitorial orbit, airshowers induced by E 2 1017 &V cosmic rave

Wide angle (~ 609 full, FOV) optics at a 540 ki orbit in 2 stereo
configuration — an asyvmptotic, Rstanianecus aperfure

~ 3 x 10F kan®-ster
10% duty eyvele — effective aperture ~ 3z 107 km?-gter

Assuming $op (BE) ~ E273 the asymptotic OWL stereo aperture leads
to ~ 3000 eventsfyear with E = 1020V

OWL could be a stepping stone to viewing majority of night side
atmosphere
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y-ray production mechanisms

accelerated electrons accelerated protons
local photon fields Py —>A—>pn°
Inverse Compton or Py —>A—>nmn'
scattering _ o " tral
electron induced synchrotron radiation v Trom heutral w
v from charged =

’

High energy y-rays
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Absorption L -
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High energy y-rays are absorbed “F omo
via interaction with several 2 |
photon fields: 1E

InfraRed/Optical background

Radio halos “E

Cosmic Microwave Background

101 101 L0 10M 10% 0% 10T 1D 10M 10% 10 10 (0% 0%
E (&\)
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: vy-rays from Vela
@ (E,>100MeV) ~ 10 photons/cm?/s and dd/dE ~ K-E*-%
A ~ 1000cm? = few photons/day above 10 GeV

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




GLAST - LAT

Si Tracker I ACD
pitch = 228 ym / Segmented
8.8 10 channels prEt e e scintillator tiles

12 layers x 3% X, 0.9997 efficiency
+ 4 layers x 18% X,
+ 2 layers

Grid (& Thermal
Radiators)

3000 kg, 650 W
1.8mMmx1.8mx1.0m
20 MeV — >300 GeV

Csl Calorimeter
Hodoscopic array
84X, 8x12bars
2.0x 2.7 % 33.6cm
Flight Hardware & Spares

16 Tracker Flight Modules + 2 spares
Data 16 Calorimeter Modules + 2 spares

acquisition 1 Flight Anticoincidence Detector
Data Acquisition Electronics + Flight Software



4 x 4 Array
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JACT detectors

Top of the atmosphere

Yery High Energy
Camma-ray

e — lmteraction
| (pale prodocthon)

‘ e SCONAATY partiches

Cerenkoy lkght

Chplical rellector

Mountain

Sea Level

= Fast light pulse (~ 5ns)
= Small angular size (<1°)
= Short wavelengths with respect to night sky background

Example:
Night sky background (300-500 nm): ~2-10!2 photons/m?/s/sr
If FOV~1°and T~10ns = background ~ 5 photons/m?

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

E ~ 1TeV is a reasonable threshold for a 1m?2 mirror telescope



STACEE CONCEPT
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One ARGO RPC detector

ARGO-YBJ -

Main Building with RPCs ArgoM05

Resistive Plate

Chamber carpet

Resolutions: c, ~1ns
111260 mm = Gy~ 1°

. Energy: 100GeV-10TeV | |

ELECTRONIC
— | FRONT-END
CARDS

7

74490 mm

99042 mm

\

One ARGO Cluster detector

—

D OO0 @ m

DAQ Building u Gas

LOCAL
STATION

Detector carpet. 10x 13 Clusters, 15860 RFC

Sampling ring:  6x 4 Clusters, 288 RPC

Total: 154 Clusters, 1848 RPC

Fora complete coverage another 84 Clusters (1008 RPC ) are needed



Flux sensitivities

LELELERLY

EGRET

s ~\‘ Crab Nebula ogoy e
- CELESTE, Complementary capabilities
5 GLAST | SIACER. ¢
5 100l . MILAGRO! ground space
2 : — g : ACT EAS  Pair
E’ i MAGIC : angular resolution  good good = good
I ARGO 7 duty cycle low high = high
E i Whipple area large large = small
3 1072 . field of view small large | large
- : VERITAS energy resolution good fair good

107 L m— Air shower experiments

E s Cerenkov detectors in operation -
m— Past experiments HEGRA HESS
ez S— II:'Htlurc chli'ng'.iillllﬁrjlx . - ] e
10" 10° 10’ 10° 10° 10*

Photon Energy (GeV)

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



Underwater/Ice
Cherenkov Telescopes
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Depth
—— surface

depth

—— 810m

—— L}Mm

—— 1150m

—— 3350m
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AMANDA-A

AMANDA-B10

—————n

‘“'-\_i_i_':\:_-":l
/ . Super-K

DUMAND

AMANDA-II

AMANDA

Amanda-ll:
677 PMTs
at 19 strings

(1996-2000)




SPASE air shower arrays

e calibration of AMANDA

D angular resolution and pointing !
1 km -
— resolution Amanda-B10 ~/3.5°
results in ~ 3° for upward moving muons
ALl = (Amanda-Il: < 2°)




AMANDA
Event
Signatures:
Muons

CC muon neutrino
Interaction
— track

v, TN->p+X

Color dizplayz: LE
1AL QL
2385 g 2
240 3

Priniary Channelz

Fiz digplaya: ADC Ezeacaling Lin
=1 =1 =4 =] =6 =7 =8 =9

tl.--...‘

=l0 =l =l

Mo zxiernal geoneity file izopensd.
Ceteetor arnands-b-10, LOsrings, 302 roodu ez
Crata file: fhowoesitsbosdsf=nim_eve niaficiel 191k
Fikcontaing |9 events,
Digplayingdans event | 197960 T wn O
Recomd ed yridy: L99TF185

LB132009 |38 ] secondz et roidi ighi.
Befor cuts: M hiz, 4 Oz
Affereviz: 44 hiz, 44 CMWa

&niracun

4 ¥ z
Vedexpes @ 124 -161 &8 m
Ditection  0.029700.4 1614 Q9084+
Lergth : Tnfrn
Enemgy @ "iGW
Tine 1 3305, 100000 nz
ZFenith : L5537

Azicouth : 264 E°
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Upgrade with only 22 PMTs
— factor 4 in sensitivity
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N

10 strings
12 m between storeys

~60nA1/v

Compass,
tilt meter

A
300m
active . .
Electronics containers
v Readout cables

Junction box

@) ANTARES Design

Shore static

Electro-optic
submarine cable
~40km




Point sources:

detector South
+ detector North

Mediterannean

South Pole

Fraction of time sky below horizon
00 01 02 03 04 05 06 07 08 09 1.0




