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What is Astroparticle Physics
(Particle Astrophysics?)

Particle
Physics

Astroparticle

Cosmology
&
Astrophysic

1) Use techniques from Particle Physics to advance Astronomy

2) Use input from Particle Physics to explain our Universe, and particles from outer
space to advance Particle Physics

In this lecture I’1l concentrate on the 2" topic



A quick look to our Universe



Astronomy Scales
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Our Galaxy: The Milky Way
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What do we know about our Universe ?

* Many things, including the facts
that...

— Particles are coming on Earth at energies
108 times larger than we are able to

produce...
— The Universe expands (Hubble ~1920):
galaxies are getting far with a simple Hubble'
relationship between distance & (kmis/Mpc)
recession speed l
You’re receding V= HOT
"y " 1
Buipeses e4.nox : ‘@ = recession  distance (Mpc

speed (km/s)
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Velocity (km/s)
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Once upon a time...
our Universe was smaller

Primordial singularity !!!
=> BIG BANG

dAWITOT e




How far in time ?

» Extrapolating backwards the present expansion
speed towards the big bang

T = 1/H, ~ 14 billion years

(note that the present best estimate, with a lot of
complicated physics inside, 1s T = 13.7 £ 0.2 Gyr)

* Consistent with the age of the oldest stars



Hubble law in 2003: supernovae

Implosion Explosion of star Expansion of matter
of core of _. shock wave ~ 0.5 ¢

red giant

=T

men@nl@®Ps = =

Supernova Supernova Remnant

SNla occurs at Chandra mass, 1.4 M_ = ‘Standard Candie’

measure brightness — distance: B =L/ 4rnd?

measure host galaxy redshift — get recession velocity

test Hubble’s Law: v =H d, at large distances



Expansion with Supernovae Ia
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Time & temperature (=energy)

* Once upon a time, our Universe was hotter

— Expansion requires work (and this 1s the most adiabatic
expansion one can imagine, so the work comes from
internal energy)

N
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T~1—5109K
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Decoupling
v <> particlest+antiparticles
Y <> proton-antiproton
v <> electron-positron

(...)

then matter became stable
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Particle Physics after Big Bang

Magnetism

QED Electro

magnetism
Electroweak

~ Model
Weak Theor Weak Force
Grand = 7= Standard .
Unification = & model
Quantum QCD Nuclear Force
Gravity
?
Super
Unification
Universal
Gravitation

>
time since Big Bang

THE QUEST FOR HIGHER ENERGIES IS ALSO A TIME TRAVEL



The Universe today: what we see
is not everything

velocgity, v
radius, r

observed

expecied
from
luminous disk

[
S e ol L

Gravity: -
G M(r)/ ré¢ =ve/ r e e |
enclosed mass: R R (kpc)

e - M33 rotation curve

Luminous stars only small fraction of mass of galaxy
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Dark matter searches



Dark matter searches

- Astronomy Dark Matter Candidates
- Invisible macroscopic objects
- Non-luminous objects
- Black Holes
Particle Dark Matter Candidates
- Neutrinos
- WIMPs

observed

expecied

from
- _ luminous disk

T

10 R (kpc)

. M33 rotation curve




Gravitational Lensing by Dark Matter

Hubble Space Telescopel§
multiple 1images |
of blue galaxy |

.
CCCCCCCC

Reconstructed matter distribution

Black holes, etc.




Gravitational Lensing Searches
for MACHOs

~% < Haloof Dark Lines of view
Brown Dwarfs?

B

¥ ;Magellanic
Clouds

Dark Halo Object A
Bright star in ‘ Telescope

Magellanic Cloud ~ 200 km/s on Earth




Neutrino Mass is not enough

P, = sin?20 sin?(1.27 Am’L/E),
Am mass difference, 6 mixing 10
angle, E energy of v, L
oscillation length

Recent evidence of m>0 from
-SuperKamiokande

-SNO

-K2K

-KamLAND

AM~ 0.01 eV
Mixing ~ maximal

..............

e




Candidates: only WIMPS are left

M >~ 40 GeV
if SUSY (LEP)

Dark matter could
be L'Hm;hm‘t-i[ of

=
i

Iy . SOIMNE O

none of these

}thhilﬂ']ili:'a 5

Name Y

s¥batomic relative (Weakly interacting | (MMssive compact / W with
What )it (ke electron that massive particies halovobjects) Dim / orMyitationa
fthl' havewno elect Also known as cold JI.!,u:':Ii,\ SIZE iJ!IL].'I!"lh "15'_5'-_*\ 50 intensd that
arE Ol '1”55 4| or ':'rl']:.'.‘.\'::".".'-_‘.!‘. "l-:‘l-”‘.t I [ { P G
made of grdingry
matier y
'_""_"'"_""" A

/7 \
i et || AN R T2 AN R
Are hypothetical | So magy would be
| requiped that it seams | abyndance shouy
unijkely that all they | hyve been detect
l,h’r. :!‘.‘I1'.'_t_'i could 0€ § /E:-:.-.;._.
1ade of them

Pros

Cons




Direct WIMP Detection

Rejection of background i1s the critical 1ssue

nground

iground

X

—
wn
o
aQ
=)
o
NI

Nal

Light amplitude

P

—
°
°
o
o
a
=

Ge

Ionization

o0 .
*"®e® % gional

Total energy



WIMP Direct Detection: modulation

Elastic interaction on nucleus, typical y velocity ~ 250 km/s (B ~ 10~

Motion of Earth in the y wind

Recoil Spectrum

[
(=]

dR _ Ry Ep/Eg
V., = 230 km/s

v, =30 km

= NW AR TSN Q 0O

(E /R, )*dR(vg,v,.)/dEg

01 23456789 10
E/(E,r)

Featureless recoil energy spectrum
---> looks like electron background

But... Annual modulation




WIMPS & gamma emission

X Y.L
= Some DM candidates Good energy resolution in
the few % range is needed
(e.g. SUSY X b

particles) would lead to mono-

energetic Y lines through
annihilation into yy or yZ:
E.=m / m-ms2/4m,
=> clear signature at high
energies

but: loop suppressed

Number of Counts

m annihilation into qq -> jets ->nY's
=> continuum of low energy gammas
difficult signature but large flux




y-ray detection from the Galactic Center

107
m detection of y-rays from GC by Cangaroo, ”g )
Whipple, HESS S o
u GSOUI’CG < 3, ( < 7 pC at GC) i +
m hard E-221¥0.09 spectrum 16° - L % |
fit to -annihilation continuum : ]
spectrum leads to: M, > 12 TeV j 15 TeV
7 WIMP
m other interpretations possible (probable) 7 \E;VITISI\; h
: very crowded sky region, strong
exp. evidence against cuspy profile => not optimal  10¢° ~ astro-ph/0408145
target 0,1 1 10
' : Energy [TeV]

Milky Way satellites
Sagittarius and Draco
m proximity (< 100 kpc)

= low baryonic content,
no central BH (which may
change the DM cusp)

m large M/L ratio



Matter/Energy in the Universe: Conclusion

Qtotal — QM + QAN 1

matter dark energy

Must be something new

MATTER / ENERGY in the UNIVERSE

Matter:
MATTER COMPOSTITION ; I DARK ENERGY
DM ID‘M-M MATTER QM = Qb + + QCDM - O ’ 3
I,s I baryons cold dark matter

Baryonic matter :
VY e ® Q, ~0.04

stars, gas, brown dwarfs, white dwarfs

NEUTRINOS

0.01

Quppy~ 0.23

WIMPS/neutralinos, axions

0.001
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High Energy Particles from space



Cosmic Rays

Primary cosmic rays /charged particles Primary:
produce showers in DEDLONS p 80 %, o 9 %, n 8 %
. . ions o o
high atmosphere - Gleitrons e 2 /0(; heavy Il;lClel 1 %
neutral particles v 0.1 %,vO0.1%?

photons

neutrinos

Secondary at ground level:
v 68 %
u 30 %
p,n,..2%




Types of Cosmic Ray Detectors

Vo
Satellites -L " top of

- atmosphere

Ground based telescopes
looking at light produced
in atmosphere

ground level

- e —
® 3 Z[EE

Arrays of particle detectors

\\\\\\\\\\\\\\
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not the full story...
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Particle Acceleration
E «« BR

Large Hadron Collider

ATLAS

R ~10km, B~ 10T = E~10TeV

CMS

R ~10%km, B~ 1071T = E ~ 1000 TeV

( NB. E o« Z — Pb/Fe higher energy)



Particle Physics = Particle Astrophysics

Terrestrial Accelerators Cosmic Accelerators

Active Galactic Nuclei ./

Binary Systems
r..‘_sd

®SuperNova
W% . Remnant

Diameter of collider

LHC CERN, Geneva, 2007 Q

(D  Cyclotron Berkeley 1937

Energy of accelerated particles



Ultra High Energy from Cosmic Rays

cross-section (mb)

From laboratory accelerators ~ From cosmic accelerators
Particle cross-sections measured E e %ﬂ% Flux of cosmic ray particles
m|  inaccelerator experiments - | g L & arriving on Earth
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Ultra High Energy Particles arrive from space for free: make use of them



Charged Cosmic Ray Energy Spectrum
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Features of Cosmic Ray Spectrum

Py
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3

E? AN/dE [cm? s! srleV

1sotropic

Mass composition ?

l M IIIIIIII| IIIIM IIIIIM IIIIIII] L
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Ingredients of models: <

dN/dE ~ E ¢ *°

Source acceleration: o = 2.0 to —2.2,..

Source cut-offE <1018Z [klgc][uBG] eV

Diffusionmodels §=-03to—-06

GZK cut-off onCMBy E ~ 7 1019 eV

‘Conventional Wisdom’:
Galactic SNR E <3 1018eV

Galactic losses E >4 1014eV
Extragalactic E>310!%eV

. 19
E [ eV/nucleus] exotic E>7109 eV



Mass composition from shower depth
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Mass composition at knee

Average shower depth and ratio N / N, sensitive to primary mass
(NB. Mass composition extracted is very sensitive to Monte Carlo simulation)

2.5
_ Flux x E = sum of all Mean In(A)
o proton
E i . in .. g : izaf*bon <1n A>
: ", = s |
E ¥y — o N 2.5
- '*’33§!i'§yyfgiik“
|-I.l e
X o oA % i 1 1.5
= gAY Tk ] Ly
S o’ Ih 1 0.5 | CASA-BLANCA
x
3 10 ._é | | | |
6 ‘ $ 1015 1016 1017
6 : 8 Energy eV
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primary energy E , [GeV]

KASCADE = series of knees at different energies: p,He,..,C,..,Fe.
E(Knee) oc Z = knee due to source confinement cut-off ?



‘GZK CUtOff ’ HE cosmic rays
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Explanations of Ankle/ E > 10%° eV events

Astronomy type explanations

* ‘Bottom-Up’ : acceleration
- pulsars in galaxy,
- radio lobes of AGN (proximity a problem due to GZK, also should see source)

Particle Physics type explanations

* ‘Top-Down’ : decay of massive particles
- GUT X particles with mass > 10%° eV and long lifetimes

- Topological defects
 New Physics (Lorentz violation)

* Just wrong data from AGASA...
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2 sites each 3000km?, E > 5.101%¢V

AUGER o

#iTt ' ] i % E# Pampa
1L S Arnarilla
Ef Snmm“{_ 1

=

Southern site,
Mendoza Province,
Argentina

Water Cherenkov

|:-n:€m|_.__
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Y (1600 each 10m?)
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Fluorescence Telescopes (6 telescopes each 30° x30° at 4 sites)




A new concept: EUSO (and OWL)

e The Earth
atmosphere 1s the
ideal detector for
the Extreme Energy
Cosmic Rays and
the companion
Cosmic Neutrinos.
The new 1dea of
EUSO (20107-) 1s
to

produced by them
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Detectors for multimessanger
astrophysics



We see only partly what surrounds us

* We see only a narrow band of colors, from red to purple in
the rainbow

* Also the colors we don’t see have names familiar to us: we
listen to the radio, we heat food 1n the microwave, we take
pictures of our bones through X-rays...

Gamma-ray X-ray



What about the rest ?

* What could happen if we would see only, say, green
color?

=




Lanstsen et al. Photowosaic

The universe we don’t see

 When we take a picture we
capture light

Bonn, fodrell B,

(a telescope image comes as T e i
well from visible light)

* In the same way we can map
into false colors the image
from a “X-ray telescope™

Cranais Ry = JO0OMeV COROVEGRET

* Elaborating the information 1s
crucial




Many sources radiate
over a wide range of
wavelengths

Ig (E/eV)

'”}:'m

10 GeV 300 GeV 10 TeV 100 TeV

102 Crab Nebula

bg (v/Hz)

Crab pulsar

X-ray image
(Chandra)




Pulsars
« Rapidly rotating neutron stars
with
— T between ~1ms and ~1s

— Strong magnetic fields (~100 MT)

Crat Nebula. - " Malind/Fa 5;&-:::1‘5-:::-1:1:." E.'-:Etllt-;::-:::h :

— Mass ~ 3 solar masses

— R ~ 10 Km (densest stable object
known)

Crab pulsar

* For the pulsars emitting TeV
gammas, such an emission 1s

unpulsed

X-ray image (Chandra)




Multi Messenger Astronomy

—_

Radio Telescope Optical Telescope X - ray Satellite v - ray Telescope
( Bonn) (INTEGRAL/ESA)

Radio Visible light X - rays Y rays



Centre of Galaxy in Different Photon Wavelengths

Radio 408 Mhz m‘l

Infrared 1-3 um

Visible Light

Gamma Rays WI .



Multi-Messengers to see Whole Universe
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But also...

Photons absorbe_df;bh'aus’r and radiation

!e e L ru;:'l' ]
. %ﬂ’ﬂ‘: . ' :::;|.:-: :l K ﬂ— :'i '. i ; i i .1:.’. :-.%-_' '

Protons deviated by magnetic fields

* Neutrino astrophysics

* Graviton (?) astrophysics



Surprises in history of astrophysics

New 1nstruments often give unexpected results:

Telescope User date Intended Use Actual use
Optical Galileo 1608 Navigation Moons of Jupiter
. Expanding
Optical Hubble 1929 Nebulae .
Universe
Radio Jansky 1932 Noise Radio galaxies
. Penzias, . . . 3K cosmic
Micro-wave Wilson 1965 | Radio-galaxies, noise background
neutron stars
X-ray Giacconi ... | 1965 Sun, moon accreating
binaires
Radio Hewish,Bell | 1967 Ionosphere Pulsars
o Thermonuclear Gamma ray
. 2
y-rays military 1960 explosions bursts

With future new detector can again hope for completely new discoveries




The high-energy y spectrum
E,>30keV (A~04A,v~710° GHz)

Although arbitrary, this limit reflects astrophysical
and experimental facts:

e Thermal emission -> nonthermal emission

* Problems to concentrate photons (-> telescopes
radically different from larger wavelengths)

* Large background from cosmic particles



Study of exotic objects:
v-ray bursts (History, I)

P

S .

* An intriguing puzzle of today’s
astronomy... A brief history

— Beginning of the ‘60s: Soviets are
ahead 1n the space war

* 1959: USSR sends a satellite to
impact on the moon

* 1961: USSR sends in space the 27-
years old Yuri Gagarin
— 1963: the US Air Force launches
the 2 Vela satellites to spy if the
Soviets are doing nuclear tests in
space or on the moon
» Equipped with Nal (TI) scintillators



Study of exotic objects: g 21, 1991

1 ma bina

/-ray bursts (History, I) £~

3uuuu§ {
— 1967 : an anomalous emission of X and §
v rays 1s observed. For a few seconds, it % 20000f
outshines all the y sources in the £
8

Universe put together. Then it

1nnnn§
disappears completely. Another in TAJ\J\ \\,-.

1969... T

After careful studies (!), origination Time in Seconds
from Soviet experiments 1s ruled out

BATSE GHBs in Galactic Coordinates

e The bursts don’t come from the vicinity of
the Earth

— 1973 (!) : The observation is reportedmmf_‘f TEANY AR
to the world ot AT

— Now we have seen hundreds of gamma
ray bursts...




Transparency of the atmosphere

Rockets & Satellites

~400Km

Balloons

~40Km

Airplanes

~10Km
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Detection of a
high E photon

* Above the UV and below
“50 GeV”, shielding from
the atmosphere

— Below the e+e- threshold +
some phase space (“10

o B I I |,I TTTTI | I T TTTIT I T TTTIT]
MeV ), B H*t “;qsltruns \\ __(
Compton/scintillation Electrons § :

. :,T___ l{]'_— \-. (

L Ab ove ccl O M CV”, pall' i‘i? i Bremsstrahlung E
production A :

"'Ib'] B lonization N (

0.5~ Maller () i

* Above “50 GeV”, — }Bm:y (,,,+} e
atmospheric showers M :
annihilation -

— Pair <> Brem ﬁl 10 E (MeV) 100 10C



Rockets & Satellites

Consequences on
the techniques

~40Km

Airplanes

~10Km

* The earth atmosphere (28 X, at e

Ohservatories

~4Km

sea level) 18 opaque to X/y Thus ... | 3|

0 Km Radio Micro- |nfrar Gamma-

only a satellite-based detector i iy

TpeV ImeV

can detect primary X/y

* The fluxes of h.e. y are low and decrease rapidly with energy

— Vela, the strongest y source in the sky, has a flux above 100 MeV of 1.3 10
photons/(cm?s), falling with E-1%9 =>a 1m? detector would detect only 1
photon/2h above 10 GeV

=> with the present space technology, VHE and UHE gammas can
be detected only from atmospheric showers

— Earth-based detectors, atmospheric shower satellites

e The flux from high energy cosmic rays 1s much larger



Satellite-based and atmospheric:
complementary, w/ moving boundaries
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Satellite-based detectors:
figures of merit

Effective area, or equivalent area for the detection of y
A (E)=Axefl.

Angular resolution 1s important for identifying the y sources
and for reducing the diffuse background

Energy resolution

Time resolution



X detectors

» The electrons ejected or created by the
incident gamma rays lose energy mainly
in 10nizing the surrounding atoms;
secondary electrons may in turn ionize
the material, producing an amplification
effect

* Most space X- ray telescopes consist of
detection materials which take advantage
of 1onization process but the way to
measure the total 1onization loss differ
with the nature of the material

Commonly used detection devices are...

— gas detectors
— scintillation counters

— semiconductor detectors



X detection (direction-sensitive)

A coded mask (array of opaque blocks) is disposed so that
a point source at infinity projects on a position sensitive
detector a pattern characteristic of the source direction

Coded mask

[ S S S Position sensitive
/S S S S S
Voaawe detector




X detection
(direction-sensitive)

Unfolding 1s a nice mathematical problem !



v satellite-based detectors: engineering

Y ray

rticle
ence

* Techniques taken from particle physics
| v direction 1s mostly determined by e+e-

conversion

— Veto against charged particles by an ACD

— Angular resolution given by

» Opening angle of the pair m/E In(E/m)
 Multiple scattering (20/pf3) (L/X,)"? (dominant)

=> large number of thin converters, but the # of channel increases

S

(power consumption << 1 kW)

 If possible, a calorimeter in the bottom to get E resolution, but watch
the weight (leakage => deteriorated resolution)

Smart techniques to measure E w/o calorimeters (AGILE)



INTEGRAL/CHANDRA

INTEGRAL, the International Gamma-Ray
Astrophysics Laboratory 1s an ESA

INTEGRAL 2002

medium-size (M2) science mission

Energy range 15 keV to 10 MeV plus simultaneous X-ray (3-35
keV) and optical (550 nm) monitoring

Fine spectroscopy (AE/E ~ 1%) and fine imaging (angular
resolution of 5')

Two main -ray istruments: SPI (spectroscopy) and IBIS
(imager)

Chandra, from NASA, has a similar performance



GLAST

Tracker

] v telescope on satellite for the
range 20 MeV-300 GeV

— hybrnd tracker + calorimeter

* International collaboration US- Calorimeter
France-Italy-Japan-Sweden

— Broad experience in high-energy
astrophysics and particle physics
(science + instrumentation)

e Timescale: 2007-2011 (->2016)
* Wide range of physics
objectives:

— (Gamma astrophysics
— Fundamental physics




GLAST: the instrument

o Tracker
Complete GLAST
4 x 4 Arroy of Towers I—

S1 strips + converter —|  Anigincdence

e Calorimeter Ry
Csl with diode readout
(a classic for HEP) ==t

e 1.7x1.7m2x0.8m

height/width=04 =
large field of view

15 Gaps of g 035 . .
rad lemy ml'll'u' 9.5 EM ——
T Si Strip Detecto o
. r
| 2 %“Pﬁ without ?‘,Iﬁéjﬂ
T -Onverters

One Tower Module of GLAST
84 em

* 16 towers = modularity

. Preamps Mounted
Imaging Calorimete, on Yertical
(10 ) Edge of Tray

—_—




GLAST: the tracker

charged-particle VY

anticoincidence
shicld-..._‘___\ .

pair-
conversion
foils

R om

particle-
tracking
detectors

calorimeter””

S1 strips + converter
— High signal/noise
— Rad-hard
— Low power
* 4x4 towers, of 37 cm x 37 cm of Si1

* 18 x,y planes per tower

— 19 “tray” structures
* 12 with 2.5% Pb on bottom
* 4 with 25% Pb on bottom

2 with no converter
 Electronics on the sides of trays
— Minimize gap between towers

» Carbon-fiber walls to provide stiffness



GLAST performance
(compared to EGRET)

Quantity GLAST EGRET
Energy range 20 MeV- > 300 GeV 20 MeV- 30 GeV
Energy resolution 10 % (E>100 MeV) 10%

Peak Effective Area > 8000 cm” (E>1 GeV) 1500 cm*

Single photon angular <3.5 deg (100 MeV) 5.8 deg (100 MeV)
resolution <0.15 deg (E>10 GeV)

(68%, on-axis)

*Field of view (FOV) >2sr 0.5sr

Time resolution

10 microseconds

0.1 milliseconds

Dead time

< 20 microsec/event

100 ms/event

Energy Resolution 6./E
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GLAST performance
two examples of application

EGRET Data (E > 1 GeV) GLAST Simulation

£—ray Source SNR Shell Pulsar

e Cosmic ray g
production

SNR Shell . - {_

'
I
\

Galactic Latitude
(%]

Shock-Accelerated CRs
1° Interacting with ISM

79 ° 78 ° r7e 79 78° 77
Galactic Longitude

Geminga Radio-Quiet Pulsars
EGRET: Geminga/Crab/PKS 0528+134

Geminga

 Facilitate searches
for pulsations from
millisecond pulsars |, —

+134

Crab




GLAST will be sent in space in 2007

A collaboration USA-Japan-France-Italy-Sweden

Large part of the software is written in Udine... So come and help !

The Universe in the gamma
rays after one year of data
taking. Center: our galaxy



But despite the progress in satellites...

e The problem of the flux (~1

photon/day/km2 (@ ~30
PeV) cannot be overcome

— Photon concentrators work
only at low energy

— The key for VH

. gamma

astrophysics and above 1s 1n
ground-based detectors

— Also for dark matter

detection...

diffracted

beam

= transmitted
beam



Ground-based detectors

 An Extensive Air Shower can be detected

— From the shower particles directly (EAS Particle
Detector Arrays)

— By the Cherenkov light emitted by the charged particles
in the shower (Cherenkov detectors)

EAS

Cerenkov

~ 40,000 m*2 , but no anticoincidence shield !



Earth-based detectors
Properties of Extensive Air Showers

 We believe we know well the y

physics up to EHE...

Predominant interactions e.m.
— ete- pair production dominates
— electrons loose energy via brem
— Ross1 approximation B 1s valid

« Maximum at z/X, = In(E/¢,); €, 1s the
critical energy ~80 MeV 1n air; X, ~

300 m at stp
e (Cascades ~ a few km thick

 Lateral width dominated by Compton
scattering ~ Moliere radius (~80m for

air at STP)
* Note: A, ,4 ~400 m for air

Shower Size

4500 3000 1500 Sea
im m  Lewel

N

10%
108

10

Atmospheric Depth (r.1.)

hadronic showers have 20x more muons and are less

regular than em



EAS

MILAGRO (New Mexico@2600m)
water Cherenkov,
60x80m”"2 + outriggers,
v/h: Muon-identification
in second layer)

Proposed: HAWC
10x bigger @ 4500m a.s.l.

Soon:
Argo-YBJ
.6500m? RPC

ﬂ’k\_ﬁé(\)—er.f_Q‘;Cl;%
J ror~r\rrf )/ 300Xx350m?

an, Mknd21 X i




Cherenkov (C) detectors
Cherenkov light from y showers

» C light is produced by particles faster than light in air

* Limiting angle cos 6, ~ 1/n
10, ~ 1°at sea level, 1.3° at 8 km asl
— Threshold @ sea level : 21 MeV for e, 44 GeV for u

Maximum of a 1 TeV y shower ~ 8 Km asl

200 photons/m? in the visible -
CHERENKOVEFFECT o aa@@f8aate® ::

1 =vic niwater) = 1.33 F B *
Duratlon ~ 2 ns Eos_'ﬂ=1.-"|3n( ) :::*O:::..‘ a»
B-1  ©=42degrees :.::::::.. X
-D.....::.: :

Angular spread ~ 0.5° 44
T4




Cherenkov detectors
Principles of operation

STACEE CONCEPT

* Cherenkov light 1s detected by
means of mirrors which
concentrate the photons into fast
optical detectors

 In the beginning, heliostats
Camara

operated during night | TRl e

— Problem: night sky background 2

On a moonless night

~ 0.1 photons/(m? ns deg)

By
Signal oc A &
fluctuations ~ (AtQ)!2 ha;—ﬁs @;
- S/B1/2 * (A/TQ)l/z Charankov light pool

{200 metars dlametar)
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Ground-based detectors
Improvements in atmospheric C

* Improving flux sensitivity
— Detect weaker sources, study larger sky regions S/B!/?
o< (A/TQ)12

* Smaller integration time

« Improve photon collection, improve quantum efficiency of
PMs

» Use several telescopes

-8 -6 -4 -2 0 2 4 ] 8 10 12 14 16 18 =20
I

—

—_—
r |

* Lowering the energy threshold o '*‘ﬂ--\% 0
— Close the gap ~ 100 GeV between il N
satellite-based & ground-based § ot
instruments B ST I I, £

o
o
=
[av]



The “Big Four”

o~

e
\GEC (Gzpine
AT O3
£ 36 m°

VERITAS (USAUKL.) (gt B
»1: Oct ‘03 ey
5 Olol

: Muchachos,
L | - ihary Islands




Detector Parameters

In 2004: H ~mirror | Camera FOV | Altit. m | arrangement
. areca m’ | pixels deg asl
CANGAROO |4x | 57 | 427 |4 160 | J ~100m
H.E.S.S. 4x | 107 960 |35 1800 ~120m
MAGIC Ix | 240 577 13.5 (2200 ~30m
(2006) 2x _
VERITAS Ix | 110 499 3.5 1800 ~30m
(2006) @Ax
(2007) [7x




The MAGIC site

Telescopio Nazionale Galileo

" - Grantecan




MAGIC

* Mirror: 17 m diameter
- 240 m2 Al panels + heatin
- 85%-90% reflectivit

>

- Frame deformatic | —
\ctive A /

- Camera: 3. 5° FO
“BIT pixels

- Optical fibre r'eadouT & g

+ 2 level trigger & /ﬁﬁe’r" tubes-

300 Mhz FADC system - Telescope:
65-tons™
- Positioning:22s



After upgrade of the
optics in July 2004
the telescope 1s 1n 1ts
final shape

Entrias 1
Mean 20.78
RMS  44.53

*******

#######

~300Hz shower rates g
E,, ~40GeV o “



the Active Mirror Control laser beams

Photo by R. Wagner




TIACT vs Satellite

Satellite : « TACT/ground based

— small effective area ~1m?
» lower sensitivity * Higher sensitivity
— small angular opening
» Serendipity search
— large duty-cycle — small duty-cycle
— large cost
— lower energy — high energy




An armada of detectors
at different energy ranges

: ; ; 3
WHIFFLE HEGRA Super Cangaroo :
- 1 TeV [ MILAGED HESZ3 : : [
: CAT CANGAROO & VERITAS
o 3 ARGO MAGC e
i GRAMITE
= 100 GeV L1 %@gfggga
= fiolar Two
10GeV | :
1GeV L.
100 MeV
s W e e e ——
COMPTEL
1 MeV —
W' : : . :
100 KeV R SRR e ;
10 KeV Lo . —| BeppoSAX ...
F Clonstellation-2<
1 KeV ............... .................. .................. ........... | ————=2 )

1992 1994 1996 1995 2000 2002 2004 2006 20038



...Some just starting now




Integral flux (photons cm ~s™)
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v 5 sigma, 50 hours, > 10 events
- EGRET
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|
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VERITAS
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113 | — Large field of View experiments

F mmmm—— (Cerenkov detectors in operation -~

- wm— Past experiments HEGRA HESS

g | Future experiments
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Sensitivity

Photon Energy (GeV)

10°

All sensitivities are at 5.
Cerenkov telescopes
sensitivities

{Veritas, MAGIC,
Whipple, Hess, Celeste,
Stacee, Heera)

are for 50 hours of
observations.

Large field of view
detectors sensitivities
{AGILE, GLAST,
Milagro, ARGO

are for 1 year of
observation.

MAGIC sensitivity
based on the
availability

of high efficiency
PMT's
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In the 100 TeV -
100 PeV region...

Photons absorbed'i-bh"ausf and radiation

Protons deviated by magnetic fields



Neutrino Telescope Projects

ANTARES La-Seyne-sur-Mer, France
( NEMO Catania, Italy )

BAIKAL: Lake Baikal, Siberia g

DUMAND, Hawaii

NESTOR : Pylos, Greece (cancelled 1995)

AMANDA, South Pole, Antarctica &




AMANDA-ICECUBE

South Pole: glacial ice

1993 First strings AMANDA A
1998 AMANDA B10 ~ 300 Optical Modules

2000 ~ 700 Optical Modules
— ICECUBE 8000 Optical Modules 1o
AMANDA T
v > 50GeV A
Eiffel Tuw: : c::: avison :::?Dh;: {top) zoowm el in an one

(true scaling) AMANDA-E1D (hottom) optical module (O M)



N LARE

Future in v telescopes: ANTARES {263

R ‘+

1996 Started

1996 - 2000 Site exploration and demonstrator line
2001 - 2004 Construction of 10 line detector, area ~0.1km? on Toulon site
future 1 km? in Mediterranean

Angular resolution <0.4° for E>10 TeV




To know more...

* Not to ingenerate confusion, just a book
— It’s swedish, and 1t connects well to Martin & Shaw:

Bengstrom & Goobar, Cosmology and Particle
Astrophysics, Wiley

 But careful: the field 1s in fast evolution...

So 1f you are interested, talk to a teach’ (to me 1f you
pass by) and have a chat about a school



