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y-ray astrophysics : energy
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v-ray astrophysics : distance
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v-ray astrophysics : redshift
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y-ray astrophysics : direction
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Energy Spectrum (CRAB)
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Energy Spectrum (MRK 421)
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Cosmic Ray Detection Approaches

Space detectors

Small collection area (~1 m?)
Energy sensitivity up to ~100 GeV

Ground detectors

Large collection area (~3¢10* m?)
Energy sensitivity from ~10 GeV

— Large Cherenkov Telescope
Optimised for:
- low threshold: E, <30 GeV
- fast repositioning:  t; <30 s.
¥z Many new
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Atmospheric showers
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Air showers induced by cosmic rays MC S|mulat|on~_o.f Ll

Proton
1TeV

20 km

Gamma

air shower 300 GeV

hadronic
gamma photons
differently

Height in km
Height in km

Cherenkov light

1000

] 1 - ]
Radius in m Radius in m

0
[
o
S
=t
]

s

£

Q
o
c
<

=
in

L5

in

Angle in degrees

T 0 1 1 0 1

Angle in degrees Angle in degrees




CERENKOV EFFECT
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Atmospheric showers and Cerenkov light
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Photon Density

o

PhutT density (counig/m 2}

Shower Energy (GeV)
— 100

R

1 10

Distance from Core (m)

High Altitude (5000 m asl) |

Shawer Energy (GeV)
—_— 100

—

Photon density (cou ntsfmz)

Distance from Core (m)

A. Piccioli, Universita di Siena and I.N.F.N. Sezione di Pisa



" -rays source " -rays source

) i Py A
3 | \ i
Y . \ |
A 1 i i
f | \ !
¥ shower X _ :
(a) proton shower (b)

bundle of T S
Cherenkov | :
photons | ) P :
‘Telescope camera .
E {-"'..'_I;-_._%_ : e, E

oy Cherenkov Telescope

¥/ pointing 1o the source

N - ///

R, Cherenkov light pool R

A. Piccioli, Universita di Siena and [.N.F.N. Sezione di Pisa



reduction

Source In center

,Hillas parameters*

Eniries
Mean
RMS

Y-Axis

DISTANCE

LENGTH

8.

24.79

F=23 8

- e -




IACT PARAMETERS
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The Gamma Ray Universe

EGRET
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Covering the Energy Gap
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MAGIC Physics Targets
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Optical Depth and Gamma Ray Horizon (GRH)

High energy y-rays traversing cosmological distances are expected to be
absorbed through Interaction with EBL: m

Lack of measurements

1 10
Soft photon energy

Stecker, De Jager: astro-ph/9501065
Optical Depth Kneiske, Mannheim, Hartmann: Astron. Astropi&@ofﬁﬁ

Bethe-Heitler cross section
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Measurement of Cosmological Parameters

The GRH is a distance estimator based on the absorption, depends on:
* the y—ray path
 the Hubble constant and the cosmological densities

Ho known at the level of 4 km/s/Mpc " Frosieens
(Hubble project)

sSupermovas

1.6 km/s/Mpc

eventsaivy

recollapses

= The Ay?=2.3 2-parameter contour
Improves by more than a factor 2 the
present Supernovae combined result !

vacuum energy densify (cosmological constant)

mass density

O. Blanch, M. Martinez - ICRC 2003
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Fazio-Stecker Relation

Measuring the Fazio-Stecker relation is of great diagnostic value for:
o star formation in optically-obscured IR galaxies

» stellar sources of UV radiation at high z

o star formation rate at high z (~1.5)
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Gamma Ray Bursts

e Origin of GRBs
— Galactic
— Cosmological

e Theoretical Emission Models:

- Standard fireball model
- Internal Shocks model
- External Shock model

* Multiwavelength study

Fluence, 50-300 keV (ergs cm?)

Bulse Duration______  GeV studies possible if:
80 [T T T T T T T T T T rrrm

NUMBER OF BURSTS
N o
= I_l_1_T_'_T| o

— fast repositioning ~10 s
“long” I — low E threshold ~30 GeV

— Expected signal rate 6600 Hz (in
[10s,T] assuming T~20s)
— 2+3 “long” GRBs detectable/year
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What do we need to study GRBs ?

Alert System
High Energy Observations

“Faint” Objects = Large Effective Area
Rapid Variable Phenomena =» Short Dead Time ~ 100 us
Large Field Of View = High Acquisition Rate
GLAS ,
T O

Broad Band Observations

Connection between

Ground & Space Telescopes
* Rapid Response

» Good Localization

* Rapid Repositioning
=»Global Coordinate Network

| S

TeV zite  radio site radio site optical sile  optical =it
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What do we need to study GRBs? Telescope
Fast Movement

Mean Repositioning Time ~ 20 s

Point ANY place in the sky in ~30 s
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The Site: Roque de Los Muchachos
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Lowering the Energy Threshold

Q - Pixel Solid Angle
1 T - Integration time

Energy
Threshold oK

I A - Mirror Area
e - Quantum Efficiency
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A;—T 17 m diameter
i 240 m2 diamond milled Al
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o B | EMI 9116A, 9117A
¢ Rb-bialkali photocathode
cate emispherical window
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Lowering the Energy Threshold

Quantum Efficiency
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Lowering the Energy Threshold

A. Piccioli, Universita di Siena and I.N.F.N. Sezione di Pisa 33



Lowering the Energy Threshold

Integration time

High/Low gain (x5)

First Calipration Event

QuickTime™ an a TIFF (Uncompress) decompressor ar needed t see tis e
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Dynamic range: 2000 (high/low gain)
DAQ: Continuous ~20 Mbytes/sec = ~1% deadtime @ 1 kHz
Internal FIFO for 150 000 events (>20 kHz) = Gamma Ray Bursts
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The Trigger Architecture

Discriminators

# of photoelectrons

Level 1

tight time coincidence M (T \
ey A% 3

D <G« T

S

Level 2

advanced pattern
recognition
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The Trigger Selection
Level 1 Logic Level 2 Logic

TWO FOLD KINDS (86) THREE FOLD KINDS (51) Tri QQEV DiSFI|EI.5.|' l

FOUR FOLD KINDS (67) FIVE FOLD KINDS (106)

calibrated calibrated
FADC FADC

Perform a pattern recognition and apply topological
cuts.
The cluster size can be computed at trigger level -
“pseudosize”.
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Active Mirror Control

A) Optimize focus on lamp (920 m)

B) Memorize panel & laser positions =
PSF

| Laser
pointers

defocussed focussed

id

Without AMC
' 4 - i
) . ) -

With AMC (positions from tables)
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Point Spread Function
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Camera Calibration

Strong LED pulser with avalanche Pulser PCB with LEDs

transistors and 3 different colors | Diffuser
: : LEDs |/
Light pulse amplitudes up to \p—h v
2000 PhE/pixel ~ 3-4 ns \ / /7 7m
Pulser flux measurement by ; .--%N fiode
FUll Pulser box

PIN diode
Excess noise method

Calibration by muon rings
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Muon rings

| Signal (raw)
Entrias 1

Add time information to tag 125
muons in events

Help in gamma/hadron

separation

Pixel ldx.77

FADC Samples Mean 598

RMS 4.185
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Preliminary results: Crab
Crab nebula (pulsar wind)
Steady Gamma emission (standard candle): useful for calibration
Very first look: ~50 minutes observation time =» detection !
~ 8.0 events/minute after simple cuts

|alphal < 10.00

NExcess = 287
NOff =303

Significance (Li/Ma) = 9.71

10 20 30 40 50 60 70 80 20
Alpha [deg]
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Preliminary results: Mrk 421
(BL Lac, z=0.031) was flaring in February
Observation time ~100 minutes
significance after simple cuts

|alphal < 10.00

. | NExcess = 1307
NOff =565

Significance (Li/Ma) = 27.18

MAGIC Preliminary
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Future Prospects and Developments

Build a second telescope
— Same mechanical structure
— Test bench for technical developments

Design Study for | E -1 OOO

.:,;“ = o = .,mwp s ,,‘r \‘-.“_' v ;‘;ﬂ‘ \:‘_.\“-:
a 34m telescope e ‘ ‘

astro-ph/0403180
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