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The telescope

ajor Atmospheric Gamma-Ray Imaging Cherenkov Telescope

Largest Imaging Air  BAUeRELCUCE
Cherenkov
Telescope

for y-ray astronomy

(17 m mirrox dish))

Design optimized for:

m oW energy threshoeld
E, = 30 GeV

B aStirepesitioning
t-<30 sec

Collaboration: > 100 physicists, 18 institutes, 11 countries:
Barcelona IFAE, Barcelona UAB, HU Berlin, Crimean Observatory, U.C. Davis,
U. Dortmund, U. Lodz, UCM Madrid, INR Moscow, MPI Miinchen,

INFN/ U. Padua, INFN/ U. Siena, Sofia, Tuorla Observatory,

Yerevan Phys. Institute, INFN/ U. Udine, U. Wiirzburg, ETH Ziirich
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The unexplored spectrum gap

THIRD EGRET CATALOGUE OF GAMMA-RAY POINT SOURCES
E > 100 MeV

m y-ray sources observed with
EGRET satellite (E < 10 GeV)

271 sources (171 unidentified)

Satellite effective area < 1 m?

Old ge neratlon g fou nd-based @ Active Galactic Nuclei

m Pulsars
Galaxies

experiments observe few
sources with E > 300 GeV.

E > 300 GeV)

Effective area > 104 m?

Strong cutoff in y-spectrum for
10 Gev < E < 300 GeV
Explore energy gap with = Ak e
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Physics Program

Inferred Structure of a Guasar

N

Pulsars

SNRs

Origini of
Cosmic Rays

Cold

Dark effects
Matter
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maging Air Cherenkov | elescopes

Gamma
ray

Particle ) % ~10 km Cherenkov light Image of
shower | |- 0 particle shower in telescope

‘reconstruct: arrival
direction, energy

‘reject hadron background
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46 GeV gamma ray
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Gamma shower
( narrow, points to source )

Proton shower
( wide, points anywhere )

100 GeV proton
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Key technological elements for

17 m diameter pagabolic re ectmg surface (23
NIGHNEIECIVE rJ anrJ milles@itmmn I”fTﬁ‘uJ

Active HJJJ‘J‘JJ@U{J o/
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M -35°FOV\ A
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4‘..:;;" camera =
= 576 hlg VE, !

&

Analag signal

transport ——l 7 S s
via optical fiberg P— Zlevel trlggerystem
' A -&.3.00,_M Hz FADC system




Active Mirror Control

light weight structure requires Without AMC
corrections for small residual i 3
deformations of mirror

LED as a telescope camera lid . .

With AMC

Focussed Mirrors
Kl
x

®

_laser modul

200 210 20 230 240 250 260
pixel

fix point

achieved PSF:
o 90%,) of light contained

62 electronic boxes
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High QE Camera

= Matrix of 576 PMTs 2 g 6 stage PMTs (low gain)
= Field of View: 3.5 - 8 | -ETOl6A(1") 010
oo - ET 9117A (1,5") : 0.20

ET 9116A type PMT
Serial number 1930

- WLS Coated PMT
(milky lacquer)

Quantum Efficiency
increased up to with
diffuse scattering coating

- Non-coated PMT

mlncrease in detection
efficiency by (19£2)7

extended UV sensitivity
using wavelength shiifter

COG'hng 250 300 350 400 450 500 550 600 650 700
Wavelength (nm.)
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Signal Processing

Analog signals transmitted over
162 m long optical fiber

=> no signal dispersion

Stretch pulse to 6 nsec

Split to high & low gain
(dynamic range > 1000) optimized signal reconstruction

REECELCLLTEREECELLTTREAELnT

300 MSamples/s 8 bit FADCs m time resolution < 1 nsec
(upgrade to 2GSamples/s this m small integration time

year) => jmproved S/N

o}
A

® high gain
< low gain

ADC counts

o]
N
Time Resolution [ns]

z2 Indf  16.32/1
T,[ns]: 1.86
1 T, [ns]: 3.84
T, [nsl: 0.15
10> 10° 10 10°

<Phes> -

measured charge (ADC counts)

10 20 30 .
FADC samples input charge (pVs)
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Status of MAGIC

October 2003: Inauguration
until August 2004: Commissioning

July 2004: Installation of last
Mirrors

September 2004:
Start of regular data-taking
- data-taking efficiency gradually
Improving, reaching 80-90% in
January 2005 (nice weather)

m Februany 2005:
- Weather s not always nice
- missed first 2 observable
GRBs' alarms fiem SWIET
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Calibration

Standard calibration

= light pulses llluminating o o0t set of clean muons (2.3
camera uniformly Hz)

m allows calibration in'PES w comparison of measured and
expected muon signal

m allows absolute calibration of:

Muon calibration

phoeton| collection| eficiency. of
detector (mirror + PMTs + ..)

Arc Length [deg.]
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Source Position reconstruction

m DISP method m angular resolution:
0.1¢

| MAGIC Angular Resolution - DISP method [2-d 5] |

® Crab Data (Sept-Oct '04)
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Energy resolution

SIZE (total number
of PEs) simplest
energy estimator

Improve energy.
estimation including
other image
parameters

optimized estimator
using Random
[Forest technigue
2050 (3050)

@ 1 TeV (100 GeV)

Monte Carlo Energy [log(GeV)]

3 4

10 Estimated Energy (GeV) e
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Crab Pulsar: The standard candle

m strong steady source of GeV/TeV
gamma rays (Whipple ‘89)

=>Standard candle to test performance
Cherenkov Telescopes

Alpha Plot AAGIC -below 100

Crab Nebula - € Gev

2004-10-10 8 standard Y/h
Tobs = 64 min f.: g o e, s ORT R ; $ Sepa ratlon
Zenith Angle = 7-17° SRR EIRSBACS not very

Significance = 21.10 ¢

Size > 360 ph. e. &b Nebul efﬁCient
E >200 GeV 2oorf Septegberu 2 -Nevertheless,

obs. time: 110 min.

ZA: 15-30° significant
Energy: 50-75 GeV .
Significance = 4.8 Slg n al
Excess events = 649 + 136 .
. extracted in
10 20 30 40 50 60 70 80 90 w
|A/ph0| [D] 40 S0 60 |7A0LP:2| [%0 5.0 -75 Gev
bin
210 ® +/time(h
( ) Wagner et al, 29th ICRC,

=> 5 o detection in 3.5 min August 2005
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B I[ndeadi stable
=> Even aiter hardware changes in January,

=>\Ve Undesstand the'periermance of the telescope

53385
Time [MJD]
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Energy Spectrum of Crab Nebula

Extending the Crab spectrum towards the inverse compton peak

R] mAGIC

i‘% C"ab NEbUEa -+ HEGRA - ApJ 61
"~..  A— 2004 September 13/1 4/22.....%.. -+ Hillas - ApJ 503
SR observatlon tlme =1.8 hiile MAGIC 2004

- zenith angl¢_15 30° Systematic
Lo b | errors below
100 GeV under
Investigation
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Crab Pulsar

NO PULSATION
DETECTED AT ENERGIES
> 100 GeV

I IIIIIIIIIIIIII

107

——  EGRET power law fit - ApJ 400 (1993)
Power law + Exp. cutoff (this work)
———— Polar Cap - Harding (2001)
=+ Quter Gap - ApJ 549 (2001)
Crab Nebula model - ApJ 503 (1998)
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MAGIC - this work

Limit to Exponential cut-off
CELESTE - ApJ 566 (2002)

E, <60 GeV
STECEE - ApJ 547 (2001)
Agreement with CELESTE s spvsacomy | ;
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1ES1959+650

MAGIC

AGN @ z=0.047

previously seen by
Seven Telescope
Array, Whipple,
HEGRA

6.5 h observation
by MAGIC in Sept -
Oct 2004

@ High ZA

m 8.2 ¢ detection
m ~ 10'% Crab level

compatinle witn
previous
measurements

José Antonio Coarasa Pérez

o

Crab Nebula
September 2004

Effective obs time: 2h 6m
Mean zenith angle: 40°
Analysis threshold: 250 GeV
Excess evts: 583 +24

Significance = 23.8

0 10 20 30 40 50 60 70 80 90

lalphal []]

1ES1959+650 (z = 0.047)
Sept.-Oct. 2004

Effective obs time: 5h 54m
Mean zenith angle: 40°
Analysis threshold: 250 GeV
Excess evts: 252 + 31
Significance = 8.2

00 10 20 30 40 50 60 70 80 90

lalphal []]

Tonello et al,
29th ICRC,
August 2005

TeV Particle Astrophysics. 13-15 July 2005. Fermilab, Batavia, USA




1ES1959+650

No significant time variation of gamma-ray activity

September | 121 min : 428 +11.8 10.35+0.09
6.7 Tonello et al,

October | 110 min . 495+ 123 |0.45 £0.11 29th ICRC,
7,10,15 August 2005

October 137 min . 640+ 12.8 {046 +£0.09
16, 17

No significant time variation in the X-ray activity
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sample on time zenith [°] mode Einr[GeV] Non Norr Nexcess sigma

I 470h | 93-312 ON 100 7458 | 5084.0 £59.3 | 2374.0 £ 102.1 | 23.26
IT 1.41h | 42.4-55.0 ON 300 593 3159+ 14.9 277.1 £27.3 10.13
Ir | 788h | 9.2-275 ON 100 8116 | 5089.8 = 59.4 | 3026.2 £ 104.5 | 28.96

IV | 957h | 94-324 | wobble 100 9296 | 5668.3 £45.1 | 3627.7+ 983 | 36.89

m During whole period found to be in a NAGI
moderate to high state resulting in clear Markarian 421 (2=0.030)
signals in all four data sets. 2004, December 18
s December 2004: flare observed by mean sonith oo 47 dog
RXTE analysis threshold: ~300 GeV
number of excess events: 95

B Simultaneols ohsenvatieon wWith HESS significance: 125 ¢
on 186 Dec 04 allows (HHigh ZA)

-Cross calibration

-Obsenvation under different zenith e R T
angles == diiierent energy ranees

=N aNGEIRENENTY SCOPEICOVEETE Mazin et al, 29th
ICRC,
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’ Mrk 421, 05 Apr 2005, Integral flux E > 300 GeV al flux E > 300 Ge |
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Figure 4. Light-curve for the night MJD 53465 in bins
of 20 minutes (sample III: circles, sample IV: squares)
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- Bartko et al, 29th ICRC,
Galactic Center P

m Galactic Center observable from
La Palma at zenith > 58°

=> difficult observation conditions

=> high energy threshold
(B, ~O(1 TeV))
=> |arge effective collection area

575 57 565 56 555 55 545 54
Ra [h]

m observed Galactic Center

In September 2004 for ~3

nours under test conditions

and 286 hoeurs in May-June

20)0}5 NP
- We see a clear signal B Sy
= Energy domains of ~110 : R’e"m‘“a"‘y

TeV COUId be aCCGSSibIe 17.95 17.7.85 17.8 17.75 17.7 165 17.6Ra1[¥‘.]55 3
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Major Atmospherid
‘ Cerenkov Telescope] MI k £ iO I

m Observed during

May, June, JUIy | 1 h. ON Observation,
159-259 zenith angle
2005 (nOt all data Size > 360 phe (E > 200GeV)
analyzed yet)
» Source mostly in Alpha < 6"
quiescent state (0.3-
0.5 Crabs above Excess events 648

200 GeV). Significance 416
»> 9 0 signal in'less : :

than 1/2 hour. % 1020 30 40 50 60 70|a| ?Igl [%o
> On 1st of July p

http://wwwmagic.mppmu.mpg.de/physics/mkn501flare05/index.html
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Mrk 501 Light curve

Light Curve for MKN5O1 Light Curve for MKNSQ1
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Mrk 501 Preliminary Spectrum

| Mkn 501 June/July 2005 | S
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== Crab
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Conclusions & Outlook

m MAGIC is a producing results

B Expect many more results in the near future

m [he MAGIC collaboration has started to build
a second telescope

will
B [ncrease the sensitivity: of the
olservatory

B further push for IowWer eneray

iresheld
- equip camera with' highf QE HPDs

- upgrade to 2GSamples/s FADCs
(this year for MAGIC |)
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