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Gamma ray. sources
= Cosmic Ray Accelerators
Pulsar SNR A.G.N.

GRB

Radio Galaxy Lobe



Cosmic Accelerators

IHIgh Electrestatic Repetition in Magnetic field
field (one shot)



Cosmic Ray accelerator
AGNS

M87



Gamma-Ray Emission Processes
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MAGIC Physics Objectives

ulsars AGNs  Cesmological
Origin of v-Ray Horizon
Cosmic Rays Quantum Gravity

SNRs old Dark Matter
GRBs



Pulsars

7 y-ray pulsars seen by
EGRET (Ey <10 GeV)

Only: upper limits from
present ITACTS for

pulsed emission o F mmm et
(spectral cut-ofif)
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Pulsars

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

Name | . | . ‘
Crab : :

B1509-5¢ °. 2 .. ° /o g
Vela

B1706-4: | | ’,’
B1951+:

Gemings

B1055-5:
@ Active Galactic Nuclei

W Pulsars
Galaxies
® EGRET Unidentified Sources

Old pulsars have hard energy spectrum ( gamma ray rich)

Some of EGRET un-ID sources are believed to be old pulsars.
ldentification by MAGIC high statistics data




Gamma Ray: visibility
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MAGIC Physics Objectives

ulsars AGNS  Coesmological
Origin of v-Ray Horizon
Cosmic Rays Quantum Gravity

SNRs old Dark Matter
GRBs



Active Galactic Nucleils

-Central Black Hole 108~10° Mg
Sucking matters ~1M 4 /year

eRelativist Jet is formed using
the accretion energy v~ 10~100

<Shockwave in the jet is formed

eElectrons and protons are
accelerated by shock

eGamma ray emission through
I.C. and pionization

M87



Emax(e) became higher



TeV Blazars

Most of sources are nearby
Z<0.1



Absorption of
gamma rays In the universe

Pair Creation; v+ ¢y 2 et+e

Effect of Extragalactic Background Light
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Gamma Ray/ Herizon

A lower energy thresholds allows a deeper look into
the universe

Q=1; Q,=0; h=0.5; z,=1.5; 2=10, 0=3.8; f=-4.0 (CDM)

star formation era

Mannheim (1999)

Whipple 10m
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Evoelution of EBIL

by T.M. Kneiske et al.

Very dependent
on star formation and
on galaxy evolution



Gamma Ray Horizen and
Cosmology

Gamma ray horizon gives us

1. Gamma ray path length
2. IR, optical photon density

Path length <-> z (red shift)

1/(1+2)

23+ Qi (14 2)2 + Q)Y

O. Blanch, M. Martinez - ICRC 2003



MAGIC Physics Objectives

ulsars AGNs  Cesmological
Origin of v-Ray Horizon
Cosmic Rays Quantum Gravity

SNRs old Dark Matter
GRBSs



Gamma Ray Bursts

MAGIC has a chance
to see a few




Gamma ray bursts

Hypernova! Binary neutron stars

Relativistic Bulk motion of Jet ~ ¥ ~1000

GRB Blast shock wave After glow
> 7
» X
— Y
> Optical

» Radio
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GRB oebservation by MAGIC

« A few GRBs/year will be detectable by MAGIC

« Typical gamma ray flux at 10-50GeV
= Rate,,, = 100~1000Hz assuming E~ power law spectrum

. Test for Quantum Gravity

= ~10sec time delay are expected at ~100GeV energy from
cosmoloegicall GRBs

s Cesmoelogical distance!’  High Energy!! High statistics!!

= Energy dependence, Distance dependence (we need several
samples at least)

Eoc ~1019GeV



\/ VAN €] (@ Physics objectives

ulsars AGNs  Cesmological
Origin of v-Ray Horizon
Cosmic Rays Quantum Gravity

SNRs Cold Dark Matter
GRBs






Total Pheton Spectrum from Neutralino
annihiation (Bergstroem et al. 1998)

Best Candidate; LSP Neutralino
R-Parity conservation

(100GeV <m_<1TeV)

Neutralino Annihilations

- gamma rays

XX =77 = y-line E,=m,
XX >7 = y-line E,=m —m24m,
22X = 89= v continuum
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Galactic Center distribution of DM
Stoehr et al. 2003

Subhalo mass function

164 105 10+ 103 10°®

Ms ubstructure / M helo




Galactic Center distribution of DM
Stoehr et al. 2003
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Draco (Nortn)

Distance 79 Kpc
VI/1 440 240M/1C
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Isocurvature modes: CMB, Large-scale structure
Decay: Ultra High Energy Cosmic Rays
Annihilate: Galactic Center, Sun

Direct Detection: Bulk, Underground SE Gk




MAGIC Physics Objectives

ulsars AGNs  Cesmological
Origin of v-Ray Horizon
Cosmic Rays Quantum Gravity

SNRs old Dark Matter
GRBs



Gamma Ray Detectors
Imaging Air Cherenkov Telescopes



Ground based gamma ray: astrenoemy.
Big Four!!

a p’ﬁf::),ﬂﬂ*ﬁ
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ATtmMmospheric iImaging
CherenkoV TelesccC oe

ray

Particle
shower
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Height in km

Gamma/Hadren separation

Hadron Rejection by Image ~99%

MC Simulation of Shower

Proton
1TeV

Gamma
300 GeV

(=]
=]

Height in km

0 0 0 1000
Radius in m Radius in m

Angle in degrees

) 5 | ! )
1 o 1 1 0 1

Angle in degrees Angle in degrees



Alpha (Orientation angle)
distribution

Hadron rejection by orientation o ~90%

: C.R. Protons

G 20 40 &0 80 I0Q
ALPHA

Before Image & Orientation cut Ng/Ng ~1/1000
After Image & Orientation cut  Ng/Ng ~1/1



JACT vs. Satellite
Complimentary

Satellite | Ground
GLAST |MAGIC
Gamma-ray: | Direct Indirect
detection (pair creation) | (atmoespheric
Cherenkov)
Energy Up to From 40GeV
100GeV
Positive High S/N Large area
aspects Large FOV. Good A6
Negative Small area Large Background
aspects High cost Small FOV
Only moonless night




Detector Sensitivities For TeV Blazars
by P.Copi

EXIST GLAST VERITAS

Mrk 421
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« EXIST: Synchrotron Emission from “Blue” TeV Blazars



Array System or
Single Big Telescope

HESS, VERITAS, CANGAROO Concepts
High Precision measurement

MAGIC Concepts
Low Threshold Energy
Eth > 50GeV - 30GeV



Extension of HESS, MAGIC
No rule In competition

HESS-II
28m diameter telescope
Lower threshold energy

MAGIC-II

2x17m, High Q.E. detectors
Lower threshold energy
High Precision



Stereo system

Cherenkov Images

e o
N

Multiple Telescopes:

Improve angular resolution
reduce background

But n-times expensive



VIAGIC



MAGIC Physics Objectives

ulsars AGNs  Cesmological
Origin of v-Ray Horizon
Cosmic Rays Quantum Gravity

SNRs old Dark Matter
GRBs



Why do we want to moyve
lower energy range?

Cosmological Gamma ray absorption
Pair Creation; v+ vy 2> e"+e

Effect of Extragalactic Background Light
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Key technological elements
for

Light weight

highi reflective diamond! milled aluminum Carbon fiber
structure for

MIrrers Active mirror control e Tor
(PSE: 90% of light in O fast repositioning

0.1° inner pixel)

N\

Aplelleef siefplellifziglsele)
\VichGRUCAINIIErS

? 3-level trigger system

& 300 MHz FADC system

A



Signal to Noise ratio

» Data guality depends on two conditions
= Background night sky background

* ~2000 phetons / nsec sr m? in 300nm-600nm
= Signal to Noise; S/y B cc A2 gl/2 A 712 A ()-1/2
« A — Mirror Area — 17m®
« £— photon collection efficiency — high Q.E. devices
« A T— Integration time — ultra FAST readout system
« A 2 — solid angle — finer pixelization of 0.1 degrees
« Image quality’ ; S= pA & 2 50~-100
* In order to get a reasonable quality for the image

« In reality, the threshold energy of cherenkov
telescope was so far proportional to mirror area.



The MAGIC Telescope

(Major Atmospheric Gamma Imaging Cherenkov Telescope)

« Viany new: technolegies

« Lower threshoeld energy (AGN, GRB, distant sources)
= A= Large mirror area 17m @
= & = Improved Q.E. Hemispherical PMTs
= A7 =» Palabolic mirror — minimize time dispersion of photons
= A7 = Analog signal transmission by optical fibers
= A7 = 300 MHz FADC > upgrade to 2GHz FADC
« A2 =» 0.1 degree fine pixel camera
3 Level triggers

« Fast rotation(<20sec), for GRB observation
=« Low weight Carbon Fiber Space Frame construction, 5tons
= Light weight All Alminum Mirrors
= Active mirror control — compensate small frame distortion (~0.1 deg)



“short”

GRB observation by MAGIC

“long”

gger Satellite to MAGIC
slewing time

13A = 40sec after the burst
50904 =>» 80 sec after the burst




Current Status of MAGIC

« e first telescope Is now. in regular
scientific operation

= \We have understood well our telescope
« M.C. explains real data well
« TThe trigger threshold energy Is now ~50GeV
« Tight cut >100GeV =» sure results on several
sources

« GRB fast follow-up observation function was
partially implemented (—50% speed)
« |t will be upgraded to full performance (full speed)

*» GRB0O50713A was successfully observed 40
seconds after the beginning of burst



Highlighits of MAGIC observations
this one year

Galactic Center
May-June 2005

observation time: ~10 h
zenith angle: 58-60 deg

Crab Nebular

HESS J1813 HESS J1834
SZA & LZA
1ES1959+650 Mrk421 Mrk501 New source

Campaign with HESS IAU Circular #8562 1ES1218 (z=0.18)






Galactic Center

Galactic Center

June-July 2005
observation time: ~15 h

zenith angle: 58-62 deg

dec [deg]
N
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: -60
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Ra [h]

3 Ia%:jtic Cenéer

Galactlc Center
- Junelduly-2005 -
'obsewation time'

GC: MAGIC 2005 |
GC: HESS 2004
Crab: MAGIC 2005
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HESS J1813-178

Dark Particle Accelerator -- SNR
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Mrk421 (z=0.03)
AGN (Blazar

Markarian 421 (z=0.030)

2004/2005
observation time: 13.6 h
mean zenith angle: 23 deg

analysis thresheld: ~200 GeV
number of excess events: 2098 + 50.9
significance: 41.2 o

DEC [deg]

AT B R P SRR R FE s S
0 20 30 40 50 60 70 80 90
|lalphal [7] 1.2 1115 111 11.05 11 10.95
RA [h]

|Mrk 421, correlation X-ray - GeV (E > 300 GeV)

Mrk 421, Nov 2004 Jan 2005, Light Curve, Integral flux E > 300 GeV |

| Mrk 421, 05 Apr 2005, Integral flux E > 300 GeV | = 1.8
= 2 - » g /
% |§ | % 1.6[ /4
-g 1.8} 5 2 -
2 1.6f : o 1.4
E 14: —— I bt 1 2:
» 1 31
9 12f 1 : (&) 1 #
3 - + —— 5 o - /
A 1 ; : o B
¥ _+_ : N < 0.8 -
0.8 : : - 1
- : : w 0.6 '__*_' //
0.6 : - X °f 7;1 |
5 : —+— ‘ - 1 : = 04 4 |
0'4_ ; ; : : : (& :
o.zf : : | { | | g 0.2:— / linear fit: x*ndf = 17.6/9
N : : AR — HR—— - = B parabolic fit: lendf= 16.8/8
1| I T P — L 53B4 53465 53468 53407 oGS 53480 5370 5311 5MT2 5MN o
53464.9 5346495 53465  53465.05 53465.1 e ) 5 0 05 1 15 2 25 3
time [MJD] ASM flux [counts/sec/SSC]




Mrk421 Simultaneous
observation MAGIC + HESS

2004/12/18 25mins MAGIC+HESS

] Markarian 421 (z=0.031)

2004/12i18

1.5 decades
observation time: 25 min

zenith angle: 49 - 53 deg |n 25 mln
MAG I C analysis threshold: 300G eV

number of excess events: 104.59.4

| significance: 11.1(11_ +

0
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1ES1959+650 (£=0.047)
AGN (Blazar)

First detection
by Utah 7 T.A.
5 sigma

70 80 90
|alpha| [%]




Mrk501 Giant flare

2005 July 01, AU Circular #8562

Intensity variation in
very short time scale!!

~10 minutes
Standard

Cut
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1ES1218+304
(z=0.182)

MAGIC [Meyer]:
2005 data:
~7 hrs, 6~7c
Nno spectrum yet.

m MAGIC 1ES 1218+304 (z=0.182)

2005, January

observation time: 6.75 h
mean zenith angle: 5 deg

analysis threshold: 160-190 GeV

number of excess events: 438
number of backgr. events: 3114

nificance: 5.9 o




GRB050713a

|\|

. |
||||‘|.|urn1||ru|| ||

since BAT ‘rrla.]r-r

GRBO0O50713a
Observation 40s after GRB




Extension
to MAGIC-II



What Is the next step

« Now! the MAGIC Is In good shape

« What Is the next step
= Lower the energy threshold further
= Improve the sensitivity especially below 100GeV

* Our solution — MAGIC-II

=« Second telescope, completion in 2007

« Stereo =» high purity gamma samples =» better physics
= High Q.E. photodetectors, HPD ~50%0Q.E.

* Increase photon collection efficiency
« Ultra-fast FADCs 2.5 Gsamples/sec

« Reduce the effect of the night sky background
* Increase hadron rejection power with time profile



MAGIC-II






Image parameters
E7r peak = 40GeV

Angular Resolution LENGTH

Qammas Jammas

Jammas
800

600

400

protons

g+ ot + 4t +
e o T
e T . )

200

1 f o Y 0 £l [Trre b g,
0O 05 1 15 2 25 3 35 4 45 5 0 o5 1 15 2 25 3 35 4 45 5

Mean scaled width Mean scaled length

Gamma / Hadron separation _
by Random Forest method Quality factor of ~7



Stereo analysis at high energy.
In MAGIC 1

0 @ ~ 3-4 arcmin around 1TeV

Air Shower

Penetrating Point on the Ground



Minimum integral flux, @ _ |f|:|'r|'2 s)

Sensitivity of MAGIC and

MAGIC-II

Integral flux sensitivity for dN/JE = E*® point-like source, & = 0 to 30°
§_ .............................................................................. 5 u hnurs, . 5 n ......
?_ MAGICI ......................................................
§_ ___________ MAGIGII __________________________________________________________________
- stereo

Blower threshold energy and
A — two times better sensitivity

4

10 10° 10 10
Energy (GeV)



MAGIC-1I Camera
current plan

919 fine pixels
54 large pixels

~3.9 degrees

Inner part HPDs
~2.0 degrees



RO7O2U-40
18mm GaAsP HPD by Hamamatsu

GaAsP photocathode

PHD : MHPOO15

500 1000 1500 2000 2500 3500 4000
Output Pulse Height [ADC ch]




First Test with
Wavelength Shifter (WLS)

Equivalent to increase the mirror diameter from 17m to 24m!!

ZA 0° 25° 45° 60°

In comparison with

the current PMTs Mo ks 1.90 1.92 [2.00 (2.14

With mille/coating | wihwis |1 99 |2.00 |2.07 |2.17




HPD Gains, Dynamic range
and time response

Electron Bombardment Gain Dynamic range, 1pe ~5000 p.e.

APD Gain and Dark current Time response FWHM ~2.7nsec




GaAsP HPD life time

« Jotal charge; 3.5 mC In Photocathode
(ca. 100 C in APD output @ gain 30000])

O

Lifetime
(20% degradation)

(~10 times larger intensity than NSB)




Star Light and NSB Simulation

= 10 typical TeV sources

<star field (Crab nebula)>
| | = Brighter than 11.0 mag

— — > stars
.~ 4degree = Observation time
A e, 100 h/yr for each
(Total: 1000h /yr)
« Star rotation on Camera

= Moon observation IS not
taken Into account

< —

# Objects | # stars Brightest
<limag |[star[mag]

10 228 3.02




Simulation Results of
the Stars and Night Sky

imnermr)ppemaﬁnn




Domine Ring Sampler

Domino Ring Sampler developed
by Stefan Ritt in PSI

2.5GSamples/sec with >10bit
resolution

DAQ system for MAGIC is in
development in U-Siena and U-
Pisa

Simplified DRS circuit diagram

0.5-2 ns [nverter Domino Chain

G omino Wave OUTPUT
Speed Contrc

Analog Input

Analog Output
O

Readout Shift Register

40 MHz



HPD

with 10ns gate
(2 Gsample/s FADC)

PMT

with 20ns gate
(300Msample/s FADC)

. Shower Evenits
( by MC simulation)



Advanced Camera for
MAGIC-II

IHPDs are ready toruse inf MAGIC-II camera
= Life time Is estimated to be enough for 10 years
= QLE. =50% at peak
= [Ime response (1nsec rise, 3nsec FWHM)
= Charnge response and Dynamic range are satisfactory

Signal guality.
= Photo collection efficiency Is increased x2
« 17m telescope =» 24m telescope
= Ultra fast FADCs suppress the night sky background x1/2
= Intotal, quality factor increase by a factor of 2

Aiming ~20GeV threshold energy with HPD camera

SIPMidevelopment in the collaboration with MEPhHI Is also on-going
in parallel for further improvement =» aiming 60-70% Q.E.



Summary.

New generation telescopes, HESS, MAGIC, VERTITAS and
CAGAROO-III' are producing science.

MAGIC (this one year)
= 3 sources among 8 HESS source above G.C. were confirmed
= 4 AGNs were observed

= New TeV source 1ES1218 — z=0.18 was discovered — steep energy
Spectium

= 2 GRBs were observed in bursting phase — under the analysis

MAGIC will be upgraded to MAGIC-II in 2007
= Stereo observation =» sensitivity x2
= HPD camera
» 2.5 GSample/sec Ultra fast FADC
= Expected threshold energy is ~20GeV

=  Simultaneous observation with GLAST
« Good science, Cross calibration between 20-100GeV

Significant contributions from Italian colleagues in MAGIC and
MAGIC-II. Padova, Siena, Pisa and Udine
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