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1. MAGIC Gamma-ray  Observatory
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MAGIC-1

MAGIC-1 is now operational and is taking physics data
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La Palma, Canary Islands
28° North, 18° West





What Happened to HEGRA?

2 telescopes !!!! Los Alamos, MILAGRO

3 telescopes !!!! Croatia

New project: 

CROATEA

(Cosmic Ray Observatory at the Eastern 
Adriatic)



1-Year Observation Time !!!

50 Hours

Observation 

Time



1-Year Observation Time !!!

50 Hours

Observation 

Time

MOTIVATION:

1. High Sensitivity for the very important energy interval  
10 GeV < E < 100 GeV

• The “extinction” interval for many sources that have 
been observed at low energies (EGRET) and invisible 
at high energies (ground-based IACTs)

• Extended gamma-ray horizon at low energies:
- AGN studies per se, and 
- IR background studies

2. Counterparts of Gamma Ray Bursts at higher energies 
& Transients in general (like AGNs, Mkn 421, 
Mkn501)





Cherenkov Photon Density at 
Low Energies



Fight for every Cherenkov photon

EFFICIENT PHOTON 
COLLECTION

• Very large collection 
(mirror) area

• High mirror reflectivity

• Efficient light   
concentration into PMTs

HIGH PHOTON 
DETECTION 
EFFICIENCY

• Quantum Efficiency

• Wide Spectral 
Coverage



The name of the game:

Fight for every Cherenkov photon

EFFICIENT PHOTON 
COLLECTION

• Very large collection 
(mirror) area

• High mirror reflectivity

• Efficient light   
concentration into PMTs

HIGH PHOTON 
DETECTION 
EFFICIENCY

• Quantum Efficiency

• Spectral CoverageMAGIC – based
 on numero

us 

innovations



The  MAGIC  Observatory

MAGIC-1 Telescope is now ~fully operational!
!!!! currently the largest ACT in the World

• Mirror area = 234 m2 (diameter = 17 m)
• Field of view = 3.5 o  

• The Effective gamma-ray detection area >104 m2

• Current trigger threshold estimated ~ 50 GeV

•• MAGICMAGIC--22 is under construction (independent or 
stereoscopic mode together with MAGIC-1)

• A 1000 m2 telescope ECOECO--1000 1000 has been studied





MAGIC is based on several key innovations



LIGHTWEIGHT FRAME (Carbon Fiber)

for fast rotation (<20 seconds) for Gamma Ray Bursts





SUPER-EFFICIENT CAMERA



 

PMT

Maximizing Double-Hits in a PMT

Not yet optimized for the milky PMT coating
""""

Significant additional improvements to come



 











MIORROR CONTROL – Focusing a star







MAGIC Inauguration – October 10, 2003

Photo: Prof. Winston Ko



Technical runs and fine tuning - until summer 2004



Summary high energy 
analysis Mkn421

13.52022150> 200022 / 04

13.42242167> 200021 / 04

24.0166568> 200020 / 04

15.11572104> 200015 / 02

Rate 
(/min)

Nexcontime
(min)

selection 
(size)

night

Note: systematic effects may still be present in the analysis



Mkn421 April ’04 
energy dependence

Analysis in slices of the parameter size; in (red): most probable energy

800 - 1200 photons         1200 – 2000 photons     2000 - 4000 photons         
.        (75 GeV)                             (102 GeV)                  (160 GeV)



SUMMER 2004 – DATA TAKING 
(close to the design performance)



August 2004 Data Taking

Crab, 252 min 
3EG1727+04, 213 min

1ES1426, 18 min
3EG2033+41, 395 min

Mrk501, 26 min
3c66A, 536 min

…
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Development of Novel Photosensors

at UC Davis
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Future projects aiming to study very rarely 
occurring phenomena

- Proton decay, Neutrino Physics and Astrophysics

UNO, HYPER-K, Kilometer-Cube, also Nestor, Nemo, 
Antares, etc.

- Gamma-ray Astronomy – a study of faint and/or variable 
sources requires telescopes with

low detection threshold & wide acceptance angle

- Ultrahigh-energy cosmic rays (>10^19 eV)

Auger, EUSO, OWL,…

- Double beta decay



New Experiments need sensitivity for 
very rare phenomena

Very Large Volumes/Areas

PHOTOSENSORS

“Natural” TransparentTransparent Media
(Water, Atmosphere, Ice)No ot

her 
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Irreducibly Large
Illuminated Area

Photosensors with
• Very strong internal information concentration

!!!! Vacuum

• More efficient photocathodes

• Industrial Mass-Production at a very low cost

< 5% of PMTs per square meter



~1960
~2000

Development of Other Vacuum Devices



Flat-Panel Camera Configuration!!!!

provided by the ReFerenceReFerence Photosensor 
Concept



Ideal Light Concentrator

Optimal Electron Lens

Ideal Light Concentrator 
(takes the maximum of Liouville!)

Optimal Electron Lens

Photocath

Photoelectrons

PIN,
APD, or

“Something Else”

Photon



Ideal Light Concentrator

Optimal Electron Lens

PhotocathodeEntrance Aperture

Very Important:  Hexagonal Packing





Flat-Panel Honeycomb 
Sandwich Camera Construction

Industrial Production (no glass blowing etc.)
Intrinsic Mechanical Stability, Low Buoyancy,..



3rd ReFerence Prototype (tested)

3” diameter, single pixel

(successfully tested – see below)



Phosphor Screen



“Photocathode”



XYZ Motion Stage







Strong signal concentration, factor ~ 1500

(one of our goals)

Replaces the entire Dynode Column!

Provides 100% Collection Efficiency!

• APD

• Scintillator + Fiber (both of  small and comparable 
diameter – transmission efficiency)



ReFerence Panel Prototype (under construction)







VacuumVacuum

PhotocathodePhotocathodeGlass WindowGlass Window

PhotoPhoto--ElectronElectronPhotonPhoton

Photon Absorption
(Electron Creation)

Probability for an
Electron to Reach

the Vacuum 
Surface

(Random Walk)

Therefore:Therefore:
QE ~ 10QE ~ 10--20%20%



VacuumVacuum
PhotocathodePhotocathode

PhotonPhoton

Photon Absorption
(Electron Creation)

Probability for an
Electron to Reach

the Vacuum 
Surface

(Random Walk)

PhotoPhoto--ElectronElectron

(e.g. Substrate, 
Reflector,…)

LOW 
PRODUCTION 

COST !



VacuumVacuum
PhotocathodePhotocathode

UV PhotonUV Photon

UV
Photon Absorption
(Electron Creation)
Mostly @ Surface

Probability for an
Electron to Reach

the Vacuum 
Surface

(Random Walk)

PhotoPhoto--ElectronElectron

Thin Photocathode 
on a Reflector,

Interference Multi-
layer Systems

Westinghouse, RCA, ITT

~1963-1975
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CoolingCooling

Photocathode Cooling - Diminished Dark Current
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VERY EFFICIENT MAGNETIC SHIELDINGVERY EFFICIENT MAGNETIC SHIELDING

Slow 
electrons

e.g. UNO with Magnetic Field (???)





Single-Photon Resolution
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Resources @ UC Davis
• Ideas, enthusiasm, physicists
• Running Projects
• Equipment (>$2M value)

For Photocathode development:
Surface Science laboratory: AES, XPE, SIMS,…

For Flat Panel manufacturing:
2 Flat Panel Sealing Devices (IR Laser Sealing)

Several Transfer UHV Systems !!!
Night Vision production machine

Laser Sealing System (2)



WHAT WE NEED:

"""" NEW PHYSICS


