There is MAGIC in the air
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The Universe as a particle physics lab

Triere is asiroonysical oojacts izl
Managerieraceeleraiercharged

particles terenergies far beyond
ESEe reachiable By human:=nade
StrumeEnts:.

What kind of objects?

What mechanisms?
(non thermal processes)

How can they reach such high
energies”?
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Acceleration mechanisms

The prooaoly rost cornrnorn upstream shockswave downstream

Farrmi accalaration” in snock ‘)
Welas (Farpn] ~ 1 94k9) ). “

deflectign py v
Energy gain per cycle is nagneticles = ‘ X
proportional tor Energy. deflection by

magnetic field
ANE=¢FE

rnecnarnisen is “rFirst order ﬂ | particle trajectory

Particle escapes with certain
probability

Nn+1 — (1_Pe>Nn

Proper calculation results in a
power-law

N(E)=N,e’, y~—2 _, e




Acceleration mechanisms
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Acceleration mechanisms

There is also onjects like Pulsars
(rotating/radizting Neutrorn Stars),
Wriere airiar sicceleratior)

MECHERISIIISIAlE SO

Conductive sphere in strong
magnetic field

e+/e- are accelerated along
magnetic field lines by induced
electric field

Cannot move perpendicular due to
strong magnetic field

Need vacuum gap for long enough
free path

e+/e- emit curvature radiation



Electromagnetic radiation as probe

Cnarge is needed for acceleratior

IHOWEVET chianged panticies anerderlecied sy magnenchicldsiallfevertne
Universe andithelrerigin: cannet be reconstructied

BUthey emit electromagnetic radiationrever a lange speciralrange

Radiation mechanisms are:

- Synchrotron radiation

- Inverse Compton scattering
- Curvature radiation

- M0 decay from hadronic interactions



Electromagnetic radiation as probe

Cosmic microwave background, ~3 mm

1EeV  1PeV  1TeV 1GeV  1MeV  1keV :
10%ev  10”ev  10'%v  10°ev  10%Vv  10%ev  1eVv 10 eV 106V 10°ev 10 Zev 10

-12 =15

10 % 10 m 10 "%m 10°m  10%m  10°m 1m 10m 105
1Tam 1fm 1pm 1nm Tum 1T mm | 1 km 1T Mm

I 300 MHz |
300 GHz 300 kHz
satellites %%

- -

50% of incident
radiation absorbed

balloons

optical
Cherenkov telescopes
v telescopes




Different detection techniques for different energies

Cosmic microwave background, ~3 mm
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Different detection techniques for different energies
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Other wavelengths demand for going to space
(microwave, IR, X-ray, Gamma)

For X-ray. it is still possible to build optics (Chandra, NUSTAR)

Gamma-rays are detected with trackers and calorimeters like in particle
physics experiments

For VHE-Gamma radiation one needs:

- bigger calorimeter
- larger collection areas

Not anymore possible in space 9



Imaging Airshower Cherenkov Technique
| IACT

S (ST Reconstructed Alr serves as Calorirnetse

Air Shower Source Position
| A ~fr p Nl ke
rluge detection arezas

~  Cherenkov y o
. ~| =5 1)

Direction reconstruction via
IMmage parametization anae
stereo observations

Cherenkov: light flashes are
ultra fast (~3ns) and very faint
phenomenon

(1 photon/m? at low energies)
Eﬁ‘}e;?ig’f;th o Using photomultiplier cameras
and selective triggering

10




The Major Atmospheric Gamma Imaging Cherenkov Telescopes

-  two 17m diameter instruments with only one optical element
- located at 2225m a.s.l. on the Roque de los Muchachos on La Palma
- overall mirror shape is parabolic to conserve arrival times

- 964 0.5m x 0.5m (M1) 247 1m x 1m spherical mirror facets

11

lightweight structure from carbon fiber tubes for fast movement



The cameras

A~ \.* N \ P
I S s\ -

- 1039 photomultiplier pixels using Winston cones for optimizing acceptance
angle and fill factor

- signal is pre-amplified and transformed into a laser pulse for transmission
to the counting house for triggering and digitization via optical fiber

- camera also housed the HV supply and cooling for the detectors/electronics
12



Trigger and

analog sum trigger

Thedigitizationisidone using DRSA
analeg ring-buifers:

- signal is stored on a chain of
capacitors with 2GHz sampling rate

- the sampling is interrupted if
a trigger occurs and read out at a
lower frequency

- fast readout of many channels at
comparably low cost
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Data analysis

Image is first cleaned to reduce the effect of cleaned image (6-3 timing)

packground light

Thnen irmage is oararneirized. Irmage pararmneiers are:
aniefiny, widtn size, angle of fitizd 2lliose 25 weall =

tieniirie) ciniel ritigrioer of isleiniels

Random iorestsiarne trained wit ME datarion y=hadren
separnation and energy. estimation

Tihere is always background data subtracted from the
signal in erder to determine the excess events
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Sources detected with IACTs

Today over 130 sources of ViHlE-garnma radiation

Head: AGH

Green: Shellftype SN
Yellow: GammarRay: Binary.

+180
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The importance of atmosphric conditions

M A e Al 1 e e Ay I'rre
Extesnive Reconstructed Cherenxov lignt is ermitted
Air Shower Source Position on different altitucdes

Wezitnizr corncditions
INHUERCINERIE
transparency. ofithe
atimesphEre ane verny.
Importantiereur
systematics

Need real-time
Information about the
differential atmospheric
transmission

Cameras with
PMT pixels

LIDAR can provide such
information!

17
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The MAGIC LIDAR system

____ ENS pair 1or paraliel 1gnt 1n interierence er

Interference filter 3nm bandwidth /

Diaphragm for limiting field of view to beam

Stiff Aluminium telescope tube

Counter weights

Polar telescope mount

Pulsed, frequency doubled Nd:YAG laser
19

) . 60 cm diameter milled aluminium mirror
Laser mount (adjustable for beam alignment)




LIDAR (Light Detection And Ranging)

Detector field

dN(r) = No C G(r) :\—2 B(r)dr exp(—Z fora(r’)dr’)

No,dN(r): photons: in laser pulse, in range bin

C,G(r): overall efficiency, overlap (laser-FOV) and focus effects
’%: solid angle (detector seen from location of scattering)
B(r)dr: volume backscattering coefficient times range bin length
exp(—Z Jg a(r’)dr’) total attenuation on the way

two unknown functions: B(r) and o(r) 20



Typical LIDAR signal

AZ: 242.593

shots: 25000

cloud alt.: 6725m

cloud trans.: 0.79 £ 0.01
ground layer str.: 136

— | First fit with small enough Signal excess due to Mie
reduced Chi square also scattering in clouds

defining extrapolation for
measuring the ground layer L\ /

eXCess

First fit with small enough
reduced Chi square after
clouds indicating the light
loss for double

signal [Phe/bin] x R?
S

transmission

Area represents the one
sigma uncertainty range
of the LIDAR signal,
which is increasing with
distance
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log( signal [Phe
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LIDAR data analysis
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LIDAR data analysis
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LIDAR data analysis

integ. aerosol transmissi
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Event-wise energy correction for MAGIC
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Event-wise energy correction for MAGIC

é
energy bias

log(E)

Wrongly reconstructed energy also leads to error in A g

Event migrates to higher energy bin (Energy correction)

Aqf for this bin is higher but real trigger efficiency is decreased

Can assume that “An event that is affected by atmospheric

extinction looks like an event of lower energv to the telescopes” 4



Event-wise energy correction for MAGIC

. ¢ i i| ——— Crab HESS, A&A 457
: before corrections
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Summary and outloock

Covers = large sugciral rarige in ine Vrl= garnrria ragirne inclucirig zir aovarlao witr
SPECEDOIMENEIESCOPES

But thefuture isralready/ approaching with CliA:

=150/ elescopesiwith sizes iremi6=24m) diameter Working| as)al Stereescopic array

Thanks for your attention!
Questions?

o
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