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The Universe as a particle physics lab

Triers is astroonysical gojacts it
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StUmIERtS:

What kind of objects?

What mechanisms?
(non thermal processes)

How can they reach such high
energies”?
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Acceleration mechanisms

The probably most cornmon upstream shock-wave S
recnarnisen is “First order

Fermi sccelaeraton” in snoci
WeEE Carrol]l ~ CAC

particle trajectory

deflection by
Energy Qain per CyC|e S magnetic field ‘V‘
proportional to Energy ooy

magnetic field
AE =¢€¢FE

Particle escapes with certain
probability

Nn+1 — (1_Pe>Nn

Proper calculation results in a
power-law

N(E)=Noe, ym=2 fgioiine @ity




Acceleration mechanisms
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Acceleration mechanisms

There is also onjects like Pulsars
(rotating/radiating Neutron Stars),
Wriere airier sicceleratior)

MECHERISITISIEE ANV ON

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

Charge is needed for acceleration

rlowever eneigefeel ozigiiclas ciga cleiflaaicie] oy gizie)pieiiie flelels 2l ever ine
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BUrthey emitelectiromagnetcradiationfeveralange speciial range

Radiation mechanisms are:

- Synchrotron radiation

- Inverse Compton scattering
- Curvature radiation

- M0 decay from hadronic interactions



Electromagnetic radiation as probe

Typical AGN SED (Spectral Energy Distrioution): 14 orders of rnagnitude in energy!
[ypical AGN SED (Speciral Energy Distrioution): 14 orders of rnagnitude in energy!
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Electromagnetic radiation as probe

Cosmic microwave background, ~3 mm
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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, NuUSTAR)

- 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 10



Imaging Airshower Cherenkov Technique
IACT

Extesnive Reconstructed Alr serves as Calorirmeter

Air Shower Source Position

+  Cherenkov

Direction reconstriction via
Image parametizationiane
stereo observations

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

(1 photon/m? at low energies)
gﬁr}e;?ievlvslth - Using photomultiplier cameras
and selective triggering

11
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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

13

lightweight structure from carbon fiber tubes for fast movement



The cameras
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- 576 (M1) and 1039 (M2) 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
14



Trigger and readout

Ipped with two
ms:

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




Data analysis

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

Then irmage is pararneirized. Irmage pararneters are:
[ ' of fitizd 2lliose a2z weall =

aricjtr), wiclin, size, arig)le
tieniirie) ainiel rugnosr of islaricls

Randomiionestsiane: tiained Wit VE datarion\yEhadren
Separnation andlenergy estimation

Tihere is always backgrounddata subtracted from) the
signaliin erder'to determine the excess)events
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Summary and outloock
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But thefuturestalreadyiappreaching With CiA:
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Thanks for your attention!
Questions?

.
7 o 45
L ™ —L
f -
- T L e
B [ § '
o 1 JI
g .y —
= | s
€ o | A
ks y g
(L5 ' P
N e
i
RS Y
it—-_-




	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17

