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Experiments (1)
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Experiments (2)
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The WIMP miracle

XX <~ SM SM number densities can be calculated by
solving the Boltzmann equation:
all particles in dn
thermal dt —3Hn — (04v) (n2 - nﬁQ)
equilibrigm t (ns)
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Indirect Dark Matter Search

gamma-ray flux from DM annihilation

particle physics
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DM density

Springel et al (2008): Aquarius simulations
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Electron Spectrum
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The Fermi Observatory

Large Area Telescope (LAT)
Observes 20% of the sky at any instant, views entire sky every 3 hrs
20 MeV - 300 GeV - includes unexplored region between 10 - 100 GeV

Gamma-ray Burst Monitor (GBM)
Observes entire unocculted sky
Detects transients from 8 keV - 40 MeV

Compared to EGRET: increased effective area, improved angular resolution,
broader energy range
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Large Area Telescope (LAT)

Anti-Coincidence Detector (ACD):

Tracker (TKR):

18 Si bi-layers e = 0.9997 for MIPs

Front- 12 layers (~60% X,) Segmented: less self-veto when good
direction information is available

Back- 6 layers (~80% X,)

better for front
Many EM showers start in
TKR

Angular resolution ~2x r
L

Calorimeter (CAL): :
8 layers (8.6 X, on axis) .f Trigger and Filter

Use fast (~0.1 us) signals to
AE/E ~ 5-20% trigger readout and reject
Hodoscopic, shower profile cosmic ray (CR) backgrounds
and direction reconstruction Ground analysis uses slower
above ~200 MeV (~10us) shaped signals
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LAT Hardware Components
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LAT Hardware Components

TRK (Si/Tungsten)
18 bi-layers
point resolution ~70 um
direction reconstruction
main trigger
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LAT Hardware Components

TRK (Si/Tungsten)
18 bi-layers
point resolution ~70 um
direction reconstruction
main trigger
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Csl CAL

2 MeV - 100 Ge
position resolution
12*8*16 logs
energy/event trigger
Optical Wrap

CsI(TI) Crystal
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LAT Hardware Components

TRK (Si/Tungsten) Csl CAL
18 bi-layers 2 MeV - 100.G
point resolution ~70 ym position resolution

direction reconstruction 12*8%16 logs
main trigger energy/event trigger

Optical Wrap

CSI(TI) Crystal

89 tiles, 8 ribbons

2 PMT/tile/ribbon

onboard filter veto
background rejection



A good photon event

CTBBestEnergy
2.199e+05

CTBBestEnergyProb

TkrNumTracks

CalCsIRLn

CTBBestZDir

CTBTKRHEEPTrob
N/A

CTBCALHEEProb
N/A

CalLRmsAsym

CalTrSizeTkxrT95

CalTransRms

ﬁﬁ 21l : ‘ TkriCoreHC

Track starts in middle of TKR TariHits
7 LIl ikr;ToTTrAve

Calorimeter tOpO|OQy highly ] AcdTotalEnergy
consistent with EM Shower

AcdTileCount

Only small signals in ACD




« Communications:
LAT - Photon Selection ” TDRSS Ku-band (40 Mbps,
8-10, 10 min contacts per

day)

— S-band via TDRSS (8kbps)
or ground stations (1.26

Mbps)
Trigger Request: Trigger Accept: aapdla
Minimal signal in LAT Veto ACD TKR coincidence if
TKR 3 layers in a row OR no CAL log > 100 MeV
CAL log > 1 GeV (5-10 kHz) *
Periodic Trigger Sample J anoard Filter: . prescale
Flight software uses fast signals to
reduce CR rate (~400Hz
Onboard ( * ) l
Flight Software Diagnostic
Photon Sample Sample
(FSW_GAM) (DGN)
l . Event Selections: Validation
Event Reconstruction: Ground software uses all prescale Sample
Track finding and fiducial cuts signals and detailed analysis
to reject CR (~few Hz)
Photon
Several pre-scaled samples Event
of events rejected at various stages of analysis Classes
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LAT - Beam tests

photon/electron/proton/11/C/Xe at CERN and GSI
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Electron ldentification

use lateral/longitudinal shower shape to distinguish between electrons and hadrons

after some cuts on calorimeter variables 300 lateral shape in tracker
(a) | ()
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Residual Contamination
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Electron Spectrum
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The Crab Nebula

Integral Flux (m™s™")
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VHE astronomy:

energy, direction, particle type

Gamma-
Photon

Particle shower

Cherenkov light
from air showers:

Cherenkov weak, short (~ns),

Light blue flash of light

Atmosphere




Cherenkov Light

atmospheric density
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Cherenkov Light

atmospheric density
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Cherenkov radiation: emission angle

charged
particle

light is emitted along a cone with half opening angle 6:

cos ©=1/(Bn)

150 m

Cherenkov angle O [deg]

107

~1.3 deg at sea level

llllllllllllllllllll

L 1 l Ll
10 20 30 40 50

Lo
60
altitude [km]

Gernot Maier | Detectors in Astroparticle Physics | October 2011




Cherenkov radiation: emission angle

charged
particle

light is emitted along a cone with half opening angle 6:

cos ©=1/(Bn)
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Lateral distribution of Cherenkov photons on the ground

Ilght pOOl ~130 m —e— Fluka gamma 500 GeV

IllllllllIllllllllllllllllllllIlll_._Flukagammaameev
Fluka gamma 200 GeV

—¥— Fluka gamma 150 GeV
Fluka gamma 100 GeV

—++— Fluka gamma 80 GeV
Fluka gamma 50 GeV

- Fluka gamma 30 GeV
Fluka gamma 10 GeV

10°

R e,
10’1lllllllllIllllllllllllllllllllllllllll

0 50 100 150 200 250 300 350 400
distance to shower [ml

typical mirror area. 1 00 m2 Gernot Maier | Detectors in Astroparticle Physics | October 2011




Lateral distribution of Cherenkov photons on the ground

light pool ~130 m
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KASCADE air shower array

VERITAS
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Shower fluctuations

randomly selected showers with 80 GeV primary photon energy
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Proton vs Gamma-ray showers

y-ray Cherenkov photons on ground proton
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Geomagnetic Field

El Leoncito, 8=20°, h=2000m
&1
E,
=
wn
=
(]
o
o
O
E.

0 20 40 60 80 100 120 140 160 180 200 220
distance to shower core [m]

La Palma, 6=20°, h=2000m

,5',—'10 _g;()o
Eal L s
2 — =270°
% 6k
2
o 5
t
2 a4}

3

PR Tt VST STV IS0 Y ) YUY VA PN T I f V| DN PNV P IO P Dt TN IO N [ YT WO W] R T B I P

0. 20 40 60 80 100 120 140 160 180 200 220
distance to shower core [m]

El Leoncito, 8=40°, h=2000m
&
E
Z
[72]
c
Q
©
2
o
H
0 20 40 60 80 100 120 140 160 180 200 220
distance to shower core [m]
[La Palma, 8=40%, h=2000m
——em— w_—_()"
*‘.E' —_— p=9%0°
; (P=180°
— =270°
31 ) @
5
o
P .
(&) ] 1] ’i!!! Ie.
§. |”|I'M| 11 T ' x';'n:::’“”’ ereee Mot
" mn“”” At A '-"?':':‘:'}‘r"!':‘}‘:""'}- “‘T'J.
NIRRT }l&% -{-{1,’L«u .{.‘:.. resissuresss RV "' gt veessessesess
it lllln iy CRrTs e A
| ] l -x'_k{(}[g'r
I ek b:h;'{x;..h
L 1 1 l L 1 1 l 2.1 1 l L 1 I 1 1 1 I 11 1 I L1 1 l 1 11 I 1 11 l 1 L1 l 1 "...

0 20 40 60 80 100 120 140 160 180 200 220
distance to shower core [m]

Gernot Maier | Detectors in Astroparticle Physics | October 2011



Whipple Observatory

completed in 1968
upgrade with
Imaging camera
proposed 1977
first detection
(Crab Nebula)
1986

| DESY | : : .
\ . @/ Gernot Maier | Detectors in Astroparticle Physics | October 2011



Observatory

HESS.
VERITAS
MAGIC
HAGAR
Whipple
CANGAROO III
PACT

TACTIC
SHALON

Elevation
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Threshold
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Davies-Cotton f/1.0-1.4 optics

12 m diameter reflector
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Imaging Atmospheric Cherenkov Telescopes

shower
maximum at
8-10 km
altitude

i:

ocal plane
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Imaging Atmospheric Cherenkov Telescopes

Image in the focal

shower
maximum at
8-10 km
altitude
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VERITAS: Camera, electronics and data acquisition

e 499 PMTs (Photonis XP 2970/02)

e 0.15° pixel separation, 3.5° field of view
¢ |[ight concentrator

e 500 MSample/s flash ADC (2 ns)

¢ 8 bit dynamic range (dual range)

e typical data rate 6 Mbyte/s per telescope

e dead time for typical array rate of 300 Hz is
8-10%

48 ns

0
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o

Negative Digital Counts
8

8

8 5 &

| A P | Al

AT P T Liig

LllA 'lLAA LLAl i A : A
0 2 4 6 8 10 12 14 16 18 20 22 24

FADC SAMPLES
% Gernot Maier | Detectors in Astroparticle Physics | October 2011




Transmission to 2.2 km altitude
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Transmission to 2.2 km altitude
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Transmission to 2.2 km altitude
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Background....
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(for a mid-size CTA telescope)
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Image Cleaning
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camera gamma/hadron separation

(based on Image/Hillas parameters)
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Effective Areas
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The Cherenkov Telescope Array

Low energies Midsize telescopes High-energy

limitation: photon limitation: gamma/hadron section

collection separation limitation: effective area
large telescopes with >20 ~ telescopes with ~12 m - telescopes with ~4-6 m
m diameter diameter diameter

energy threshold: some energy range: v ,,energy, rangp p’f’ -

100 GeV - 10 TeV >5TeV
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