10. Detector Systems in Particle and Astroparticle Physics

10.1 Introduction
10.2 Fixed Target Experiments (Example COMPASS)

10.3 Neutrino Experiments
(T2K, Kamiokande, ICECUBE)

10.4 Direct Dark Matter detection experiments
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10.1 Introduction

(i) Particle Physics experiments at Colliders (e*e- or pp)

- 4p geometry, with a cylindrical central barrel and endcap detectors;
- Centre-of-mass system, symmetric in forward/backward directions

- Most detectors have central solenoidal magnetic field

Essential components:

- Tracking detectors, including silicon strip and pixel (vertex ) detectors

- Electromagnetic calorimeters
- Hadronic calorimeters
- Muon detectors

- Dedicated particle identification
systems normally not required,
however, it depends on the
physics goals
(example: DELPHI at LEP had
very good p/K separation with

RICH detectors)
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Layers of the ATLAS detector
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(i) Fixed Target experiments at accelerators

- fForwardogeometry, lab system, acceptance angle,

Extended detector systems along the beam axis (z direction)
- Most detectors have dipole magnets

Essential components:

- Tracking detectors (before/after, inside magnets),
including silicon strip and pixel (vertex ) detectors
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(ili) Neutrino experiments at accelerators

- An beam, produced at an accelerator (mainly n,) is sent
through earth to a far neutrino detector

So called fLLong baseline neutrino experimento
- Long baseline for neutrino oscillations;

Energy can fixed at accelerator, baseline
Essential components:

- Near Detector (flux measurement, energy spectrum)
A mdetection (spectrometer, sampling calorimeter)
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- Far detector
(look for changes in flux, appearance
of n, or n, events)

A mdetection, e detection, (t detection)

Clean CC interaction in FGD1



(iv) AUndergroundo Neutrino experiments for atmospheric, solar or cosmic neutrinos

- Deep underground, well protected from cosmic ray background
- Neutrino detection via direct Cherenkov light (directional sensitivity)
or via radiochemical extraction
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(v) Ground-based Dark Matter Detection experiments

- Search for signals of elastic scattering of WIMPs on nuclei in detectors

i.e. process 3: c +fA c+f

Production:
collider searches
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(v) Dark Matter Detection experiments in space

- Search for signals of elastic scattering of WIMPs on nuclei in detectors

i.e. process 2. c +c A f+f

Production:
collider searches
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10.2 Fixed Target Experiments

The COMPASS Experiment at the

CERN Super Proton Synchrotron (SPS)

COmmon
Muon and
Proton
Apparatus for

Structure and

Spectroscopy

(Fixed Target Experiment)



Jura Geneva Lake

COMPASS



