35

Detectors for Particle Physics

DESY Summer Student Lectures
2005

Carsten Niebuhr

carsten.niebuhr@desy.de 1 Particle Detectors 1

Literature

Introduction

Das menschliche Auge

CMB. 400 500 600 700 nm
T=272K, AT=3mK \

_ 8..-3 \ Das sichtbare Licht ist elektromagnetische Strahlung mit Wellenlangen von 380 nm
ny =4 X 10 m | bis 700 nm
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Lifetime [s] ~10°16 %1010
cT [mm] ~3x107 %30
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Detection of Particles and Radiation

Criteria for ldeal Detector

The goal of experimental particle physics: measurement of

- particle properties
- reaction probabilities (- cross sections)

This requires determination of:

- particle type (mass, charge, spin etc)
- momentum / energy of particle
- emission angles

Elements contributing to such measurements :
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position sensitive detectors - position, direction

deflection in magnetic field - 1p
calorimetry: total energy absorption and measurement - Etot
mass determination - m
Cherenkov radiation or time of flight -B
transition radiation -y
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Modern Collider Detectors

Because in general there can be very complex event topologies one often needs:

reconstruction of full event kinematics (background rejection)

Most important:
+ high efficiency
+ high resolution

+ high acceptance - try to cover full solid angle (4m)

also very important (partly conflicting demands):

« particle identification capability
+ fast response

* high rate capability

+ very little dead time

+ hermeticity

* ho aging

+ high reliability

+ good accessibility

+ low cost
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Some Particle Physics Experiments

in operation

The ATLAS Detector

LHC Detectors:
under construction

TESLA detector:
under R&D
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Besides the large collider detectors there are many other expts: www.hep.net/experiments/all_sites.html

Bates Linear Accelerator (MIT)
BLAST , OOPS , SAMPLE

Beijing IHEP
ARGO-YBJ, BES, Tibet ASgamma

Brookhaven

BRAHMS , Crystal Ball (E913/914) , E787 , E821/muon
g-2, E850, E852, E863/ EMUO1 , E864 , E865 , E869 ,
E877,E881, E885, E890, E891, E895, E905, E906 ,
E907 , E909 , E910, E913/914 (Crystal Ball) , E917 ,
E923, E926 , E927 , E949, E953, EIC , EMUO1/E863 ,
High Gain Harmonic Generation FEL , ICAE , IFEL , IMB
, LEGS , MECO , Microundulator FEL , NuMass/E952 ,
PHENIX , PHOBOS , pp2pp , Smith-Purcell , STAR ,
Zero Degree Calorimeter

CERN

ALEPH , ALICE , AMS , ANTARES , ASACUSA ,
ATHENA , Atlas (European) , ATRAP , CDHS neutrino
experiment/WA1 , CERES/NA45 , CHORUS , CMS,
CosmoLEP , CPLEAR/PS195 , Crystal Barrel/PS 197 ,
Crystal Clear/RD18 , DELPHI, EMUO1 , FELIX, HARP,
ICANOE , ISOLDE, L3, LHC-B, MISTRAL , NTOF1,
NTOF2, NTOF3, NA45.2/IONS/EL.PAR , NA47/SMC ,
NA48, NA48.1, NA48.2 , NA49 , NA50 , NA51 , NA52/
Newmass , NA56/SPY , NA57 , NA5S8/COMPASS ,
NA59 , NA60 , NOMAD , OBELIX/PS201, OPAL ,
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OPERA , PAMELA , PS185 , PS205/HELIUMTRAP ,
PS210, PS212/DIRAC , PS214/HARP , RD8 , RD11,
RD12/TTC, RD13, RD27 , RD39/SMSD , RD41/
MOOSE , RD42 , RD44/Geant 4 , RD45 , RD46 , RD48/
ROSE , RD49/RADTOL , TOSCA , TOTEM , WAS85 ,
WAO92 (Beatrice) , WA94 , WA97 , WA98 , WA102

DESY
H1, HERA-B, Hermes , TESLA , ZEUS

Fermilab

Antihydrogen/E862 , APEX/E868 , Auger Project ,
BooNE/E898 , BTEV/CO , CDF/E830 , COMS/E981 ,
CEX/E853 , Charmonium/E835 , CMS (US Server) ,
COSMOS/E803, DO (DZero)/E823 , Donut/E872 , E665
, E771, E789, Fermi Il Project, FOCUS/E831 ,
HyperCP/E871 , KTEV/E799/E832 , MINOS/E875 ,
NuMI , NUSEA/E866 , NuTeV/E815 , SDSS , SELEX/
E781, Zero Degrees/CO

Gran Sasso

BOREXino , CRESST, CUORICINO , DAMA , EASTOP,
GALLEX(finished) , GENIUS , GNO , Heidelberg Dark
Matter Search (HDMS) , Heidelberg-Moscow
Experiment , ICARUS , LUNA , LVD , MACRO ,
MONOLITH , NOE , OPERA , USA
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Search for Rare/Forbidden Decays

ALICE at LHC

Expermiment in preparation at Paul Scherrer Institut (Switzerland):
+ search for lepton-number violating process: i - ey

+ needs excellent energy resolution, high event rate but small track multiplicity per event
+ start data taking in 2006
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Real Event in STAR at RHIC

Heavy Ion Physics: this simulation shows 1/10 of all 10000-20000 expected tracks in a
typical event. The separation of all these tracks puts high demands on the position
resolution of the device

Alice event: 0, Run:0
=12114 Nhit

Alice event: 0, Run:0
es = 12114 Nhits
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Super-Kamiokande (Japan)

% 2000 tracks per event
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Search for proton-decay and for neutrino
oszillations

« 50000 tons of water
+ 12000 photo tubes
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