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Particle Detectors CLO

Thomas Coan
SMU

e What to detect?

e How to probe?
 What isa“ detector ?”
 Putting it all together

e Some examples
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Particle Properties

°* Mass

o [ifetime
e electric charge
PS 1 $ir]H
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/CO General Idea of Colliding Particle Experiments CLEO

* Collide probe particles with target
 Detect particles from collision

e Interpret results
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Set-up:

Gold Foil

Alpha Particles ;
Lead

Zine Sulfide Coated Screen

Extrapelation of Result:

Thomas Coan/SM U
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Early Particle Physics Experiment

Ernest Rutherford 1909

The Predicted Result:

Expected
Fath

Radicactive Source

Expected
Marks on screen

Particle Path

| nterpretation:

The Result:

A

MMarks on Screen

A Positive Nucleus Feflects
Alpha Particles

.
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Gold Foil Atoms, magnified

CLEO
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How do we “ shoot” probe particles? CLEO

m Acquire some probe particles e “ﬂ(@
®

Electrormagnetic wawe is traveling, pushing particles along with it )

w Accelerate the probe particles
: as seen from above
FI nal Speed —_ C d .E'E'l‘l .l l‘t‘lb'}ue\j

(red is +,

Electromagnetic Wave

howvin g electric wave
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lezser greater
w- Steer and aim the probe particles /@\
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/Co Accelerator Types

Ci | | think 1
T Cular getting sick...
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Accelerator Types

Experimental Areas at SLAC

Linac 50 GeV PEPII
SPEAR 4 x 4 (1/2 SSRL) SLC —. 7
PEP 20 x 20

PEP-11 9 x 3.1

SLC 50 x 50 Final Focus

Test Beam

Linac (linear accelerator)

2 Miles - Fixed Target
= = = = Area (ESA)
Electron .. .

Gun - Positron Experimental

Damping Production

Rings _
= PEP \

0 500
Scale in Feet

Halls
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CLEO
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Target Types

Colliding beam I

Fixed tar get =

o
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particle particle

detector

@ —¥ Q detector

particle target

Quarknet 2001

E-791 Spectrometer

CALORIMETERS

HADRONIC
SLIC (E_\I)—:\\

DRIFT CHAMBERS
D4

CERENKOV COUNTERS
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Wave Natur e of Particles CLEO

Waves interfere:

Mebal Sheet
Paftern

QN screen.

+

+
™ e Wave 2
vy Yy o=

‘_ o g b -"- .
A Interference | The interference of water
WEIVE waves coming from two

SOUITCES,

slits; the waves from the two slits interfere
with each other, forming a pattern (right image)

EI ectron d | ffr aC'tl on: par tl CI e aswave The light waves from the left pass through the

on the screen.
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Why use higher and higher energies? co

rhort “Wavelength
High Marmentunn
@ Source g ;
4
Target I h/ E \
p § 5, Long wWavelength
;'_r ‘{’ - Lovw Parnent urn
5\['Jetenc:tu::r p Sl

\ The more energetic the probe, the finer the accessible detail
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—Co Trajectory measur ement

CLEO

e Charged particle
* Noble “fill gas’
 Electricfield
 Drifting ionized e-

\ “Drift time” p DOCA

Magnetic field curvestrajectory

“curvature’ p 1/p
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CLEO Drift Chamber

QOuter Skins Cathodes

Stepped Endplate
Inner Tube

Conical Endplate

31 stereo layers
8100 cells

16 axial layers
1696 cells

CLEO
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CLEO Drift Chamber

2 Cleodll Tracking Trigger Display
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/CO CLEO Calorimeter

 Measure particle energy (plus position and flight path angle)
» Good for charged and neutral particles
 Particles deposit energy in dense, transparent medium

 Medium produces light, proportional to particle energy

’/\/‘/‘/ﬁ :

Endcap, polepiece, and SC quads

I o phacs

CLEO
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Scintillation CLEO

« Complicated phenomenon
e Basicidea: convert particle kinetic energy into light

« Amount of light proportional to particle energy
 Light emission isprompt: scintillators useful astimers
o Scintillator sused mostly w/ charged particles
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/CO Sea-level muon detector CLEO
m\‘
\
B - o
Scintillator '\
Scintillator
Focusing
olectrodes
D12=D10—D8 —=D6 ——D4 DynndaE—x
an m\\;\\;\\?\\?\ . Photons enter here
DI DS D7 D5 D3 Dynf/a1
L ¥~
Photocathode

Photomultiplier tube (PMT)
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/CO Deter mine production height of muons

CLEO

Atmosphere

» Sea level mflux depends on pathlength from production point
» Changing telescope angle changes pathlength
e Flux change b production height Dn
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Cerenkov Radiation CLEO

 Emitted by charged particles only

e Emitted only when particle’ s speed in medium
exceedsthat of light's

e Pattern of light has cone-like shape:

e Particle’ s speed deter mines shape of cone
e Cearenkov detectors measure particle speed

w Particle momentum (mv) and speed (v) P mass
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/Co Cerenkov Radiation

CLEO

Cerenkov radiator built hereat SMU for CLEO

Carbon Fiber Shell

o

Saw Tooth Crystal
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Particle “Fingerprints’

Tracking Electromagnetic Hadron Muaon
charmber calorimeter calorimeter chamber

Innerrnost Layer... P ... Outermost Layer

CLEO
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Russian Dolls CLEO

(Anna Kournakova?)

A detector cross-section, showing particle paths

[] Beam Fipe

(center)

B Tracking
Chamber

B Maonet Coil

WE-M

Calorimeter

[ Hadron

Calorimeter

[ Magnetized
Iron

huon
u Chambers



