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Why we need particle detectors? ’J J[j LICH
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Scientific Method — 6 Steps 0 JULICH
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Nobel Laureates by Field
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Look how important
the scientific
instruments are...

%
TOP 10

NOBEL LAUREATES IN PHYSICS
CASORTEEBY FIELDG 5%

=) 1. Particle physics (34)

=) 2. Atomic physics (28)
3. Condensed matter physics (28)
=) 4. Instrumentation (21)
=P 5 Nuclear physics (17)
6. Electromagnetism (14)
+ e T Astrophysics (13)
8. Quantum mechanics (11)
9. Optical physics (10)
10. Superconductivity (9)

@ Nobelprize.org
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RAD on Mars 0 JULICH
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‘The Radiation Assessment Detector, or RAD

-

will monitor naturally occurring radiation that can be unhealthful if absorbed by living
organisms. It will do so on the surface of Mars, where there has never before been such an
instrument, as well as during the trip between Mars and Earth.
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Not human readable world! Human readable world!

»ravity %
I Electromagnetic

L ACDL

SIZE 1N ATOWAS SIZE N METERS

Weak

P fa

anti-up annihilation gluon anti-lep

Basics of Particle Detectors by Irakli Keshelashvili Slide 9/38



A very important slide 0 J ULICH

FORSCHUNGSZENTRUM

Only the result of an interaction with matter
will be observed

The detection of particles happens

via their AE in the material it traverses ... -

Charged particles: Tonization, Bremsstrahlung, Chere@\.\ SR o
\x\ 5 = s

",

Photons: EM — Photo, Compton, pair production >

Hadrons:Strong, EM, Weak interactions
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Bethe-Bloch stopping power plot
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Momentum measurement
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Detektor 1
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Direct e-charge signal Photon signal — electric signal

Track visualization
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* Cloud/Wilson chamber
(supersaturated vapor)
1911; Nobel 1927

» Spark chamber 1930
tracking

* Bubble chamber
(superheated liquid)
1952; Nobel 1960

Gaseous
» Geiger—Mudiller tube: 1908; radiation

* |onization chamber
flux measurement

«  MWPC Multi-wire proportional
chamber: 1968, energy, tracking

» Straw tubes: energy, tracking
» Drift chamber: energy, tracking
* GEM & micromegas

* TPC Time projection chamber
3D, energy, traking

« TRD Transition radiation detector

* RPC Resistive plate chamber
Very precise time measurement

Semiconductor
* Silicon detectors
vertex reconstruction strip, drift,
pixel, ...
* Germanium detectors
energy measurement

 Diamond detectors
luminosity detectors

* ? MCP micro-channel plate ?

Scintillation

Organic Plastic
energy, position, TOF, tracking,
fast triggers, dEJ/E,...

Liquid: energy, position,
tracking, dE/E, neutron, ...

Inorganic
precise energy measurement in
very large scale

Cherenkov

Gaseous, Aerogel
relativistic particles

Liquid, solid; medium energy

RICH — ring image Cherenkov
momentum, charge, direction

DIRC — Detection of Internally
Reflected Chrenkov light
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Cloud / Wilson chamber ' 4 J ULICH
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A diagram of Wilson's apparatus. The cylindrical cloud
chamber ('A) is 16.5cm across by 3.4cm deep.

Proton with « delta ray »
[electrons)

Alpha
"
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Bubble chamber ’J J ULICH
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A bubble chamber is a vessel filled with a superheated transparent liquid (most often
liquid hydrogen) used to detect electrically charged particles moving through it. It was invented
in 1952 by Donald A. Glaser, for which he was awarded the 1960 Nobel Prize in Physics.
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Gaseous detectors 0 J ULICH

FORSCHUNGSZENTRUM
Rsense 10M 10' | | |
+HY ——— W—-tﬁ‘ Geiger-Miller
counter
T L )p— _ﬂ_ Recombination Region
i w[] on 4093 1010 _banra collection of limited I
5 1KV proportionality /] |
2IN4148 | | |
{J Ionization Proportional | | |
h4 chamber counter
a2 108 K -1 b= =y eIk
@
= o
[=]
o I
g 6 I |
=] 10 — . —
- : | Discharge
- | region
5 | |
K]
E 4 | e |
3 10 Ol-particle | —
I
I
102 : —
B -particle :
1 | | |
0 250 500 7S50 1000

Uoltage (V)

Member of the Helmholtz-Association

Basics of Particle Detectors by Irakli Keshelashvili Slide 17/38



MWPC — multi wire proportional chamber 0 J[j LICH
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Drift chamber 4 J ULICH
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TPC time projection chamber 0 JULICH
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GEM — gas electron multiplier ' 4 JU LICH
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Semiconductor detectors ’J J ULICH
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Scintillation
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The light emission is governed by the electronic transitions in the molecule. The electronic levels have a
typical energy spacing of ~4 eV. The vibrational levels of the molecule (dE ~ 0.2 eV) also play a role.
Electrons in high levels typically deexcite to the lowest excited state without emission of radiation.

Vibrational
States

distance

photocathode
scintillator

Intensity

—>

Stokes-Shift

i Absorption
Emission
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Photosensors 0 J ULICH
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TOF — time of flight wall #) 0LICH
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relative output

100°"""100 200 300 400 500
distance from PMT[cm]

photocathode

dynode
scintillator =
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EMC Electromagnetic calorimeters ’J | ULICH

FORSCHUNGSZENTRUM

Member of the Helmholtz-Association

{a) Carbon (Z'=6) e %

() Lead (£ = 82)
® - experimontal 0y, - ,_'h."}

& - experimental O,

Basics of Particle Detectors by Irakli Keshelashvili Slide 27/38



Slide 28/38

FORSCHUNGSZENTRUM

7

by Irakli Keshelashvili

Qd enml_gﬁo__ol- O
VG ._@cao%mw i
BB

OOGQ )
oD _..__“,M. UOW.\@UG

Basics of Particle Detectors

P
S
)
O
S
L
o
N
D
O
S
S
~
Q\
D
p)
S
QQ
c
D

UOIBID0SSY-Z)OYW[dH 8y} JO Jaquialy



Cherenkov effect 0 J ULICH
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AMS-2 alpha magnetic spectrometer

PMT plane
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AMS: A TeV Magnetic Spectrometer in Space
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Super-Kamiokande neutrino detector ’J J[j LICH
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CMS detector at LHC, CERN 0 JULICH
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JEDI Polarimeter 0 J ULICH
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JEDI Polarimeter - JePo 0 J ULICH
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Two layer,
2x36 segment
dE/E
plastic scintillators

Vacuum flight

chamber
LYSO
C. Tarqet modules
- Targe
chamber \ 30x30x80mm

#

Rogowski coils;
Beam position
monitors
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First test of LYSO modules

#) JOLICH

FORSCHUNGSZENTRUM

Start 0
Start 1

Forward Veto
(1cm hole)

Readout

All 4 sides
Sides Veto
with SiPM
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LYSO Module Mk2 #) 0LICH
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Next beam time
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Normalization
counter

12x LYSO
modules

Linear motors

Target station

Collimator
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Parts for the new setup ’J jU LICH
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