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DETECTORS FOR HIGH
ENERGY PHYSICS
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OVERVIEW

IV.

Detectors for Particle Physics

Interaction with Matter

Calorimeters

Tracking Detectors
@ Gas detectors
@ Semiconductor trackers

Examples from the real life
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DISCLAIMER

_ Particle Detectors are very complex, a lot of physics is behind the
detection of particles:

@ particle physics
@ material science " ] A C0G 4 THE CORPORATE MACHINE
@ electronics |

@ mechanics, ....

~ To get a good understanding, one needs to work on a detector
project ...

— This lecture can only give a glimpse at particle detector physics,
cannot cover everything

Pic: DC Comics

. Biased by our favourite detectors !
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Maybe not the ideal detector
physicist



l. OVERVIEW:

DETECTORS FOR PARTICLE

PHYSICS
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WHY STUuDY DETECTOR PHYSICS ?

Particle and nuclear physics discoveries are driven by detector innovation.
And you need fundamental understanding to drive innovation

Theoretical and/or
heuristic
understanding of » New detectors » New physics!

fundamental

interactions

________________________________________________________________________________________________________

Instruments = Detectors

for particle physics / photon science / medicine / societal applications
what is the underlaying principle
how do they work

how precise can they measure
Ingrid Maria Gregor, Simon Spannagel - HEP Detectors - Part 1



HEP DETECTOR R&D

~ Many different new or advanced detector technologies are under
investigation:

@ new pixel sensor technologies (planar, 3D sensors,
diamond, CMQOS)

new silicon strip technologies

silicon photomultipliers (SiPM)

radiation hard silicon sensors (far future?)
micro-pattern gas detectors

heavy fibres, new scintillating crystals

new diamond devices for luminosity monitoring

high resolution calorimetry (EM and Hadronic; PFA,
analog vs. digital ....)

quantum detectors
optimal detector geometry
@ magnetic field configurations...

18 mm

R

24 mm

Alphas,

[

Caosmics also

. Extensive amount of studies of all this new
technologies to qualify them
@ Opportunities for master and PhD theses

@ P-type epitaxial layer
P substrate i
Ingrid Maria Gregor, Simon Spannagel - HEP Detectors - Part 1 Backside voltage




DETECTOR DEVELOPMENT CYCLE

Wire-b

Full system
(segment of
detector) to be
tested with
particles
(beam, cosmics)

Reality check

System R&D

Towards large-size systems incl.

@ cooling, powering, monitoring ...
Ingrid Maria Gregor, Simon Spannagel - HEP Detectors - Part 1
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Crazy-idea-detector: 4
use glue to build the
detector....

n
o
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T

4 A7 Neutrons
—A— A7 70 MeV Protons
| —4&— A7 26 MeV Protons
—&— A7 Pions
- @  A12A Neutrons
- & A12A 70 MeV Protons !
L -®m - A12A 26 MeV Protons |
- @ - A12A Pions |
B A12A 800 MeV Protons |
@® - A12M 70 MeV Protons |
L

Collected Charge (ke)
5

v

N
1 10 100
Fluence (10“ N, cm'z)

"

Does the crazy-idea-detector “see
passing particles.
Simulations!

Fundamental

R&D

Prototyping,
proof of concept

Can we build a small-size detector out
of it ? Test with “real” particles!



DISCOVERY OF NEUTRAL CURRENTS Gargamelle, 19. July 1973

I &— Outgoing

| neutrino

10:58

QY
15.094 likes
cern #0nThisDay 50 years ago, a series of tiny

tracks in a bubble chamber at CERN changed the
course of particle physics.

On 19 July 1973, the Gargamelle bubble chamber
at CERN revealed the existence of weak neutral
currents and put the nascent #StandardModel of
particle physics on solid ground.

This observation suggested that the
electromagnetic and weak forces are facets of a
more fundamental electroweak interaction that
ruled in the early Universe. Exploring this new
sector of nature has led to the @nocbelprize_org
discovery of the W and Z bosons in 1983 and of
the #Higgsboson in 2012.

Swipe to understand what scientists saw in this
picture.

© Gargamelle/CERN

i by CERN and Kurt Riesselmann (@fermilab)

a Q & o
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MARK-1 DETECTOR@SLAC

_  Mark | detector: first 47 detector

Discoveries of the J/Y particle and tau
lepton, which both resulted in Nobel
prizes (for Burton Richter in 1976 and
Martin Lewis Perl in 1995)
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DISCOVERY OF THE GLUON

Field theory predicted that the outgoing
quarks radiate field quanta (gluons)
-> 3 jet events

The quantum of the strong force
was discovered and studied at
lepton colliders.

Birthday of the gluon: 18.06.1979
at the electron-positron collider

PETRA.
JADE, Mark J, PLUTO and TASSO
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EVOLUTION OF DETECTORS

Tevatron, Fermilab

HERA CDF, 1989
H1 DO
Zeus
HeraB
SPS, CERN Hermes ‘)
UA1, 1981 Fut
uture
DORIS, DESY facilities
PLUTO, 1973: LHC
First detector with ' ATLAS. 2008
super conducting ,
o DELPHI, 1989 CMS
ALEPH,
OPAL
TRA, DESY L3

' JADE, 1978
Mark-J
P CELLO
SPEAR, SLAC: PLUTO
MARK |, First 41 TASSO
detector,
1973
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Since the discovery of the gluon
quite some detectors have been
built with increasing complexity

1



BELLE@KEK

[ K. and muon detector ]
EM Calorimeter

\\

[ Particle Identification ]
electrons (7GeV)

2 layers DEPFET

4 layers DSSD

[Vertex Detector: positrons (4GeV)

Weight: 1 500 t

Length: 10 m
[ Central Drift Chamber ] Diameter: 10 m
@ Solenoid-Field: 4 T
Ingrid Maria Gregor, Simon Spannagel - HEP Detectors - Part 1
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BELLE@KEK

Ingrid Maria Gregor, Simon Spannagel - HEP Detectors - Part 1
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ATLAS@LHC

Weight: 7 000 t
Central Solenoid: 2 T
Muon-Toroid: 4 T

Muon Detectors Tile Calorimeter

/N

\ 46 m

I

Liquid Argon Calorimeter

25 m

-

Toroid Magnets

Ingrid Maria Gregor, Simon Spannagel - HEP Detectors - Part 1

Solenoid Magnet

SCT Tracker

Pixel Detector TRT Tracker

lllustration: CERN
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ATLAS CROSS SECTION

T L0
‘ab. = - 78

& —————————
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Foto: CERN
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CMS@LHC

Siliziumstreifen- Siliziumpixel-
Spurdetektor Spurdetektor

] Elektromagnetisches
e—u  Kalorimeter (ECAL)

' Endkappen-

Myondetektoren

R
o\e(\Zo o

Weight: 12 500 t

Barrel-
Length: 21.5 m Myondetektoren
Diameter: 15 m P—
Solenoid-Field: 4 T :

Kalorimeter (HCAL)

Supraleitende
Solenoidspule

@ Eisenjoch
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CMS CROSS SECTION

Nd3D -0304

17
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SI1ZE AND WEIGHT

CMS is 65% heavier than the Eiffel tower
Ingrid Maria Gregor, Simon Spannagel - HEP Detectors - Part 1

Brandenburger Tor
in Berlin

12500 t

18



IN HAMBURG

Ingrid Maria Gregor, Simon Spannagel - HEP Detectors - Part 1
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AMS@ISS

Welght 6700 kg Star Tracker
Length: 6 m
Diameter: 6 m
Solenoid-Field: 1.5 T

Cryacooler

Ingrid Maria Gregor, Simon Spannagel - HEP Detectors - Part 1

picture: AMS collaboration
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ICECUBE EXPERIMENT
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EXAMPLE: ATLAS AT CERN

Full movie: ATLAS experiment - Episode 2 - The Particles
Strike Back

Full movie: ATLAS experiment - Episode 2 - The Particles Strike Back
http://cds.cern.ch/record/1096390?In=en © 2006 CERN
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