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Crash at Crush, TX (1896)
First attempt to produce Higgs ?

Mr. Crush \
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Overview

» How do we “measure” particles ?

» What we measure (tracks, momentum, energy)

» How well we do it

One hour...
| chose to stay general and give an overview...The basics...

4 M.Weber, HASCO 2012



...........
..............

25m

= =
e ——

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector \

LAr electromagnetic calorimeters
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Toroid magnets

Muon chambers Solenoid magnet | Transifion radiation tracker
Semiconductor fracker
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Charged Particles

Interaction ?

Muon
(Much too large)

Nucleus ‘
Matter ® 7

=
*
*
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Energy loss by interaction
with atomic electrons

 Soft collision: atom is excited (electron to higher shell)

« Hard collision: atom is ionised (electron kicked out) e
» Negligible deflection since m(particle) >> m(electron) Q§ . @@
« Small energy loss per collision (eV) @J@ %@

« But many electrons in the way: in total a large effect: @@7
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Ionization energy loss (Bethe Bloch)
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A first detector
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Drift tubes

cathode

V)=V, Inr/r,
Inr/r,
- V.1
E(r)y=——2—~
") Inr, /r, r

NOTE: Drift speed (mobility) of electrons
is much larger than the one of ions
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e detector
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Magnets / bending
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Toroid
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Particle ID and tracking
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Impact parameter resolution

Secondary vtx

displaced track

event from 2012 data with 25 reconstructed vertices £
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Resolution

» Tracking close to the interaction point: need resolution !
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Silicon detectors

200 um

Strip pitch, P

Particle

Metalisation

Implant width, W/

Pre-amplifiers/
Shapers

-
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| (typ. 300um)

Backplane,
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'. ", holes
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rR= 1082 mm
_____________ \/ ATLAS inner detector

LR=554m
(R =514 mm

R =443 mm

SCT{
R =371 mm

LR =299 mm

R=122.5 mm
Pixels { R = 88.5 mm
R =50.5 mm
R=0mm‘
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Solenoid magnets

CMS solenoid
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Momentum Resolution

s = L%/8R

BR=pl/q q=1

AP =025 VMM 0Gey = 4%
p (40cm )’ 2T

Momentum resolution goes linear with the momentum
Momentum resolution gets better with

the square of the lever arm L and linearly with B

100% error means that charge cannot be measured

Ideal undisturbed particle path
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Multiple scattering
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Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter chamber
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photons
et
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[nnermost Layer.., = ...Outermost Layer
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Bremsstrahlung / Pair production

« Energy loss due to emission of photons in the electromagnetic
field of the nucleus (and of the atomic electrons).
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Bremsstrahlung and Pair production

ABSORBER

JV217.¢c
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Radiation Length
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Copper
Xy =12.86 gcm2
E, =19.63 MeV

Rossi:
Ionization per X,
= electron energy

Brems = ionization

1 1 IIIIIII
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Electron energy (MeV)
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E.g. Lead: X;=6.3 mm

20X, =12.6 cm
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Sampling Calorimeters

[ 1 Absorber
Lead, Tungsten,
Incident Uranium
particle
B Detector

MWPC, scintillator,
silicon pads, noble
liquid

Absorber (passive) and detector (active) layers

Fluctuations in visible energy: "sampling fluctuations” due to
variation of the nnumber of charged particles in the detector
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C.Joram. CERN Academic Training 1997-1998
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Energy resolution

» Statistical fluctations
In the number of particles in the shower
In the number of escaping or undetected particles

» Noise
Electronic noise

PiIe up G(E) a Gn
» Constant & = ﬁ @D bl @ constant

Dead material
Calibration errors
Mechanical imperfections

» Higher energy -> better resolution
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Position, momentum, energy

o(E) a _o,
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And... the most common objects ?

ny
EXPERIMENT

Run Number: 179938, Event Number: 12054480
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Point

displaced track
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What happens here !
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Hadron interactions

\ ABSORBER

: E.M.

: COMPONENT
------ '”-_

: HADRONIC

| “f_ Heavy fragment COMPONENT

' A , > N

JV215.¢

» Interaction length A is much larger than the radiation length X,

» Due to strong interaction, the shower is much wider
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LAr forward calorimeter (FCAL)
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Muon
Spectrometer
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@ATLAS

EXPERIMENT
http://atlas.ch

Run: 205113
Event: 12611816
Date: 2012-06-18
Time: 11:07:47 CEST
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Summary

» lonisation

Energy deposit per unit length (keV/cm)

» Magnets B[T].R[m]:3.3356-p[6ev/c]

1
Momentum (GeVig

v

Tracking detectors
Momentum resolution
Impact parameter resolution

o(E) __4 @ O @ constant

E JE

» Showers / Calorimeters

Tracking Electromagnetic Hadron Muon
charaber calorimeter  calorimeter chamber
photons
» Particle ID ’
et
—
muons

» Collider detectors =

Innermost Layer.., == ...Outermost Layer
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Early Microscope

M.Weber, HASCO 2012



