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Crash at Crush, TX (1896)

First attempt to produce Higgs ?

Mr. Crush 7N o
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Overview

) How do we Omeasured partic

1 What we measure (tracks, momentum, energy)

1 How well we do it

Onel essoné
| chose to stay general and give anovervidwh e b asi c s
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25m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detector
LAr electromagnetic calorimeters

Toroid magnets
Solenoid magnet | Transifion radiation tracker

Semiconductor fracker

Muon chambers
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Which one is the deer
mouse and which one
the gray fox ?

Can we learn more ?
A Weight ?

A Speed ?

A Running ?

A Animal tired ?

A Being hunted ?

A Does it have a tail ?

A é
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Charged Particles

Interaction ?

Muon

Much too large Nucleus

Matter

Electrons

. R P s A’i‘.\&L :
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Energy loss by interaction
with atomic electrons

AVery soft collision: atom is excited (electron to higher shell) @
AMore energy transfer: atom is ionised (electron kicked out) e
ANegligible deflection since m_,,., >> Myecron @§ é@
(o)
N

ASmall energy loss per collision (eV), but many electrons @ %&9
a5

in the way: in total a large effect

charged [+-+-+-+-+-+-F+-F+-+-F+-+-+-+-+
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1 Wilson Chamber

+ Photographiemulsion
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} Bubblechamber

BEBC at CERN
ey (1975-1980)
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lonization detector
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Drift tubes

~ v, 1
E(r)y=———2——
Inr, /7, r

NOTE: Drift speed (mobility) of electrons
iIs much larger than the one of ions
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~dE/dx (MeV g lem?)

lonization energy loss (Bethe Bloch)
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Proton momentum (GeV/e)

2”'3Ef:iz."ﬁl—:"jflllax _32_ r?(f 7)
I? " 2

K=4pN,r2m,c

Z:Atomic number of absorber
A:Atomic massof absorber

|: Mean excitation energy

d. density effect correction

dEdxin MeVdgicn?
dEdxdepends orb
MINIMUM: M.1.P.

Z/Asimilar for most elements
1°1,Z, with [, © 10eV

— et md N )
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Bethe Bloch

Energy transfer (loss):

—<d—E> W}
dx B°/A |2

O e

Fczzb—‘f - At=2P. Ap —F.At
2 2
AE _ (Ap,) 22 ézm cZ AL
2m_ bzvzme b 3°
2
with r_ = .
mc
1 2m0572|' max a2 0(07)
| ¢ 2

} To take home: Depends on time A 1/b?
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Bethe Bloch NPE-s (b)-db
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Proton momentum (GeWV/c)

X density =-dHdx
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Stopping power [MeV ecm2/g]

J. Beringer et al.(PDG), PR D86, 010001 (2012)
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akl
We can track muons Wesui® cone
i rt.\e . N
} Optimal detector geometry ? pf°\’eed pavt“'\f;
ﬂ‘a“\‘;omeﬂw‘“ .
e.$

e detector
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Magnets / bending ( Measure momentum)

| |
m\ | MDT

RPC/TGC
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Toroid
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Particle ID and tracking

Energy deposit per unit length (keV/cm)
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Momentum (GeV/¢)

~dE/dx (MeV g”lem?)
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Are we done ?7...

25m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detector
Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tracker
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Szintillation detectors (fast, dE/dx)

The light needs to
be collected and
measured

24 M.Weber, HASCO 2013



Photomultiplier

Dynode Chain Anode
| | |

Vacuum

Window l gloim
Focusing l/

Electrode |
Voltage Dividers

Power Supply 1 ng 3ookm

Charge proportional to light asd
~106 Electrons per incident photon

Excellent timing information ! << 1 ns achievable !

Being replaced by silicon based detectors
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Going closer to the interaction point

| |
m\ |  MDT

RPC/TGC
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Why ?

y There 1I's more than muonseée tF

Secondary vix

displaced track




Resolution

} Tracking close to the interaction point: need resolution !

\
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Silicon detectors

. Pre-amplifiers/
‘ 200 un.! Particle Shapers

Implant Metalisation

t

Strip pitch, P — SiQ,

| (typ- 300um)

Backplane, i" - type silicon

+ Bias Voltage
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(R=1082mm

TRR{

ATLAS inner detector

sCT4

R=122.5mm Pixels
Pixels { R = 88.5 mm
R =50.5 mm
R=Omm‘
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IBL o
New layer of Pixels in ATLAS

MAAS
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Solenoid magnets

Artist View
of CMS Solenoid

R
B[TIR[M] = 3.3356p{3caev/ 4
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Momentum Resolution
s @?2/8R

BR=p/q g=1
DPy o [E/mm]

—F o025 p[GeV]
p (Lcm])* BT]

P @p.25 2™ 15Gev @uo

IP P (40cm)” 2T

A Momentum resolution is proportional to the momentum
A Momentum resolutiogetsbetter

Awith thesquare of théeverarmL e &c}? QQ%-"'
Alinearly with the magnetic field cz&‘ 6&‘2’ @0‘\
A 100% error is the momentum measurement limit > & \&0 0‘6\\6
(also limiting the charge sign determination) &\6\%\..-0
,Q‘b
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Multiple scattering

Approximation

Higher momentum

34

-

total error f,,a-ffg@) e

s(p)p"

-> worse resolution

p
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25m

e\
::: ——

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detector
LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation tracker

+ We can now: e
+ Track muons
1 Identify particles bylEHdx
} Track charged particles close to the interaction point
} measure momentum antharge

» 35 M.Weber, HASCO 2013

Toroid magnets
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Tracking Electromagnetic Hadron Muen
chamber calorimeter calorimeter chamber

photons éé

i

et

IMUCITS

— —<

Innermost Layer... P . Cutermost Layer
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J. Beringer et al.(PDG), PR D86, 010001 (2012)
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Electron mass is much smaller
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A higher b ¢\ radiative losses !
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Bremsstrahlung / Pair production

A Energy loss due to emission of photons in the electromagnetic
field of the nucleus (and of the atomic electrons).

p 2
S E / rnparticle
@ e L b
.
L ‘E&‘% (b) Lead (Z=82) ]
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A Pair Production

Cross section (barns/atom)

+ -
¥y +nucleus — e e +nucleus
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Radiation Length
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Bremsstrahlung and Pair production

NV217.c
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Sampling Calorimeters

[ 1 Absorber

Lead, Tungsten,
Incident Uranium

particle

I Detector

~~ MWPC, scintillator,
silicon pads, noble
liquid

Absorber (passive) and detector (active) layers

Fluctuations I n visible ener
variation of the nnumber of charged particles in the detector
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WAVELENGTH  SHIFTER

{ fluordscent  emission
al

&

WAL
% S

LR
T
By’

C.Joram. CERN Academic Training 19908
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Energy resolution

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

1 Noise
Electronic noise
Pile up U] E)a LOJ
1 Constant —( — )— — A constan
E E E

Dead material
Calibration errors
Mechanical imperfections

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

/

Position, Momentum

DPogos Bl reay,

p(LemDPR(T] ¥

P
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a7

+
W \%
W+
\
\\
0~
H i 5
b
Secondary vitx /.
Primary vtx

ﬁ:ks

Interaction

Point

displaced track

Energy

What happens here ?
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Hadron interactions

i ABSORBER
: E.M.
i COMPONENT
______
! HADRONIC
-..i Heavy fragment COMPONENT
l A | A

JV215.¢

} Interaction lengtH is much larger than the radiation lengthy X
} Due to strong interaction, the shower is much wider
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