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Particle Detectors l' i'll:

Nuclear and pargicle physicists need to detect and measure thp propertjes of the particles (or
Ala 0aSyoSo Ay Ittt 2dzNJ SELISNAYSyGa It NJ

We are talking here about the fundamental particles described by the Standard Mad®}ond)

Elementary constituents of matter

Molecule Atom Nucleus Neutron
» 0¥ m 10 m Prolton

FUNDAMENTAL INTERACTIONS

Weak Interaction

Flectromagneticinteraction

cmarinas@ific.uv.es 2



Accelerators: Cosmic and humanade |'r|c

Twodifferent waysof generatingsubatomicparticles

- Onesimpleway of finding particlesisto look atcosmicrays Thisprovidesvery high
energyparticles but isarandomprocess

- Theother wayto generatetheseparticlesis usinga particle acceleratorwhich
manipulatesparticlesusingelectricaland magneticfields

cmarinas@ific.uv.es



Astroparticle Physics Experiments ( r|c

Pier Auger Observatory

Investigate cosmic ray cascades using the
atmosphere as part of the detector

X f&a2 dzyRSNJ 4SS

ANTARES — KM3NeT
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Nuclear Physics Experiments |' l'll:

Fornuclearphysicsexperimentsthere are centersvhereisotopesare produced

Speciallymportantisthe detectionof gammas llighenergyphotons producedby
internal nuclearprocesse®r neutrons

Neutron detector: n fHe-> p +H AGATAAdvancedGAmmaTrackerArray

cmarinas@ific.uv.es 5



Experimental High Energy Physics |' r“:

Acceleratonnteractionregionsurroundedby big generalpurposeexperiments

Big {ensof meters experimentsmadeby largeinternationalcollaborationsover
decadeswith specializedletectorsworkingin acoordinatedmanner

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

COMPACT MUON SOLENOID
Namber of scentists: More than 2000
Countries involved: 38
Weight: 12,500 lonnes.
Size: 21m long, 15m high, 15m wide
~100m
TRANSFER l
TUNNEL
TRANSFER
TUNNEL
COLLIDER EXPERIMENT Y LHCH [ ‘
Number of scientists: Moce than 1500 LHC BEAUTY |
Countsies | imobved: 31 y Nuenber of scientists: Mose than 650
Weight: 10,000 tonnes. £ ] ATLAS . Countries mvohvyd "
Sae: 26m long, 16 high, 16 wide : A TOROIDAL LHC APPARATUS Weght 5600 teones
— Numbet of stientists: More than 1900 Site: 21m long, 10m high, 13m wide

Cosnlries imolved: 35

Weight: 7000 tonnes
Sire: 4m long, 25m high, 25m wide

cmarinas@ific.uv.es 6



Medical Physics |'nC

Much closerto us, thesedetectiontechniquesare usedat hospitalsto detect
ot 9 ¢ /tleattuars(hadyoRherapyy X0 O

FIGURE 1. CT, PET, and PET/CT of lung cancer with adranal metastases.,

cmarinas@ific.uv.es




The Detector Chain |' nC

Data

100100101
010110010

3 100010111
101000000

110010101
101100100 Process
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Develop
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The Detector Chain |' i'll:

Data
_ v Electric o 100100101
Particle [Se signal = 010110010
8 o 100010111
= > 5 101000000
D
s D 110010101
L 101100100 Process
This talk / !_
Develop
the picture
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Why Particle Detectors? |' nC

In particle physicsthe processe®ccuron a scalethat is
either too brief or too smallto be observeddirectly.

We can not see or touch the particles.. So, we need
some tools through which, indirectly, study those
processes

In particle physics a particle detector is a deviceusedto
detect, track,and/or identify high-energyparticles

[bTypesof radiationandinteractionwith matter

cmarinas@ific.uv.es
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Particle Detector Developments l' ‘B ll:

1979 the birth of the semiconductorera
emiconductor .
ity datectors | First use of planarprocessdevelopedfor

_ g chipindustryin a fixed target experiment
" Scintillator - . .
= counter L with a planardiode
Films/
Emulsions
Encapsulation allows to
=z 4 ~Cloud produce more compact
S ¢ cc’ha'mbers/ and complex systems.
eiger
Muller
s e NUCLEAR INSTRUMENTS AND METHODS 169 (1980) 499.502, © NORTH HOLLAND PUBLISHING CO
econd World War.

Fantastic boost to
electronics systems

FABRICATION OF LOW NOISE SILICON RADIATION DETECTORS BY
THE PLANAR PROCESS

J KEMMER

Fachbereich Physik der Techmschen Universitar Munchen, 8046 Garching, Germany

Receved 30 July 1979 and n revised form 22 Oclober 1979

Dedicated 1o Praf Dr H -J Barn an the occasion of hus 70th burthday

By applying the well known techmques of the planar process oxide passivation, photo engraving and 1on implantation, Si

pn-junction deteciors were fabricated with leakage currents of less than | nA cm “27100 gm at room temperature Best values
for the energy resolution were 10 0 keV for the 5 486 MeV alphas of ' Am at 22°C using 5x 5 mm? detector chips

cmarinas@ific.uv.es 11



Cloud Chamber (1932)
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Detector Complexity Evolution |' r“:

cmarinas@ific.uv.es

ATLAS (25x40 m)

CDF (12x12 m)
Fermilab(1985) | Z

DELPHI (10x10)m
CERN (1989) .- o

DE;L(?;%&?“’ m)“m The size and complexity of the
(@) detectors have grown considerably
o and so the way the scientific
\J community develops the HEP
. SLAC (1973) detectors

Mark | (4x4 m)
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General Purpose Detector l'i'll:

Muon
Spectrometer

A Energy (E)
Calorimeters

A Mass (m)
Particle ID systems

Hadronic
Calorimeter

The dashed k
A Momentum (p) e dashed tracks

’ . y are invisible to
Vertex and trackers i, N5 the detector

Electromagnetic

Specializedletector systems Calorimeter
exploiting the different way S'dTﬁd—
. . . Radiation
particles interact  with Trocking{ Tracker
Pixel/SCT detector

matter

cmarinas@ific.uv.es 15



General Purpose Detector

Muon System

Tracking + Magne

cmarinas@ific.uv.es

Muon
Spectrometer

Hadronic
Calorimeter

l'l
Neutrino

Electromagnetic
Calorimeter

Solenoid magnet

Transition
y Radiation
Trock”']g Tracker

Pixel/SCT detector

The dashed tracks
are invisible to
the detector




A Particle Detector l' i'll:

A In order to detect a particle:

- It must interact with the material of the detector
- Transfer energy in some recognizable fashion

A The detection of particles happens via their energy loss in the material it traverses

A Our goal is: Convert the energy deposited in an electrical signal we can play with

Indirect detection Direct detection
Particle Particle
Scintillator e
The deposited o Light I'ﬁ""
e deposite |
energy excites the | ‘/’//*\ % o
dium that d Photodetector o The ionization
rse |rl:‘rln : E; flci:a%/ts Light — Electric charge Fotoconductor creates mobile
yhe_ hs.so © gd charges that we
which In a secon Charge Readout Charge Readout can detect
step is converted
into charge - -
Digitization Digitization

cmarinas@ific.uv.es 17



Interaction Of Particles With Matter |' r“:

Interaction of particles with matter is the basis of all particle detection devices

Particles
.
teracione. producing chart Because of the electric charge,
mteralcuonS, producing charged Nl Charged they interact continuously with the
articles . .
’ - - electrons in the medium
Photons and X-rays Electrons/Positrons Heavier charged
particles
. < <

A Charged particle¢ L2 yAT FGA2y X . NBYaaldN)Kfdzy3dx / KSNBy 1203 X
A Photons: Photoelectric effect, Compton, pair production

A Neutral hadrons: Nuclear interactions

A Neutrinos: Weak interactions

cmarinas@ific.uv.es 18



Interaction Charged Particles And Photons |' r“:

cmarinas@ific.uv.es

beam of beam of
protons photons

¥ L | L f

e

_—

e
i
e

—_—
.
e
B e e
e

X

X X "X
: _ 0 Abbildung 2.2: Wechselwirkung von Fhotonen
Abbildung 2.1: Schematisch dargestellte mit Materie

Eindringtiefe eines Proton-Strahls in Materie.
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Interaction Of Charged
Particles With Matter



Energy Loss Charged Particles (i

Z, electrons, g=-¢,
M, q=Z, e,
Interaction with the Interaction with the Cherenkovwor Transition
atomic electrons. The atomic nucleus. The Radiation

incoming particle looses particle is deflected
energy and the atoms are  causingnultiple scattering
excitedor ionized Bremsstrahlung

A Charged particles loose their energy mainly by ionization of the atoms of the medium
A2S OFy WOl ftOdzE F1SQ GKS | odamd 3S SySNHe f 23

cmarinas@ific.uv.es 21



Bethe Bloch Formula inC

Describes the energy loss ohaavy chargegarticle in matter.

Cloutd chamber
in magnetic field

/E:E—/" Positron %,
" |
e o
[“MBSEE

Teilchen

A Magnetic field 1500 Gauss
A Chamber diameter 15 cm o

A A 63 MeV positron passes through a 6 mm lead,
leaving the plate with an energy of 23 MeV.

cmarinas@ific.uv.es 22



Bethe Bloch Formula: Features

Describes the energy loss ohaavy chargegarticle in matter.

The mean rate of energy loss (or stopping power) is given by the ftioh equation:

dE ,Z 1 [1

2me c? 62'}2 Tmax

6(B7)

2
_‘g __2

[-p]

K =4nNare?2mec? = 0.307 MeV g ' cm?
Tmax = 2MeC?B2yZ/(1 + 2y Me/M + (Me/M)?)

>N =N

o —

cmarinas@ific.uv.es

[Max. energy transfer in single collision]

Charge of incident particle
Mass of incident particle

Charge number of medium
Atomic mass of medium

Mean excitation energy of medium

Density correction [transv. extension of electric field]

.I;::Iensity
Na = 6.022-10%3
[Avogardo's number]

re = e%/4neomec? = 2.8 fm
[Classical electron radius]

Me = 5.11 kEV
[Electron mass]
B = v/ic
[Velocity]
y = (1-9)?
Lorentz fact .
[Lorentz factor] Validity:
05 < By < 500
M > my

23



Bethe Bloch Formula: Features |'r||:

Describes the energy loss ohaavy chargegarticle in matter.

The mean rate of energy loss (or stopping power) is given by the ftioh equation:

2 9(BY)
— I} — 5

P a7 |3 P

2 72,2
- dFE 21{222’1 1. 2mec” 3y Tax
A 32

[-p]

l:iensihr

w 5 S LIS ¥ R & p/E-F/m=p/m of the projectile particle

w Depends on? the charge of the projectile particle

w{lYS OdzNWS F2NJ Fff I I'm LI NIOAOfSa 6KSyY
waAyYAYdzyY ~a b Ol thERHONS Méy/cnig

waAyYAYdzy A2yATAy3a LI NIAQRf S& oalLto It
w Depends only weakly on material (ZIAYa &l YS i

cmarinas@ific.uv.es 24



Bethe Bloch Formula: Features

e
-
=

Stopping power [MeV cm?/g]
o

1

\

“+

on Cu

Bethe-Bloch

Minimum
1onization

I
- ——— -
—_'_:—:‘.d::d____
| | |

Radiative
effects
reach 1%

0.001

cmarinas@ific.uv.es

0.01 0.1

B~ ~ 0.05

100 1000

By
B~ ~ 500

104
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Bethe Bloch In Modern Detectors |' F|' |:
; 200 | ,@ —_—e -
\Gi 180 E :.¢ pp @Ns =7 TeV
S 160 - 4 @i
S 140 | <4 ALICE
O 100 B ) 20110518
100 :

80

AGet different curvesfor 60
different particleswhen 40 S —CEU—G—C—
plotted againstp e ]

APossibility for particle 1 10
identification p (GeV/c)

cmarinas@ific.uv.es 26



Cherenkov Radiation

A
_ . OO o~
A Cherenkov Ilgr)t Is produced by pa[tlcles traversing a(-b(__){ o -5
WNI RAFG2ND FFAGSNI GKIy 'i%%r({%?‘jg SR
A Radiation is emitted at a characteristic angle OQ_('_:')(% )+
producing a cone of light ~O @@
OC O
A Process not important for energy loss, but used in Q%O /

=X

high-energy physics detectors (5

O
O
t\'l

A We can detect the light with a photodetector __Q(

Rex
). O

Q%0
05 A '
OO0

v <c/n
= A Induced dipoles

\ symmetrically arranged

5 around particle path; no net
dipole moment.

N A No Cherenkov radiation

cmarinas@ific.uv.es

v >c/n

A Symmetry is broken and
there is a constructive
interference of
electromagnetic pulses
by polarization of the
atomic dipoles.

A Radiation of Cherenkov
photons

27



Cherenkov Radiation l'i'll:

A Cherenkov light is produced by particles traversing a A o ) )
WN} RAFG2NX FLaaSNI GKFEYy GKS aLISR 2F tAIKG Ay

A Radiation is emitted at a characteristic angle
producing a cone of light

A Process not important for energy loss, but used in
high-energy physics detectors

A We can detect the light with a photodetector

AB =Bc-t
AC =c/n-t

cos 8 =A< a5 =c/n-t/(Rc-t)
=1/np

cmarinas@ific.uv.es 28



Cherenkov Radiation

cmarinas@ific.uv.es
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GasFilled lonization Detectors
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Schematic Principle l'i'll:

A lonization creates charges in the detector volume:
A Electronions in a gaseous detector (gfairs in a semiconductor)
A9t SOGNARO FASER FLIWIEASR (2 Y2@S (0KS OKIF NHSA

A Depending on the field strength, secondary ionizations are possible (amplification)

g e

00 000 +
© ) DC Voltage
o0
Q Source
M °° M ]
©
Qo

Charges created at We want the charges to move. | ¢athode
rest. Not really useful The easiest is to apply an electric

field in the detector volume

cmarinas@ific.uv.es 31



Direct Detectors l' i'll:

A lonization creates charges in the detector volume:

A Electronions in a gaseous detector
A Electronhole pairs in a semiconductor detector

A9t SOGNRO FASER LI ASR (2 Y20S (KS OKI NBSa

A Depending on the field strength, secondary ionizations are possibiglification)

Primaryionization

Anode
X+p—= X" +p+e” A +
I \)\i KJ DC Voltage
Secondaryonization \ / =
: - _ 1’
X + e — X+ + e + e C— Original ionisation event
p = charge particle traversing the gas Cathode
X =gas atom P ]
e = delta'EIECtron (Eﬂ') E {} lonisation event E

1
lonising electron path E

1
— Liberated electron path E

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

cmarinas@ific.uv.es 32
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Planarg Cylindrical Geometries

Window Anode Wire

3 \ Ve ~ %g w

m b |
() _( T “"’“@ . VR {

Radiation

Gas enclosure

Anode

Planar design: Cylindrical proportional counter:
A E uniform and perpendicular to the electrodes A Single anode wire in a cylindrical cathode
A Amount of ionization produced proportional A E~1/r: weak field far from the wire
to path length and to position where the A Electrons/ions drift in the volume
A Multiplication occurs near the anode

lonization occurs
A Not proportional to energy

cmarinas@ific.uv.es
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Multi Wire Proportional Chamber |'r||:

A The detectors presented so far do not give a position measurement of the incident particle
A Solution: Multiwire proportional chamber (only 1D information though)

Incident Particle

\ T
/2

Cathode
Planes

Anode Sense Wires

Guard strip Mylar Mesh
| /1
T 1 e 1 4 I
15 2 [ * = 8

el Araldite

Thick wire  Wires of 5 um
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Multi Wire Proportional Chamber |'r|c

A The detectors presented so far do not give a position measurement of the incident particle
A Solution: Multiwire proportional chamber (only 1D information though)

0
,‘ ji{%m
~ [T+ 0.2

! o3

0.4

% 0.5

cmarinas@ific.uv.es

A Multiwire proportional chamber with single
wire readout

A A charged particle traversing the detector
leaves a trail of electrons and ions

A The electrons drift to the wires in the electric
field and start to form an avalanche in the
high electric field close to the wire

A This induces a signal in the wire which can be
readout by an amplifier

35



Tracking with MWPC

Possible improvements:
- Segmented cathode

-3-RAYSY&aAz2y AYTF2NXNIGA2Y Th {SOSNIt a2t/ a oAl

Cathode strip

Anode wire

cmarinas@ific.uv.es

Charged particle

Cathode
signals

TTTTTTTT
177277 T

VAnode signal

Cathode signal
distribution

36
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Scintillation Detectors
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Working Principle l'i'll:

A The detector consists of a chemical compound
(organic or inorganic) that emits short light pulses
after the molecules of the material have been excited
by the passage of a charged partia&/(ix converted
into visible light).

A The light produced is collected via a light guide onto 4
photodetector.

A Sensitivity to energy and fast time response

REFLECTIVE COATING

_. PHOTOCATHDE
/ PHOTOELEGTRONS
r i
A | (5 -
aammaray IK° S AR A DYNODES
', ‘ Y ;m . :’ o ! . _‘\( . A Y
Y| VS o <
motion ||, 7 - e =
SOURCE A I NN N O N—
Vi - !
o
SCINTILLATOR PMT
OPTICAL COUPLING
(USING SILIGONE OIL)
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Photomultiplier |'nC

Photomultiplier tube (PMT)
Photocathode Focusing electrode /

Anode

—
—
—
—
—

Ioniz'rg track

High energy
photon %
N

/7
{
f

z N,

. |
Primary electron\1 Uynode

Scintillator Secondary electron

Connector pins

Low energy photons

The PMT has a photocathode from which electrons are emitted through the photoelectric effect.
The electrons are accelerated in the electric field between several subsequent electrodes, dynodes,
inside the PMT.

Due to the increased energies of the electrons, each electron will kick out a number of secondary
electrons as they hit the surface of the dynodes.

With a suitable number of dynodes amplification is obtained before an electric signal is read out at
the anode of the PMT.

o o o>
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Photomultiplier l'i'll:

cmarinas@ific.uv.es

Photomultiplier tube (PMT)
Photocathode Focusing electrode /

Anode

—
—
—
—
—

Ioniz'\ng track

High energy
photon %
N

. i
Primary electronx Cyneds
Scintillator Secondary electron

Connector pins

Low energy photons
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Electromagnetic Calorimeters
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Calorimeters (i

Vd

X gKSNBE Y2aild 2F GKS LJ NI AOf

Calorimetriomethodsimply total absorptionof the particleenergyin
a bulk of materialfollowed by the measuremenbf the depositedenergy

Photons,electronsand hadronsinteract with media producingsecondaryparticles
which leadsto a showerdevelopment Thuscalorimetersare most widely usedin

high energy physicsto detect the electromagnetic(electromagneticcalorimeters)
andhadronic (hadroncalorimeters)showers

particle cascade (shower)

incident particle

cmarinas@ific.uv.es 42



Analytic Shower Model

5(t) Fracc Incident E

N(t) Number of cascades

Simplified shower modeHeitler):

A Shower development is governed by X
A Depth of the shower t = x/X

A Particles after t: N(t) =t2

A Each with energy E(t) 7/B(t) = /2!

A Shower stops if EE

A Number of particles N = E/

A Maximum att, ..M Ln(E/E)

cmarinas@ific.uv.es

m

Radiation Lengths [ %]

1 1/2 1/4
1 2 4
|
| o
i e =,
|
N e |
) |
5\ . \L:
|
| 2 3
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Longitudinal Shower Shape

Depth (X,)
0 > 10 15 20 29 30
| T [ I

@ - o o A Energy deposit of electrons as a -
~ 10} D” D\I GeV function of depth in a block of coppd]r,
E i O\ integrals normalized to the same value
y ,ﬂ\lﬂ GeV
2 81 o /' \ N A Depth of shower maximum increasels
- N X;"\. h A\ 100 GeV logarithmically with energy:
z e [ AN ,um tran” LN(B/E) -
o B . / \ 3\"‘ |
Q / T -5
. 4 B . .ﬂ./ .f'lx*:' \. .’5\ ‘\‘l\ =
b / 7 A NN :
v o i o e », Sa
FE 2+ @ / ‘f \:1\ N'\. ﬁ“a& ‘HM‘ ]

B '/ ﬁ,"" /lf G‘LD“QH "i\“- ﬂ\ahﬁ "".11““‘ ]

i Oug “Og Bea_ S,
D :iﬂil‘f‘f 1 ] . . . L HCI Q-D C'_C' el !1';:Mlﬂﬂ-a—hw
0 10 20 30 40 50
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Depth (cm)
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Hadronic Shower (i

Photons chavged & veutval " 4
Electvowns « hadvons

wlonization energy of charged particles
wNeutrons

we.m. Showers

wPhotons from nuclear dexcitation
wNon detectable energy

cmarinas@ific.uv.es 45
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Sampling calorimeter
Alternating layers of
absorber and active
material

Homogeneous calorimeter
The active material y the
absorber itself
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Homogeneous calorimeter |'F|'|:

e
e
Homogeneous calorimeter
Y The active material y the
................... "_—%_ absorber itself

A Advantage: Optimal energy resolution, same response everywhere (good linearity),
see all particles in the shower (best statistical precision)
A Disadvantage: Expensive and limited granularity

Homogeneous calorimeters are exclusively used for electromagnetic calorimeters
(electrons, positrons and photons)

cmarinas@ific.uv.es 47



Sampling calorimeter |'F|'|:

Sampling calorimeter
Alternating layers of
absorber and active
material

A Advantage: Better optimization for the corresponding requirements. Very compact.
Simpler and cheaper than homogeneous.

A Disadvantages: Reduced energy resolution due to sampling fluctuations

cmarinas@ific.uv.es 48



Homogeneous Calorimeter

cmarinas@ific.uv.es
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Sampling Calorimeter

H1 Spaghettcalo

50
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Silicon Detectors
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Silicon Detectors

w The working principle is like the gaseous systems

/K

w Simplest detectorpn-junction pn-junction ! 0
¢ hLISN: 6SR Ay NBISNHES e ¢ GN2y |
¢ ¢NF OSNEAYI LI NIAOES ANR

I biash
¢ Typical thickness 50300> Y

w ShockleyRamoTheorem:

Moving charges induce signal on electrode

i [

Sensor amplifier
diode

comparator
cmarinas@ific.uv.es
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Increasing the Resolution: Segmentation |'r||:

A Silicon strip detectors

A strip detector is an arrangement of strip like shaped
implants acting as charge collecting electrodes fone
dimensional array of diodes).

ADouble sided silicon strip detectors

Two dimensional position measurements can be
achieved by applying an additional strip like doping on
the wafer backside by use of a double sided technology.

APixel detectors

2D array of pixels. Each pixel prijunction
True 2 dimensional information without ambiguities

cmarinas@ific.uv.es 53



Increasing the Resolution: Segmentation |'r||:

ASilicon strip detectors

A strip detector is an arrangement of strip like shaped
implants acting as charge collecting electrodes fone
dimensional array of diodes).

ADouble sided silicon strip detectors
Two dimensional position measurements can be

achieved by applying an additional strip like doping on
the wafer backside by use of a double sided technology.

APixel detectors P+ Strips

2D array of pixels. Each pixel prijunction
True 2 dimensional information without ambiguities
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Increasing the Resolution: Segmentation

ASilicon strip detectors

A strip detector is an arrangement of strip like shaped
implants acting as charge collecting electrodes fone
dimensional array of diodes).

ADouble sided silicon strip detectors

Two dimensional position measurements can be
achieved by applying an additional strip like doping on
the wafer backside by use of a double sided technology.
APixel detectors

2D array of pixels. Each pixel prijunction

True 2 dimensional information without ambiguities
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NA-11 (End Date 1988) (i

First use of a positiosensitive silicon detector in HEP experiment
A Measurement of charrguark lifetime

A 1200 diode strips on 24 x 36 rmctive area

A 250500> Ythick bulk material

A 4.5> Yresolution

cmarinas@ific.uv.es 56



DELPHMicroVertex (End Date 2000) (il

A A silicon ladder R/O electronics at the end
A 300> YDSSD, 2 layers, 40 cm long
A No extra material in the sensitive area
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Physics Improvements

175

125

QJ .85 .9

M(K*n"n") GeV/c

193
M(K*n"n") GeV/c

AD!Ilh Y™~ YI aa
background removal using vertex cut
at CDF

A 3 Si layers from 1.5 cm to 29 cm

cmarinas@ific.uv.es

ta [ps]

LISI 1 &

2 NG Bl st Dinil Dadnd R s oo s 0 Ny T
r Particle Data Group .
18 b World g average o
18 | E
. o © B - 4
14afp ¢ -
- < o y
]2 -~ . >
o P R m——— e ) <
. LEP dominated |
1 r —
08 .AAAIAAAlAAAlAAAlAAAlAAAlAAAl‘A...L‘

1686 1988 1990 1992 1694 1996
Year

o ABHietiiB mdastiements § S NJ

1€68 2000

A Silicon detector developments in the 90s
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DELPHI vs CMS

Dy .
on and LHC: Emphqsf)s shifted from vertexing to tracklng
arge area with many §|Hcon layers

B ~

- |
- 2

cmarinas@ific.uv.es
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Nowadays: Silicon Everywhere

QM AT CMS Pixel
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Summary (i

A Detectorsare the instrumentin nuclearand particle physics

A Detectorsare extremely complex systems,needing joint developmentefforts of
instrumentationphysicistand engineerdan largecollaborations

A Constant activity and evolution, pushing the boundaries of commercial
technologiesand expandingo manyapplicationsin other fields
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Summary (i

cmarinas@ific.uv.es

Key; Muon
= Electron
— Charged Hadron (e.g.Pion)
1 )))“]l — — — - Neutral Hadron (e.g. Neutron)

----- Photon

Transverse slice
through CMS

Electromagnetic -

Calorimeter
Hadron HeH oo
Calorimeter Superconducting ool Hol-o
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Iron return yoke interspersed
with Muon chambers ot Er
Om m 2m 3m 4m 5m 6m 7m
| | | | | | | |
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Thank you
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VertexingRequirements HEP |'F|'|:

(ro—r1)?

2.2 2.2
o0 A ryoy+rios B —L——13.6MeV f}-{i
psin2 6 0

Displaced tracks

og0 ~ ad —2—

Qecay lilet::;e/ //%econdary vertex P sin?2 6
s | a@m) | bumGey
—— LHC 12 70
) _ STAR 12 19
ACommonvertexdetector requirements Bellel] 55 10
AFirstlayercloseto the IP ILC S 10
ALowmaterialbudget
wReducedservices
wLowpower dissipation
AHighgranularity
wGoodspatialresolution
AFastreadout

ARadiationhardness

a: Governs high momentum
b: Dominates at low momentum
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Neutrals (Photons) |' i'll:

N~ ~ Ve ~ o Ve

2S OFyQil RSGSOU ySdziNI f LI NIAOf Sa RANKB|IO
We can, though, detect the charged particles that they produce while interacting with the
detector material.

(@

Photons: They produce electrons and photons in their interactions, prodecmgcascades
if the energy is high enough

Photoelectric
absorption /.

i ABSORBER
¢ Electron i

Pair
production

Emitted
Photon (X-ray) &«
Photon

Compton
Scatterin

[*
Photon
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Neutrals (Neutrons)

Neutrons

Aswith photons we seethe productoof their interactionwith the detector materialor
with the mediawe placeto force the interaction

neutron
e - B-particle

RN Neutron 4R
B copture TR
A SR

Radioactive

Prompt gamma
radiation
PGAA

A+1 x*

Z+1

I ;..':_ P "-:',7 :
Compound N decay
nucleus N
A A+t A+t LR
+ * + A
& 2X 2K
. o '..'.

Decay gamma
radiation
NAA
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Hadronic shower
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