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o Particle Detectors
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Dakar, Senegal 2014

Goal of my lecture:
to understand how particle physics experiments are being built
Main focus on the example LHC
Lecture |
Introduction
Interaction of radiation with matter
Simple particle identification

Lecture ll
Concepts and strategies of (LHC) experiments
The basic “building blocks”, the detectors
Conclusions or recommendations
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Particle Detectors
Lecture at the African School for Fundamental Physics

Dakar, Senegal 2014
First Lecture

Introduction

how are particle physics experiments are being built ?

The goal: measuring subatomic particles (E, p, charge,, mass, ....

Collisions of proton-proton, electron-positron, CR, neutrinos, dark matter....

Detection of particles, how do they interact with matter, what does the interaction depend
on (E, p, charge,, mass, beta, gamma ....

Interaction of radiation with matter

Photons: PE, Compton, Pair creation

lonization/excitation, Bethe Bloch formula, range of particles, Bragg peak

Multiple scattering

Cerenkov, Transition radiation

Electrons, Bremsstrahlung, critical energy, radiation length

Electromagnetic showers of electrons and photons, (muons)

Hadronic interactions - showers, interaction length, solid and atmospheric absorbers

Simple particle identification (dE/dx, e/p, e/h/u, TOF, Cerenkov/ TR




’ U. Goerlach, ASP Particle detectors 2014

Particle Detectors
Lecture at the African School for Fundamental Physics

Dakar, Senegal 2014
Second Lecture

Detector systems, some examples, strategies

Experimental conditions, fixed target or collider, neutrinos, dark matter...
Experiments at the LHC (Atlas and CMS, ALICE, LHCb ?

The basic “building blocks”, characteristics (efficiency, resolution)

Gas detectors

Scintillators

Semiconductors

Calorimeters

Cerenkov and transition radiation detectors

System aspects
Conclusions or recommendations

Exercises for Thursday !!!
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Who am I?

Ulrich Goerlach

Born in Gottingen, Germany

interested in science at the age of
about 14

Physics (and Math) studies at the
Universities Gottingen and
Heidelberg

Diploma (now Master) and PhD at
the Max Planck Institute for
Nuclear Physics in Heidelberg
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Hamburg

G6ttingen

Post-doc (particle physics) at CERN,
Geneva

Researcher at University Heidelberg
Researcher at CERN Geneva
Researcher at DESY, Hamburg

University Professor at the UdS,
(Université de Strasbourg)

Responsible for the Master in
subatomic Physics
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What do we want to observe?

. Collisions, interactions, creation and decay of
particles (elementary or composed), which are
invisible from first principles, even under a big
microscope

. These particles are characterised by their
masses, electric charges, spin, polarization.

. Their energy can vary from keV (Dark Matter
searches, Nuclear physics) to GeV or TeV
(particle physics) up to ZeV (102'eV cosmic rays)

. Measure precisely the particle 4-vectors (E/c,f?)
and all other quantities

08/08/2014 10
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~ Seeing particles:
Rutherford scattering

Experiment by Hans Geiger and Ernest Marsden 1909

Flash of
Microscope

Fluorescent
........ 9 screen
Scattering

angle

Polonium Gold
sample foil

X 08/08/2014 11
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e* 63 MeV q : 1932
A Yi! | :
ae i Y Discovery of
\ & gy - the positron by
N BN C.D.Anderson

6 mm Pb
e i &
| S Cloud chamber (C.T.R. Wilson)
" Overfsaturated vapour :
gy the fonization clusters become
e* 23 MeV / SR " the condensation nuclei

08/08/2014 12




U. Goerlach, ASP Particle detectors 2014

!
f
!
i
i
t

/

Y4
. -
. "wn-o.‘” _.l"
Sone -

- snne”

\N

. . -’
b..m—ﬂ-" h

Liquid gas under rapid decompression

Ionization clusters - bubbles




’ U. Goerlach, ASP Particle detectors 2014

UNIVERSITE DE STRASBOURG

- Some basics of particle detection

Gammas: Photo effect, Compton scattering and conversion of gammas to
electron-positron pairs

Charged “heavy” particles: Energy loss by ionization
— Non-relativistic, minimum ionizing and relativistic
Multiple scattering
Cerenkov effect and transition radiation
Bremsstrahlung of electrons (and muons)
— Critical energy and radiation length = electromagnetic showers

Nuclear interactions of hadrons (nuclear interaction length)
- = hadronic showers

Neutrinos

Dark Matter ?

08/08/2014 14
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Interaction of photons with matter
Photo-electric effect Absorption of y
dominant for E <0.1-1 MeV
Compton effect Diffusion y—>¢'

Dominant for 0.1 < E = 10 MeV
Creation of (e*e’)-pairs Absorption de vy E = 1.022 MeV

Nuclear photo-electric and photo-nuclear reaction are very rare!

Statistical process governed by a cross section o;:

Intensity (number of y behind an absorber of depth x)

=1, exp(-ux)

u = Attenuation or/and absorption coefficient; [u]=cm?/g

u = N,/A(9)Z; o;. N, Avogadros number, A=atomic weight in gramme

e 08/08/2014 16
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Photon gamma

A

>4

K
p.e.

incident

1 - Expulsion_ 5
d'un dlectron . -
2-Comblement
de | ’orbitale

atom

32

(Ey / mec2 )7

Electron éjecté
{(= photo-électron)

=%

3 - Emission d ‘un
photon de fluorescence
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Photo-electric effect

8 [ )
Zat x gnr: x corrections

At high Z, the hole in the K-shell
is filled by an electron under the
emission of a fluorescence x-ray
of energy E =E,-E, y

At low Z, Auger electrons
occur: electrons of higher
shells (L) are ejected with
energy

EAuger=EK' 2EL

08/08/2014 17
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Pt o ey 5SFe X-Rays (5.9 keV) in Argon: e —

Fa55 PH in argon
% -

Counts

200 F-nnememeeee S— SRS G S———— -

T I RE EE0L RS P IS R
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X-ray ', "

8 10
E (keV)

INEEEEEREN
E =

Escape of the fluorescence x-ray of energy

Ey=Ey-E, yn ~Eg
— 08/08/2014 18
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, hv
hv' = X
l1+e(1- cosHy,)

a3=hv/mec2

T =hv-hv'

A=A"-A= hcz(l—cosﬁ,)
mc 4

% o hic

c 2

Compton wave lenth of an electron
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Compton-effect

Section efficace (lo"’ cm?/MeV)
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. Scattering of a gamma on a “free” electron

I 1 . 1 f l-l

2
~27r
electron e
E, =051 MeV
atome electron

T _ 2¢
¢ 1+2¢

|

6 pe
1.20 MeV Compton
b edge
0 A 1 1
0 0.5 1.0 1.5 20 2.5
Te
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Kinematics of Compton scattering
hv

longitudinal : hv' = ;
1+€e(1-cosf )

hv  hv' - v
Py=""=" cosd, +|pe|c0s06, e=hv/mc’
transversal :
0= hv sinHy,—’f)e‘sinHe, A =A"-A= hcz(l—cosey,)

c m c
T,=hv-hv' fic

| A = longueur d'onde de Compton

‘" m ct
e

d'un ¢lectron

20

a)
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Cl%ation and annihilation of electron positron pairs

¢

- L ©=0.1 ns

Y 2

E =
o c? 3 MeC
Y +CE —= e+e’ e te’ — 2y
1!y > (e*e”): photon(E,=hv,P,=hv/c); E, =E,!

electron — pair . E_ = 2}/mec2 P =2ymy = vy _ h—vﬁ =P
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Creation of electron positron pairs
- e 1A ]

( (& ) s e o pair NZ (Z + 1)
&) (&) 9N, X

— A 0
Dans le champ du noyau Dans le champ d’un électron
N, 71 19
y - L 4 — P~ — —
E>dm+ E>4m u =—40 ~—— A =—=— X
¥ ¢ Y [ . . )
m,, pair A pair 9 X pair 0
mm, = Er22m‘

1.00
3
5 0.75
(9]
[
le)
> 0.50
30
=
pd
;:? 0.25
E: 0 l—x
v -2mc’
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7 Response function of a Scintillator

Two examples of how a scintillator responds to
mono-energetic photons

76B76 Nal Detector: *Cs Spectrum

2 kv 662 keV
b continuum
Energy (keV)
)
Uucw. of Tewwessee , Beph. of Ploysics ‘é
& Mslooieon y %J M
1 o |
'Cs £l %
& \\W A5,
\ S1o eV 2 8
&% XN %
/P- e “?Bq'* : . ‘\M o
1,1&.'1(‘»' 662 Pl ¥ : Pulse height
e Plastic Scintillator
3

I 08/08/2014 24
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Regions where one process is Inter aCt{ on of P hotons

dominant, not exclusive ! with matter
= 100
= photoelectric pair
% 80 ~effect dominates production
€ dominates

60

3
5 40 Compton effect
v .
2 20 dominates
S 0
~ 007 0.1 1 10 100

photon energy [MeV]
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Attenuation length of photons

100

10

Ab=oe ption Jaogth & (gfecm <)
a
a
—

Intensity (number of y behind
107 i an absorber of depth x)
100 b2 ................ ......... I = Io exp( -x/. A) r—
10-6 . | | | | . | |
109Y 1000Y  1ke¥V 10V 100keV 1MoV 1MoV 1WOMeY 1&GYV 100GV 100

Fhotoo onwr gy
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“  Charged « heavy particles »

Coulomb interaction

lonisation
(Excitation)

EE 08/08/2014 27
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ﬁ’nteraction of charged “heavy” particles with
the electrons of matter

Particle speed is much larger than

V e the speed of an electron bound to
T— ( E | a nucleus
T~ 6 EJ_
ze - db
T~

o0 2 442 b
dE _ fd_Edb_ 47[72 e k 7 ln max
dS 0 db mevg i,_/"’bmin

08/08/2014 28
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Cylinder of
surface 4 and
volume V

Classical calculation
by Bohr:

Momentum transfer Ap
to the electron;

Energyloss of particle
= - energy transfer to
electron AE;

n, = electron density

L adival 1] 1 4y T e ¥ L B . AN 4

0 oo 0

divyy dxdydz = 45 Wda; P = vector field
A

diVQ»SclxaVyaVz=l pdxdydz=£; diV@=£
A |14 80 80 E

da = 2bds ; 2mh [€, ds=""
T g,
2 2
Ape=L£—2k£, e 1
4me, by, by, 47e,
2 2
AE = -AE =-(Ape) PR 13
¢ 2m, b’m v,

2
2 4
~dE(b) = AE(b)n dV = 4zin 5 (ﬁ) %bds; (av = 2mbdbas)
m

0 2 4 2
—d—E=—fd—Edb=4nneze L ML
ds o db m,
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Classical calculation by Bohr, b,... and b

min max

b . :Maximal energy transfer to electron
2
2 4
max 2.2 g e k
7.'6 = zmevﬂy 2 b2 (_)

mlll e

0
2712
b = zek, y = 1 ;,B=ﬁ; v, = particle speed !
ymv 1_/_-32 c

b_: interaction time < Orbit time T

b _
—max & T
YV,

b =yvT

2

2 4712 3
T
_dE= f db_47'l,’Z€k I/lel }/le

2 2 2
S myYy Z e
e 0
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Maximal energy transfer of charged “heavy” particles
to the electrons of matter

’”0 i)‘ m
G L
- - ,.‘"/ TN N
p=ymyy [ 77y
° (@) ] ] aome
E AN
. S
v>v =Zac
1
2 4 2 4 2 2
ECM =(m c+mc +2mc E)
e e
2
mc
CM
P, =P Ee
CM
m ¢’
CM 2
E" =(E+mc’)—*
ECM
2
oy E+mc Y pc
", TEeme
ou +mc

2m§czﬁ2y2

Tmax _ Emax —m C2 _
e e e ) 2
(B /)

\ /

m,>m;2ym /m <1
]-;max _ zmeczﬁ2y2
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Bethe — Bloch formula

10—
S
dE T
dx °f
MeV , |
glen?
3 -
2 -
1 L | |
0.1 1 10 100 1000
py=pc/m
1 dE dE / 5 1
2 2 2
———=——=4JTNAvre mce —zm —
pds dx -~ v A P
0.3071MeV /(g/cm*)
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[ —

_aE __1db
dc pds
/
n=N-p=
e A IO A

e’ ahc

Fe = 2 )

4msomec mc

shéll correction
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FIGURE 7. Measured ionization energy loss of electrons, muons, pions, kaons, protons
and deuterons in the PEP4/9-TPC (Ar-CH4 = 80 : 20 at 8.5atm) [13]
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7 Fluctuations of energy loss by charged particles

Landau curve « Large fluctuations of energy loss,
specially in thin layers

 Results from the stochastic nature of

2 collisions.
‘B -
.§ « Large transfer of energy can occur in a
'a-- = = u
. single collision
% '  [If the number of collisions becomes very
" mean large the distribution approaches a
energy ] o
loss Gaussian (Central Limit Theorem).
& [FP-RingSDetectoM]
T T T T T T T T T T Ll £ 140 Rin 5
* energy loss A § o 50 Ogum
most § wof _
probable é : SIN 38'7
loss 3 "

TTT 8

8

20[
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Electrons

Electron — electron collisions
Identical particles / equal masses
Higher energy transfer

Larger directional changes

Badly defined trajectory

— 08/08/2014 38
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Low energy electrons

T T Y T T
Absorption c¢v homogeneous  g-rays
N aluminium :

80

Intensity

~
-

\ N
AN
\ N N

06 E 08 10

Definition of an
efective range
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ol High energy electrons: Bremsstrahlung
dE™  dE° E°

=— = = E° (x) =E exp(—x/X ) X, = radiation length
0 0 o
“ . dE™ Z’ 2 2p. 183
2 — =4&xN—zr"Eln(—)
- dx A 73
i 2
10°E v, = ° >
0 dme,m c
5 | z
Ng = E _ (mparticle l
" - critical
% E p..' t electron Z
%‘ 10" For muons the critical
o | Fotal energy is about 200 GeV !
Y L
:\g\‘___‘effff:;
% Collision loss E = 610 MeV LIC|U|C|S
- ° Z+124  and solids
]0"l IR L RR LT AR RN R MR R RN N AR
10~ 10 103 10° 710 MeV
Energy [MeV] E(— 74092 Gas
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>4 Interaction of electrons:

radiation length and critical energy

milien Z A Xof g/cm2 ) X; (em) Ec(MeV)
hydrogéne 1 1.01 63 700000 350
hélium 2 4 94 530000 250
lithium 3 6.94 83 156 180
carbone 6 12.01 43 18.8 90
azote 7 14.01 38 30500 85
oxygene 8 16 34 24000 75
aluminium 13 26.98 24 8.9 40
siliclum 14 28.09 22 94 39
fer 26 55.85 13.9 1.76 20.7
cuivre 29 63.55 12.9 1.43 18.8
argent 47 109.9 9.3 0.89 11.9
tungsténe 74 183.9 6.8 0.35 8
plomb 82 207.2 6.4 0.56 74
air 7.3 14.4 37 30000 84
silice ( S107) 11.2 21.7 27 12 57
eau 7.5 14.2 36 36 83
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Electromagnetic shower

* N(O=2" E@)/particle=E,-2""

ez

//é Process continues until E(1)<E,
ED Y e*
- = ™ oooo. Nfoml =ti2f =2(l-‘+l)_1%2.21m =2&
Kw =0 Ec
{ — lnEO/Ec
- s, oy, Bogg ‘50/16. _ max In?2

oizaass%ét[xol
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I ———|
J 0.125
95% in a cone of Ru 0.1003 ovcident om iron :
21 MeV 2 S 0.075 ]
Ry = - X, [g/em”] // 3 :
z N 100 < 0.050
// 10'»\ 0.025 ] -
e ' | F o
0-0008 5 10 15 20
/ | \ t = depth in radiation lengths
100- \ 7
— \ 24 N\ e, P
NP2 Smm—
Q5 18 P
32 15 4
3 = 12 e
5B 8¢ o =10 12
= 0. o ‘

2 4 6 810121416
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Hadronic showers

This is NOT(?)

a parton shower 1!

\\‘ n
(Grupen) ™ \u\
hadronic + electromagnetic

¥ N(x)=N,exp(-x/A) ;
+ charged hadrons p,n", K-
* nuclear fragmets ....
* breaking up of nuclei (binding energy)
{- neutrons, neutrinos, soft y's, muons

L
A

W

neutral pions — 2y
— electromagnetic cascades

a(z°)~ InE(GeV)-4.6

example E =100 GeV: n(n®) ~ 18

invisible energy — large energy fluctuations — limited energy resolution

C. D'Ambrosio, T. Gys. . Joram. M. Moll and L. Ropelewski CERN — PHDT2

Particle Detectors — Principles and Techniques
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Hadronic shower

100

number of shower particles

red - e.m. component
blue - charged hadron

100 150
e plom]
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Comparison elm shower:
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Fig. 1.11 Side view of trajectories of particles of energy >10GeV of a photon, a proton and an
iron nucleus initiated shower having a total primary energy of 10° GeV each. The electromagnetic
component is shown in red, hadrons are black and muons green. The widely spread particles in the
lower region of the atmosphere in the hadron showers are mostly muons (courtesy of KASCADE

-Eroup)
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_

Extensive Air shower

1074 eV

The atmosphere as a big
calorimeter
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Summary
Particle interaction with matter

Photons :

At low energy (< 10 MeV) photons are absorbed by a single
interaction (photoelectric, Compton effect or pair creation). The
number of photons is attenuated exponentially, the energy of

the remaining photons is not changed, however by the

Compton effect lower energy photons are created.

N(x)=N, exp(—x / A) ; i =A =attenuation length; x = thickness

specific process

At high energy (E>> 10 MeV) successive pair creation followed
by electron Bremsstrahlung will lead to extended elm showers
characterized by the “radiation length X,”

A 4
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?ﬁ/ | Summary

dX (ichelle arbitraire)

Particle interaction with matter

L | 90 MeV/n
8 12
195 MeV/n C

[ |5Y | 270 Mevin
330 MeVin

23 mm

L s 1 1 >
0 Mc? 10 Mc2 100Mc?  ENERGIE

&mm 55mm

relative energy loss
($) ]

- N
T T

Heavy charged particles

5 10 15 20 25
depth H,O [cm]

loose continuously kinetic energy along their
path (ionization) with small fluctuations until
they are stopped after a well defined distance;
until that point their number remains constant K
and they travel on a straight line. 2

At high energies also hadronic interactions
may occur, leading to an hadronic shower :

N(x)=N0exp(—x/A) ; %=aim ‘N

b
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- Summary (I)
Particle interaction with matter

Electrons

also loose their energy by ionization but with much larger
fluctuations in the energy loss and deflections leading to a
badly defined range in matter.

At energies higher than a critical energy Bremsstrahlung is
emitted. This process becomes rapidly dominant.

Multiple pair creation and Bremsstrahlung will lead to extended
showers characterized by the “radiation length X,”

The energy of the incoming electron (not the number!)
decreases exponentially with the path length.

E° (x) =E, exp(—x/XO)

A 4
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U. Goerlach, ASP Particle detectors 2014
T —

o=  Multiple scattering

| -t Scattering in the coulomb field of
] the nucleus (Rutherford)

Gaussian (0) distribution for

A
S
]

small angles 0,

Violant scatters can lead to large
values of 0O

grro - 13-0MeV/ "7 /i(1+0.0381n(x/)(0)
rms p.ﬂ XO

X,=radiation length
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Cerenkov and Transition radiation
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7 Cerenkov effect

A A

O
Q QM0 0O
OOO OD% OO elementa OOOO Q OOO
004900 s’ o800
O°~ 0|00 g T O Q)| PO O P
O |@ e P00 tlight
OQoed fere Qo >4 O
Ol |®a 0 050 90 ~ 0o
00 020000 03 00/00%0
©50090% ©5000Q0° L
0“0 l|© 00 0O 0 [O00™~0
OP
Y (a) P”  (b)
B B
V,/C < c/n(A) V,/C > c/n(A)

« Coherent superposition of the
radiation of the atoms

« Mainly blue light

* Very few photons

 Very small energy loss

 Identification of particles!

U. Goerlach, ASP Particle detectors 2014

v=Pc>c/n
c'At/n 1
pc-At  PBn

= [3>l;cost9f‘ax 1
n n
A ~200-700nm

photons

d*N .
— ™ 370 sin’ 6. eV lem™
dE dx

hv

cos@c =
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Exercise

Blue light in a reactor
1. What produces the light?

2. Water n=1.333. calculate the
minimal energy of an
electron to produce
Cerenkov light
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J Egm " " di
Transition radiation s
/
Elm. radiation is emitted when a charged _%_@_.
particle traverses a discontinuity of refractive = \
electron

index, e.g. the boundary between vacuum and

<—>
: : microns
a dielectric layer.

=1 =~y !
Radiated energy '/ boundary: W=sohw,y=y !

Plasma frequency / N e’ plasma
W, = : < -
pl ’
g,M, frequency

how, =20-30eV
Energy of emitted photons (X-rays) hw = ;hw,y — keV range

W 1 many
Number of emitted photons: N,=—~a=——; =

hw 137 layers
X-rays are emitted at small angle HX_my ~1/y
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(Simple?) Particle Identification, (PID)

PID: charge, masse, leptons or hadrons, muons

Measure Energy and dE/dx (f) at low energy
Measure dE/dx () and momentum (B-field)
Time of flight (TOF)

Cerenkov (B) or Transition radiation (y)
Photon vs neutral hadron

Electron vs hadron

Hadrons vs muons

Neutrons

Neutrinos ?

Dark matter ?
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Identlfléatlon of massesI o [n K

| [ -
{ - MULTIPLIER SPECTRUM 2
Incident particle l _ 16 3He + 4He 2C+2C -
T / 126 5 Mev
g = / 8,,:17° -
> .
v 12 /oL .
2 it
“AE” \ g r 4 ]
Transmission E- ﬂ 10g
detector detector
(a)
. S
d 29 cm 2 my
x |4 0 20 40 60 80 100 120 140 160
Channel number
= (b)
d E Figure 11-16 (a) A particle identifier arrangement consisting of tandem AE and E
—X E . Cm detectors operated in coincidence. (b) Experimental spectrum obtained for the AE - E
dx cn signal product for a mixture of different ions. (From Bromley.”)
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Particle ID using Time Of Flight (TOF) . .

. . /

” I—L' ﬂc fc
—“ H Combine TOF with momentum measurement

! v c2t2
start stop p=myfy —» my = py[——-1

L2
Mass resolution d—m = d—p + y2(£+ d—L)
m p t L At for L = 1 m path length

10

1 1T 1 1viny

TOF difference of 2 particles as f{p)

Vo

oy = 300 ps
= n/K separation
up to 1 GeVlic

= £(\/l+m12c2 / p? —\/l+m2262 /pz)
c

Lc ( 2 2)
R 2m1—m2

time -of-flight difference A t[ns]

CERN Academic Training Programme 2004/2005

2p 0.1
04 1 LY
momentum p [GeY/cl
C. D'Ambrosio, T. Gys, C. Joram, M. Moll and L. Ropelewski CERN - PH/DT2 Particle Detectors — Principles and Techniques 5al9
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PHENIX High Resolution TOF
t Au+AuNs = 200 A GeV

=]

=

o
I I LI I L | I LI I LI I LI I LI I 1

1 6 Figure 7. TOF-PID plot from PHENLX
based on an Au-Au run in 2002.

charge/Momentum [(GeV/c) '1]
N

Liphier
2 o 10
4 P :
=1
-6 i e
IIII‘TT‘III IlAIIIAIIlIIIIII|IIlIlIlIIIIIllIIIIIIIlII E
10 15 20 25 30 35 40 45 50 55 60
Time of Flight [ns]
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Simple PID at high energy

Photon vs neutral hadron

- Electromagnetic or hadronic shower
Electron vs hadron (electron or pion ?)

- lonization trace from the trajectory of a charged
particle followed by a electromagnetic or hadronic
shower

Hadrons vs muons (electron, muon or pion)

- lonization trace of a charged particle, but no
electromagnetic or hadronic shower, the muons can
travers large quantities of very dense absorbers.
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- N

eutrons
= T T T T T T T 103E
% 10°F - '
= Hea(n,p)H3 —
© c
£ 10°h . g
C
S H(n,n)H’ s
210 1 3
% / \\ # 10 \\\\
() n C
o 1 0 PROTONS ™
c 8", alLi’ 2 N
X
- g L N
; 01 Lié(n,u)HB - § E

| 1 | 1 1 1 |
eV 1KeV MeV
. 1071 winin DT R B
Neutronenenergie Ep 10-3 107 10"

Elastic scattering off a nucleus E
Inelastic scattering E

neutron

Radiative capture o~1/vitesse
Nuclear reactions, fission

> MeV

neutron

Energy [MeV]

< MeV

N =N, exp(-x/A);
A'=No,,
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; ¢ Interaction of neutrinos

Ve ) Réacteur nucléaire Liquide scintillant ( CH, = L;)
\Y
) / e
Y ] v,
e
V .
Reines & Cowan € ~0

1959

La réaction de deétection est © V +p— n+e’ . qui est rapidement ( 100 ps ) suivie de la capture du

neutron sur un noyau de Lf selon la réaction : nm-l-Lf—m-l-H 4 8Mel” . Les particules chargées

produtsent des impulsions de scintillation en coincidence . La signature de détection d’un neutrino
correspond a ['enregistrement de deux impulstons lumineuses induites par le postton et la paire o—1 .
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WIMP diffusé EDELWEISS

WIMP
impulsion de chaleuf EXpérience pour Détecter Les Wimps en Site Souterrain)
.‘.—
Neutron and gamma calibrations
i (°°Co and *°’Cf sources), Polar = — 2V
senseur | | | | B J
N . EDELWEISS |
‘.. |
80 - ; A = i =
, électrode - |
électrode 2 I |
— | impulsion d’ionisati = |
® R i . ]
. d*un noyau v A0 ‘ f
=) = Nuclear recoils / 1
o L / ]
£ f /
© / /
s 0] ‘ Electron il ]
cristal de Ge E / ectron recoils
« Cristal of very pure “Ge” 1Kg, * v
20 |- i - X
- Very rare events 1 event/Kg/year !! = parcours d’electrons >>pm |
« lonisation “ parcours d’un récule << uym

0 TP + A B S E— £ ! i "t i 1 . L
20 40 60 80 100

0
some keV Charge amplitude (keV e.e.)

« Heat/ mechanical vibration of cristal
AT = 10-6 mK => cryostat(*He*He) a 10 milli-Kelvin
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Some recommended exercises

1 Look at the classical derivation of the the Bethe-Bloch formula
Kinematics of Compton scattering and (e+e-)-pair creation

Cerenkov threshold for electrons in water

L~ S O~ B \V

Estimate the nuclear interaction length in Iron
(Fe, A=56; p=7.8 g/cm?3)

1 The number of particles in a elm shower is proportional to the
Energy. If we can measure the number of particles in a
shower, how will the energy resolution scale with energy ?

2 Movement of a charged particle in a magnetic field. If the
curvature is measured, how well can we measure the
momentum of the charged particle ?
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vaakjsm SBOURG A/
BTN
................................................................. 71~ Reconstruction of trans
—Magnetic field B =
S =1'/8R

[m] 110 pl[GeV/c] . Mouvement of a charge z'1h a uniform
[ ] magnetic field

. Momentum resolution dp/p

Spatial resolution of the sagitta dS/S

d
aS_dp, 80 1

S p, 3zBL
[B] = Tesla; [L] = m;[pl] =GeV /c

If the trajectory is | o(p;) _o()-pr -
measured with N |~ = ———=2\[720/(N +4) (for N 2 ~10)

points:
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Conclusions

All particle detectors in nuclear, particle and astroparticle

physics are based on the physics of the interaction of particles
and radiation with matter

The interactions produce free electrical charges (ionization,
excitations of the medium) or sometime light (Cerenkov)

These products of the interactions can be used to derive
(electronic) signals to indicate the presence of an invisible
particle

We will see in the next lecture, how we can do this
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