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N Scintillators according to
F various schemes

Transform dE/dx of an ionizing particle into light
that can be measured by a photodetector

* Physical state » Composition
- Solid — Organic
— Liquid — Inorganic
— Gas

» Structure « Scintillation mechanism
- Single crystal — Intrinsic
— Ceramic — Activated
- Glass — Core-valence
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CRYSTAL

Organic scintillators 4

Convert PART of the energy of the incident particle

= Organic crystals
Anthracene, Trans-Stilbene,
Naphtaline

organic scintillators low Z (C,H) >

- low y-detection efficiency
- high n-detection efficiency via (np)
scintillation mechanism:

Delocalized & electron states of the Benzene molecule Organic |IC|UIdS ) )
singlet states Solvent: Xylene,Toluene;benzene

Solute:p-Terphénil, PBD, PPO,
POPOP, 3¢9/l

triplet states

- lr;_-::ji.'_ﬂr..-f;':_ - < PIaStiCS

.“'I-

_ Solvent: polyvinyletoluene,
fluorescence phosohorescen: polypheénilbenzene, polystyrene

10%-10%sg A >104s

[, Solute:PBD,pTerphénil ,PBO,
| second solute POPOP,10g/l'for
wavelength shifting
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CRYSTAL
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Principle of WLS:
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CRYSTAL

@ Crystaline organic scintillators <4

=

i emission |
density yield wavelengthn

nm

Chemical

crystal
14 formula

anthracene | C;,Hi, 1,25 1,62 100 447

Trans-

cHibore | CiaHi: 1,16 1,62 50 210

naphtalene | CHs | 1,162 1,62 30 340

L J A

e organic scintillators are usually very fast (a few ns)
 used for fast detection, time tagging, time of flight

» Anthracene has a very good yield: 1 optical photon per 60eV deposited enerngy
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CRYSTAL

Plastic organic scintillator: plates 5~

 Easily machined

e Large sizes avallable

» Good light transparwith. wavelength
shifting using primary@n@isgeondary
fluors

» Very fast~ns,

e Cheap

» Not very radiation hard

1 optical photon per 100
eV deposited energy
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CRYSTAL

@\ Plastic organic scintilator: fibers

Air: n, = 1.0003

Core, polystyrene: n, = 1.59

Cladding, acrylic: n, = 1.49

* Propagation in the core: ¢, < 20.2°, f, = 1-n,/Ap= 6.2%
 Propagation in the cladding: 20.2° <'¢, < 51°, f;, = Ay/n,-n,/n, = 31%
e Lost in air: ¢, > 51°, f, = ny/n; = 63%
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CRYSTAL

Tile calorimeters: ATLAS, CALICE

Fibres can be embedded in scintillator:

to photo detector //’

s Read out 216
tiles/module

readout of a scintillator with =% ,){
a fiber (schematically) . W
: N F# ~8000 channels
= aptical filkes

scintillator

1 machned
groove

(with miniaturised Si-PM no transport
needed = prototype calorimeter ILC)

| of id independent r
VRS

ATLAS Hadron
Calorimeter

Feriodical

arrangement of

scintillator tiles

(3 mm thick) in

a steel absorber gy — - e R
structure T Y

Single tile
readout with
SiPM
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CRYSTAL

Scintillating crystals for homogeneous ]
calorimeters

e To convert ALL the energy of the incident particle in to light

* Necessity to use dense materials

photocathode
dynodes 1-N

scintillator e
photomultiplier tube

» Above certain minimum level most scintillators are linear with
respect to the energy deposited

o Light output is directly proportional to energy deposited
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CRYSTAL

History of scintillator discovery Y

1900 1920 1940 1960 1980 2000
| | | | | |
Lulz, Lu2Si207:Ce
LaCes:Ce, LaBr3:Ce
RbGd2Br7:Ce

LuAlO3:Ce
Lu2SiOs:Ce
LuPO4:Ce

105 Years of POWO

CeF3

I n o rg a n ic (Y,Gd)203:Eu,Pr

Gd2Si105:Ce
Scintillator ™@StYVY ek
response

Bi14Ge3012
BaF2 (slow
CslI(Na)
CdS:In, ZnO:Ga
CaFz2:Eu
Silicate glass:Ce

Discovery

M. J. Weber J. Lumin. 100 (2002) 35

_ CsI(TI)
Invention of the R Igdl?;%cl
photomultiplier tube ZnS(Ag) -
CaWO4
1900 1920 1940 1960 1980 2000
| [ | | | |
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@ Classification of scintillators .
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A zoom on the conversion
process (HEP)

e The energy conversion from incoming X or y Rays
IS @ complex process resulting from a cascade of
events.

e Hadronic events are even more complex

— Detalls of the full cascade for HEP with contributions
from different conversion mechanisms: scintillation and
Cerenkov, would lead to particle identification within
the shower
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A zoom on the conversion
process (low energy)
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A zoom on the conversion
process (low energy)
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CRYSTAL

How to choose a scintillator [

For charged particles: high p materials to increase
dE/dx
Y- ABSORPTION

For X and y-rays (but also high energy electrons, COEFFICIENTS
which radiate y-rays by bremstrahlung) Nal
3 mechanisms: T NEiRA

: Z°
— Photoelectric: Oph € —=75
E7

— Compton:
— Pair poduction:  [[eECFANLIEH

At low energy high photoelectric cross-section 1s
/I

desired \\\PHOTOELECT RIC

At high energy good shower containment requires W

— Small radiation length: [N SRSRACE NS
°" 5 Z(Z +1)In(287/2)

— Small Moliere radius: Energy [MeV]
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Fundamental aspects of
Scintillation

A light

Different scintillation mechanisms
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CRYSTAL

Fundamental aspects of ]
Scintillation

A light

Different scintillation mechanisms
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CRYSTAL

@'-..oo--o s atlC [

A A a CLEAR

Inelastic electron-
electron scattering

<

CONDUCTION BAND

h Thermalization of
electrons Capture of electrons
"""""" g=escattering ™~ T T EN and holes by different
. threshold N\ traps, their self- Interaction of
ph trapping, etc. excitations Emission
/ | e+ct—cl+ph c+c > c+c” &>c+hy

VALENCE BAND

/Qh h—V,+ph

Thermalization of
holes

CORE BAND
0 0 0 .3 N
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CRYSTAL

y| Evolution of energy distribution for
1000 eV electrons o

electrons

particle distrbution

A s
—h.-E- 5'.!'-\.!'

particle enerey. &V

electrons
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CRYSTAL

y| Evolution of energy distribution for
1000 eV electrons o

b = 3911 x 107 #
electrons

H

3

Qay

particle distribution

DO DDD O
logudfuoeey

e | -
200 A0 H00 S0

particle eneresy. 2V

I
]E_Ieu:trnns -1 excitons -
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CRYSTAL

y| Evolution of energy distribution for
1000 eV electrons o

bp gy = 1295 x 10~

electrons

particle distribution

400 00
particle energv. 2V

|
electrons -1 excitons —

J":hm“__
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CRYSTAL

y| Evolution of energy distribution for
1000 eV electrons o

electrons

particle distribution

400

particle enerey, 2V

I
electrons

February 2011 Scintillating Screen Applications in Beam Diagnostics, GSI, 14-15 Feb. 2011 P. Lecog CERN 22




CRYSTAL

y| Evolution of energy distribution for
1000 eV electrons o

electrons

particle distribution

hullh 1 . |

) 200 400 600

particle eneresy. 2V

I
electrons
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polaron - electron+ distorted lattice
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CRYSTAL

Configurational model ]

Yee
(delocalized)

Configuration Coordinate Q

Qo

Configuration coordinate model for the local lattice with electron in
valence and conduction band states and in localized State.
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CRYSTAL

Configurational model ]

Yee
(delocalized)

VB (G)

Qo

Configuration coordinate model for the local lattice with electron in
valence and conduction band states and in localized State.

Configuration Coordinate Q
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CRYSTAL

Configurational model ]

Yee
(delocalized)

VB (G)

Qo

Configuration coordinate model for the local lattice with electron in
valence and conduction band states and in localized State.

Configuration Coordinate Q
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CRYSTAL

Fundamental aspects of
Scintillation

The 3 phases of the scintillation mechanism

1. Absorption : Creation of pair e-h ™~ — i1
ICIENCY OT SCIntiiiation

2. Transfer to the luminescence centre

Efficiency of energy transfer :

3. Emission

Efficiency of emission : n

_

Usually B=2to 4
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CRYSTAL

Fundamental limits to the LY [

bromides
oices
fluoride
sulfices

=
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CRYSTAL

Towards smaller band gap [
compounds

5.9 g/cm3

—

3.8 g/cm3

5.1 g/cm3

— 5.6 g/cm3
.

]

A 4

Valence Band

Light yield (102 ph/MeV) 2 53 73 0
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CRYSTAL

Luminescence quenching I
In Lal;:Ce

Conduction band

Ce3+ g.s.

Absolute location of doping levels is crucial

February 2011 Scintillating Screen Applications in Beam Diagnostics, GSI, 14-15 Feb. 2011 P. Lecog CERN 39




CRYSTAL

Physics of scintillators

Unwanted!

e
e

Conduction band

E,

=

Valence band
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CONVERSION TRANSPORT LUMINESCENCE
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Effect of traps

Ce’t and Pr3*-doped Lu;AlO,,

At RT
T > 30 us
h-l

< =—— .\ CB
hv ‘m
\ . 1—-1

H Best LUAG:Ce ~ 60% of YAG:Ce
©]

VB \ 1
Ce3* AD-related

eli:;gm A lot of “slow light”
in these materials

4

Retrapping of electrons at
shallow traps before their

LuAG:Ce d L . b :

Scintillation decay radiative recombination at

pulsed x-ray, em = 500 nm

§ PUedxray.em =R AM o Ce3* 10ons

Pmems) Nikl et al. pss (a) 201, R41 (2004)

Light yield (1 ps time gate)

Best YAG:Ce ~ 3x BGO

=
=
=

intensity [arb.units]

CRYSTAL
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Yield depends on electron
lonization density

Light Yield

lonization Density

O
2L
>_
b=
D
-
Q©
=
—-—
T
Q
o

Relative Light Yield

(xp/3p) Aususq uoneziuoj

1

10 100
Energy (keV)

lonization Density (dE/dx)

Non-Proportionality + Non-Uniform Energy Deposit
— Degraded Energy Resolution
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CRYSTAL

Non-uniformity of electron R
energy deposit

—
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a scattering (eV)
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EE density effect in scintillators ]

BaF,, E,=1500 eV

N
o
]

S
c
—~
>
o
s
o
S~~~
L
o

Energy, eV

60 80 100
Electron path, nm

February 2011 Scintillating Screen Applications in Beam Diagnostics, GSI, 14-15 Feb. 2011 P. Lecog CERN 36



CRYSTAL

Back to Creation [

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. / Galaxies, Planets, etc.

S O s G
Inflation_ v ihte, U .

Quantum
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years
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S e Main CMS goal;

Fagetic
A\ ‘“"ffi"é )" search for Higgs

e ~\\V ° \, new physics

|
=)
o
]

L)
L=
o
L=

)]
o
]
a3

H oy
signal
- in CMS

I ~ | ECAL
Diameter ~ 15 @ design

m = == resolution
NS - 1 :

Weight ~ 14500 110 120 .ﬁ'f‘t;e'..aa}g‘

e
=
=
-
=]
“=E.T,
-
(it
-
-
=
=
L
(T4
=
i!-’_-"l-ElEIEI
L

L For a light Higgs (as suggested by present data)

H-yy best channel. Narrow width, irreducible background:
ECAL resolution crucial !
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CRYSTAL

&Y WIMP-Dark matter searches | @

/|

Expected event rate < 0.1/kg day

Evidence of Dark Matter
Rotation curve of spiral Detector mass ]_kg_]_OO kg

galaxies High radiopurity of detector

observed

W-thermometer(phonon

expected Neta a
frem
___ luminous disk ' I’ySt C

| |

A (kpc)

Reflectar |

M33 rotation curve

Pulse He ont i Light Derector [kl ]

Direct detection - elastic

scattering off nuclel
light detector
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CRYSTAL

_-%"’
~ 1BEDG
~Injection
Neutron-deficiert
isotope

PET data acquisition

—)

Reconstruction

Parallel projections PET data (sinograms) PET images
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The BepiColombo Mercury mission ]

The Mercury Gamma-ray and Neutron Spectrometer (MGNS)
Main characteristics

Goal: The gamma and neutron mapping of Mercury surface

Science objectives:
#* The mapping of water content in Mercury

subsurface
#* The mapping of Mercury soil composition
Parameters:
Mass 5.2 kg
Power 5w
Volume -
Surface Resolution 400 km
Minimal time resolution 2-4 sec
Energy range, neutrons Multi energy bands covering
102 eV — 15 keV
Energy range, gamma 300 keV — 10 MeV
Energy resolution, gamma 3% at 660 keV
Detectors 3He — proportional counters,
stilben crystal, LaBr, crystal
Temperature range (-20C, 40C)
Position ESA: BepiColombo
. Altitude 400 km — 1500 km
ﬂl\@&k\m_
. = CSa
%ﬂ; - N 4200000 F— R -3+ Science Payload and Advanced Concepts
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Oil Well Logging &

Measurement Issues

 Source and sensor both in
borehole

* Usually want to measure
Formation

« Need to make measurement
with 1-3 seconds of data
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Mobile and fixed position; X ray, 5¢Co, 137Cs
Nal, CdWO,, BGO

Spectrometers, counters, imagers D%E
Menaged by LI I!-;:I..'!:. - i R I I}{jﬂ

far the Diepariment of Energy
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CRYSTAL

Thank you
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