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y A scintillating crystal @

ASCIMAT

* It emits light when it absorbs energy from incident photons or charged particles
* Light output is directly proportional to energy deposited

CERN Labo 27 - EP/CMA
18/04/2002 - 1

photocathode
dynodes 1-N

scintillator .
photomultiplier tube

* To convert ALL the energy of the incident particle in to light => dense materials
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History of scintillator discovery @
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1900 1920 1940 1960 1980 2000 2020
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Lul3, Lu2Si207:Ce

LaCes:Ce, LaBr3:Ce
RbGd2Br7:Ce
LuAlO3:Ce
Lu2Si0s:Ce
LuPOs4:Ce

PbWO4

CeF3
(Y,Gd)203:Eu,Pr
Gd2Si0s:Ce

inorganic scintillator | Ba: (fa
YAIO3:Ce

Discovery BisGesO12
BaF2 (slow

CsI(Na)
CdS:In, ZnO:Ga
CaF2:Eu

Silicate glass:Ce

120 Years of

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

CsI(TI)
CdWOs
*  Nal(T)

ZnS(Ag)
CaWO4
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Classification of scintillators @
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Courtesy P. Lecoq
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@) Requirements @

> ASCIMAT

 High density

* High light yield

 Short decay time

* |nexpensive, “easy” to manufacture, reproducible
* Large size, easy handling and “machinable

 Radiation hardness (for some applications HEP,
Astronomy)

E. Auffray, CERN, 12 Sept 2016 5



() Many Applications @

> ASCIMAT

* High Energy Physics
* Astronomy and dark matter searches

e X ray and gamma spectroscopy
e Safety inspection

* |Imaging:
* Medical imaging: PET/SPECT
* Gamma imaging

* Monitoring in nuclear plants
* Oil wellsoil drilling

E. Auffray, CERN, 12 Sept 2016 6
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Application in High Energy Physic
Electiromagnetic calorimeter
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@ Interaction of a high energy @
- gamma ray in a scintillator

Development of an electromagnetic shower

AN\~ ~a
o
m —— @@/}’ T:/ /\ _ photodetector

_.@"i’:
vy <L
Characterized by: 716 4A
* Radiation length X, (g/cm?) Xo = . 2
Z(+2) 1n(ﬂ)
JZ

* Moliere radius R, (g/cm?) R =0035*X *(Z+14)

E. Auffray, CERN, 12 Sept 2016



@) Energy resolution of a 1O
>\ electromagnetic calorimeter e

amma
g photodetector

Energy resolution of electromagnetic calorimeter

O

P50

a: statistical term: depends mainly on light yield

EBc

b: noise term negligeable

C: Constant term: depends of light uniformity, calibration

E. Auffray, CERN, 12 Sept 2016



Scintillators requirements @
- for high energy physics

 High density

* Stopping power, short radiation length X, & Moliere radius
* Decay time
* Radiation hardness

* light yield less important for high energy gamma rays
detection

E. Auffray, CERN, 12 Sept 2016
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V Crystal ball calorimeter ©
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Crystal Ball @SLAC, 1979 for Charmonium spectroscopy

e  50cm diameter spherical ball of Nal(Tl) crystals

e 672 crystals 42cm long, PMT readout

«  Very good resolution allowed precise Charmonium decay

. . T o0 11'80"79
spectroscopic study of charmonium states S TANE ?W
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Babar detector at SLAC (PEP-2) ©
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Detailed study of b-quarks, b-quark containing hadrons, and CP violation

e Cylindrical geometry
e 6580 Csl:Tl crystals, =34 cm long,
 Excellent energy, position resolution to reconstruct mOs.

n° Mass E_ > 500 MeV

3500

BaBar

Entries

3 3000

n°-mass = 134.2 MeV
n’-width = 7.7 MeV

2500

2000

1500

1000

500

0 1 1 1 ‘ 1 1 1 1 ‘ 1 1 Il 1 | 1 Il 1 1 | 1 1 Il 1 |
0.1 0.2 0.3 0.4 0.5
m,, (GeV)

E. Auffray, CERN, 12 Sept 2016

o



‘-/y @ CERN ASCIMAT

CERN (the European Organization for Nuclear Research) is the
world’s largest particle physics laboratory, where physicists and
engineers probe the fundamental structure of the universe.

CERN Accelerator Complex

cMS
LHC

East Area

o

» plantiproton) » » electron
“— fantiproton conversion
LHC Large Hadron Collider SPS Super Proton Synchrotron  PS Proton Synchrotron

AD Antiproton Decelerato
CNGS Cern Neutrinos to Gran Sasso

LEIR LowEnergy lon Ring LINAC LINear ACcelerator n-ToF Neut Time Of Flight

i g7 i
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V The Large Hadron Collider LHC ©
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e 100m underground

Lake of Geneva

LHCb

Large Hadron Collider
27 km circumference
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) @CERN in LHC 1O
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2 experiments use scintillating crystals : Lead tungstate crystals : PbWO,

ALICE :17920 crystals

E. Auffray, CERN, 12 Sept 2016



CMS : Compact Muon Solenoid
@LHC ASCIMAT

3.8 T magnetic field

= (@)

search for ngg -
and new phy5|csl ’

Length ~ 22 m
Diameter ~ 15 m
Weight ~ 14000 t

7000

H >yy
signal
4000F in CMS

For a light Higgs
H—vyy best channel. Narrow width, but irreducible background:

Everis/500 MeV for 100 fb™

Electromagnetic calorimeter (ECAL) resolution crucial ! ; (E@CQ:SIQn
=>Choice of homogeneous crystal calorimeter 0% resolufion
110 120 130 14¢

m,, (GeV)
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Challenges & Choices for ECALQ

ASCIMAT

»

s

Challenges:
Fast response (25ns between bunch crossings at LHC)

* High radiation doses and neutron fluences
500fb-' - 0.3 Gy/h & 4.10'! p/cm? at |1)| < 1.48;
6.5 Gy/h & 3.1013 p/cm? at |[n| =2.6

Strong magnetic field (3.8 teslas)
Long term stability monitoring capability

Choices:
e Lead tungstate crystals (PbWO,, PWO)

e Photo detectors :
Avalanche photodiodes (APD) in Barrel
Vacuum phototriodes (VPT) in Endcaps

e Laser light monitoring system for following the evolution of crystal transparency and photo-
detector response

E. Auffray, CERN, 12 Sept 2016
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) From R&D to Production

Ly after/Ly init (%)

Radiation hardness improvement

Optical properties improvement

105

Front irradiation 0.156y/h
preproduction crystals

-

PWO4510 (%LY)
PWO4579 (%LY)
PWO4585 (%LY) | ¢
PWO4590 (%LY)
PWO04622 (%LY)

Specification: -6%

PWO4623 (%LY)
PWO4533 (%LY)
PWO4481 (%LY)
PWO4473 (%LY)

»

e > ¢ E|a > © O e

Transmission (%)

©
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Transmission improvement

100
904 Theoretical transmission from Fresnel losses
80 \
70 = ?
| JPRS
60 ¢ 4
50- - Crystal
Crystal from

40- from 1994
30 1998
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0-ERRERTRRAT T T T T T T T
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Wavelength (nm)

Delivery of the first 100 PWO Crystals

Sept 98




@) CMS ECAL Design @

75848 PWO crystals
about 10 m3, 90 t
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EndCaps: 1.48<|n| < 3.0
4 Dees

14648 crystals (3x3x22 cm3)

Barrel: |n| <1.48
36 Super Modules (SM)
| 61200 crystals (2.2x2.2x23 cm?)




QCMS ECAL assembly: 1998-2007A5cw

6120 sub-modules

6100 sub-units

61200 crystals

Montage des sous-modules

Caracterisation des cristaux/

Collage des photodétecteurs sur les cristaux

Montage des modules

:

36 Super- mpdules

36 Super- modules

36 Super- modules

CERNLabo 27 - EP/OMA
15/07/2003 -1

CERN Labo 27 - EP/CMA
09/07/2002 -5

Installation d’écran thermique



o ECAL in CMS at P5 Cessy, @
France
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) CMS ECAL: Higgs bosons @
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CMS Vs=7TeV,L=51fb"{s=8TeV,L=5.31b" '/
R L ]

=> Higgs Discovery in 2012 3 5 o )
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Francois Englert et Peter Higgs, Physic Nobel Price in 2013
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@ The calorimetry challenge @®
>\ in future High Energy colliders s

* Precision Physics at future colliders is characterised by multi-jet
final states with small cross section in the order of some fb
=> Precise measurements of multi jet events (separation of W,Z) require :
* High luminosity (high radiation level)
* High detector performance 30%/ VE

* High granularity and identification of shower components

ILC goal

2 100 AE.=0.30 VE,,

E. Auffray, CERN, 12 Sept 2016



) The calorimetry challenge
- in future High Energy colliders *<"

New approaches

Particule flow
 Each particle in a jet is measured individually

Dual readout method

 Measure event by event the electromagnetic fraction of the hadronic
shower by separating Cerenkov and scintillation light

New concept based on metamaterials:
. Scintillating cables made of heavy scintillating fibers
. of different composition = quasi-homogeneous calorimeter

Doped fibers (scintillators)

P. Lecoq, CALOR 2008 Undoped fiber .
G. Mavromanolakis et al. CALOR 2010 + JINST 6 p10012 (2011) (Cerenkov radiators)

E. Auffray, CERN, 12 Sept 2016



Micro-Pulling down technology @)
> for crystal fiber growth

Courtesy Fibercryst

See next talk K Pauwels _&( Intelum

E. Auffray, CERN, 12 Sept 2016

Micro-pulling down (uPD) : multiple advantages

Wide range of diameters 300 ym —3 mm
Lengths up to 2 m

Multiple geometries for capillary die QOO
Fast pulling rates

Multi-fibers pulling possibilities (in parallel)

g LuAG from
\_—7/
M Fibercryst

CLEAR




Y Scintillating crystal fibers:
Flexibility for the calorimeter desigﬂgT

Homogeneous calorimeter

From bulk crystal

To bloc of fibers

S-S

=> Need large volume of fibers with high density

Sampling calorimeter

Layers of Crystal Fibers

Pointing Fibers
in a sampling calorimeter

in a Spaghetti Calorimeter

Crystal fibers

Absorber groove

=> Need less fibers, possibility to use materials with lower density

E. Auffray, CERN, 12 Sept 2016



) @ CERN development of @
leading edge technology =<

To build particles detectors like
ATLAS

=> Application for medical imaging

E. Auffray, CERN, 12 Sept 2016




X rays discovery: 1895 1Og

ASCIMAT

- 1395 Rontgen discovered Xrays
.ovember 1895: First image of spouse’s hand

1t Nobel prize in Physics in 1901
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Several imaging modalities

©

ASCIMAT

Anatomical / structural imaging

Information on the organs STRUCTURE, their
shape, their limits, in some cases their contain
(bone structures, calculs vesicaux)

Typical exams
- Radiology, CT scan,
- Echography, MRI, optical imaging

Fonctional Imaging

Informations on the organs FUNCTION des
organes, tissus or cells => METABOLISM.

Typical exams
Scintigraphy
Positrons emission Tomograph (PET)
In some applications MRI, imagerie
optique

E. Auffray, CERN, 12 Sept 2016




Scintillators in medical imaging @

ASCIMAT

 X-ray detection, radiology, CT-scanner
* Single gamma detection: scintigraphy, SPECT

* Positron emission tomography (PET)

E. Auffray, CERN, 12 Sept 2016




@) PET Principle @

>~ ASCIMAT
A positron emitting
radiopharmaceutical is
injected into the
patient: the distribution

%

Fludeoxyglucose (18F-FDG)

!
/ PET scanner
in action

The patient is placedfe =
in the imaging ,
scanner Annihilation of the
emitted positrons with
A electrons in the tissue
annihilation producing back-to- bac
photons detected by

scintillating crystals

E. Auffray, CERN, 12 Sept 2016
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Similar Challenges in HEP and €@
- medical imaging

CMS Electromagnetic calorimeter Positron Emission Tomograph (PET)

At LHC : Energy of particles < TeV

For PET: 0.000000511 TeV (511keV)Photons

E. Auffray, CERN, 12 Sept 2016




@ From High Energy Physics to @®

a mmemnynedical Imaging

Requirements for HEP EM calorimetry

ASCIMAT

Requirements for Medical Imaging

Crystals Technology transfer
High density (> 6 g/cm3)
Fast emission (< 100 ns), visible spectrum
Moderate to high light yield
High radiation resistance

Photodetectors Technology transfer
Compact
High quantum efficiency and high gain
High stability

Readout electronics Technology transfer

Fast shaping, low noise
Highly integrated

Intelligent and parallel DAQ Technology transfer
Reduce dead time

Software Technology transfer
Accurate Monte Carlo simulation

General design Technology transfer

Compact integration of a large
number of channels ( > 10’ 000)

H Crystals

High density (> 7 g/cm3)

Fast emission (< 100 ns), visible spectrum
High light yield

Moderate radiation resistance

‘ Photodetectors

Compact

High quantum efficiency and high gain
High stability

ﬂ Readout electronics

Fast shaping, low noise
Highly integrated

‘ Intelligent and parallel DAQ
Reduce dead time

‘ Software

Accurate Monte Carlo simulation

‘ General design

Compact integration of a large
number of channels ( > 10 000)

E. Auffray, CERN, 12 Sept 2016




Scintillators for PET @

Scintillators for PET

1962 1977 1995 1999 2001 2003 2007
NaI BGO__G&Q:Ce LSO: CﬁﬁlquP :Ce LaBr;:Ce LUAG:Ce

g&i 740 529  6.73

Density (g/cm3) 3 67 VV 13 EF

Atomic number 5m 9 66 65 47 63
Photofraction 0.170%"0 35 e=f25 = 0.32 0.30 0.13 0.30
Decay time (ns) 23058800 3060 60
Light output (hv/ 43000 8200 12500 11400

MeV)

Peak emission (hm) 415 480 430 420 365 356
Refraction index 185 215 1.85 182 197 1.88 1.84

E. Auffray, CERN, 12 Sept 2016 36



@) PET application @

> ASCIMAT

* Brain study

* Brain Disorder

 Heart problem

* (Cancer

 Development of medecine

E. Auffray, CERN, 12 Sept 2016




V Brain Study @

Rested person Hearing test

E. Auffray, CERN, 12 Sept 2016




(N Disorder Study @
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Normal Parkinson's Disease

E. Auffray, CERN, 12 Sept 2016




(N Heart problem @

ASCIMAT
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&N Oncology @

ASCIMAT

Example of the lung tumor

E. Auffray, CERN, 12 Sept 2016



@) PET Requirements @

>~ ASCIMAT

* Minimize the dose and injection time
=> Need sensitivity

=> Need stopping power
=> Reduce dead time

e Maximize lesion detectability

=> Spatial resolution
= Segmentation

=> Reduce signhal to noise ratio

=> Energy resolution
=> Timing resolution

E. Auffray, CERN, 12 Sept 2016




\/ Depth of Interaction (DOI) @

ASCIMAT

No DOI

Uncertainty in the
position of the
LOR without DOI

E. Auffray, CERN, 12 Sept 2016




N Benefit of Depth of Interaction
(DOI) information @

Uncertainty in the *With DOI

position of the LOR _ *Without DOI:
with DOI increased parallax effect

Measurement of DOl improves the spatial resolution:

* Improved precision of the position of the line-of-
response (LOR) and thus the localisation of events

e Less blurring

* Example ClearPEM (1mm Na-22 source moved along a grid with 5mm pitch)

E. Auffray, CERN, 12 Sept 2016




Methods for DOI determination @

ASCIMAT

Flex circuit

1.3 mm interlayer
~crystal pitch

e Independent readout of multiple crystal layers

1 lectrical I (1 LIITT] / W hghenergy
O Excellent DOI resolution gl EEEE o ;;;;l,
. « =—(TTITTILINTLT 1111 ,Mmmmwég;l'fev)
o System complexity/cost =g
: il — T, PR fexckout et
’ DOUbIe Slde readout Cryvstal —8&mm — \1x1x1mm’|.s scintillation
rystais crystals

o Very good DOl resolution

o System complexity e |
® Pulse shape discrimination LSO or H mimC

o DOI with single side readout g o :

o0 Degraded energy resolution — pspur|  [FLEEFT
e Light sharing [————y ;’ -

o DOI with single side readout 1. — |

o0 Degraded timing resolution 4 c“\/ \]?X
e Monolithic scintillators - 1

o Doi with single side readout " P,zz,c,g,ew,qz,:;:; """" ey

O Excellent resolution x

o Complicated calibration/algorithm p——

o Degraded performance near edges DO"

B. J. Peetetal., J. Nuci. ivicu. 2usro, sujoy vue Courtesy M. Pizzechemi

E. Auffray, CERN, 12 Sept 2016



Time Of Flight (TOF)

— With TOF
/ \‘,,, —
\'uuavm L
N 3
PET A /\{j
Without N
TOF )

©

ASCIMAT

Compute the difference in time of arrival of gamma rays on detectors:

e Improved event localization along the LORs

. : . . D
® Decreased noise correlation in overlapping LORS  SNRtof ~ \/ E-SNRCONV

E. Auffray, CERN, 12 Sept 2016



The Merits of Time of Flight in PET <@
<7/ (TOF_PET): ASCIMAT

ffective event collimation
Background rejection
cm resolution along LOR

4
Lab today

Commercial TOFPET today 150-200ps
550ps (380ps)

Time resolution (ns) Ax (cm) TOF NEC gain TOF SNR gain

0.1 1.5 26.7 52
0.3 4.5 8.9 3.0
0.6 9.0 4.4 2.1 M. Conti - Eur J Nucl Med Mol
1.2 18.0 2.2 15 Imaging (2011) 38:1147-1157
2.7 40.0 1.0 1.0

E. Auffray, CERN, 12 Sept 2016




Y Need to understand
the photodetection Chain @

Crystal Photodetector Electronics
At —
< >
tkth pe = At + tk’ ph + ttransit + tSPTR + tTDC
Conversion depth Scintillation Transit time Single photon TDC
process jitter time spread conversion time
Scintillator R & D Photodetector R & D ElectronicsR& D
> Particule Interaction >  Reduce SPTR and DCR > TDC< 10ps bins
> Light generation > Increase fill factor (PDE) > Monollthlc a'rchltecture
» Light transport >  Digital SiPM > High ba-ndW|dth
> Light transfer > MCP for PET & HEP -~ lLownoise
> Lieht collection >  Massive parallel data
& >  High number of channels

=> Challenge: Understanding key factors of timing resolution
Proposing routes toward 10ps
FAST Action TD1401 FAST



y Coincidence time resolution @
v best recent results in lab

LSO:Ce:Ca crystal - FBK NUV-HD SiPMs

CTR results @511keV:

20mm Ieng']th ——
180F., e 3mm length =0 4
° | | | | |
10  FWHM (20mm)
= 120
= PoR ; ; ; ; ;
E 90 """ ey 56 . x N
© 60 | ———————————————— ——————————————— R
73 ps FWHM for (3mm)
30 O OO O S SOOI S i
0 | | | | | |
4 6 8 10 12 14
SiPM bias overvoltage [V]
S. Gundacker et al, JINST 11P08008 fléq -

E. Auffray, CERN, 12 Sept 2016 49




N @ CERN

The Crystal Clear Collaboration was created in 1991
initially as part of an R&D (RD18) program for the LHC to study new
scintillators for electromagnetic calorimeters.

The Crystal Clear Collaboration ~ CERN LIBRARIES, 1

» GENEVA
LT e
S$C00000114

C DRDC /P27

% 06 march 1991
B&D PROPOSAL FOR THE STUDY OF

Sef EOR CALORIMETRY AT LHC
(ERN WRDE
S. 91 CERN , Geneva , Switzerland
A. Hervé , P. Lecoq ( spokesman ), J. M. Le Goff

Consorzio Milano Ricerche , Milano , Italy
F. Allegretti , S. Pizzini

o INFN , Roma
B. Borgia , F. Ferroni, E. Longo , M. Mattioli , F. De Notaristefani

ASCIMAT

Laboratoire de Physico-chimie des Matériaux Luminescents
Université Claude Bernard , Lyon , France
B. Moine , C. Pedrini

LAPP , Annecy , France
M. Lebeau , M. Schneegans , M. Vivargent

Leningrad vNuelonr Physics Institute \'I bonlnqud ,» USSR
s " V. Schegelski, V. o

Lund University . GSO
L. Jonsson ' o Gd,Si0s:Ce
Physics Institute , RTWH Aachen , Germany
K. Lubel: D. Schmitz , W.

yer, U. )

- Tata Institute of Fundamental Research , Bombay
T. Aziz , S. Banerjee , S.N. Ganguli , S.K. Gupta , A. Gurtu , P.K. Malhotra ,
K. Mazumdar , R. Raghavan , K. Shankar , K. Sudhakar , S.C. Tonwar

Abstract
In the recent past, several scintillating crystals have been developed and
mass produced for large high resolution el gnetic calori such as Nal

Csl, and BGO. In the new generation of ee and pp colliders, the very high design
luminosities bring new constraints on the crystals : they must have a fast response,
higher resistance to radiation, and be as dense as possible for calorimeter
compactness. From our systematic studies of scintillation properties and radiation
damage mechanisms in scintillators, several fluoride crystals or glasses shouid
have the wanted properties. The purpose of this R&D program is to study these ﬂ H d I

materials and the conditions of their mass production in order to find the best suited H e a Vy u o rl e g a S S e S
scintillator for calorimetry at future colliders.

E. Auffray, CERN, 12 Sept 2016



Y Developed PET systems ®
in Crystal Clear Since 1995  sscw

Since 1995: ClearPET: PET from small animal

e 4 Prototypes inside the CCC collaboration

 Licence to a company Raytest (Germany)

* Development ongoing in CPPM in Marseille & in Aachen

Since 2001: ClearPEM: PET dedicated to breast imaging

e 2 Prototypes installed in hospital for clinical tests
. 1 in Coimbra
. 1 in Marseille Hopital Nord -> San Gerardo hospital Milano
. 1 start-up Petsys has been created in Portugal

* New development on going to improve modules (KT Fund)

Since 2010: EndoTOFPET-US: endoscopic PET for pancreas and
prostatic cancer

European FP7 projects with 3 Hospitals as partners out of 11partners
2009-2013: Brain PET
Since 2013: PhenoPET

CRYST,

]

E. Auffray, CERN, 12 Sept 2016



V Clear PET : small animal PET @

r—~ ASCIMAT

CLEARPET
. 20cm

Specifications

* Spatal rescdunion

A
v

1.5 al cenre
< 2mm up to emm

= e S
= High resolution, high sensitivity
~ small animal PET

Innovations
* Crystals:
Dusd lver LYSQ/LuY AP

80 PM with 64 photocathodes each
phoswich with 2 crystals LYSO and LuYAP

each crystalis 2 x 2 x 10mm
Spatial resolution 1.5 mm at centre

CRYSTAL

K. Ziemons et al., IEEE NSS/MIC conference record 2003
' E. Auffray et al, (NIMA) (2004) 171
K. Ziemons et al, NIMA 537 (2005) 307

CLEAR

E. Auffray, CERN, 12 Sept 2016 52




Y Clear PET : Several prototypes
built in CCC @

Brussels, Lyon, Julich: ClearPET Neuro, PlantTls, Ciemat, Lausanne=> CPPM ClearPET/Xpad

Seoul: ClearPET Petite

ClearpET Neurq% Ju‘ich

4

I

E. Auffray, CERN, 12 Sept 2016

ClearPET Petite %9 N\
Seoul Amry \

CRYSTAL

CLEAR

53



V Rat Image with ClearPET Neuro @
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Olfactory bulb cerebellum

Haderian \“\
land
glands m -

'
& - -
Glottis / tongue
Medulla oblongata

Olfactory
bulb

Neocortex Hippocampus

Midbrain

Cerebellum

L R
~ = - L : B X e s

4 A TN

CRYSTAL ‘ / =L o\
Hypothalamus /
Pons
VII, IX, X
CLEAR
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Y ClearPET Scanner PlanTIS in Julic
a PET scanner for Plants @

Transfer of PET development from health into environmental research.
Investigation of carbon transport within plants using "'CO, as tracer

Solute transport in
plants (spica)

11C_
distribu-
tionin a
sugar
beet

M. Streun et al, IEEE NSS/MIC Conference record 2007
E. Auffray, CERN, 12 Sept 2016



y ClearPET/Xpad: A Simultaneous PET/CT@
7 developped in Marseilles ASCIMAT

coronal 1 sagittal 1

transverse 1

K1l | IR | ]

First simultaneous PET/CT scans of mice have been presented
by M. Hamonet et al. at the 2015 IEEE NSS/MIC conference

CRYSTAL

. M. Khoverdi et al, IEEE NSS/MIC Conference record 2007

CLEAR
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@) Clear PEM : PET for @
7 qumogrqphy ASCIMAT

1/8 woman will develop breast cancer during her life
2nd cancer related cause of death for women

Conventional detection techniques (X-ray mammography) are very inefficient,
especially in dense breasts (common in women aged under 50 years).

With PEM (Positron Emission Mammography), possibility to detect small
tumors (<2mm) and to be able to detect tumors in dense breasts.

The X-Ray mammography
picture reveals nothing
special, whereas the tumor is
clearly visible in the PEM
case.

X-ray Mammogramm  Positron Emission
Mammogramm

In 2001: CCC launched the ClearPEM project: A dedicated PET for breast imaging
2 prototypes built: 1 in Coimbra (Pt), 1 in Monza (It) for clinical trials
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)/ ClearPEM & ClearpEM sonic ©

ASCIMAT

=% arimed

www.cern.ch/cerimed/

CRYSTAL

Y

=
=
| =
=
1 f=
= |

— 1\
LEAR

0 0

"

i

1 Plate 17,3x15,5x3cm =
16 SuperModules =
3072 crystals

Technology :
e 2 plates

* 6144 LYSO:Ce crystals in 192 matrices
* Readout in both end with APD arrays
* Dedicated ASICs for fast readout

ClearPEM was the first PET using APDs !

P. Lecoq, J. Varela. NIM. A 486 (2002) 1-6.
Transfert from CMS detector

J Varela et al. NIMA. A 571 (2007) 81.
B. Frisch, CERN courrier Article, July.August2013

APD array

E. Auffray, CERN, 12 Sept 2016
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ASCIMAT

V First images with ClearPEM

TEP corps entier (AC and Fused)

oy ¥ bmeurr

-65

L§/mph Node

COI‘O Sagltal /- Tests made at Hospital Nord, Marseilles
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FP7 projet : EndoTOFPET-US
Y 2011-2015 @

12 partners:
3 Hopitals, 3 compagnies, 6 researches institutes in 6 european countries

To develop:
e Ultrasound PET for diagnostic of pancreas & prostate cancer -

* specific biomarkers

7

/
/
/4
/

Aim

Spatial Resolution <1mm
N P il Time resolution <200ps
| for early detection

ESY | Stutemann

(see for instance:

EN DO To FPET US talks P. Lecoq ICTR2012, E. Auffray ICTR2014, SCINT2015)

Endoscopic TOFPET & Ultrasound

MMMMM
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&) Detector design @

ASCIMAT

Internal probe External plate

i

. Two different versions:
Pancreatic probe diameter 15 mm

Prostatic probe diameter 23 mm
. 256 matrices of 4x4 LYSO:Ce scintillators (CPI)

coupled to discrete silicon-through-via (TSV)

Clamped on commercial US endoscope
MPPCs from Hamamatsu

1 or 2 matrices of 9x18 LYSO:Ce scintillators (Proteus)
Crystal size 0.71 x 0.71 x 15 mm?3 - For prostate -
Crystal pitch 800 um .Crystal size 3.5 x 3.5 x 15 mm?
Coating: ESR reflector by 3M -Crystal pitch 3.6 mm

.Coating: ESR reflector by 3M

.MPPCs S12643-050CN pitch 3.6mm

. For pancreas

Custom dSiPM developed by our consortium (Delft) .Crystal size 3.1 x 3.1 x 15 mm?

.Crystal pitch 3.2 mm

.Coating: ESR reflector by 3M

MPPCs S12642-0404PB-50 pitch 3.2mm

162 or 324 detector channels

EM tracking sensor and water cooling to control
temperature

E. Auffray, CERN, 12 Sept 2016




@ 15t tests in CERIMED Marseille @
February- April2015

------

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

Preliminary images

Transverse Coronal Sagittal

Y A -
' | External plate _ _
I8 1 iteration
. T T - - -
o - - -
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Others medical imaging applications
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Q) Xrays CT @

) ASCIMAT

Scintillator ceramic
Gd,0,S:Pr.Ce,F

X-ray
Computed

Detector Tomography

(en rotation)

Source RX
(en rotation)
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ASCIMAT

Single Photon Emission: SPECT ®

SPECT requires large size crystals

Most commonly used scintillator: Nal:Tl
- inexpensive, large size
-gammam.f.p.=4 mm. @ 140 keV
- large light yield
- moderately good timing; T= 230 nm

Nal:Tl single crystal

- (520 mm, mass > 550 kg
Marconi/Picker IRIX system for SPECT and PET Institute of Single Crystals Kharkhov, Ukraine

E. Auffray, CERN, 12 Sept 2016 65



Y Conclusion @

ASCIMAT

e Scintillators are used in a large number of scientific
and industrial domains

 But no ideal scintillator
=> Need for new idea & developement

* Fascinating field of research !!
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Announcement

School on scintillators on their applications,
Sept 14-17, 2017
&

14" International Conference on
Scintillating materials and their applications
Cha ogjx, France, Sapt 18-22, 2017

4

/\ +
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