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@) Crystal Clear Collaboration
< RD18 experiment

http://crystalclear.web.cern.ch/crystalclear/

An international collaboration
active on research and development
on inorganic scintillating materials for novel ionizing radiation detectors,
for high-energy physics, medical imaging and industrial applications.
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CRYSTAL

D) History
* Initiated @CERN in 1990 by P. Lecoq
* Approved in April 1991 by DRDC @ CERN for R&D for future LHC detectors

* Initial Aim: develop scintillating materials suitable for use at the future LHC
collider.
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Abatract

In the rocent past, several sointillatng crystals have beon developed and
mass produced for large high resciution agnetic , such as Nal,
Csl, and BGO. In the new generation of eeé and pp colidars, the very high desgn
I new s On the crystals : they must have a fast response,
highar mesistance to radiabion, and be &8 dense &8 possdie for calonmaier
compaciness. From our systemanc studes of scintifiation properties and radiason
damage mach in scintiat i Muoride crystals of g should
have the wanted properties. Tha purpose of this RAD program is to study these
matenals and the conditions of their mass production in order 1o find the best suted
scinbilator for calorimetry at duture colliders.
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@) Today

!

CCC: 31 institutes all over the world, mainly in Europe

L 4

With broad expertise in:
scintillator, crystal growth, photo-detection, electronics,
detector design & realization for many applications
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@) Crystal Clear Collaboration
< RD18 experiment

http://crystalclear.web.cern.ch/crystalclear/

Main Activities:

 Generic activities on inorganic scintillators

* Scintillation mechanisms, timing properties, radiation hardness, crystal
production

 Generic activities on photodetectors, electronic readout chain

 Detector Development for several applications,

* in particular HEP and medical imaging
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CRYSTAL

S CCC Community

&

Community of experts

Communities of users

lndustry p artners Solid state physics

Luminescence
Crystallography
Instrumentation

High Energy Physics
LCMS, Alice, Belle, BaBar

Crystal growth
L3, Panda, FCC etc..

Companies
31 Institutes
ecn Medical Imaging
>100 Physicists
Photodetector
Companies
SCINT conferences _ .
, , - Industrial applications
Crystal2000 (Chamonix 1992)  Scint2005 (Krimé)
San Francisco 1994 Scint2007 (Wake forest)
Scint95 (Delft) Scint2009 (Jeju,)
. . Scint97 (Shanghai) Scint2011 (Giesen)
Medical devices Scint99 (Moscow) Scint2013 (Shanghai)
Integration, Production | RIo10sN (e E e 109 Scint2015 (Berkeley) Security systems
Scint2003 (Valencia) Scint2017 (Chamonix)
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@) CERN

L

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.

ﬁ" Bringing nations together through science
X7, % e
AL ’*;’ﬁ
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CRYSTAL

@) CERN Accelerator complex e

CERN Accelerator Complex
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Length of ring: 27 km
Collision energy: 8 TeV (at present)

Based on superconducting magnets
of Niobium-Titanium

Operating temperature:

Protons or Lead ions 1.9K (-271.25 °C)

E. Auffray, CERN EP-CMX, ISMART2018



‘ﬂ..o“r-/.\w: Lo ...."

7 The Large Hadron Colllder LHC
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100m underground
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Large Hadron Collider
27 km circumference
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CRYSTAL

) CMS: a multi-layer detector =~
“ o reconstruct collision events

Electron
Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)

Slaror
C I H Iron return yoke interspersed
a O r I m et e rs with Muon chambers

re—remran
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CMS : Compact Muon Solenoidis| I

3.8 T magnetic field

oy

\‘:
-

| ih CMS goal. w.
search for Higgs- _
and new physics% -.

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

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

H vy
signal

Everis/500 MeV or 100 fb’

4000F in CMS
Electromagnetic calorimeter (ECAL) resolution crucial ! : éfj";sign
=>Choice of homogeneous crystal calorimeter 3000F e solution

1 i 1 :
110 120 130 14cC
m,, (GeV)
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@) Challenges for ECAL

Fast response (25ns between bunch crossings at LHC)

* High radiation doses and neutron fluences
500fbt: 0.3 Gy/h & 4.10% p/cm? at |n| < 1.48;
6.5 Gy/h & 3.10%3 p/cm? at |n| = 2.6

Strong magnetic field (3.8 teslas)
Long term stability monitoring capability
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The Crystal Clear Collaboration

Initial Objective:
Develop scintillating materials suitable for use at the future LHC collider
From 1991 to 1994: R&D on several types of scintillator

Heavy Iuorde glasses
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) R&D on new scintillators for LHC

~ from 1991 to 1994
Before 1990 Developed for LHC
Crystal Clear/[CM S
Nal(Tl) [CsI(Tl)| BGO | CeF;, | PWO | HFG
BI,Ge;0,, PobWO, | Glass
Xo [cm] 2.59 1.86 1.12 1.66 0.89 1.6
r [glcm®] | 367 4,53 7.13 6.16 8.2 6
t fns] 230 1050 340 30 15 25
| [nm] 415 550 480 310 420 320
340
Ref index | 1.85 1.80 2.15 1.68 2.3 1.5
n@l max
LY 100 85 10 5 0.5 0.5
[Y0Nal]

E. Auffray, CERN EP-CMX, ISMART2018




@) Crystal choice in 1994

From 1991 to 1994.
* Birth of the “scintillator community”

* Many progress in the understanding of the
properties of 3 materials:

* CeF; had very good scintillation and
radiation hardness properties but no
capability for large production

* Heavy Glasses had good scintillation
properties, low cost but were not enough
radiation hard for LHC

= In 1994: Choice of PWO by CMS for
the electromagnetic calorimeter

— Choice of PWO for PHOs detector
in ALICE

E. Auffray, CERN EP-CMX, ISMART2018

Developed for LHC
Crystal Clear/CMS

CeF, | PWO | HFG
PbWO, [ Glass
Xo[cm] | 166 [© 0.89 1.6
r [g/em®] | 616 |© 82 6
t [ns] 30 |g 15 25
| [nm 310 420 320
[nm] 340 ©
Ref index | 1.68 2.3 1.5
@
@l
LY 5 0.5 0.5
[%Nal] ®




CRYSTAL

. INTERNATIONAL WORKSHOP ON HEAVY SCINTILLATL

CLEAR

i flrst papers on PWO for High Energy Phy5|cs appllcatlons
at first conference on morganlc scintillators (SCINT conf)

— T e ———— . e  ——— e = = W am — = ‘ q‘_‘.—.- - = = o

STUDY OF CHARACTERISTICS OF
REAL-SIZE PbWO4 CRYSTAL CELLS FOR PRECISE
EM-CALORIMETERS TO BE USED AT LHC ENERGIES

| |

L
V.A. Kachanov IHEP Protvino, CIS ?

(

T .

". L | FAST SCINTILLATORS BASED ON LARGE “"HEAVY"

\ s‘ TUNGSTATE SINGLE CRYSTALS.
i\t

YD. Prokoshkin V.G. Vasilchenko L.L. Nagornaya " ~
MV. Korzhik ¥ % L.Nagornaya, V.Ryzhikov, ISC, Kharkov, Ukraine

m] R m—— " PbWO, : A HEAVY, FAST AND RADIATION
e s TR 0 | RESISTANT SCINTILLATOR FOR EM
CALORIMETRY

sans] KOBAYASHI®, Mlitsuru ISHIT™, Yoshlyukl USUKI*and Hiroshl YAHAGI™

=
) KEK, National Laboratory for High Energy Physles, Tsukuba 305, Japan,

b) SIT, Shonan “‘5““‘"“ ;"lr Te‘;.hnﬁtom"[ ’:u,f(‘sgivl‘;"lj1“:";“"' L.V.Miassoedov, V.LSelivanov, 1.V.Sinitsin, V.D.Torckhov
o) Furukawa Co,, Kamlyoshima, Yoshimn, [waki 970-11, Japan, - . ! ’ & ny

'J!n }:Jll«;lk C().‘. Kamifyujyo 1-9-18, Kitaku, Tokyo 114, Japan, Kurchatov National Center, Moscow {29182 Russia

~ g ‘ —y L.L.Nagornaya, Y.Ia.Vostresov, L.A.Tupitsina
{L, c

Monocrystal Institule, Kharkov, Ukraine
LR

E. Auffray, CERN EP-CMX, ISMART2018



M. KOFJII&
4 e
il f,

In Chamonlx 25 h Sept 1992

E. Auffray, CERN EP-CMX, ISMART2018 18



@) @CERN in LHC

2 experiments use scintillating crystals : Lead tungstate crystals : PbWO,

ALICE :17920 crystals ) I CMS

- ." .y K..;.
7,

75848 crystals = 100 tons

E. Auffray, CERN EP-CMX, ISMART2018



@) From R&D to Production 4

Optical properties improvement Transmission improvement

9% - Theoretical transmissionfrom Fresnel losses

80 —
— \ v 1
X T ceeeoed®®?
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Radiation hardness improvement == Delivery of the first 100 PWO Crystals
Lo ' ' ' Sept 98

Front irradiation 0.156y/h
100 & preproduction crystals

e PWOAST0 (WYY
O PWORLTE (BLY)

PINCESES (ALY

95 . PWOMSS0 NLY) i Specification: -6%

Ly after/Ly init (%)
L

B PWOLED (%)

A& FWORET (W)

e PWOMTIIMY




CMS ECAL: Higgs bosons

75848 PWO Crystals : 10 years of construction

N

=> Higgs Discovery in 2012

B 2 S—

X5 A ‘
Instdliation ¥ Cvs
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R -

~
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@) The calorimeiry challenge
2 in future High Energy colliders

* Precision Physics at future colliders required
High luminosity (high radiation level)
High granularity
Fast timing response
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@) New challenge at High
- Luminosity LHC : radiation level

le+ 08
€Ms Preliminary Simulation CMS protons 7TeV per beam
2012 FLUKA geometry -1
'/ oo Dose at 3000.0 [fb ] le+07
=
In CMS: le+06

 ionizing radiation dose up Le+03
to 1 MGy _ le+04 3
« charged hadron up g evos §

to 2 104 cm?

le+02

le+01

300 400 500 600 le+00

Z [cm]
FLUKA nominal geometry 1.0.000

In LHCDb: Radiation dose on LHCb ECAL front
« Upto~3 MGy and ~3-10%°cm?
for 1 MeV n eq. at 300 fb? % |
(in hottest region of the central B '

part, decreasing quickly with
distance from beam-pipe)

=01

=> Need for very radiation hard material
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&) New challenge : high rate

e

p-p collision in CMS

Distance between bunch crossing (BX) 50ns 25ns
Number of proton collisions/BX <40> <200>
Spatial density of interaction vertices 0.3mm?* 1.9mm % ‘

=> Need for fast timing detector

E. Auffray, CERN EP-CMX, ISMART2018



Request for FAST timing in HEP

Search for rare events implies high luminosity accelerators

- Rate problems;
—> Pileup of >140 collision events per bunch crossing at High Luminosity-LHC;
—> Pileup mitigation via TOF requires TOF resolution < 50ps.

CN CMS Experiment at the LHC, CERN
Datavecorded: 2016-0ct-14 09:33:30,044032, GMT /Z =
‘ Run / Event 74.5; 283171 /95092595 / 195 ~130 vertices

.

Need to identify each vertex !!!

E. Auffray, CERN EP-CMX, ISMART2018 25



Request for FAST timing in HEP

The information of timing will allow to identify the vertex

E. Auffray, CERN EP-CMX, ISMART2018




CRYSTAL

CMS Barel timing layer (BTL)

R48.54 [R1233}
MTD design overview B e Sty
= e

R47.74 [R1213] =
R45.87 [R1165)

e

RA46.67 [R1185]

ENDCAPS

e Thin layer between tracker and
calorimeters
e MIP sensitivity with time resolution of ~30

2 possible geometries

Plate 11.5*%11.5%3mm3 short fibers (3*3*50mmm?3)

E. Auffray, CERN EP-CMX, ISMART2018



CRYSTAL

wrapped

TEST BEAM PRELIMINARY LYSO:Ce 10x10x. i
Bl T T s RO, & crystal tile ) o -
E AINARY LYSO:Ce 11x11x3 + FBK-NUV-HD 5x5
3 | —§— O = 34 ps (uncorrected
8 i ‘ b } g {no wrapping)
400'_ e 0= 21 ps (t-walk corr.) T 3 @~ = 30 ps (rear wrapping)
5 . 30-12_ @ 0= 27 ps (rear + front wrapping)
] o ] £
i i} 0.1—
300 L
- 3| 0.08
200 (— = 0.06
i 0.04
100} -
i ! 0.02
ol 1ok ot ol | Megghe 0| O ——
-0.3 -0.2 -0.1 0 0.1 0.2
At [ns]

C. H. Pena, Calor 2018
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CRYSTAL

@) Best time resolution with mip =

LSO:Ce,Ca crystal {5 mm) + FBK NUV-HD SiPM

2 ._{Y rTry l Trry Trvy I T L4 I TrTrry I' Ty I TIirry r' Ty I Tr7
C 250}— il
8 B uncorected n
- e
& A B 1
? amg.wak conecled :
200}— —
150} —
E o = |26 9+0 G.l pe =nghe i
= e o, ~10ps 1
- Opir =(14520.5)ps 1 P “
100}— ~
m._ —

062 015 0.1 005 0.15 02 025

At [nsl

M.T. Lucchini et al., NIM A 852 (2017) 1-9
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©)

LHCb calorimeter need to replace
Shaslik calorimeter made of Pb/plastic
scintillators) at least central part: 32
modules of 12x12 cm?

Possible envisaged options:

LHCb ECAL upgrade

'I ~

High rad. area
around
beam-pipe

Scintillator-Pb
sandwich with
WLS fiber RO

High

=

. JUSEETINS ISR

occupancy
“belt-region”

(3 A0 L0 A0 A0 R0 43 B0 40 10 0% 80 f% 11 31 1}

|

* Homogenous crystal calorimeter with
fast and radiation hard crystal with small Moliere Radius and excellent o(E)
* Shampling calorimeter: Shaslik or SPACAL

Tungsten or tungsten alloy as converter (RM ~ 1cm)

Radiation hard crystal as active medium with high light yield and fast response
@ Radiation hard light-guide/fibre to transport light (for Shashlik type)

@ Radiation hard photodetector

@ Include a very fast (crystal) component (~20ps) into module (for pile-up
mitigation)

E. Auffray, CERN EP-CMX, ISMART2018




@) Scintillating crystal fibers:
) Flexibility for the calorimeter design

Homogeneous calorimeter

To bloc of fibers

From bulk crystal

=> Need large volume of fibers with high den5|ty

Sampling calorimeter

Layers of Crystal Fibers

Pointing Fibers ) . .
in a sampling calorimeter

in a Spaghetti Calorimeter

Crystal fiber:

Absorber groove

=> Need less fibers, p055|b|I|ty to use materials with Iower den5|ty

E. Auffray, CERN EP-CMX, ISMART2018



Micro-Pulling down technology
2 for crystal fiber growth

Micro-pulling down (UPD) : multiple advantages
= Wide range of diameters 300 pm — 3 mm
Lengthsupto 2 m

Multiple geometries for capillary die QOO

Fast pulling rates

Multi-fibers pulling possibilities (in parallel)

Courtesy Fibercryst

LUAG from

- Fibercryst
%( Intelum .

E. Auffray, CERN EP-CMX, ISMART2018




CRYSTAL

Crystal fiber productions i~

Czochralski method
Cut from large ingot

Micropulling down technique EFG

un NULT B * ™30

Several types of Flbers from ILM; Lyon EFG-grown plate & fiber of LUAG:Ce
from Adamant Namiki Co, Japan

Square fibers 1x1x10mm?3

=> Feasibility study on going: main goal of Intelum project (European Rise project grant
644260) with 16 Partners (many from CCC) from 12 different countries: 11 academia and

5 companies 3‘« Intelum

E. Auffray, CERN EP-CMX, ISMART2018




&) A SPACAL calorimeter unit
& developped at CERN

-----

H:

YAG square fibers
in a W-Cu Absorber
(stacked grooved plates)

Hmeewm@) AIDA (88



CRYSTAL

©) Garnet materials =

YAG from From Crytur

GAGG: Ce, Mg, Ti From FOMOS

CRYSTAL

CLEAR

Ingot GAGG crystal

./ '

<r

)
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Properties of Garnet Ce doped

crystal
[ Y,Al.O,,:Ce Lu,AlLO,,: Ce Gd,AlL.Ga.0,,: Ce Lu,SiO.:Ce \
(YAG)* (LUAG)* (GAGG)** (LSO)
density (g/cm?3) 4.57 6.73 6.63 7.4
X, (cm) 3.5 cm 1.3 1.59 1.1
Refraction index 1.83 1.84 1.85 1.82
A, (nm) 550 535 520 420
LY @ RT 35000 25000 50000 30000
(ph/MeV)
decay time (ns) 70 + slow 70 + slow 60 + slow 40
component component component

*http://www.crytur.cz/materials/
** K. Kamada et al. / Optical Materials 41 (2015) 63-66

E. Auffray, CERN EP-CMX, ISMART2018




CRYSTAL

Radiation hardness of =
YAG/LUAG/GGAG material

From Crytur 1cm?3 LUAG From Astharak (1x1x4cm?3)

©)

=% 100 £ LUAG:C
= - &F O UAG:Ce
y - ]
< ool LUAG, gamma S oot YAG.gammas 5 ot |
% r . B r bu LR HAS v g :
£ 80r ﬂ o é sok P e 5 80} |
c I = i \ p )
s _F s s\ j g
£ oo I / § nf
eof ! LUAG:Ce - 2959 B { ‘( / 605
g I ----- before 60F I I YAG:Ce - 2960 :
50; — after 1 kGy ””” 50: ----- before 50£
F I —— after 100 kGy F [ — after 1 kGy £
T S B B 40f-
g I 401+ — after 100 kGy £
e \ l 30074 ok ~—— Non kradiated sampie
201 A% 20%/’\3’ 201 —e— Aftor y - 1 kGy
o \ \ , ¢ ‘ \ ——— Aher y - 100 kGy
10{ \\u \ j 10[ 108 ** Aar protons - 10" em? |
0300 850 400 450 500 550 600 650 3 S / \ / | WA T B W FURWE PWETE SR e
300 350 400 450 500 530 P00 €90 ..790 0ann =en Ann Amn  Ean  EERn AnA ARn 7An %oo0 350 400 480 500 850 vsoo ‘ 053" .
avelength [nm
5100: 5100: ;.E]oo,:
S 90: it AG. - Anratanc S 90: VA (= ranFanc P = 2977 - before leradiation GGAG-CeMg |
@ F = y PIULUT B b A, PTOULUTIS S 90T —— 2977 - ahor 120 kGy gamma '
2 b N T e 2 PO -
5 80 2 E s0F WE o
i ” N
= 70: \ // = 70: ' \ / - 70':
60k 60F 6oE- '
so f N | : GGAG from Prague
r r I 501~ .
of ! o ?: (1cm?)
F LUAG:Ce - 2946 F 40
30F 30F YAG:Ce - 2948 B
F — before i/ 30~
o0F " B 20{ — before E
é//\ \ / after protons 10™ em® = \ \ —— after protons 10" cm2 205 : |
10/ 10 : : : - :
AYMINY : T B e e e
E el PN I VT P P B P A b
o) TRNENTN ) AV SN SN AN AVANEN N AN AN SRRV SRR 0300 350 400 450 500 550 600 650 700 =
300 350 400 450 500 550 600 650 700 TS RTEY KTl s v [T i pavard
Wavelength [nm] Wavelength [nm] &)O ke 300 L ‘400 500 600A Lt ‘700‘ L

Wavelenath [nmi

Very Good radiation tolerance under gamma & proton M. Lucchiniet al. IEEETNS 63 (2) 586-590,

M. Lucchini et al, NIM A Volume 816, pp 176-183,
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http://www.sciencedirect.com/science/journal/01689002/816/supp/C

CRYSTAL

@) Influence of codoping on decay [
time

YAG LUAG GAGG
i : 3
> 1K > 1 2 1
g A g 3 § o
= § E
|- f: 3
E t,:80ns, 333ns E t,:84ns, 1186ns g t,:101ns, 319
10" 10 o \ 10'L
102:* 10 2~ ‘027‘ Td:51nS,196nS
0 200 @0 600 800 1000 00 @0 600 800 1000 0T 200 w000 800 1000
Time [ns] Time [ns) Time [ns]

with Mg codoping: shorter decay time and strong decrease of slow component

Kamada et al, O-14-3 at SCINT2015
M. Lucchini et al, NIM A Volume 816 (2016), pp 176-183,

38
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(@)/SPACAL LHCD test beam Oct.2018
with square fibers YAG and GAGG

1 cell GaGG:ce, Mg, Ti fibers from FOMOS

4 cells YAG fibers from Crytur

Plastic fibers
Readout with PMT
Coupling fiber to PMT with optical guide

(sl

E. Auffray, CERN EP-CMX, ISMART2018



@ CERN development of
- leading edge technology

To build particles detectors like

ATLAS \ CMS

—> Application for medical imaging

E. Auffray, CERN EP-CMX, ISMART2018




@) 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 EP-CMX, ISMART2018




@) Developed PET systems in
& Crystal Clear Since 1995

* Since 1995: ClearPET: PET from small animal
. 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

. 2 Prototypes installed in hospital for clinical tests
1in 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

e 2009-2013:Brain PET
e Since 2013: PhenoPET
PET/MRI Activities in many groups

E. Auffray, CERN EP-CMX, ISMART2018




CRYSTAL

Clear PET : small animal PET

ey

A
v

g T_;:--;— l-qn
:__.-—=§ l!w LA e
== e | L 8cm

Innovations
* Crystals:
Dusd laver LYSOLuYAP

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 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
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Rat Image with ClearPET Neuro

Olfactory bulb cerebellum

Haderian
glands

\ Glottis / tongue

Medulla oblongata

Olfactory

bulb )
\ Neocortex Hippocampus

Midbrain

e, Cerebell
,/,' </ /8/1}3 elium

e, )
Hypothalamus
P Pons “\X‘“
VII, 1X, X
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ClearPET/Xpad: A Simultaneous PET/CT
7 developped in Marseilles

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

E. Auffray, CERN EP-CMX, ISMART2018




CRYSTAL

> arimed

www.cern.ch/cerimed/

@) ClearPEM & ClearpEM sonic

=
=
=
=
=
=
s
=

44

i

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

Technology

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

ClearPEM was the first PET using APDs !

P. Lecoq, J. Varela. NIM. A 486 (2002) 1-6.
J Varela et al. NIMA. A 571 (2007) 81.
APD array B. Frisch, CERN courrier Article, July.August2013
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&) First images with ClearPEM

e
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ENDO TOFPET US

Endoscopic TOFPET & Ultrasound
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@ 1t tests in CERIMED Marseille
B — February- April2015

Preliminary images

Transverse Coronal Sagittal

o - - -
e - - -
o - - -

(Aix Marseille
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The Merits of Time of Flight in PET
(TOF-PET):

* Invivo: More precise, less invasive, more compact
systems

* Invitro: Faster analysis of disease biomarkers

e Ultimatelly: Pave the way into precision medicine

e . .— [ ]
500°ps 250ps 100ps

LAY
.

- >Tns

tion  Five-fold S/N improvem. DI
n -> Sensitivity gain of 25
LOR - Dose reduction

Commercial TOFPET today l
550ps (250ps) Lab today
ps 1£50ps 100-200ps
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CRYSTAL
CLEAR

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

ElectronicsR & D

Scintillator R & D

» Particule Interaction
Light generation
Light transport

Light transfer

YV V V VY

Light collection

— Challenge: Understanding key factors of timing resolution

Photodetector R & D
Reduce SPTR and DCR

> Increase fill factor (PDE)
>  Digital SiPM
>  MCP for PET & HEP

Proposing routes toward 10ps
FAST Action TD1401

YV V V V VY

>

TDC < 10ps bins
Monolithic architecture
High bandwidth

Low noise

Massive parallel data
High number of channels

FRAT

E. Auffray, CERN EP-CMX, ISMART2018



CRYSTAL

@ Understanding of the §cinfillqiion
~ process chain n—

Case of Ce3*doping

Inelastic eIectro.n- CONDUCTION BAND
electron scattering

Thermalization of

electrons
Capture of electrons

and holes by traps,
selftrapping, etc.

Interaction of

i el excitations Emicsi
¢ + ¢ — ¢ + phEmission
¢ —>c+hy
‘

Z _—r VALENCE BAND

Thermalization of
holes

CORE BAND
] ] ] ] ]

10716 sec 10714 sec 10712 sec 10719 sec 1078 sec t

v

A. Vasiliev, Proceedings of The SCINT99 conference, Moscow, Faculty of Physics, Moscow State University, 2000, p. 43-52
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Time coincidence resolution
7 measurements

set-up at CERN

i

Energy _- Energy
vol
/ “Na

¥
*

right

Time

=

3

%

g/

z

z
\%/

Data acquisition:
LeCroy Oscilloscope DDA 735Zi with 3.5GHz Bandwith and 40Gs/s

S. Gundacker, PhD thesis
S. Gundacker et al, JINST 8 P07014 2013
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@) CTR results with 511 keV

YAG LUAG
2000
YAG:Ce
~900ps (best) 32001 .
1600{| 1500ps (@500mV) 2800 4%0
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0+ 0
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2 .ol 380PS  ssops(@soomy)
m .
= Very good CTR with GAGG
200
100 160ps (best)
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0% ‘ ' —
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NINO threshold voltage [mV] Measured with SiPM HPK
S. Gundacker et al., to be published in NIMA 513360_3050PE' T15°C
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) Current state of the art time
2 resolution with bulk crystals

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

CTR results @511keV:

2IOmm Ienglth I ........;I ]
180 i 3mm length ==&
150 S S ) 120 ps FWHM (20mm)
= . I REXE FET SN R
= K
E 90 LA R P
= ' TR0 00000000000%8
(@]
60
73 ps FWHM for (3mm)
30
0
4 6 8 10 12 14
SiPM bias overvoltage [V]
S. Gundacker et al, JINST 11P08008 ”%
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@) Light tfransport, light collection
- improvement

* R&D on innovative ways to transport the light
* R&D on increase light collection

e surface treatment,

e photonic crystals,

* light guide

E. Auffray, CERN EP-CMX, ISMART2018




@) Better time resolution
e with prompt photons

10000
SPTR 3mm length 100
FWHM PLS=PA%, LTE=68% <l Kaai- A0y
[PS] 1000 e (e
A 100
100ps ¢
: 10
10 ¢
1L 1

0.2 2 20 200 2000

» prompt photons
produced

S. Gundacker, CERN-THESIS-2014-034
S. Gundacker et al, Phys. Med. Biol. 61 (2016) 2802-2837
S. Gundacker et al., JINST 11P08008
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CRYSTAL

" o o X/
(@)  study of fast emission process Ld

e Study and development of emission types:

* Excitonic emission (STE, excitations of anion complexes) Slow
* Emission of activators (Ce, Pr, ...) Codoping:
* Cherenkov radiation
* Crossluminescence
* Hot intraband luminescence (HIL)
Ultra fast

Quantum confinement driven luminescence:

Hot Intraband
J.Grim, ITT, Italy

HIB mechanisms Nanomaterials

AT e T (3]

Prochazkova et al., Radiat Meas 90, 2016, 59-63

4
10 M yec

10 ¥ soc W0 e
A. Vasiliev

ASCIMAT
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@) Conclusion

Since 27 years Crystal Clear has been very active in the development

of scintillators for many applications in particular:

* |n the understanding of scintillation mechanisms and radiation
hardness

 The development of new materials

CCC has a worldwide recognition of collaboration activities,

The recent developments initiated in Crystal Clear:

 New production technology

* Engineering of the materials

* Fast timing

Open new promising perspectives for the future detectors in HEP,
medical applications and others

E. Auffray, CERN EP-CMX, ISMART2018
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15th Int. Conference on
Scintillating Materials and their

Applications (SCINT2019)

will be held at
Resilience, Harmony and Inspiration

SENDAI

School: Sept. 26 (Thu) to 28(Sat)
(u-PD growth trial lessen will be
planed at school.)

Conference :
Sept. 29 (Sun.) - October 4 (Fri.
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Today CCC partners: 31 Institutes ¢,

CLEAR

Austria

- Stefan Meyer Institute Austrian Academy of Sciences (Contact: J. Marton)

Armenia

- The Institute for Physical Research, Ashtarak, Republic of Armenia (contact: A. Petrosyan)
Belgium[@

- The Vrije Universiteit Brussel (VUB), Brussels (Contact: S. Tavernier)®

- The Universiteit Gent (UGent), Gent (Contact: Y.D' Asseler)

Belarus

- The Institute for Nuclear Problems attached to the Belarussian State University (INP) (Contact: M. Korjik)
Estonia

- Institute of Physics of Tartu (Contact: V. Nagirnyi)

Francel

- CPPM Universite de la Mediterranee & CNRS, Marseille (Contact: C. Morel)Z

- LPCML (UMR 5620) Universite Claude Bernard Lyonl & CNRS, Lyon (Contact: C. Dujardin)
- CEA Saclay, Paris (Contact: R. Chipaux)

Germanyp

- Universitat Giessen (Contact: R.Novotny)L

- The Deutsches Krebsforschungszentrum (DKFZ), Heidelberg (Contact: J.Peter)

- FH Aachen University of Applied Sciences (Contact: K. Ziemons)Q&l

- The Forschungszentrum Juelich GmbH, Juelich,(Contact: U. Pietrzyk)

E. Auffray, CERN EP-CMX, ISMART2018



http://www.sci.am/resorgs.php?oid=7&langid=1
http://www.ugent.be/
http://www.ugent.be/
http://www.ugent.be/
http://www.ugent.be/
http://www.fi.ut.ee/
http://www.ugent.be/
http://marwww.in2p3.fr/rubrique.php3?id_rubrique=4&id_parent=4&lang=fr
http://marwww.in2p3.fr/rubrique.php3?id_rubrique=4&id_parent=4&lang=fr
http://marwww.in2p3.fr/rubrique.php3?id_rubrique=4&id_parent=4&lang=fr
http://marwww.in2p3.fr/rubrique.php3?id_rubrique=4&id_parent=4&lang=fr
http://pcml.univ-lyon1.fr/
http://pcml.univ-lyon1.fr/
http://pcml.univ-lyon1.fr/
http://pcml.univ-lyon1.fr/
http://pcml.univ-lyon1.fr/
http://pcml.univ-lyon1.fr/
http://pcml.univ-lyon1.fr/
http://pcml.univ-lyon1.fr/
http://www.uni-giessen.de/cms/
http://www.uni-giessen.de/cms/
http://www.dkfz.de/de/index.html
http://www.dkfz.de/de/index.html
http://www.fh-aachen.de/hochschule/
http://www.fh-aachen.de/hochschule/
http://www.fz-juelich.de/portal/DE/Home/home_node.html
http://www.fz-juelich.de/portal/DE/Home/home_node.html
http://www.fz-juelich.de/portal/DE/Home/home_node.html

Todqy CCC Partners (31 Ins’riiufes)(z)

Italyl

- The Universita Politecnica Delle Marche (UPM), Ancona (Contact: D.Rinaldi)&

- University Bicocca Milano (Contact: M. Paganoni)

Koreal?

- Sungkyunkwan University (SKKU), Gyeonggi-do (Contact: Y. Choi)

Latvia

- University of Latvia (contact: A. Popov)

Lithuania

- Vinius university, Vilnius (Contact: G. Tamulaitis)

Poland

- Oncology Center, Bydgoszcr (Contact: M. Wedrowski)

Portugal

- The Faculty of Sciences of the University of Lisbon, Lisboa (Contact: P. Aimeda)[

- The Laboratorio de Instrumentacao e Fisica Experimental De Particulas (LIP), Lisboa, (Contact: J. Varela)
Russia

- Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow (Contact : A. Vasili
- Kurchatov Institute (contact: G. Dosovitskiy)

Spain

- CIEMAT, Madrid(Contact:L. Romero)
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http://www.univpm.it/English/Engine/RAServePG.php
http://www.univpm.it/English/Engine/RAServePG.php
http://www.unimib.it/go/page/English
http://mirelab.sogang.ac.kr/
http://mirelab.sogang.ac.kr/
http://mirelab.sogang.ac.kr/
http://mirelab.sogang.ac.kr/
http://mirelab.sogang.ac.kr/
http://mirelab.sogang.ac.kr/
http://www.fc.ul.pt/fcul_eng/
http://www.fc.ul.pt/fcul_eng/
http://lisboa.lip.pt/index.php?lg=pt
http://lisboa.lip.pt/index.php?lg=pt
http://lisboa.lip.pt/index.php?lg=pt
http://lisboa.lip.pt/index.php?lg=pt
http://lisboa.lip.pt/index.php?lg=pt
http://www.ciemat.es/
http://www.ciemat.es/

Today CCC Partners (31 Insﬁtutes)(s)

Switzerland
- CERN, Geneva (Contact: E. Auffray (spokeperson))
Czech republic

- Institute of Physics, Academy of sciences of Czech republic (Contact : M. Nikl)
- Faculty of Nuclear Sciences and Physical Engineering, Czetch Technical university, Prague (Contact V. Cuba)

Ukraine

- Institute for scintillation materials NAS of Ukraine, Kharkov (Contact : S. Galkin)

United Kingdom[

- University College London (Dep. of Electronic and Electrical Enginneering) (Contact: |. Papakonstantinou)
- University of Leeds, (Contact C. Tsoumpas )
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http://www.cern.ch/
http://www.cern.ch/
http://www.cern.ch/
http://www.cern.ch/
http://www.ee.ucl.ac.uk/research/emd
http://www.ee.ucl.ac.uk/research/emd

