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The Crystal Clear Collaboration

Silver Jubilee (25 years)

Paul Lecoq
CERN, Genève
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The gestation period

Samuel Ting

Nobel Laureate 1976
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J/Y discovery

October (74) Revolution

most of the states accessible by radiative decays: look for
monocromatic photons of few hundreds MeV

Charmonium spectrum:
powerful tool for detailed study of potential models in QCD
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The Crystal Ball

 672 + 60 NaI:Tl crystals

The ancestor of crystal calorimeters
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Crystal Ball results

e+e-  Y’ X

Precise spectroscopy 

of charmonium states
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L3 experiment at LEP (CERN)

BGO proposed by Eckart Lorenz

In the meantime the 5th bottom quark has been discovered by L. Ledermann at FNAL

But what about the 6th top quark predicted by the theory?

?
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L3 BGO calorimeter at LEP

 Main motivation: toponium radiative decays

+ Neutrino counting, Higgs, Susy, etc.

 Demonstration of the scalability of barrel calorimeters
(Crystal Ball quoted in LoI)

 Technological challenge:

– few small BGO crystals existing all over the world at the 

time of approval of the L3 experiment



P. Lecoq  CERN 8November 2016 CERN, 24 November, 2016

The Chain Reaction

Jean Paul Martin

IPNL, Lyon

Christian Pedrini

LPCML, Lyon

Marvin Weber

LLNL, USA



P. Lecoq  CERN 9November 2016 CERN, 24 November, 2016

BGO development in Shanghai

?
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L3 BGO barrel assembly at CERN
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L3 BGO resolution

Preserving 5 ‰ constant term required continuous monitor and 
calibrations, before the installation and during the run

TEST BEAM
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The LHC challenge
 How to detect the Higgs boson?

– with a very small cross section

– with a very narrow mass distribution

– over a huge non-reducible background



 Through its decay into two  rays detected in a high precision
crystal-based electromagnetic calorimeter with crystals

– at least as dense as BGO

– At least 10 times faster than BGO

 The science of scintillators was almost non  existent

 All the research was oriented to laser applications, i.e. 
luminescence ≠ scintillation
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The Birth of Crystal Clear
Spring 1991 C. Pedrini and P. Lecoq invited in Mnichovice by J. Mares 
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The genesis of Crystal Clear
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Crystal Clear Collaboration

40 – 100 Scientists

•9 Institutes networking with

•Luminescence Experts

•Crystal Growers

•Commercial Producers

•End users

CRYSTAL

CLEAR
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The CMS Challenge
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CeF3 or not CeF3?
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The CMS Challenge

Avalanche photodiode

Gain 50
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Timeline for PbWO4 Crystals ECAL

Sept 1992: Idea presented at the first SCINT conference in Sept 1992 

few yellowish cm3 samples)

 1993-2008: R&D: improve rad. hardness: purity, stoechiometry,defects

 Oct. 1994: CMS Decision to choose PbWO4 for the ECAL

 1994-2001: Prototyping: large matrices in test beams, monitoring

 1997-2008: Mass manufacture: increase industrial capacity, QC

 2001-2008: Systems Integration: tooling, assembly

 2007-2008: Installation and Commissioning

 2008 onwards: Data Taking

Crystal 

Clear

CMS
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The radiation damage problem

 1993-1997: Improve radiation hardness by

– Identifying and reducing impurities down to 

ppm level

– Optimizing stoechiometry to reduce O vacancies

 1997: Heterovalent doping to compensate 
for remaining vacancies/impurities

– Trivalent doping
La, Lu, Y, Al

– Improves transmission and decay

– Improves Rad. hardness Kobayashi for La: KEK 1997-

12

 CMS Note 97/54, NIM A 402(1998) p75

1998: New optimization Nb +Y codoping



P. Lecoq  CERN 21November 2016 CERN, 24 November, 2016

The mass production problem

65 mm dia.

32 mm 

dia.

Uniformity

Measurement

78,000 Crystals
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4th July 2012 : The Higgs Boson!!

t ~ 20 years !!!
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1995: Crystal Clear Collaboration new 
spokesman Stefaan Tavernier

Redifine CCC missions along two lines:

Continue fundamental studies on scintillators

Open CCC to new application domains, beyond HEP
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CCC new mission: promote technology
transfer to medical imaging

 Need to enlarge the collaboration to bring the missing
expertise to the CCC

 1995: Jülich, CPPM: ClearPET with LuAP/LSO
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CCC new mission: promote technology
transfer to medical imaging

 Need to enlarge the collaboration to bring the missing
expertise to the CCC

 2001: LIP, UNIMIB, DKFZ: ClearPEM (+ Sonic):

ClearPEM-Sonic

BrainPET
 CIEMAT: BrainPET
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CCC new mission: promote technology
transfer to medical imaging

 Need to enlarge the collaboration to bring the missing
expertise to the CCC

 EndoTOFPET-US: 2011

EndoTOFPET-US

Ultrafast

Nano-crystals

Photonic crystals

 10ps TOFPET: 2013
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Proposed model for R&D 

Collaborations 

between 

Academia and Industry

The Crystal Clear Collaboration example 1996
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Collaboration

Groups of partners for specific 

purpose

Industrialization [no CCC 

member]

Commercialization

IP flow

Result

Industry involvement

Commercial

exploitation

Crystal

Clear

Collaboration

Generic

Technology

Project 1 Generic

Technology

Project 2

Generic

Technology

Project 3

Product

Development 

Project 2

Product

Development 

Project 1

Commercial

exploitation

Commercial

exploitation

Commercial

exploitation

Product

Industriali-

zation

Product

Industriali-

zation

Product

Development 

Project 3

Commercial

exploitation

Product

Industriali-

zation

Proposed structure for the CCC 
collaboration contract
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The CCC collaboration contract
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The SCINT conferences

MRS94 - San Francisco

SCINT95 - Delft

SCINT97 - Shanghaï

SCINT99 - Moscow

SCINT2001 - Chamonix

SCINT2003 - Valencia

SCINT2005 - Alushta

SCINT2007 - Wake Forest

SCINT2009 - Jegu Island

SCINT2011 - Giessen

SCINT2013 – Shanghaï

SCINT2015 – Berkeley

SCINT2017 - Chamonix
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CRYSTAL 2000
(First SCINT Conference, in 1992)

Bill Moses

Marv Weber

Christian Pedrini

Paul Lecoq

Steve Derenzo
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 2 major annoucements:

CRYSTAL 2000
(First SCINT Conference, in 1992)

– Lead Tungstate (PWO)

 To become a major player in HEP and Nuclear Physics

 100 tons for CMS, 40tons for Alice, Panda, …

– Luthetium Ortho-Silicate (LSO)

 To become the crystal of choice for PET scanners

 About 10tons/year
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CCC, for Communicating
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CCC, for Convincing
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CCC, for Converving to a
Crystal Clear friendship
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Crystal Clear in a nutshell

 Born 25 years ago in 
1991 with 9 institutes 
(now 27)

 More than 650 
publications

 72 theses
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Special Tribute to Etiennette

 Hired at CERN in 1990 at the start of CCC and SCINT

 In 1992 she got a position of Doctoral student to work on CeF3

 She took over Stefan in 2010 as spokesperson of CCC

 She has now the fate of CCC in her hands for, at least, the next 25 years
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CCC: a network of 
expertise and friendship


