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 OUTLINE

 - Introduction

 - Main features of channeling radiation

 - First proposition & Proof of principle

 - Theoretical studies, simulations and experiments for an intense e+ source 

 {All crystal, hybrid, hybrid-granular }

 - Applications for future colliders

 - Summary and conclusions
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 INTRODUCTION

 * Investigations on low emittance and intense positron sources motivated by future linear colliders

 * Channeling radiation in crystals is providing more radiation and photon numbers than bremsstrahlung under 

specific conditions. A first theoretical study using incident electron beams of 20 GeV and Silicon/Germanium crystals 

followed by an amorphous W converter showed significant  enhancement in photon and positron production as well. A 

proof of principle test carried out at LAL-Orsay confirmed the expectations. A collaboration started with theoreticians 

from BINP (Baier-Katkov-Strakhovenko) in order to study, in association with IPNL physicists (X.Artru et al)  the 

main features of this kind of source. An experiment on the transfer lines of the SPS-CERN was decided and prepared 

with an experimental group of BINP (S.Serednyakov et al). The experiment done in 2000-2001 provided useful data 

and a precise description of this kind of source in terms of phase-space. The collaboration with BINP extended beyond 

the CERN experiment with the continuous collaboration of Vladimir Strakhovenko. The promising results of these 

studies led to the choice of this kind of source as the baseline for CLIC collider. Further experiments have been 

operated at KEK-Tsukuba.

 The development of this e+ source was done in the framework of a continuous collaboration between French and 

Russian laboratories, mainly with BINP. This talk is dedicated to the memory of V.N.Baier and V.MStrakhovenko
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 RADIATIONS IN CRYSTALS

 * Bremsstrahlung (individual atoms)

 * Channeling and Coherent Bremsstrahlung
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CHANNELING COHERENT BREMSTRAHLUNG
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1- MAIN FEATURES OF CHANNELING RADIATION
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Simulations with E-=5 GeV; W 

crystal [<111> axis; 1.4 mm thick]]
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cr =(2Uo/E)
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* 

* Use of a magnetic undulator for production of polarized photons was proposed for VLEPP 

(Balakin, Mikhailichenko, 1979)
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 PROOF OF PRINCIPLE
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On the W crystal <111> axis, we observed an enhancement in the production of soft photons with respect to the 

random regime (amorphous)
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 STUDIES FOR AN INTENSE POSITRON SOURCE USING CHANNELING

 Photons created in oriented crystals (Channeling, Coherent Bremsstrahlung, Bremsstrahlung) 

and materialization of these photons in e+e- pairs could be carried out in the same target or in 

two separated targets [radiator and converter]:

 * Thick crystal                                                 e+, e-, 

 * Hybrid 

R.Chehab/BINP-Jubilee-2018

10

e-



USE OF CHANNELING RADIATION IN CRYSTALS FOR 

INTENSE POSITRON SOURCES

 THE ALL-CRYSTAL SOURCE

 THE WA 103 EXPERIMENT (CERN)

R.Chehab/BINP-Jubilee-2018

11

T.V.Baier,
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 THICK VS THIN CRYSTALS IN AN HYBRID POSITRON SOURCE

 The choice is determined by the photon yield, the energy deposited and the PEDD:

 Simulations for a W crystal submitted to 5 and 10 GeV e-  thin crystals are preferable
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X.Artru, R.Chehab, M.Chevallier, V.M.Strakhovenko, A.Variola, A.Vivoli, NIMB 266 (2008) 3868-3875 



USE OF CHANNELING RADIATION IN CRYSTALS 

FOR INTENSE POSITRON SOURCES

R.Chehab/BINP-Jubilee-2018

18



USE OF CHANNELING RADIATION IN CRYSTALS 

FOR INTENSE POSITRON SOURCES

R.Chehab/BINP-Jubilee-2018

19



USE OF CHANNELING RADIATION IN CRYSTALS 

FOR INTENSE POSITRON SOURCES

R.Chehab/BINP-Jubilee-2018

20



USE OF CHANNELING RADIATION IN CRYSTALS 

FOR INTENSE POSITRON SOURCES

R.Chehab/BINP-Jubilee-2018

21

With respect to bulk targets a granular target made of small spheres (~ 1 mm) presents better heat dissipation
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4 granular targets of 2, 4, 6 and 8 layers 
have been realized at LAL-Orsay and 
sent to KEK for the tests. The W sphere 
radius is 1.1 mm. The incident photons 
from the crystal are impinging on a 
layer made of 10x10 spheres. In the 
staggered disposition of the layers and 
using always an even number of layers, 
the exit face of the converter has 9x9 
spheres with a central sphere on the 
axis. That allows to put a certain 
number of thermocouples on the exit 
face and especially on the centre of 
the exit face which corresponds in 
principle to the warmest position of the 
target. That helps for the PEDD 
determination.
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I.Chaikovska et al. article  in preparation
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Measurements at KEK by V.Kubitsky, I.Chaikovska et al. October 2016
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 TEST OF THE HYBRID POSITRON SOURCE AT KEK: POSITRON YIELD

Positron yield has been measured

for 4 values of positron energy: 5, 10,

15 and 20 MeV. On the figure we

present the experimental results for 

a 6-layers granular converter with the

2 situations: crystal on axis and off axis..

Enhancement in e+ production can be

observed in channeling conditions.              

Measurements at KEK by I.Chaikovska et al, October 2016
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: FCC
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SPECIAL THANKS TO IRYNA CHAIKOVSKA WHO IS LEADING, NOW, THE R&D ACTIVITIES ON POSITRONS AT LAL 

AND TO XAVIER ARTRU WHO IS FOLLOWING THE THEORETICAL ASPECTS OF THIS ACTIVITY
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