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COPIL ThomX

Objectifs et positionnement du projet

Buts scientifique :
Transférer les techniques expérimentales actuellement développées uniquement aux 
installations synchrotron vers des machines plus compactes et plus accessibles. 

Source en fonctionnement
Lync. Tech./Munich : 15-35 keV  
- Flux ~ 1010 - 1011 ph/s  -
Brill ~ 108 - 109

ThomX : 45-90keV –
Flux ~ 1012 - 1013 ph/s  -
Brill ~ 1010 - 1011
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Combler l’absence de sources X de brillance entre les tubes X et les synchrotrons
Forte demande et soutien des communautés utilisateurs d’X 
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Compton source

with polychromatic radiation of a molybdenum rotating anode X-ray
source operated at 20, 30 and 60 kVp respectively. Segment (d) is
measured with the monochromatic, inverse Compton scattered radi-
ation of a compact electron-storage ring at 21 keV. The colorscales of
all segments are scaled to the same span. The black area is due to the
air around the sample holder. The dark blue seam in Fig. 3(a) for
20 kVp is the polypropylene container invisible at the other X-ray
energies for this scaling. The three images (a)–(c) obtained with the
polychromatic rotating anode X-ray source show the variation of the
absorption contrast from the outer to the inner parts of the sample
and the overall different values for different X-ray energies. In
contrast the monochromatic measurement in (d) does not suffer
from this effect.

Discussion
The effective linear absorption coefficient of a polychromatic ray
beam can be calculated as

meff ~

Ð?
0 m Eð ÞS Eð ÞdEÐ?

0 S Eð ÞdE
ð1Þ

with the effective spectrum S(E)11. Note that S(E) depends on the
material penetrated by the X-rays and also on the efficiency of the
detector. The artefact induced by this dependence on S(E) causes the
higher absorption values at the border of the water sample seen in
Fig. 3(a)–(c).

This is more clearly visible in histograms of the images of Fig. 3
shown in Fig. 4. Each histogram line shows three distinct regions. A
very narrow peak at zero m-value represents the air absorption coef-
ficient. At higher values a distribution for the polypropylene coef-
ficient follows. The broadest distribution at highest values represents
the absorption coefficient for water. The monochromatic result (red
line) gives an absorption coefficient for water independent of the
position of the volume element inside the sample within a variation
of only 4.7%. A very different situation is obtained by the polychro-
matic measurements (see a-c) in Fig. 3. The values of the histogram
for water are distributed over 20, 26 and 30% for the measurements
at 60, 30 and 20 kVp, respectively. The radial profile plots displayed
in Fig. 5 show, that this variation is systematically dependent on
the distance of a volume element from the center of the cylindrical
sample.

An application example of monochromatic CT imaging using the
compact light source is shown in Fig. 6. It shows 3D rendering views
of the skeleton of a small-animal sample (mouse, ex-vivo). The tomo-
graphic reconstruction was obtained from 360 projections over
180 deg. Panels (a),(b) show different views with an isotropic pixel
size of 81 micron. Panels (c),(d) show zoom views of the head region.
The density differences between bone and teeth are clearly distin-
guishable. For a detailed discussion about the drawback of polychro-
matic and the advantage of monochromatic X-ray sources for the
determination of bone and teeth mineral density we refer to a recent
review of W. Zou et al.12.

In conclusion we have presented quantitative computed tomo-
graphy (CT) measurements using a laser-driven compact electron-
storage ring X-ray source. The experimental results obtained for
quantitative CT measurements on mass absorption coefficients in
water phantom sample confirm that a monochromatic laser-driven
electron-storage ring X-ray source can indeed yield much higher CT

Figure 4 | Histograms of the tomographic images of Fig. 3. From top to
bottom green, blue and black lines represent the frequency of absorption
coefficients m for the measurement with the X-ray tube at 60, 30 and
20 kVp. Red line gives the values for the measurement with the CLS at
21 keV. Histograms are shifted along the frequency axis, respectively, for
clarity.

Figure 5 | Radial profile plots. Symbols: radial profile plot of the
tomographic data as shown in Fig. 3 from the center of the cylindrical
sample to the surrounding air. From top to bottom at 20, 30 and 60 kVp
measured with the FR591 X-ray tube and for 21 keV with the compact light
source. Lines: linear absorption coefficients calculated with the
corresponding spectra given in Fig. 2.

Figure 6 | Absorption computer tomography of a mouse. (a),(b) Two
tomographic views of the upper body of a mouse. (c),(d) Details of the
head region. For 3D datasets see the Supplementary video files S2 and S3
online.

www.nature.com/scientificreports
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Rayon X de forte brillance dans un
environnent à encombrement réduit 
(hopital, laboratoire, musée)
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Les particularités de l’accélérateur dans l’anneau
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• Amortissement négligeable sur le temps de stockage

• Désadaptation longitudinale
• Instabilité microbunching (Rayonnement synchrotron 

Coherent)

• Impédance

• Nuages d’ions
• Intrabeam scattering



Quelques dates
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• 2011 : Obtention du financement Equipex
• 2016 : travaux de lancement de l’infrastucture iglex
• 2019 : démarrage sans RF des équipements à distance
• 2020 : 

• Fermeture anneau
• Mai : autorisation ASN
• Juillet : conditionnement RF section
• Septembre : conditionnement canon à 1Hz
• Lundi 4 Octobre : premier faisceau canon (~4 MeV)
• Mercredi 6 octobre : premier faisceau section (~37 MeV)
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Validations et tests avant montage

Caractérisation des BPM

Vérification des électrodes 
pour les ions

Mesures d’impédance

FBT

Longitudinal

Transverse

Composante 
quadrupolaire
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Mesures magnétiques aimants

Vérification des 
aimants linac IJClab, aimants linac



Quelques dates
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• 2011 : Equipex
• 2016 : travaux de lancement de l’infrastucture iglex
• 2019 : démarrage sans RF des équipements à distance
• 2020 : 

• Fermeture anneau
• Mai : autorisation ASN
• Juillet : conditionnement RF section
• Septembre : conditionnement canon à 1Hz
• Lundi 4 Octobre : premier faisceau canon (~4 MeV)
• Mercredi 6 octobre : premier faisceau section (~37 MeV)



Démarrage sans RF
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• Test en condition de la procédure de 
démarrage

• Pilotage à distance opérationnel



Quelques dates
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• 2011 : Equipex
• 2016 : travaux de lancement de l’infrastucture iglex
• 2019 : démarrage sans RF des équipements à distance
• 2020 : 

• Fermeture anneau
• Mai : autorisation ASN
• Juillet : conditionnement RF section
• Septembre : conditionnement canon à 1Hz (nominal 50 Hz)
• Lundi 4 Octobre : premier faisceau canon ~4 MeV (nominal 6 MeV)
• Mercredi 6 octobre : premier faisceau section 37 MeV (nominal 50 MeV)



Planning commissionning
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Autorisation ASN en cours uniquement sur le 
linac



Conditionnement RF - linac
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• Premier juillet : section conditionnée (9MW, 10Hz)
• Premier octobre : canon conditionné (5MW, 1 Hz)

6MW – 3,0 µs – 1 Hz , EZ = 60 MV/m

Pik

Pic Prc

1ere image courant 
obscurité YAG1

Home made – RF gun 2.5cell



Lundi : Premier faisceau canon
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• Lundi : 
• Alignement laser
• Problème interlock vide
• Visualisation du faisceau sur 

le premier écran après 
recherche de la phase 
RF/laser

Trend vide
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Mardi : premier faisceau canon focalisé
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• Mardi : 
• Réglage des ICT
• Montée progressive des champs des 

premier aimant (solénoides)

Courant 
photo-émisFaisceau canon focalisé
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Mercredi : premier faisceau section
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• Mercredi
• Estimation énergie sortie canon 4 MeV
• Mise en service de la section LIL
• Mesures des puissances RF sur chaque voie avec voltmètre de crête
• Faisceau transporté dans la section

• Visualisé sur l’écran sortie section sans focalisation (3.2m) 

canon

section Faisceau canon accéléré par la 
section
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Suite : automatisation des mesures et réglages
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• Jeudi/vendredi
• Début automatisation des mesures
• Reprise de l’alignement en faisceau pas à pas

Charge en fonction de la phase laser/RF Mesure énergie avec correcteur
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Conclusion
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La route est 
encore 
longue!

X
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Thanks for your attention

K edge imaging 

standard absorption phase-contrast

[ Synch. Rad. 16, 2009, 43-47 ]
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Potential of applications of X-ray CCS

1. Using the 2D divergent beam

(biomedical and cultural heritage applications)

2. Using the central part of the beam

(cultural heritage / material science applications)

- Fluorescence Spectroscopy

- XANES Spectroscopy

- Diffraction

 Structural analyses 

 Pump-probe experiments

- Conventional radiography

- K-edge substraction imaging

- Phase contrast imaging

- Magnification

- Radiotherapy

- Quasi-monochromatic beam

1st determination of the 3D structure of a protein
CS Lyncean Tech. source

[ J. Struct. Funct. Gen. 11, 2010, 91-100 ]

15 KeV, 1.4% bw
5.106 ph/sec
σ = 120 μm

Proof of principle (~ Rigaku rotating anode)

Ribbon representation

•  109 ph/s , ΔE/E ~ 10-2 - 10-3

Marie Jacquet, LAL, Orsay BTML2013,  September 13, 2013 - Orsay

Lyncean

with polychromatic radiation of a molybdenum rotating anode X-ray
source operated at 20, 30 and 60 kVp respectively. Segment (d) is
measured with the monochromatic, inverse Compton scattered radi-
ation of a compact electron-storage ring at 21 keV. The colorscales of
all segments are scaled to the same span. The black area is due to the
air around the sample holder. The dark blue seam in Fig. 3(a) for
20 kVp is the polypropylene container invisible at the other X-ray
energies for this scaling. The three images (a)–(c) obtained with the
polychromatic rotating anode X-ray source show the variation of the
absorption contrast from the outer to the inner parts of the sample
and the overall different values for different X-ray energies. In
contrast the monochromatic measurement in (d) does not suffer
from this effect.

Discussion
The effective linear absorption coefficient of a polychromatic ray
beam can be calculated as

meff ~

Ð?
0 m Eð ÞS Eð ÞdEÐ?

0 S Eð ÞdE
ð1Þ

with the effective spectrum S(E)11. Note that S(E) depends on the
material penetrated by the X-rays and also on the efficiency of the
detector. The artefact induced by this dependence on S(E) causes the
higher absorption values at the border of the water sample seen in
Fig. 3(a)–(c).

This is more clearly visible in histograms of the images of Fig. 3
shown in Fig. 4. Each histogram line shows three distinct regions. A
very narrow peak at zero m-value represents the air absorption coef-
ficient. At higher values a distribution for the polypropylene coef-
ficient follows. The broadest distribution at highest values represents
the absorption coefficient for water. The monochromatic result (red
line) gives an absorption coefficient for water independent of the
position of the volume element inside the sample within a variation
of only 4.7%. A very different situation is obtained by the polychro-
matic measurements (see a-c) in Fig. 3. The values of the histogram
for water are distributed over 20, 26 and 30% for the measurements
at 60, 30 and 20 kVp, respectively. The radial profile plots displayed
in Fig. 5 show, that this variation is systematically dependent on
the distance of a volume element from the center of the cylindrical
sample.

An application example of monochromatic CT imaging using the
compact light source is shown in Fig. 6. It shows 3D rendering views
of the skeleton of a small-animal sample (mouse, ex-vivo). The tomo-
graphic reconstruction was obtained from 360 projections over
180 deg. Panels (a),(b) show different views with an isotropic pixel
size of 81 micron. Panels (c),(d) show zoom views of the head region.
The density differences between bone and teeth are clearly distin-
guishable. For a detailed discussion about the drawback of polychro-
matic and the advantage of monochromatic X-ray sources for the
determination of bone and teeth mineral density we refer to a recent
review of W. Zou et al.12.

In conclusion we have presented quantitative computed tomo-
graphy (CT) measurements using a laser-driven compact electron-
storage ring X-ray source. The experimental results obtained for
quantitative CT measurements on mass absorption coefficients in
water phantom sample confirm that a monochromatic laser-driven
electron-storage ring X-ray source can indeed yield much higher CT

Figure 4 | Histograms of the tomographic images of Fig. 3. From top to
bottom green, blue and black lines represent the frequency of absorption
coefficients m for the measurement with the X-ray tube at 60, 30 and
20 kVp. Red line gives the values for the measurement with the CLS at
21 keV. Histograms are shifted along the frequency axis, respectively, for
clarity.

Figure 5 | Radial profile plots. Symbols: radial profile plot of the
tomographic data as shown in Fig. 3 from the center of the cylindrical
sample to the surrounding air. From top to bottom at 20, 30 and 60 kVp
measured with the FR591 X-ray tube and for 21 keV with the compact light
source. Lines: linear absorption coefficients calculated with the
corresponding spectra given in Fig. 2.

Figure 6 | Absorption computer tomography of a mouse. (a),(b) Two
tomographic views of the upper body of a mouse. (c),(d) Details of the
head region. For 3D datasets see the Supplementary video files S2 and S3
online.

www.nature.com/scientificreports

SCIENTIFIC REPORTS | 3 : 1313 | DOI: 10.1038/srep01313 3

J Struct Funct Genomics. Mar 2010; 11(1): 91–100

JOURNAL OF APPLIED PHYSICS 105, 102006 2009
absorption Dark field (scattering)Phase difference (refraction)

energy

cts Fluorescence

Physica Medica 31 (2015) 596-600

http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20364333

