
The	compact	X-ray	source		
ThomX		

•  The	machine	
•  Some	technical		

issues	(op6cs)	
•  Applica6ons	
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Compton	sca2ering	applica9ons	

Quasi	monochroma9c	
X/gamma	ray	beam	

PRL138(1965)B1546	

See		
P.	Piot	
G	Paterno	
talks	



10m	

@33MHz	



The	op6cal	cavity	&	Compton	Interac6on	point		

Compact	op6cal	
system	

Everything	on	
the	grani6que	table	

Hexapode	feets	



Located	in	the	old	LURE	igloo	at	Orsay	

X-ray	cone	emission	~10mrad	





SOLEIL	



Hexapode	feets	

Granit	table	recep6on	at	LAL	

Cavity	vacuum	vessel	installa6on	at	LAL	



Cheikh,Pierre,	Themis,	Xing	
office	
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Avancement du chantier  



2	Thomx	issues	:	
	

ü beam	dynamics	

ü Laser/cavity	technology	



èCoherent rad. Synch. 

Simula6ons	from	I.	Drebot	



2nd	issue:	the	
Op9cal	cavity		

è Laser	oscillator	rep.	rate	&	CEP	locking	
	@	Dn/n	~10-12		
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Illustra6on	of	one	issue	:	the	laser	cavity	feedback		

Cavity	finesse	F=gain* p :		
F=G	×	p = p /(1-R)~104	×	p
Op9cal	path	length	:	L~7.5m	

Cavity	resonance	
	frequency	linewidth	
Dn=c/(LF)~1.3	kHz	!	

Dn/n=l/(LF)=~10-12	
Same	numbers	as	in	metrology	!!!	

M.	Oxborrow	

Linewidth	1.3kHz	
èF=106…	
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Besides		
In	metrology	experiments	:		

The	hyper	stable	small	cavity	is	‘hyper’	temperature	stabilised	

Put	on	an	hyper	stabilised	op9cal	table	

Into	an	hyper	isolated	room	

And	an	hyper	stable	LOW	POWER		cw	laser	is	used,	
linewidth	1kHz	

hep://www.innolight.de/index.php?id=mephisto	

M.	Oxborrow	

For Compton	machines	
ü ‘Geant’	mechanical	structure	
ü Noisy	accelerator	environment	
ü Pulsed	laser	beam	regime		
ü !	1kHz	linewidth	oscillator	
ü ‘Huge’	average	&	peak	power	!	



electrons	
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T	
DFcep	

2DFcep	

femtosecond	
Oscillator	

(40-200MHz)	

High	average	
power	

amplifier	

Feedback	system	Dn/n	�	10-12	
+	synchronisa6on	
(èmetrological	techno.)	

Op6cal	
cavity	

Goals:	stack	as	much	average	power	as	possible	in	an	op9cal	resonatorè1MW	
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X	or	g rays	

Quasi	monochroma9c	
X	or	g rays	

collimator	

ThomX	Laser	amplifica9on	system:		
CELIA	Lab.	(Bordeaux)	

Yb	dopped	
gain	media	
Used	for	
«	high	
Average	
Power	»	

33MHz	~200fs	



Present	op6cal	cavi6es	performances	



Non-planar	cavity	
è	circular	polar	mode	

4-mirror	high	finesse	cavity	tested	at	
	KEK	on	ATF	(1.3	GeV	ring)		
French-Japanese	collabora9on	
è100kW	stored	power		
(before	the	earthquake)	
Mirror	surfaces	degrada6on	
èruns	with	45kW	at	most	



Chaikovska	et	al.		

e.g.	~3h	run		

Stable	>500kW	average	
power	needed	for		
ThomX	
ègoal	1MW	

‘Huge’	average	power	must	be	stored	inside	the	op9cal	cavity	
èmirror	thermoelas9c	deforma9ons	&	damage	



Carstens	et	al.	Opt	Lee	39	(2014)	2595	

Cavity	average	power	=	670kW	@	10ps	
																																							400kW@250fs	
Laser	+	amplifier	:	420W	@	250	MHz	
Cavity	enhancement	factor	~	2000	

State	of	the	art	table	top		

Careful	choice	for	mirror	
substrate	materials	&		
coa9ng	
è	Test	with	high	finesse	
cavity	undergoing	

To	further	increase	circula9ng	power	
è Reduce	fluence	on	the	mirrors	
	
To	increase	luminosity	
èreduce	mode	waist	&	aberra9ons	
				(as9gma9sm)	



Putnam	et	al.	Opt.	Exp.	20(2012)24429	

Uesugi	et	al.	arXiv1509.05840			

Dupraz	et	al.,	Opt.	Comm.	353	(2015)178		

“External”	cavity		“inside”	the	laser	oscillator	

Carstens	et	al.	Opt	Expr	21(2013)11606		

Apl	Opt	48	(2009)	6651	

Klemz	et	al.	
NIMA564	
(2006)212	

Cavity	with	
parabolic	mirrors	

Cavity	with	
4	concave	mirrors	

Non-planar	cavity	
è	circular	polar	mode	

8	mirrors	telescopic	
cavity	

Op9cal	cavity	developments	
èreduce	damage	threshold	
èreduce	aberra9ons	

Bessel-Gauss	beam	
cavity	with	toroid	

mirrors	



ThomX APPLICATIONS

Quasi	monochroma6c	40-90keV	X-ray	beams	
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‘K	edge	imaging’	(see	Hayakawa-san’s	talk)	
•  Heavy	chimical	elements	are		

contained	in	pain6ng	pigments	
•  Characterised	by		

K	absorp6on	edges		

J. Dik et al., Analytical Chemistry, 2008, 80, 6436 
hep://www.vangogh.ua.ac.be/	
 

K-edge	imaging		
(Pbèwhite,	Hgè	vermillion…)	
of	a	Van-Gogh’s	pain6ng	
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EKedge	

But	~30k€	insurance	for	2	days	

è Compact	machine	inside	Louvre	

museum	was	foreseen	(EX~10-100keV)…	

è This	was	the	original	mo*va*on	of	ThomX	

					with	Le	Louvre	museum	



A	medical	applica9on	at	ESRF	(ligne	ID17):	radiotherapy	for	brain	tumors	

• Search	for	glioblastoms	therapy	
• Locate	pla6num	(cispla6ne)	inside	
			tumor	cells	(rat	brains)	
• Shoot	with	78keV	X-ray	(pla6num	K-shell)	
• Observed	~700%	increase	of	life	6me		
• Observed	34%	survivals	ater	1	year	…	
		Biston	et	al.	Cancer	reas.64(2004)2317	

• X-ray	bandwidth	need	:	
e.g.	iodine	contrast	agent	(ongoing	human	trial	at	ESRF)		
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Adam	et	al	Int.J.Rad.Onc.Biol.	Phys.57(2003)1413	

But	
rela9ve	to	

water	absorp9on	

50	keV	



[S.	Corde	et	al.	cancer	reas.	63	(2003)3221]	

Requested	fluxes	:	
	
• Radiotherapy:	~1013	photon/s	within	DE/E=10%	and	EX=50-90keV	

• Would	provide	flux	closed	to	ESRF		trial	(Jacquet	et	al.		Phys.	Med.	31(2015)596)	
• X-rays	produced	in	a	cone	~10mrad	

è	~500kW	laser	average	power	needed	for	ThomX	

ThomX	machine	

Producing	50keV-80keV	X-rays	with	a	bandwidth	of	few	%		
ècan	be	done	with	Compton	machines	



Summary


• Compact		Compton	Thomx	machine	under	construc6on		
• Building	construc6on	in	2016		
at	LAL-Orsay/Paris-sud	university	
• Installa6on	end	2016à2017	
• Commissioning	end	2017à2018	

• Expected	performances		g of 45-90	keV	@	1011	-	1013	s-1		
• Imaging	&	radiotherapy	studies	planed	

• Room	for	upgrading	performances	
• Beam	dynamics		
• Laser	power	&	op6cal	cavity	developments		


