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• Mo#va#on	
	

• Layout	–	capillary	with	periodical	internal	radii	(SPR	+	CR)		
	

• SPR	for	wakefield	accelera#on	
				-	Experiment	LUCX,	KEK	(2016-2018)	
				-	Theore6cal	results	
				-	Vsim	simula6on	(new	experiment	LUCX	-	2018)		
	
	

• Summary	and	plans	
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•  There	is	urgent	need	to	develop	new	accelera#on	techniques	capable	of	exceeding	
hundred	of	MeV/m	or	GeV/m	gradients	in	order	to	enable	future	genera#ons	of	light	
sources	and	high-energy	physics	experiments	

•  Gradients	in	order	of	100	MeV/m	have	been	achieved	by	conven#onal	techniques	
	
•  The	enabling	accelera#on	technology	must	feature	high	effec#ve	gradient,	high	
efficiency,	low	fabrica#on	cost,	small	sizes	

•  Dielectric	Wakefield	Accelerators	(DWA)	-	intense	rela#vis#c	electron	beam	is	
accelerated	directly	into	the	accelerator	structure	by	high	intense	wakefields	

	
•  DWAs	typically	operate	in	the	terahertz	frequency	range,	which	pushes	the	plasma	
breakdown	threshold	for	surface	electric	fields	into	the	mul#	GeV/m	range	

B.O’Shea	et	all,	Observa1on	of	accelera1on	and	decelera1on	in	gigaelectron-voltper-metre	gradient	dielectric	
wakefield	accelerators,	Nat.	Commun.	7,	12763	(2016)	
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We	inves1gate	DWA	based	on	Smith-Purcell	(SPR)!	

Dielectric	Wakefield	Accelerators	(DWA)	

DWA	usually	based	on	Cerenkov	radia1on	mechanism!		
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Accelera#on							
		170	keV/m	
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Smith-Purcell		

A.P.	Potylitsyn,	M.I.	Ryazanov,	M.N.	Strikhanov,	A.A.	Tishchenko,	Diffrac1on	Radia1on	
from	Rela1vis1c	Par1cles,	Springer-Verlag,	2010	
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•  3D	simula*ons	of	the	electric	field	in	corrugated	and	flat	capillary	were	performed	in	VSim	(VORPAL	physics	
engine).	

•  Electron	beam	was	simulated	as	a	Gaussian	charge	density	distribu#on	on-axis,	no	macro-par*cles	in	the	
calcula*on	domain.	

•  Dielectric	losses	were	not	taken	into	account.		

“flat”	

corrugated	with	10	mm	period	

dielectric			
(quartz)	

vacuum	channel	 drive	bunch	

	

drive	bunch	Longitudinal	electric	field	Ez	in	Oyz	cross-sec#on:	
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No of 
drives 

Charge 

1 5nC 0.3 mm 
2 1.67; 5nC 0.2; 0.3 mm 
3 1.67; 3.33; 5nC 0.2; 0.25; 0.3 mm 
4 1.25; 2.5; 3.75; 

5nC 
0.2; 0.233; 0.266; 

0.3 mm 

No of 
drives 

Charge 

1 5nC 0.3 mm 
2 1.67; 5nC 0.2; 0.3 mm 
3 1.67; 3.33; 5nC 0.2; 0.25; 0.3 mm 
4 1.25; 2.5; 3.75; 

5nC 
0.2; 0.233; 0.266; 

0.3 mm 

No of 
drives 

Charge 

1 5nC 0.3 mm 
2 1.67; 5nC 0.2; 0.3 mm 
3 1.67; 3.33; 5nC 0.2; 0.25; 0.3 mm 
4 1.25; 2.5; 3.75; 

5nC 
0.2; 0.233; 0.266; 

0.3 mm 

	

No	of	drives	
	

Charge	
	

σz	

1	 100	pC	 0.3	mm	

2	 33;	100	pC	 0.2;		0.3	mm	

3	 33;		66;		100	pC	 0.2;		0.25;		0.3	mm	

4	 25;		50;		75;		100	pC	 0.2;		0.233;		0.266;		0.3	mm	

LUCX	beam	
parameters:	

ShiQ	of	main	accelera*ng	mode	from	50	GHz	to	55	GHz	
in	corrugated	capillary	with	10	mm	period	

drive	D

D	–	distance	from	
the	drive	to	the	
first	accelera*ng	
peak	

	

K.Lekomtcev et al., Driver-witness electron beam acceleration in dielectric 
mm-scale capillaries, PHYSICAL	REVIEW	ACCELERATORS	AND	BEAMS	
21,	051301	(2018)	

On-axis	longitudinal	field	in	flat	and	corrugated	capillary	with	10	mm	period	
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•  Time	frame:	from	the	*me	drive	bunch	enters	
capillary	to	the	*me	drive	bunch	leaves	capillary.	

Distance	D	as	func1on	of	distance	along	capillary	

Single	drive	case:	
Average	accelera1ng	field	along	capillary	as	a	
func1on	of	corruga1on	period	

Electric	field	at	first	accelera1ng	peak	as	a	
func1on	of	distance	along	capillary	
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•  Simula*ons	 were	 performed	 for	 equidistant	 bunch	
trains.	

•  2nd,	 3rd	 and	 4th	 bunches	 were	 posi*oned	 at	
accelera*ng	phases	of	on-axis	longitudinal	field.		

•  Bunch	separa*on	was	5.8	mm	for	flat	and	5.4	mm	for	
corrugated	capillary	with	10	mm	period.	

Drive №1	Drive №2	
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•  For	a	single	drive	simula6on	showed	18.9%	increase	in	the	accelera6ng	field	for	the	
corruga6on	period	10mm	with	stability	of	the	first	accelera1ng	peak	2.36±0.13	mm,	in	
terms	of	distance	to	the	preceding	drive	bunch	

•  For	a	ramped	two-drive	train	simula6ons	showed	22.9%	increase	in	the	accelera6ng	field	
for	the	corruga6on	period	10mm	with	stability	of	the	first	accelera6ng	peak	of	2.43±0.11	
mm	

•  Two	drives	have	stabilizing	effect	on	the	phase	of	the	accelera6ng	field.	As	shown	the	RMS	
errors	of	the	phase	stability	reduced	from	0.13	mm	(1	drive)	to	0.11	mm	(2	drives)	

•  Higher	rela1ve	increase	of	the	accelera1ng		field	can	be	achieved	by	using	larger	
corruga1on	period	and	bunch	trains	with	variable	bunch-to-bunch	separa1on	

•  Comparison	between	simula1on	and	theory	
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SPR	
CR	

A.A.	Ponomarenko,	M.I.	Ryazanov,	M.N.	Strikhanov,	A.A.	Tishchenko,	Terahertz	Radia1on	from	Electrons	Moving	through	a	
Waveguide	with	Variable	Radius,	based	on	Smith-Purcell	and	Cherenkov	Mechanisms,	Nucl.	Instr.	and	Meth.	B	309,	223-225	
(2013).	
	
A.A.	Ponomarenko,	K.V.	Lekomtsev,	A.A.	Tishchenko,	M.N.	Strikhanov,	J.	Urakawa,	CST	simula1on	of	THz	radia1on	from	a	
channel	with	periodically	variable	radius,	Nucl.	Instr.	and	Meth.	B	355,	160-163	(2015).	
	
A.A.	Ponomarenko,	M.I.	Ryazanov,	M.N.	Strikhanov,	A.A.	Tishchenko,	Terahertz	Radia1on	from	Electrons	Moving	through	a	
Waveguide	with	Variable	Radius,	based	on	Smith-Purcell	and	Cherenkov	Mechanisms,	Nucl.	Instr.	and	Meth.	B	309,	223-225	
(2013).	
	

A.A.	Ponomarenko,	K.V.	Lekomtsev,	A.A.	Tishchenko,	M.N.	Strikhanov,	J.	Urakawa,	CST	simula1on	of	THz	radia1on	from	a	
channel	with	periodically	variable	radius,	Nucl.	Instr.	and	Meth.	B	355,	160-163	(2015).	

SPR	as	source	of	powerful	THz	radia#on	–	SPR	>	CR!	
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•  Some	preliminary	theore#cal	results	for	accelerator	field		
	

Nearest	plans:	
•  Comparison	with	computer	simula#on	(CST)	
• More	detailed	inves#ga#on	of	accelerated	mo#on	

	

• Mul#GeV/m	gradients	(charging	the	dielectric	surface	by	halo	vs	space	
charge	effect,	longitudinal	modes)	
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A.A.	Ponomarenko,	A.A.	Tishchenko,	M.N.	Strikhanov,	THz	polariza1on	radia1on	from	
electrons	passing	corrugated	dielectric	tube	under	non-central	propaga1on,	Nucl.	Instr.	and	
Meth.	B	400	(2017)	
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Russia	

USA	

NOT		SPR	!!!	
only	CR		

CST	simula1ons	

Theore1cal	result	


