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SRF	

SRF	photon	injecJon	
at	2.5	MeV,	200	pC	(650	kW)	

e-	extracJon	
at	low	energy	

acceleraJon/de-acceleraJon	
41.5	MeV	

General layout of the ERL THz facility

THz	undulator	

1-20	THz	@	2	%	bandwidth	

single	cycle	CSR	

R56	=	100	mm	range	

Rf-frequency	1.3	GHz	

Beam	energy:	44	MeV,	200	pC	(260	mA)	
Virtual	beam	power:	7.8	MW	



Design considera;on for the FEL
•  FEL	for	low	bandwidth	(2%)	
• high	gain	FEL	would	require	very	short	bunch	length	and	peak	current		

•  low	gain	FEL	oscillator	à	compact	
•  fixed	(ERL)	beam	energy	and	constrain	on	wavelength	1	–	20	THz	
•  Use	permanent	magnet	undulator	with	variable	gap	for	wavelength	tuning	

•  start	with	K	>	1,	B	on	axis	<	1.0T,	reasonable	dimensions	of	gap/undulator	
•  gap	/	vacuum	chamber	diameter	>	30	mm	(see	next	slide)	

•  ->	λu	=	10	cm	
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Design considera;on for the FEL 

• Resonator	cavity	design	

• What	is	the	expected	beam	size?	

Stability	criterion	

At	waist:	

At	mirror:	

1 THz 

Determines	minimum	gap	of	undulator	



Tuning range and undulator give beam energy

10	cm	undulator	period	

THz 

THz 

Beam	energy	~	44	MeV	



Es;mate on FEL peak power

𝐺0 =
(4𝜋𝜌𝑁𝑢)3

𝜋 	

Gain	per	turn:	

𝑃𝑠𝑎𝑡 = 𝑃0(1 + 𝐺𝑛𝑒𝑡 )𝑚 	
SaturaJon	power:	

B.	Qin	et	al.,	Design	considera3ons	of	a	planar	undulator	applied	in	a	tera	hertz	FEL	oscillator,	NIM	A	727	(2013)	90–96	

Single	pulse	energy:	48	–	118	µJ	
OpJcal	beam	power:	150	kW	

Length	of	cavity	is	6m	

20	THz	
m	=	288	(turns	Jll	satur.)	1	THz	

m	=	30	(turns	Jll	satur.)	



Compression

•  iniJal	bunch	length	20	ps	(needed	for	FEL	oscillator)	
• final	bunch	length	to	get	reasonable	CSR	in	THz	needs	0.5	ps	
•  this	gives	a	compression	factor	of	40	which	is	challenging	using	a	
single	compression	stage	
• other	alternaJves	to	get	a	short	radiaJng	pulse:	foil,	corrugated	
structure…	not	possible	with	ERL	design	

è	use	non	linear	compression	schema	–	use	“spike	mode”	
	
	
	

𝑠𝑓 = 𝑠𝑖 +
𝑅56
𝐸0

(−𝑘𝑒𝑉𝑅𝐹 sin(𝜑𝑅𝐹) 𝑠𝑖 − 𝑘2𝑒𝑉𝑅𝐹 cos(𝜑𝑅𝐹) 𝑠𝑖2)	

	
𝐸(𝑠) = 𝐸0 + 𝑒𝑉𝑅𝐹 cos(𝑘𝑠 + 𝜑𝑅𝐹) = 𝐸0 + 𝑒𝑉𝑅𝐹[cos(𝜑𝑅𝐹) − 𝑘 sin(𝜑𝑅𝐹)𝑠 − 𝑘2 cos(𝜑𝑅𝐹) 𝑠2 + ⋯ ]	



Compression



single cycle CSR Incoherent	synchrotron	radiaJon	flux	

Coherent	radiaJon	governed	by	form	factor	

𝑃↓𝑐𝑜ℎ = 𝑁↓𝑒 𝑔↓λ 𝑃↓𝑖𝑛𝑐 	

Wiedemann	

S.	Di	Mitri,	G.	Wüstefeld	
At	30	MeV,	100pC,	R=10m	bend	



single cycle CSR



Summary of determined parameters

• Machine	parameters:	
•  260	mA	average	beam	current	
•  200	pC	@	1.3	GHz		
•  20	ps	bunch	length	(uncompressed	down	to	500	fs	compressed)	
•  Beam	energy	44	MeV	

• Undulator	parameters:	
•  gap	30	mm,	10	cm	undulator	period	
•  B	=	0.16	…	1.0	T	(K	=	1.5	...	9.3)	


