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Introduction	
	
The	hands-on	training	was	carried	out	by	following	the	schedule	reported	in	the	appendix	section.	The	
four	participants	attended	the	following	plan	of	activities:		
	
First	day:	The	participants	attended	an	introductive	seminar	about	the	objective	of	the	training,	about	
the	microwave	 components	 they	will	 handle,	 about	 the	 CAPRICE-type	 ECRIS	 and	 the	 test	 bench.	 The	
presentation	is	available	on	the	ENSAR2/MIDAS	website:		
	
https://wiki.jyu.fi/download/attachments/41169519/GSI%20hands%20on%20training-microwaves%20-
%20introduction%20.pptm?version=1&modificationDate=1516284771000&api=v2	
	
Then	they	have	got	the	safety	instructions	mandatory	to	work	in	the	test	area.	The	training	took	place	
inside	 the	 test	 bench	 where	 the	 microwave	 generators	 and	 the	 coaxial/waveguide	 components	 are	
installed	and	where	the	participants	have	got	all	the	features	and	the	details	of	each	component.	
The	participants,	after	getting	 instructions	about	 the	microwave	measurement	devices	 to	be	handled,	
performed	 measurements	 of	 insertion	 losses	 of	 coaxial-waveguide	 components.	 Measurements	 of	
combined	power	and	frequencies	were	performed	as	well.		
	
Second	day:	The	participants	switched	on	the	CAPRICE	ECRIS,	they	generated	a	plasma	and	they	tuned	
the	main	parameters	of	the	ion	source	to	get	a	stable	ion	beam.	Then	they	optimized	the	highly	charged	
ion	 production	 by	 tuning	 the	 microwave	 frequency	 according	 to	 the	 frequency	 tuning	 technique.		
Different	 settings	 of	 the	 ion	 source	 were	 investigated.	 The	 participants	 analyzed	 the	 results	 of	 this	
technique	by	comparing	the	charge	distributions	of	the	extracted	ions	
	
Third	day:	The	participants	switched	on	the	CAPRICE	ECRIS,	they	generated	a	plasma	and	they	tuned	the	
main	parameters	of	the	ion	source	to	get	a	stable	ion	beam.	Then	they	optimized	the	highly	charged	ion	
production	 by	 tuning	 the	microwave	 frequency	 according	 to	 the	 frequency	 tuning	 technique.	 Then	 a	
second	microwave	 generator	was	 used	 to	 run	 the	 ion	 source	 in	 the	 double	 frequency	mode.	 A	 final	
discussion	took	place	at	the	end	of	the	training.	
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Passive	components	measurements	
	
In	order	to	run	the	microwave	techniques	in	the	proper	way	a	deep	knowledge	of	the	used	components	
is	mandatory.	 For	 this	 reason	 each	 component	 installed	 between	 the	microwave	 amplifier/generator	
and	 the	 ion	 source	 has	 to	 be	 featured.	 It	 is	 desirable	 that	 the	 power	 attenuation/lost	 within	 the	
considered	frequency	range	is	as	flat	as	possible	in	order	to	have	a	ion	source	behavior	not	depending	
on	the	coupled	power.	Then	the	first	practical	part	of	the	training	was	dedicated	to	the	measurements	
with	a	Network	Analyzer	of	the	insertion	loss	of	different	waveguide	components.	The	main	features	of	
this	measurement	device	were	explained	and	preliminary	calibrations	measurements	were	performed	
with	 different	 calibration	 kits	 in	 coaxial	 and	waveguide	 standards	 to	 perform	 precise	measurements.	
Then	the	insertion	loss	of	vacuum	windows	in	WR62	waveguide	standard	was	measured.	Figure	1	shows	
the	 measurement	 results.	 Because	 of	 the	 performed	 calibration	 with	 low	 precision,	 a	 ripple	 in	 the	
insertion	loss	is	measured.	For	the	same	reason	the	measured	S21	is	a	little	bit	higher	than	0	dB.	Then	
plastic	 foils	used	to	realize	high	voltage	DC-breaks	were	analyzed.	The	effect	of	 the	 foil	 thickness	was	
measured	and	the	result	is	shown	in	figure	2.	
	

	
Figure	1:	Measured	insertion	loss	of	a	WR62	pressure	window.	

	

	
Figure	2:	Measured	insertion	loss	of	plastic	foils	used	for	assembling	WR62	DC-breaks.	

	
Active	components	measurements	

	
If	the	ion	source	has	only	a	waveguide	aperture	for	microwaves	feeding	the	double	frequency	heating	
techniques	 can	 be	 performed	 as	 well.	 If	 a	 wideband	 TWTA	 is	 available,	 the	 two	 frequencies	 can	 be	
combined	 with	 a	 commercial	 coaxial	 combiner/divider	 connected	 to	 the	 amplifier	 input.	 Two	 signal	
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generators	provide	the	two	signals	to	be	combined	and	amplified	by	the	TWTA.		The	set-up	is	described	
in	the	block	diagram	of	figure	3.		
However,	this	arrangement	requires	a	precise	knowledge	of	the	combined	power	 in	order	to	avoid	an	
overdriving	power	of	the	amplifier	which	may	damage	the	tube.	For	this	reason	measurements	with	a	
power	meter	and	with	a	spectrum	analyzer	were	performed	at	the	output	of	each	signal	generator	and	
after	the	power	combiner.	A	measurement	result	of	two	combined	frequencies	is	shown	in	figure	4.	
	

	
Figure	3:	Block	diagram	describing	the	double	frequency	heating	experimental	set-up	

	

	
	

Figure	4:	Combined	frequencies	measured	with	a	spectrum	analyzer	
	

Frequency	tuning	technique	
	
The	 second	 day	 of	 the	 training	 was	 spent	 to	 apply	 the	 so	 called	 frequency	 tuning	 technique	 to	 the	
CAPRICE	ECRIS.	All	the	details	of	the	switching	on	procedure	of	the	ECRIS	were	explained.	Argon	as	main	
gas	and	Helium	as	auxiliary	gas	were	used.	The	conditioning	phase	took	some	hours	and	meanwhile	the	
participants	were	 instructed	 about	 the	other	 ion	 sources	 types	 available	 at	GSI	 for	 the	production	of	
high	current	low	charged	ions.	Since	the	ion	source	was	stabilized,	the	intensity	of	Ar11+	was	optimized	
by	 tuning	 the	 main	 parameters	 besides	 the	 14.5	 GHz	 microwave	 frequency.	 The	 highest	 measured	
intensity	 at	 350	W	microwave	 power	 was	 around	 6	 μA.	 Then	 the	 participants	 tuned	 the	microwave	
frequency	 by	 running	 frequency	 sweeps	 between	 13	 and	 15	 GHz	 in	 steps	 of	 200	 KHz	 and	 lasting	 20	
msec.	While	the	microwave	frequency	was	sweeping	the	other	parameters	of	the	ion	source	were	not	
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tuned.	During	 the	 sweeps	 the	 analyzed	 current,	 the	 drain	 current,	 the	 forward	 and	 reflected	 powers	
were	measured.		The	ion	current	evolution	of	three	charge	states	Ar5+,	Ar11+,	Ar12+	was	measured	while	
the	 frequency	 was	 tuned.	 	 The	 result	 of	 this	 measurement	 is	 shown	 in	 figure	 5.	 	 For	 visualization	
convenience	 the	 currents	 were	 normalized	 to	 the	 maximum	 value	 and	 in	 figure	 6	 the	 normalized	
currents	are	shown.	It	is	clear	that	the	current	intensity	of	the	higher	charge	states	can	be	optimized	by	
setting	13.13	GHz	as	operating	frequency.	With	respect	to	14.5	GHz	this	setting	does	not	produce	any	
current	increase	of	lower	charge	states,	like	Ar5+.		
Here	is	it	evident	that	the	current	of	the	higher	charge	states,	Ar11+	and	Ar12+	develop	in	the	same	way	
with	 the	 frequency	while	 the	 lower	 charge	 state,	 Ar5+,	 has	 a	 different	 evolution	with	 the	 frequency.	
Another	remarkable	result	 is	that	the	intensity	of	the	higher	charge	states	decreases	by	increasing	the	
frequency	while	Ar5+	has	an	opposite	trend.	Furthermore	whenever	an	intensity	peak	of	higher	charge	
states	is	measured,	a	huge	decrease	of	the	lower	charge	states	is	observed	and	vice-versa.			
	

	
Figure	5:	Ion	current	evolution	with	the	microwave	frequency.	

	

	
Figure	6:	Normalized	ion	current	evolution	with	the	microwave	frequency.	
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In	 order	 to	 verify	 that	 the	 current	 evolution	 only	 depends	 on	 the	 frequency	 variation,	 other	
measurements	like	the	drain	current	and	forward	and	reflected	power,	were	measured	while	the	signal	
generator	 was	 sweeping	 for	 each	 charge	 state	 measurement.	 Figure	 7	 shows	 the	 drain	 current	
measured	at	the	high	voltage	power	supply	while	the	analyzed	currents	were	measured.	By	measuring	
the	forward	and	reflected	power	it	was	possible	to	calculate	the	reflection	coefficient	variation	with	the	
microwave	 frequency.	 This	measurement	 result	 is	 shown	 in	 figure	 8.	 The	 figure	 7	 and	 8	 confirm	 the	
reliability	 and	 reproducibility	 (by	 setting	 the	 same	 ion	 source	 parameters)	 of	 the	 frequency	 tuning	
technique.	
Once	the	optimized	frequency,	13.13	GHz,	was	 found,	a	charge	stated	distribution	was	measured	and	
the	result	 is	shown	in	figure	9.	Here	a	comparison	with	the	spectrum	measured	at	14.5	GHz	is	shown,	
revealing	the	higher	charge	states	current	gain	by	applying	the	frequency	tuning	technique	
	

	
Figure	7:	High	voltage	power	supply	drain	current	evolution	with	the	microwave	frequency.	

	

	
Figure	8:	Reflection	coefficient	evolution	with	the	microwave	frequency.	
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Figure	9:	Charge	states	distribution	for	two	microwave	frequencies.	

	
The	 participants	 tuned	 the	 ion	 source	 parameters	 in	 order	 to	 analyze	 the	 effect	 on	 the	 optimized	
frequency	 selection.	 They	 realized	 that	 small	 parameters	 variations	 do	 not	 affect	 the	 ion	 source	
performances	once	 the	 frequency	 is	optimized.	However	 for	bigger	parameters,	magnetic	 field	or	gas	
pressure,	variations,	the	microwave	frequency	has	to	be	tuned	of	a	few	MHz	in	order	to	find	optimized	
values	of	the	current.		
As	 an	 example	 is	 here	 reported	 the	 power	 variation	 and	 how	 this	 affects	 the	 frequency	 variation	 to	
optimize	the	Ar11+	current.	By	reducing	the	power,	for	instance	at	100	W,	the	highest	intensity	of	Ar11+	
was	measured	at	around	13.4	GHz	instead	of	13.13	GHz	as	measured	at	higher	power	levels.	This	result	
is	shown	in	figure	10.	By	reducing	the	power	to	10	W	and	then	by	closing	the	gas	it	was	possible	to	make	
a	reflection	loss	comparison	as	shown	in	figure	11.	With	no	gas	inside	the	plasma	chamber	the	reflection	
loss	can	be	assumed	as	measured	in	vacuum	condition	and	the	resonant	frequencies	can	be	measured.	
However	any	correlation	is	possible	with	these	resonances	and	the	ones	measured	with	the	plasma.			
	

	
Figure	10:	Ar11+	current	evolution	with	the	microwave	frequency	for	different	power	levels.	
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Figure	11:	Reflection	coefficient	evolution	with	the	microwave	frequency	for	different	power	levels.	

	
Double	frequency	heating	technique	

	
The	 third	day	of	 the	 training	was	dedicated	 to	 the	 investigation	of	 the	double	 frequency	heating	 technique	by	
making	use	of	the	experimental	set-up	described	in	figure	3.	The	ion	source	was	switched	on	and	conditioned	to	
get	a	stable	operation	with	Argon	as	main	gas	and	Helium	as	auxiliary	gas.	The	parameters	were	then	tuned	to	
optimize	the	intensity	of	Ar11+	with	250	W	microwave	power.	Then	the	participants	run	a	sweep	of	the	microwave	
frequency	between	13	and	15	GHz	while	measuring	the	analyzed	current,	 the	drain	current	of	 the	high	voltage	
power	supply	and	the	microwave	forward	and	reflected	power.	This	preliminary	measurement	was	performed	in	
order	 to	 compare	 the	 ion	 source	 performances	 when	 applying	 the	 single	 frequency	 tuning	 and	 the	 double	
frequency	heating	techniques.	The	measurement	result	is	shown	in	the	red	line	of	figure	12.	
Then	a	second	microwave	generator	was	switched	on	and	the	output	power	 levels	of	 the	two	generators	were	
adjusted	to	provide	to	the	ion	source	the	same	total	power	level	of	250	W	but	distributed	between	two	signals	at	
different	frequency	and	with	amplitude	of	200	W	and	50	W,	respectively.		The	signal	generator	providing	200	W	
was	set	at	a	fixed	frequency	while	the	second	generator	provided	50	W	power	at	a	frequency	sweeping	between	
13	 and	 15	 GHz.	 With	 this	 method	 the	 participants	 were	 able	 to	 identify	 the	 two	 frequencies	 providing	 an	
optimized	intensity	of	Ar11+.		It	was	decided	to	select	three	fixed	frequencies,	the	normal	operation	one,	14.5	GHz	
and	two	frequencies	where	the	highest	intensity	of	Ar11+	was	measured	during	the	sweep	of	the	single	frequency:	
13.13	GHz	and	13.235	GHz.		The	Ar11+	current	evolution,	while	the	second	generator	was	sweeping,	is	shown	in	
figure	 11.	 The	 average	 intensity	 is	 strongly	 depending	 on	 the	 fixed	 frequency	 selection	 and	 the	 best	 setting	 is	
obtained	at	13.13	GHz	as	fixed	frequency	even	if	the	current	measurement	looks	noisier	by	providing	microwave	
power	from	a	second	generator.	
By	comparing	the	four	lines	of	figure	12	it	is	evident	that	if	there	is	the	possibility	of	tuning	the	single	generator,	
there	is	no	need	to	use	a	second	microwave	generator	to	enhance	the	ion	source	performances.		
While	the	second	generator	was	sweeping	the	drain	current	of	the	high	voltage	power	supply	was	measured	and	
the	result	is	shown	in	figure	13.	The	addition	of	a	second	generator	makes	the	drain	current	evolution	more	flat	
with	 the	 frequency.	 However,	 the	 contribution	 of	 50	W	 sweeping	 between	 13	 and	 15	GHz	 is	 too	 small,	when	
compared	 to	 the	 power	 level	 of	 the	 other	 generator,	 i.e.	 200	W,	 to	 appreciate	 a	 huge	 variation	 of	 the	 drain	
current	like	measured	during	the	single	frequency	tuning.		
In	 order	 to	 measure	 the	 microwave	 coupling	 for	 the	 two	 techniques	 the	 forward	 and	 reflected	 power	 were	
measured.	The	measurement	result	is	shown	in	figure	14.		The	reflection	coefficient	measured	during	the	double	
frequency	heating	is	more	flat	when	the	fixed	frequency	is	14.5	GHz,	while	larger	is	the	evolution	when	selecting	
an	optimized	frequency.	For	the	setting	of	13.13	GHz	as	fixed	frequency	the	microwave	coupling	is	improved	with	
respect	to	the	other	two	settings	of	the	fixed	frequency.		
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Figure	12:	Ar11+	current	when	applying	the	frequency	tuning	or	the	double	frequency	heating.	

	

Figure	13:	High	voltage	power	supply	drain	current	when	applying	the	frequency	tuning	or	the	double	
frequency	heating.	

	

Figure	14:	Reflection	coefficient	when	applying	the	frequency	tuning	or	the	double	frequency	heating.	
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Training	conclusions	
	
The	participants	gained	practical	knowledge	about	the	handling	of	microwave	devices	and	components	
to	be	used	to	 increase	the	production	of	highly	charged	 ion	current	of	ECRISs.	During	the	training	the	
main	issues	about	microwave	generators,	resonance	cavities	and	coaxial/waveguide	components	were	
explained	 to	 instruct	 the	 participants	 about	 the	 suitable	 components	 for	 the	 assembly	 of	microwave	
lines	 for	 plasma	 generation.	 The	 participants	 have	 got	 instructions	 about	 microwave	 measurement	
devices,	 i.e.	Network	Analyzer,	 Spectrum	Analyzer	 and	Power	Meter,	 and	 they	performed	microwave	
characterization	 of	 active	 and	 passive	 devices.	 They	 operated	 the	 ECRIS	 under	 different	 operation	
modes	 like	 frequency	 tuning	by	 sweeping	 the	microwave	 frequency	and	double	 frequency	heating	by	
combining	two	microwave	generators.	The	participants	actively	switched	on	the	ion	source,	controlled	
it,	tuned	the	main	parameters	and	analyzed	the	effects	of	the	tuning	on	the	extracted	ion	current.	At	the	
end	 of	 the	 training	 the	 participants	 were	 able	 to	 identify	 the	 necessary	 microwave	 components	 to	
assemble	 a	 microwave	 line	 to	 run	 an	 ECRIS	 under	 the	 above	 mentioned	 operating	 modes.	 They	
understood	how	to	handle	frequency	generators,	and	high	power	microwave	amplifiers,	and	how	to	use	
them	 for	 the	 performance	 optimization	 of	 ECRISs.	 Active	 discussion	 and	 questions	 raised	 during	 the	
training.	 As	 an	 outcome,	 the	 participants	 were	 successfully	 trained	 for	 running	 microwave-based	
techniques	to	improve	the	performances	of	the	ECRISs.	
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Participants´	notes	and	remarks	

P.J.	Training	introduction	presentation:	it	seems	to	be	difficult	to	compare	the	calculations	with	the	experiments	
as	the	plasma	strongly	changes	the	RF	 injection	and	absorption	conditions.	What	could	we	do	to	make	possible	
the	comparison	of	the	calculation	with	the	experiment?	Which	probe	could	be	used?	At	which	place	in	the	plasma	
chamber?	

F.M	A	 simple	 geometry	may	help	 to	 get	 a	 comparison.	However,	 the	main	problem	of	 such	 a	measurement	 is	
represented	by	the	large	geometries	of	our	plasma	chambers	compared	to	the	wavelength	of	the	signals	used	to	
create	a	plasma.	Such	a	combination	determines	an	increase	of	the	resonances	which	are	closer	one	each	other.	A	
field	distribution	measurement	not	perturbing	the	plasma	is	very	difficult	to	be	performed	and	a	single	probe	may	
only	 provide	 coupling	 information	 quite	 far	 away	 from	 the	 electromagnetic	 field	 distribution	 to	 be	 used	 for	 a	
calculation	comparison.		

P.J.	The	3	days	of	the	hands	on	trainings	have	been	very	well	organized,	with	time	in	between	tests	for	discussions	
(thanks	 again	 Fabio!!!:J,	 you	 will	 have	 a	 “glue”	 wine	 tonight!).	 Fabio	 knows	 so	 well	 the	 equipment	 that	 the	
measurements	 seem	 to	 be	 very	 simple.	 The	 possibilities	 given	 by	 the	 RF	 analysis	 are	 numerous	 but	 the	
interpretation	 and	 the	 physical	meaning	 are	 not	 obvious.	 I	 thus	 suggest	 to	make	 the	 hands	 on	 training	 evolve	
towards	hands	on	trainings	and	short	experiments,	which	goal	could	be	proposed	by	the	MIDAS	participants.	

P.J.	Use	of	the	RF	analyzer	:	simple	and	powerful.	

P.J.	The	Kapton	RF	transmission	has	been	measured	and	seems	to	be	an	interesting	material	for	the	DC	breakers:	
why	is	this	material	not	more	spread	over	the	ECRIS	installations?	To	be	studied.	Common	interest.		

H.K.	 Coffee	 break	 discussion	 revealed	 that	 kapton	 has	 been	 tested	 at	 GSI	 with	 slightly	 negative	 experience.	
However,	the	test	should	be	repeated	using	different	geometry.	

P.J.	 Behavior	of	 the	Caprice	 source	 versus	RF	parameters:	Measurement	of	 the	 structure	of	 the	 spectra	of	 the	
reflected	power	(13GHz	to	15GHz)	versus	RF	at	200W,	300W,	350W,	100W	and	10W.	The	structure	seems	to	be	
roughly	 identical,	 i.e.	not	strongly	affected	by	the	plasma	density.	Could	a	source	of	reflections	be	 independent	
from	the	plasma?	Upstream	to	the	plasma	along	the	RF	injection	line?	To	be	analyzed	in	details.	Fabio,	could	you	
send	us	the	corresponding	files?		

H.K.	At	the	end,	the	argon	gas	feeding	was	closed	at	the	microwave	power	of	10	W.	According	to	the	HV	power	
supply	 the	 plasma	was	 very	weak	 or	 even	 fully	 faded	 away	 (drain	 current	was	 about	 20	 µA).	 In	 this	 case	 the	
reflection	coefficient,	as	a	function	of	microwave	frequency,	showed	drastically	different	behavior.	At	this	point	
the	role	of	coupling	chamber	on	the	reflection	coefficient	behavior	remains	unknown	(at	least	to	me).	

P.J.	 Same	 measurement	 at	 10W	 without	 gas:	 a	 more	 complex	 structure	 appears,	 with	 finer	 peaks,	 possibly	
revealing	a	higher	Q	 factor	 related	 to	 the	 reflections	of	 the	RF	on	 the	metallic	parts	of	 the	cavity	 (wave	guide,	
cube,	chamber).	

F.M.	A	forward/reflected	power	measurement	provides	 information	only	about	the	power	coupling	at	different	
frequencies.	 In	our	CAPRICE	ECRIS	 the	coupling	 is	between	a	power	generator	and	a	system	 including	a	copper	
cube,	a	coaxial	line	and	a	cylindrical	resonator	where	the	last	two	components	are	filled	with	an	anisotropic	and	
inhomogeneous	medium:	 the	magnetized	 plasma.	 On	 the	 other	 hand	 the	 plasma	 parameters	 are	 affected	 by	
different	parameters:	gas	pressure,	microwaves	properties,	magnetic	field	for	instance.	In	the	case	of	the	power	
variation,	 I	may	expect,	 it	affects	the	electron	energy	distribution	function	more	than	the	electron	density.	 	We	
tested	 the	 CAPRICE	 ECRIS	 X-ray	 emission	 with	 different	 detectors	 to	 obtain	 some	 electron	 energy/density	
measurement	of	our	plasma	under	different	conditions	[http://aip.scitation.org/doi/10.1063/1.4858115].	At	this	
time	no	systematic	measurement	by	tuning	the	power	were	carried	out.	Such	a	measurement	may	provide	some	
additional	answers	about	the	behavior	of	our	sources	for	different	coupling	settings.			Nevertheless,	the	coupling	
strong	variation	with	the	frequency	with	and	without	plasma	reflects	the	resonating	structure	of	our	system.	For	
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the	case	of	10	W	power	level	and	no	gas	inside	the	plasma	chamber,	we	may	assume	we	performed	a	reflection	
loss	measurement	of	a	vacuum		 filled	cavity	 like	a	reflection	coefficient	measurement	with	a	network	analyzer.	
However,	 even	 in	 such	 a	 simpler	 case	 	 it	 is	 not	 possible	 to	 separate	 the	 different	 contributions	 of	 each	
component,	 cube,	 coaxial	 line	 and	 cavity.	 No	 additional	 conclusion	 can	 be	 obtained	 since	 the	 powers	
measurement	 is	 carried	 out	 in	 the	 waveguide	 line	 with	 the	 directional	 couplers.	 A	 power	 coupler	 installed	
somewhere	inside	the	copper	cube	or	even	better	inside	the	plasma	chamber	or	else	in	the	extraction	region	may	
provide	useful	indications	about	the	components	main	responsible,	i.e.	cube,	coaxial	line,	plasma,		of	the	power	
coupling	variation.	

P.J.	The	correlation	between	the	reflected	power	spectra	(versus	RF)	and	the	peaks	present	on	the	intensity	
spectra,	whatever	is	the	charge	state,	seems	to	be	difficult	to	establish.	Does	something	appear	if	one	compares	
all	the	intensity	spectrum	with	the	reflected	RF	spectra?	Are	some	peaks	of	the	reflected	power	related	to	
particular	peaks	of	ion	intensities?	

F.M.		We	already	faced	the	difficulty	to	relate	the	current	peaks	and	the	coupling	resonances.	We	found	there	is	
no	correlation.	At	perfectly	matched	frequency	we	did	not	find	the	highest	current	intensities.		In	previous	
measurement	we	compared	the	Ar	spectra	at	frequencies	where	different	coupling	conditions	occurred.	Please	
have	a	look	at	figure	5	of	our	publication	you	may	find	at	the	link:	https://doi.org/10.1063/1.3665673	

P.J.	Could	the	use	of	a	net	analyzer	help	in	determining	the	position	of	the	reflected	power	along	the	RF	beam	
line,	from	the	amplifier	exit	to	the	source?		

F.M.		A	network	analyzer	measurement	with	and	without	plasma	was	already	measured	in	2011	and	no	relevant	
conclusion	could	have	been	taken.	A	probe	somewhere	inside	the	plasma	chamber	could	be	more	effective.	

H.K.	Personal	remark/question:	why	the	highest	intensity	of	highly	charged	argon	was	achieved	at	13.13	GHz	
instead	of	14.5	GHz?	Does	it	mean	that	the	magnetic	configuration	favors	operation	at	13.13	GHz	(or	is	there	
something	special	happening	at	higher	frequencies	compromising	the	performance)?		

F.M.		For	all	the	experiment	carried	out	in	the	last	years	with	the	CAPRICE	ECRIS,	better	performances	were	found	
at	lower	frequencies.	Three	possible	explanations	could	be	provided:	

-	Magnetic	pressure	more	effective	for	smaller	plasma	volumes	because	of	the	smaller	resonance	surfaces	at	
lower	frequencies.	

-	Larger	electromagnetic	field	distributions	occurring	at	lower	frequencies.	Because	of	the	larger	electric	field	
distributions,	the	interaction	with	the	resonance	surface	could	be	more	effective.	

-	Better	power	coupling	
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APPENDIX	

GSI	Hands-on	Training	-	Time	Schedule	

First	training	day	

(Meeting	points	at	the	offices,	ground	floor,	North	building	next	to	the	entrance	gate:	Fabio	BR1	1.139	tel.	
+496159713140,		Klaus	BR1	1.136	tel.	+496159712321,	Ralf+Jan+Patrick	BR1	1.102	tel.	
+496159712063/+496159712230)	

09:00-09:30		 Welcome	

09:30-11:00		 Hands-on	training	introduction	

11:00-12:00		 ECR	test	bench	and	injector	tour	-	Safety	instructions	

12:00-13:00		 Lunch	break	at	GSI	Kantine	

13:00-14:00		 Introduction	on	microwave	devices	and	components		

14:00-	17:00		 Measurements	of	microwave	components	parameters		

17:00-17:30	 Transportation	to	restaurant	for	dinner	

Second	training	day	

09:00-12:00	 ECRIS	conditioning	and	optimization*	

12:00-13:00	 Lunch	break	at	GSI	Kantine	

13:00-18:00	 Single	frequency	tuning,	piston	tuning,	discussion	

18:00-18:30	 Transportation	to	restaurant	for	dinner	

Third	training	day	

09:00-12:00	 ECRIS	conditioning	and	optimization*	

12:00-13:00		 Lunch	break	at	GSI	Kantine	

13:00-15:00		 Single	frequency	tuning,	double	frequency	heating			

15:00-17:00	 Analysis	and	discussion	

____________________________	

Coffee	will	be	available	at	the	”Ion	Source	Coffee	Machine”	at	any	time.	

*During	the	ECRIS	conditioning	the	following	optional	tours/instructions	are	available:	

• GSI	Tour	
• Demonstration	of	evaporator	equipment	used	for	metallic	ion	beam	production	
• Demonstration	of	GSI	High	Current	Ion	sources		
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GROUP	PICTURES	
	

	

	


