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Talk	Overview	

- The	SPES	RIB	Source	

- 	The	RIB	+1	line.	

- 	Possible	first	RIB’s	@	SPES.		
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The	RIB	source	complex	

TIS	unit	horizontal	
handling	
device	

verQcal	
handling	
device	

front-end	

temporary	storage	
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The	SPES	TIS	UNIT	

Ions 
Fission fragments 
Primary beam 

Primary beam 

Production target 

Transfer Line 

Extraction Electrode (GND) 

Ion Source (+HV) 

Driver	vs.	Target	 Isotopes	vs.	Ion	Source	
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Target	materials	have	to	meet	some	specific	
		mandatory	requirements:	

	
•  They	have	to	be	solid	->	Safety	requirement	

•  They	have	to	be	refractory	(the	higher	the	reachable	temperature	
the	be.er	the	release)	->	ISOL	requirement	

In	addiQon		
	
•  Their	emissivity	value	should	be	high	(higher	emissivity	means	
be.er	thermal	radiaQve	exchange.)	

•  They	should	be	easy	to	produce/purchase	
	

ProducQon	Target:	material	requirements	
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Target	concepts:	state	of	art	

⚛ 	
		⚗ 	Target	R&D	and	state	of	art:	

	

	⚛		
		⚗ 	Target	R&D	and	state	of	art:	

	

⚛		
		⚗ 	Target	R&D	and	state	of	art:	

	

⚛		

		⚗ 	Target	R&D	and	state	of	art:	

Nuclear	reac'ons	studied	 Designed	 Tested	

Nuclear	reac'ons	studied	 Designed	 Tested	

Nuclear	reac'ons	studied	 Designed	 Tested	

Nuclear	reac'ons	studied	 Designed	 Tested	
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Isotope	producQon:	UCx	target		

b)	

a)	

PPB:	
40	MeV,	
200	μA	

[nuclide/s]	

a)	12	elements	 b)	11	elements	

FLUKA&	MCNPX	calculaQons	experimentally	validated	@	ORNL	

Not	extracted	
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ThC	target	

Comparison	40	MeV	p->	UCx	v.s.	ThC	(Fluka)		

AcQnium,	Radium;	ProtacQum..	

[nuclide/s]	

UCX	target	

[nuclide/s]	

AcQnium,	Radium;	ProtacQum..	
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SPES	beams	(light):	non	fissile	targets		

[nuclide/s]	

C/B4C	target	 SiC	target	 TiC	target	

Graphite	–	C	
MelQng	point:	3600°C	
Working	temperature:	
2200°C	

Boron	carbide	–	B4C		
MelQng	point:	2700°C	
Working	temperature:	
2200°C	

Silicon	carbide	–	SiC	
MelQng	point:	2700	°C		
Working	temperature:	
2200°C	

Titanium	carbide	–	TiC	
MelQng	point:	3100°C	
Working	temperature:	
2200°C	

(FLUKA	calculaQons	and	release	efficiency	esQmaQon)	

Difficult	beam	

Difficult	beam	

ZrO2/HfO2/CeO2	target	



Alberto	Andrighe.o	 SPES	-Nusprasen	Workshop	Pisa	February	2018		

SPES	beams	(medium):	non	fissile	targets		

[nuclide/s]	

TiC	target	 ZrGe	target	 ZrC/ZrO2	target	

Titanium	carbide	–	TiC	
MelQng	point:	3100°C	
Working	temperature:	
2200°C	

Zirconium	carbide	–	ZrC	
MelQng	point:	3500°C	
Working	temperature:	
2200°C	

Zirconium	oxide	-	ZrO2	
MelQng	point:	2700°C	
Working	temperature:	
2200°C	

Zirconium	germanide	–	
ZrGe	
MelQng	point:	2300°C	
Working	temperature:	
1800°C	Difficult	beam	

(FLUKA	calculaQons	and	release	efficiency	esQmaQon)	
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SPES	beams	(heavy):	non	fissile	targets		

[nuclide/s]	

CeO2	target	 HfO2	target	CeS	target	

Cerium	sulfide	–	CeS		
MelQng	point:	2450°C	
Working	temperature:	
2000°C	

Cerium	oxide	-	CeO2	
MelQng	point:	2100°C	
Working	temperature:	
1800°C	

Hafnium	oxide	-	HfO2	
MelQng	point:	2700°C	
Working	temperature:	
2200°C	

(FLUKA	calculaQons	and	release	efficiency	esQmaQon)	
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The	TIS	Unit	
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Target	material	and	UCx	producQon	
Ø On-line	tesQng	of	the	SPES	target	material	and	architecture	@	ORNL	(2010-2012)	
Ø 40	MeV,	50	nA	proton	beam	on	a	UCx	target	

	 2010	 2011	
Density	(g/

cm³) 4.25	 2.59	
Diameter	
(mm) 12.50	 13.07	

Thickness	(g/
cm²) 0.41	 0.41		

Calculated	
porosity	(%) 58	 75	

2010	Test	
Standard	UCX	

2011	Test	
Low	density	UCX	
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Experimental	Yield	with	UCx	target	

2010	Test	
Standard	UCX	

2011	Test	
Low	density	UCX	

Irradiation by 40 MeV, 50 nA proton beam, ionization with plasma ion source 
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Ø On-line	tesQng	of	the	SPES	target	architecture	@	iThemba	(May	2014)	
4)	Full	scale	(40	mm.)	SiC	@	Ithemba,		p=66	MeV,	60	microA		for	thermal	dissipa'on	studies	

iThemba	LABS:	funded	to	build	an	RIB	
target/ion-source	like	SPES	

Sca_ering	chamber	
(build	@LNL)	

SPES	On	line	test	(Power	deposiQon)	
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vacuum chamber 
and plasma ion 

source
beam optics 

system

diagnostic 
box 2

Wien filter

diagnostic 
box 2

Characteriza'on	of	the	SPES	ion	sources	
(17	different	stable	beams	accelerated	so	far…	+	2	under	development)	
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CharacterizaQon	of	the	SPES	Surface	Ion	Source	

beam	 ion.	eff.	
(%)	

hot-cavity	
temp.	(°C)	

hot-cavity	
material	

Na	 47,6	 2200	 Ta	

K	 55,4	 2200	 Ta	

Ga	 1,4	 2200	 Ta	

Rb	 54,5	 2200	 Ta	

Sr	 18,5	 2200	 Ta	

In	 3,2	 2200	 Ta	

Cs	 43,2	 2200	 Ta	

Ba	 58,8	 2200	 Ta	

La	 20,1	 2200	 Ta	

Rb	beam	

Cs	beam	

Sr	beam	

Ba	beam	
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CharacterizaQon	of	the	SPES	Plasma	Ion	Source	

Plasma	Ion	Source	

Ar	beam	

Xe	beam	

Kr	beam	
beam	 ion.	eff.	

(%)	
injec'on	
mode	

cathode	
temp.	(°C)	

Ar	 6	 gas	tube	 2200	

Br	 8	 oven	 2200	

Kr	 8,5	 gas	tube	 2200	

Y	 very	low	 oven	 2300	

Sn	 10	 oven	 2200	

I	 19	 oven	 2200	

Xe	 11	 gas	tube	 2200	

Cu	 10	 oven	 2200	

Sn	beam	
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	The	RIB	+1	line	
(First	Low	Energy	RIB	at	SPES)	
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tape	system	

1+	beam	line	from	TIS	to	tape	system	

The	1+a	beam	line	operaQon:	The	general	layout	

To	Post-Acc	

STEP1:	
Low	Energy,	Low	

Intensity		
Beam	for	first	
experimental	

studies	

STEP2:	
ALPI	Beam	for	
‘High’	Energy	
experimental	

studies	

To	L.E.	Exp	Area	Cyclotron	
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The	1+	beam	line:	the	construcQon	phases	(2-3)	
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	RIB	Bunker	set-up		
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RIB	Bunkers:	Layout	

subsystem	name	 design	status	 construc'on	status	 delivery	date	es'ma'on	
protonic	front-end	 90%	 20%	 September	2018	
radioacQve	font-end	(removable)	 90%	 60%	 July	2018	
radioacQve	font-end	(fixed)	 90%	 90%	 done	
diagnosQc	box	1	 100%	 80%	 March	2018	
Wien	filter	(electrostaQc)	 100%	 90%	 March	2018	
Wien	filter	(magneQc)	 100%	 tender	 Dec	2018	
steerer	box	 100%	 80%	 March	2018	
diagnosQc	box	2	 100%	 70%	 March	2018	
quadrupole	triplet	 100%	 90%	 March	2018	
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1+A	beam	line	operaQon:	Devices	to	TS	

Devices	 Number	

ETQ	(triplets)	 6	

ED	(el.	Dipole)	 3	

Steerer	 6	

MD	(mag.	Dipole)	 1	

DiagnosQc	Box	 4	+	5	
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1+	A	beam	line	operaQon:	Layout		

subsystem	name	 design	status	 construc'on	status	 delivery	date	es'ma'on	
Quadrupole	triplets	 100%	 tender	 November	2018	
ElectrostaQc	Dipole	(prot)	 100%	 50%	 January	‘18;	Nov.	18	for	others	
Frames	 80%	 tender	 July	2018	
DiagnosQc	box	(no	detector)	 10%	 0%	 Dec	2018	
Magnet	Dipole	 100	%	 tender	 Dec	2018	
Steerer	box	(prot)	 100%	 10%	 	done,	End	‘18	for	others	
Tape	System	 70%	 30%	(?)	 Dec	2018	
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1+	beam	line	operaQon:	devices	

electrosta'c	triplet	of	quads	
Prototype	tested;	Purchase	

Tender	launched	

magne'c	dipole	
documentaQon	ready	for	the	

Purchase	Tenders	

electrosta'c	dipole	
Prototype	tested;	internal	

producQon	start	

electrosta'c	steerers	
Prototype	tested;	internal	

producQon	start	

diagnos'c	box	
documentaQon	ready	for	the	

call	for	Tenders	

tape	system	
In	construcQon	(4	devices)	
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Possible first SPES RIBs 
(first physics experimental campaign) 
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BEAMS	vs.	Ion	Source	

LIS	 SIS	 PIS	

LIS	
SIS	

PIS	

Total	Beams:																																						89										(167	LOI)	

Beam	with	LMR:																																47										(95	LOI)																																																																																		53%			(56%)	

Benefit	with	5000	HMR	:																		3												(3			LOI)							->		50	beams	(98	LOI)																																					56%			(58%)	

Benefit	with	10000	HMR	:															17											(31	LOI)							->	67	beams	(129	LOI)																																			75%		(77%)	

Benefit	with	15000	HMR	:														15											(25	LOI)								->	82	beams	(154	LOI)																																				92%		(92%)	

Benefit	with	20000	HMR	:																7												(10	LOI)	

19																			Elements		

LOI	users	requirements	
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LIS Beams 
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SIS & PIS Beams 
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nucl.	sy.	 yield	(pps)	@	20	µA	 selec'vity	(%)	 ion	source	type	 main	contaminants	(if	sel.	<	60%)	 notes	 LOI	reference	
123	Sn	 1.28E+09	 12	 LIS	 In	 low	selecQvity	beam	 38	
121	Sn	 2.02E+08	 6.6	 LIS	 In	 low	selecQvity	beam	 38	
83	Ge	 2.47E+07	 100	 LIS	 -	 selecQve	beam	 27	
82	As	 1.07E+07	 71	 LIS	 -	 selecQve	beam	 27	
110	Ag	 9.60E+06	 100	 LIS	 -	 selecQve	beam	 38	
80	Ga	 3.05E+06	 100	 LIS	 -	 selecQve	beam	 27	
134	Sn	 2.49E+06	 3	 LIS	 In,	Cs,	Ba	 low	selecQvity	beam	 10	
84	As	 1.86E+06	 69	 LIS	 -	 selecQve	beam	 27	
82	Ga	 3.29E+05	 100	 LIS	 -	 selecQve	beam	 10;	27	
108	Ag	 2.58E+05	 38	 LIS	 Rb,	Sr,	In	 low	selecQvity	beam	 38	
84	Ge	 6.61E+04	 100	 LIS	 -	 selecQve	beam	 10;	27	
83	Ga	 6.06E+04	 100	 LIS	 -	 selecQve	beam	 10;	27	
96	Rb	 9.89E+07	 31	 SIS	 Sr	 easy	beam	 37	
147	Cs	 4.91E+04	 1.7	 SIS	 Ba	 easy	beam	 10	
100	Rb	 4.49E+04	 1.2	 SIS	 Sr	 easy	beam	 10	
86	Br	 7.73E+07	 42	 PIS	 As,	Se,	Kr	 low	selecQvity	beam	 44	
139	I	 5.94E+06	 1.5	 PIS	 Xe,	Cs,	Ba	 low	selecQvity	beam	 10	
140	I	 9.17E+05	 0.1	 PIS	 Xe,	Cs,	Ba	 low	selecQvity	beam	 10	
141	I	 1.40E+05	 0.1	 PIS	 Xe,	Cs,	Ba	 low	selecQvity	beam	 10	

LOIs	&	UCx	target:	RIBs	Low	Energy	(overview)	
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Conclusions	
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Goals: beam delivery  & RIB	Source	Commissioning	
  

User	requirements																	vs																Project	ConstrucQon	Phases		

First	SPES	RIB	(26Al)	

40	MeV,	20	µA		

SiC	
target	

the	full-scale	SPES	
target	for	high	
intensity	RIBs	

Nominal	parameters	
-	Target	material:	UCx	(SiC	as	
an	alterna've)	
-	Proton	beam	energy:	40	
MeV	
-	Proton	beam	intensity:	200	
µA	
-	Proton	beam	sigma:	7	mm		
Wobbling	radius	:	11	mm	

40	MeV,	200	µA,	1013	f/s	

UCx	
target	

within	the	end	of	2019	 40	MeV,	20	µA,	1012	f/s	

first	n-rich	fission	isotopes	

UCx	
target	
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	LOI	 	beams	
	L.	Morelli	 	7Be,	10Be	
	J.J.	Valiente	 	10C,	17F,	20Na,	22Mg,	24Al,	26Si	
	M.	La	Cognata	 	26Al	
	M.	Assié	 	7Be,	26Si,	15O	

The	‘demonstraQve’	(first)	beam:	

1st	

SiC	target	beams	
requested	by	
LOIs	

26Al	

>	High	yields	
	

>	High	selec'vity	
(even	without	HRMS)	
	

Ø  Low	energy	
Ø  Different	IS	

1st	SPES	RIB	
	

preparatory	beam	
for	the	post-acc.	

phase	
(requested	by	LOIs)	

A	scaled	SiC	target	
(40	MeV	protons	up	to	20	µA)	
will	be	used	for	the	
first	SPES	RIBs	
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1st	SPES	RIB	(26Al)	

High	energy	LOI	beams	with	dedicated	targets	(no	UCx)		
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UNIPV UNIPD UNITN 

DIM DSC DEI 

ION SOURCES MATERIALS 

DIM DEI 

HANDLING 

CONTROLS 

The	collaboraQon	network	for	SPES-RIB	

CERN- ISOLDE 

GANIL-SPIRAL 2 

ORSAY-ALTO 

ITHEMBA ORNL- HRIBF RISP-KOREA 

INFN- Pavia 

INFN- Milano 

INFN- LNS 

INFN- Bologna 

INFN- Padova 

UNISI 

DSF 

LASER 

DTG 

UNIBS 

DIM 

FRONTEND 

DSF 

SPES 
Exotic Beam 
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Conclusion		

Thanks	for	your	a_en'on!	

	

	

	

	

Few	results	without	them	…	


