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Next generation of RIB facilities should aim at intensities 1000 timesNext generation of RIB facilities should aim at intensities 1000 times
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High energy, 
large variety of species

good beam quality, 
High flexibility, 
High intensity
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1015 fission s-1

Under constructionUnder construction
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Second generation ISOL facilities toward EURISOLSecond generation ISOL facilities toward EURISOL

HIE ISOLDEHIE ISOLDE

SPESSPES
TRASCO-RFQ

Neutron facility

PIAVE-ALPI 
superconductive Linac

SPES-ISOL
facility

Proton
laboratory

SPIRAL2SPIRAL2

Neutron rich exotic beams  Neutron rich exotic beams  
101088 –– 10101010 ppspps on targeton target

SPIRAL2SPIRAL2
Production target:  Production target:  UCxUCx
10101212--10101414 fission sfission s--11



Physics Domain with RIBPhysics Domain with RIB

SPESSPES



SPES  ISOL facilitySPES  ISOL facility
t l d it l d iconceptual designconceptual design



The SPES Project @ LNL: The SPES Project @ LNL: a multi-user project



The SPES Project @ LNL: The SPES Project @ LNL: a multi-user project

High intensity proton linac: 
TRIPS source ‐ TRASCO RFQ 30 mA 5MeVTRIPS source  TRASCO RFQ 30 mA, 5MeV 
Neutron facility for Medical, Astrophysics 
and Material science.
Neutron source up to 1014 n s‐1Neutron source up to 10 n s
Thermal neutrons: 109 n s‐1 cm‐2

Applied Physics

Approved for Approved for 
construction construction Applied Physics 

with proton beam

70 MeV 450 μA Primary Beam: 300 μA, 70 MeV protons from 
a 2 exit ports Cyclotrona 2 exit ports Cyclotron 

Production Target: UCx 1013 fission s‐1

R l ALPI S d i LiRe‐accelerator: ALPI Superconductive Linac up 
to 11 AMeV for A=130



The SPESThe SPES
ISOL facilityISOL facility  
componentsp

1. DRIVER

2. TARGET‐ION SOURCE

3 BEAM TRANSPORT SELECTION3. BEAM TRANSPORT‐SELECTION

4. CHARGE BREEDER

5 REACCELERATOR5. REACCELERATOR



The driver cyclotron
(C i l l ti )(Commercial solution)

IBA  C70 characteristics:
• Diameter < 4m IBA C70 

(possible candidates)

• Weight > 120t
• Magnetic Gap: 30mm

M ti fi ld 1 55T

cyclotron

• Magnetic field: 1.55T
• Extraction Radius: 1.2m
• 2 exit ports

SPES designSPES design

2 exit ports 
• Particles: H‐ / D‐ / He2+/ HH+

• Variable Energy : 15 MeV  70 MeV

• extraction Systems: 
Stripper  H‐ / D‐

D fl t H 2+/ HH+

ACSI TR30

Deflector  He2+/ HH+

• Performances:
750µA H‐ 70MeV ACSI TR70µ
35µA He2+ 70MeV

ACSI TR70
cyclotron project



The SPES direct targetThe SPES direct targetgg

Ion sourceIon source

Proton beamProton beam

WindowsWindows UCxUCx targetstargets
3030 grgr

dumpdump

30 30 grgr
FissionFission efficiencyefficiency 100p per 1.5 FF100p per 1.5 FF
~ 200 ~ 200 μμAA 10101313 fissionsfissions/sec /sec 
BeamBeam powerpower = 40 = 40 MeVMeV p x 200 p x 200 μμAA = 8 KW= 8 KW



UCx Characterization: SEM & XRD
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SPES beams: Isotopes ReleaseSPES beams: Isotopes Release
GEANTGEANT44 toolkittoolkit andand thethe RIBORIBO codescodes..
ExperimentalExperimental datadata availableavailable fromfrom ISOLDEISOLDE--CERN,CERN, ORNLORNL andand PNPIPNPI GatchinaGatchina

UCUC target 25 gr Utarget 25 gr U
TTdiffdiff Sn=Sn= 1sec (ISOLDE 1sec (ISOLDE UCxUCx material)material)
TTeffeff == walkingwalking timetime in the containerin the container

UCUCxx target 25 gr Utarget 25 gr U

TTStickingSticking SnSn = 10= 10--66 secsec

ReleaseRelease timetime = = ττ = = TTdiffdiff + (+ (TTtoftof + N x + N x TTstickingsticking))
SnSn ττSPESSPES = 1 +  0.1 +   = 1 +  0.1 +   0.10.1 = 1.2 s= 1.2 s

element Diffusion
time (s)

Nr of 
collisions 

Effusion 
Time (s)

Release
Time (s)

T1/2 (s) Total
Release

Fraction (%)

132Sn 1 105 0.2 1.2 40 98
133Sn 1 105 0.2 1.2 1.4 40
133Sn 40 1.4 1



Some expected Beams at SPES

Accelerated RIB beams 
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The SPES The SPES IonIon SourcesSources
Ionization schema with a Surface ionizer coupled to a Laser beamIonization schema with a Surface ionizer coupled to a Laser beam

f i i if i i i

Laser ionizationLaser ionization

Surface ionizationSurface ionization

IonIonAtomAtom

laserlaser

ff

Atom Atom  Ion Ion 

Ion Ion Atom Atom 

Ionization Ionization 
energyenergy

continuumcontinuum

ExcitedExcited

Laser beamLaser beam

Hot surfaceHot surface

continuumcontinuum

< 9 < 9 ‐‐ 10 eV10 eV

Ground stateGround state

Excited Excited 
statesstates

Ionization Ionization 
energyenergy< 5< 5‐‐6 eV6 eV

Ground stateGround state Conductive bandConductive band
Fermi Fermi 

Hot surfaceHot surface
Work functionWork function

Ground stateGround state

Ground stateGround stateenergyenergy

INFNINFN--PaviaPavia
SPES Laser LaboratorySPES Laser Laboratory



Surface Ionization Source 
ANSYS simulation

ThermoThermo--mechanical simulationmechanical simulation

I=4OO A

T1= 1997°C

T2= 1766°C

Electrostatic fieldElectrostatic field



Beam transfer in the Front End

The beam is 
l t d t 60K V

ISOLDE design

accelerated to 60KeV 
by the puller and 
shaped by

ElectrostaticElectrostatic
quadrupolesquadrupoles

shaped by 
electrostatic devices. 

TraceWin will be used 
for beam calculation.

ElectrostaticElectrostatic
steererssteerers

PullerPuller
electrodeelectrode

Target and Target and ionion sourcesourcegg



RIB Front end construction
In collaboration with INFN Milano & INFN PaviaIn collaboration with INFN Milano & INFN Pavia

Following ISOLDE font end designFollowing ISOLDE font end designg gg g
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Following ISOLDE font end designFollowing ISOLDE font end designg gg g



RIB RIB FrontFront endend
(status at May ‘09)(status at May ‘09)(status at May 09)(status at May 09)



SPES High Voltage platform

Wi filt (RFQ l )

SPES High Voltage platform

Front end Wien filter (RFQ cooler)

2.5 m 1.5m 2.0m

Wien filter

2 2m

3.5m
Wien filter

60kV
2.2m

200 kV200 kV

8m

HV platform: EXCYT – HRIBF design



Beam selection and 
identificationidentification

BeamBeam: : IsobaricIsobaric mixedmixed BeamBeam: A=82: A=82 •• Identification of beamIdentification of beam and beamand beam--like like 
particles by Ionization Chamber total ratesparticles by Ionization Chamber total ratesparticles by Ionization Chamber, total rates particles by Ionization Chamber, total rates 
up to up to 101055 particles per second.particles per second.

•• A A = 82 beam was composed of several = 82 beam was composed of several 
isotopes: stableisotopes: stable 8282Se (85%)Se (85%) 8282Ge (15%)Ge (15%)isotopes: stable isotopes: stable 88 Se (85%),Se (85%), 88 Ge (15%)Ge (15%)
and a trace of and a trace of 8282As (As (<<1%). 1%). 

•• HRIBF: 5x10HRIBF: 5x101111 f/sf/s

ReactionReaction: : 22H(H(8282Ge,p)Ge,p)8383GeGe
Direct reaction in inverse kinematicDirect reaction in inverse kinematicDirect reaction in inverse kinematicDirect reaction in inverse kinematic

8282GeGe

8282GeGe

Fi t t d f th l l t t f thFi t t d f th l l t t f thFirst study of the level structure of the First study of the level structure of the 
rr--process nucleus process nucleus 8383GeGe

ORNLORNL--HRIBFHRIBF J. S. Thomas et al. PHYSICAL REVIEW C J. S. Thomas et al. PHYSICAL REVIEW C 7171, 021302 (2005), 021302 (2005)



High Resolution Mass Separator

Comparison of the main parameters of 
the EXCYT and the SPES

Project name EXCYT SPES

N b f di l 2 2

mass spectrometer.SPES HRMS design

Number of dipoles 2 2

Bending Angle 90° 110°

Bending radius 2.6 m 2.6 m

Entrance/exit angle 12.8° 32°

Magnetic field range 0.6 - 4.4 kGauss 1.0 - 4.4 kGauss

beam size at analysis slits 0.4 mm 0.4 mm

Teta acceptance 40 mrad 40 mrad

(x,x’) emittance 4 π mm.mrad 4 π mm.mrad

Y beam size 2 mm 2 mm

Second stage of the EXCYT

Phi acceptance 10 mrad 10 mrad

(y,y’) emittance 4 π mm.mrad 5 π mm.mrad

Resolving power >15.000 >20.000
isobaric mass separator 

Resolving power 15.000 20.000

Dispersion 16 m 28 m



MultiMulti--pass Timepass Time--ofof--Flight system: concept Flight system: concept 

PulsedPulsed
ion ion 
sourcesource

MCP detectorMCP detector
oror
electrostaticelectrostatic

sourcesource gategate

PulsedPulsed

1st  Electrostatic Mirror1st  Electrostatic Mirror 2nd Electrostatic Mirror2nd Electrostatic Mirror

Individual electrodesIndividual electrodes
PulsedPulsed
entry electrodeentry electrode

exit electrodeexit electrode

MTOFMTOF SpectrometerSpectrometer:: Spectrum taken with MCP Spectrum taken with MCP 

MTOF MTOF SeparatorSeparator:  Physical separation using fast :  Physical separation using fast 
electrostatic gateelectrostatic gate

NN22 time spectrum, ToF = 2.6mstime spectrum, ToF = 2.6ms

20082008

NN22 time spectrum, ToF   2.6mstime spectrum, ToF   2.6ms
FWHM ~ 60nsFWHM ~ 60ns

m/m/ΔΔm(FWHM) = 22,000m(FWHM) = 22,000



CB For the SPES ProgectCB For the SPES Progect
CHOICECHOICE ff thth ChCh BOOSTERBOOSTERCHOICE CHOICE ofof the the ChargeCharge BOOSTERBOOSTER

ECR‐Charge BreederECR Charge Breeder

ROBUST ROBUST 

SIMPLE SIMPLE 
IDEAL FOR INJECTION INTO ALPIIDEAL FOR INJECTION INTO ALPI

(Sit on a HV platform)(Sit on a HV platform)



CB For the SPES ProgectCB For the SPES Progect
ECR ION SOURCEECR ION SOURCE

SUPERNANOGAN BY 
PANTECHNIK

•FULLY PERMANENT MAGNET @ 14 GHz

FPMS

•ROOM TEMPERATURE @ 14-18GHz

RTS

LPSC Booster

•HT SUPERCONDUCTING @ 18 GHz
KEKCB @ TRIAC

•HT SUPERCONDUCTING @ 18 GHz

HTS

•FULLY SUPERCONDUCTING @ >18 GHZ PHDelis

FSS BY 

PANTECHNIK



CB For the SPES ProgectCB For the SPES Progect
REQUIREMENTSREQUIREMENTS

• PRODUCTION OF HIGH CHARGE POSSIBLE DEVELOPMENTSPOSSIBLE DEVELOPMENTS• PRODUCTION OF HIGH CHARGE 
STATE WITH GOOD EFFICIENCY: 
132Sn26+  

• OPTICS AND BEAM INJECTION

• USE OF UHV MATERIALS
• INJECTION INTO RFQ PIAVE AT 

FIXED β
• EXPLORE COMBINATION OF MAGNETIC 

AND ELECTROSTATIC SELECTION

• EXPLORE COMPATIBILITY WITH HV

The PIAVE Superconductive RFQThe PIAVE Superconductive RFQCharge

• EXPLORE COMPATIBILITY WITH HV 
PLATFORM

The PIAVE Superconductive RFQThe PIAVE Superconductive RFQCharge
Breeder

β=0.0089

RIB

LEBT 3H‐B
SRFQs

QWRs
B

to ALPI reacc.
β=0.047

A/q<6

SRFQs

TDB



Reacceleration

PIAVE up grade:PIAVE up‐grade:
new cryostat
improved diagnosticp g
new bunching section

ALPI up grade:
Low Beta cavitiesLow Beta cavities
Stronger Magnetic lenses



SC‐RFQ PIAVE  SPES upgrade

yo
st

at

NEW CRYOSTATNEW CRYOSTAT

PI
AV

E 
cr

y NEW CRYOSTATNEW CRYOSTAT

Present layout

P

ISACII-like cryostats

Superconductive solenoid for

SPES layout

Superconductive solenoid for 
transversal focusing



The ALPI post acceleratorThe ALPI post accelerator

Superconductive 
linac based on QWlinac based on QW 
resonators.

2003: Up graded to 
V ~ 40 MVVeq ~ 40 MV

Original Pb/Cu 
cavities substituted 
with

Nb/ Cu spattered 
cavities
or bulk Nb cavities



Upgrading of ALPImedium 
β QWRs

The possibility of an effective improvement of medium β
resonators by Nb/Pb replacement was shown in 1998; 
44 d d QWR i t ll d b 2004 th

B d j i t

44 upgraded QWRs were installed by 2004; they are 
working now at an average field of 4.7 MV/m @7 Watt

Brazed joints 
Flat shorting plate 
Beam ports shape

Limited the reached performance to 
4.7MV/m @7W, a factor 2 higher than 
when Pb plated, but lower than the high β

Inductive coupler (hole 
in high current region)

p , g β
resonators performance

In 2005 we had the possibilityIn 2005 we had the possibility 
to build 4 new substrates having:

New beam port design 
A d d h ti l tA rounded shorting plate
A capacitive coupler
No holes in high current regions
No brazing in the outer resonator body

They are now ready to be installed; 6 MV/m expected on line



Evolution in ALPI Performance

45
50

Nb/Cu high beta

30
35
40
45 Nb/Cu high beta

Nb/Cu medium beta
Pb/Cu medium beta
Nb low beta

15
20
25
30

M
V

Nb low beta

0
5

10

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Year

The substitution of Pb with Nb increased substantially the ALPI availableThe substitution of Pb with Nb increased substantially the ALPI available  
equivalent voltage (                       ) where l is the resonator active lenght and Ea 
is the accerating field of  the operating resonators. An improvement is aspected 

∑= lEV aeq

soon by installation of the new ready medium beta cavities. A further increased 
in performance is foreseen  in future (next slides)



ALPI upgrade for SPESpg

Optimum betaOptimum beta
βo = 0.047
βo = 0.056
βo = 0.11
βo = 0.13

ALPI layout

To be funded:

2 additional LowBeta Cryostats  (CR1, CR2) a New 
buncher

Funded upgrade (2009)Funded upgrade (2009)
LowBeta CR3, new couplersLowBeta CR3, new couplers

New magnetic lenses (upgrade from 20 to 30 T/m)

LowBeta CR3, new couplersLowBeta CR3, new couplers



Final performance for stable beams: 
2009 d SPES i2009 and SPES scenarios
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SPES SCHEDULESPES SCHEDULE
2008 2009 2010 2011 2012 2013 2014

Facility design

First Target and ion sourceFirst Target and ion source

Second target and ion source

Authorization to operate

Building construction

Target installation and 
commissioning

Completion of RFQ for Neutron 
Facility

Installation and commissioning 
N t F ilitNeutron Facility

Cyclotron construction

Cyclotron Installation and 
i i icommissioning

Alpi preparation for post 
acceleration

Installation of RIBs transferInstallation of RIBs transfer 
lines and spectrometer

Complete commissioning



The INFN Legnaro LaboratoryThe INFN Legnaro Laboratory

Total cost for ISOL facility  ~ 40MTotal cost for ISOL facility  ~ 40M€€



SPES  CollaborationsSPES  Collaborations
Laboratori Nazionali di Legnaro Laboratori Nazionali di Legnaro –– Laboratori Nazionali del SudLaboratori Nazionali del Sud

Sez INFN: Padova, Milano, Bologna, Catania, Firenze, Napoli, BariSez INFN: Padova, Milano, Bologna, Catania, Firenze, Napoli, Bari
Ingegneria Meccanica (Sezione Materiali) Ingegneria Meccanica (Sezione Materiali) –– Univ. di PadovaUniv. di Padova

Dipartimento Scienze Chimiche Dipartimento Scienze Chimiche –– Univ. di PadovaUniv. di Padova

Ingegneria Meccanica (Sezione Progettazione) Ingegneria Meccanica (Sezione Progettazione) –– Univ. di PadovaUniv. di Padova

Ingegneria Meccanica (Sezione Meccatronica) Ingegneria Meccanica (Sezione Meccatronica) –– Univ. di TrentoUniv. di Trento

I i I f tiI i I f ti U i di P dU i di P d

Target development

Ingegneria Informatica Ingegneria Informatica –– Univ. di PadovaUniv. di Padova

ENEA Bologna  ENEA FaenzaENEA Bologna  ENEA Faenza

Ingegneria NucleareIngegneria Nucleare--Univ. di PalermoUniv. di Palermo Nuclear safetyg gg g

(Ing. Energetica Politecnico di Torino)(Ing. Energetica Politecnico di Torino)

InternationalInternational collaborationscollaborations::International International collaborationscollaborations::

ISOLDEISOLDE--CERN, HRIBFCERN, HRIBF--ORNLORNL

SPIRAL2SPIRAL2 (LEA) ISAC(LEA) ISAC TRIUMF TRIACTRIUMF TRIAC KEKKEKSPIRAL2SPIRAL2--(LEA), ISAC(LEA), ISAC--TRIUMF , TRIACTRIUMF , TRIAC--KEKKEK


