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Summary INFN

SPES: Selective Production of Exotic Species

SPES Phases & aims ‘Commercial’ Cyclotron = Proton Driver:

70MeV 0.75 mA 2 exit ports
* SPES in the European framework

driver accelerator (p or )
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* Preparing the Physics Program @ SPES mﬂ
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SPES direct target-
ion source
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SPES Strategy: 4 stages

-

— New SPES Building

BEST Cyclotron installation &
Funded -4 commissioning:

e 70 MeV proton beam

* 750 pA

Research and Production of Radio-Isotopes
for Nuclear Medicine (Funded with 6.8ME)
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Funded with HRMS
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Production & re-acceleration of
exotic beams, especially neutron-rich
from p-induced Fission on UCx

N EP' R 1) Quasi Mono-energetic
Neutrons (QMMN)

2) Atmospheric
Neutron
Emulator
(AMEM)

e 3) Direct
Protons

Accelerator based neutron source
(Proton and Neutron Facility for
Applied Physics)



SPES in the EUROPEAN FRAMEWORK

EURISOL DF: Intermediate step towards single site project
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Complementarities: Instrumentation eg. AGATA, FAZIA, GASPARD, PARIS
Challenges: High-power targets & sources, purification of RIB

EUE SOLpF
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* LEAPOLITA- Poland-
Italy

(Collaboration on Nuclear Physics &

Astrophysics, Detector and Accelerator

Technology) > signed on May 2014

* LEAColliga = France-ltaly

(SPES, SPIRAL2, ALTO, EXCYT,

FRIB, Collaboration on Nuclear Physics &
Astrophysics, Detector and Accelerator
Technology)

 ISOLDE (CERN)->SPES
(Italy)

International collaboration on
Innovative Itinerant Detectors & on
experimental proposals to keep a
qualified & competitive level
AGATA, FAZIA, PARIS, NEDA,

GASPARD, ACTAR ...

Italy = France, England, Spain, Poland,
Romania, Bulgaria, Turkey, Germany,
Croatia, Sweden, Finland, Denmark, Belgium



SPES Facility: Layout

. SPES sub-systems

Building and infrastructures with 2 ISOL bunkers for radioactive beam
and application area for radioisotopes and neutrons

Cyclotron 70 MeV protons with 2 independent exits

ISOL UCx target designed for 10%3 f/s

Beam transport with High Resolution Mass Separation

Reacceleration with ALPI superconducting linac
(20A MeV A=130)

Radioprotection, safety & controls
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SPES 3D LAYOUT: the NEW building

Cyclotron area + two Production Target areas
.... the CAD 3D....

Accelerator system at underground level to match existing ALPI
beam line
* 2]|SOL bunkers for redundance and optimal operation

M
i i
.....

towards

TANDEM

1
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SPES: the Construction Site

December 2013$
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exofic beamisgt scienceé

SPES: the Cyclotron

Cyclotron assembled and
operated with 700 pA at 1MeV

Accelerator
Type
Particle
Energy

Max Current
Accelerated

Available
Beams

Max Magnetic
Field

RF frequency

lon Source

Dimensions

Weight

Cyclotron AVF 4 sectors

Protons (H- acceleratea)
Variable within 30-70 MeV

750 HA (52 kW max beam
power)

2 beams at the same energy
(upgrade to different energies)

1.6 Tesla

56 MHz, 4™ harmonic mode

Multicusp H- I=15 mA, Axial
Injection

®=4.5m, h=1.5m

150 tons

In the factory at Ottawa, the construction and
the assembly of the Cyclotron is completed.
The assembly of the RF resonators is over
and the injection and acceleration phase
started according to the schedule (1 MeV at

full current).
Factory Acceptance Test approved on November 29
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SPES: Cyclotron Schedule (2013-2015) ( ,NI;;?

T

Factory Assembly &
Tests

Disassembly &
Shipping
Installation @LNL

Test & Commissioning
@LNL

The Contract with BEST Theratronics provides
for:

e Cyclotron

* Two exit channels

e High power beam transport line (up to SPES
target)

] - Courtesy A. Lombardi
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SPES: the Cyclotron INFN

Tttt Harfomsde
o e Peacloscness

4 Shipments:

Shipping plan provided to INFN (as per Feb 9th equipment)
1st shipment arrival in Genoa ~10-Mar-15
2nd shipment arrival in Genoa ~15-Apr-15
3rd shipment arrival in Genoa - MM ~13-Apr-15
4th shipment arrival in Genoa ion source  ~Jun-15
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exofic beamisgt

SCience

Technical hlghllghts: the production target .: INFN

SPES DIRECT TARGET CONCEPT to operate with 8 kW
proton beam

(A. Andrighetto et al.)

Direct Target carefully designed to reach 103
fissions/s with 8 kW proton beam (thermo-
mechanical considerations);

In beam test performed at iThemba lab (South
Africa) on May 2014;

Prototype under operation.

Fully developed front-end following ISOLDE

target completely devel

design;
Developments on lon Sources

' 'Target  under
operation at
2000°C
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exofic bea SCience

SPES: Target Power test @ iThemba Lab

Proton beam 66MeV 60 pA

! 4’-‘1\,__-,‘."

SPES target in-beam
power test (SiC target)

i
o

Heater power compensated by

proton beam.

* Upto 4 kW proton beam
in target.

*  Stable temperatures

* Stable vacuum (3105
mbar)

Measure [°C] Estimated by FEM model [°C]

1° disk: 1365 + 30°C 1380
Box: 12301 25°C 1267
Dump on chamber: 728°C £ 10°C 750

Thanks to Rob, Lowry and all the iThemba_Labs Cyclotron staff

I et

=
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The SPES 1* lon Sources

New developments to improve the Source Efficiencies:
- new cathodes, new materials etc.

Optimization of Plasma lon Source optics in order
increase the RIB transport

1) Anode optimization 2) Puller optimization

4 i
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£ a=)==New Version
12
€ emfy==Old Version
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INFN

A. Andrighetto et al.
Surface lonization Laser lonization lonizaton by
electron impact
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LNL New LASER Laboratory

exofic bea

)
INFN

A new SPES laser laboratory was built @LNL in 2013

-

Participation in ENSAR project 3

A tunable dye laser system ready for “Activation laser spectroscopy group”

atomic spectroscopy study

A. Andrighetto, D. Scarpa et al.

Since March 2013 a new laser laboratory is operational at LNL. At present a Nd:YAG
“Quantel” Laser is used for ablation studies; the new all solid state tunable laser system
for the SPES project will be tested .

F. Gramegna GHT Meetings - March 2015 14



LNL New LASER Laboratory

)
INFN

Germanium spectroscopy study

A range of three-step two-colors ionization schemes arranged with dye laser system has

been checked at LNL:

Tested at ISOLDE
(July 2014)

Ge

562,1428 nm
566.4842 nm
565.596 nm
560.701 nm

Tested at LNL
(October 2014)

IP63713.24 cm-1 Ge 561.613 nm

569.196 nm

55503.203 cv-1 P 63713.24 cm-1

55266.000cm-1 | o2 ]
55235.834 cm-1 Ny == ———

54935.848 cm-1 ————561.613 nm

ﬁl% nm
37702.31 cm-1 570.178 nm
580.103 nm
275.46 nm
1409.96 cm-1
557.13cm-1 |—
oem-1 [

56765.748 cm-1
56793.46 cm-1

56947.769 cm-1
55235.834 cm-1

570.178 nm

55503.203 cv-1
— il ST «—55266.090 cm-1
55235.834 cm-1

|

[39117.902 cm-1 F
37451.689 cm-1 ﬁA \
265.117 nm 37702.31 cm-1
270.96 nm
265.156 nm
1409.96 |—» 5
1 269.13 nm
il und 5 275.46 nm
0 el
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5 first step transitions and 7 second transitions were tested successfully ~ WG-03
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SPES Laser Lab: Photo-ionization in a Hollow Cathode Lamp .: INQ

"Slow signal” of ionization scan with the fixed at 303 nm first step

Scan across 566 nm resonance was performed with TDL 5o

No first step; Only second step

Ne (566,2548 nm)

1
OGE slow signal fa.u]

OGE slow signal fa.u)

566.9

First step + Second step
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SPES Technical highlights: the online Front end design .: ”;:;?

o s Bfecocoes:

RAD-HARD version _
A. Andrighetto et al.

Polyethylene -> peek
Viton O-rings ->EPDM
Plastic cable insulator  -> air (close the target)
Normal motors -> RAD HARD moto

—

after

before

fast connectors
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SPES Technical highlights: The Horizontal system: 4 phases

exofic beamsior st
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SPES LAYOUT: following the beam transport line <)
INFN

)
C %
sl
' o
i
] ?g
s . Pl
:@t
: : !
1] N
|
|
|
|
|
I L I———

_ -
_ ::J.
= =
T o
i e & "'l

—

CB+MRMS
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Applications
Cyclotron PP

Target bunker



SPES LAYOUT: RIBs production INFN

Bt o M somede
o e Wfeaclosconss

M. Comunian, L. Calabretta, S. Russo

287

766

] 2276
f' ;@ ) 1921

g i 385
% 5.3 =
. i ] ? FC Wien filter
i
!
7 !
e 4 , -k E: electric field [V/m] E
iy B = —
- S,: target position [mm] ﬁ c
U: beam potential [kV] (=20 kV)
e L,,: eff. length [mm] (=782 mm)
‘_ 6S: required deflection [mm] (=15 mm)
* 1 Expected mass resolution from first order formulas:
- 8S =0.013= —1
" l;‘4;£;tl? 33 /:7:7
: N Nucl. Instr. Meth. 122 (1974) pp 511-515
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SPES LAYOUT: resolution studies with short triplets

AM 1
M 150

Final goal: it
needs to be
improved

M. Comunian, L. Calabretta, S. Russo
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NEWS OF 1+ LINES

s
Usage of short electrostatic triglets (for
little areas) }

c 5 |
1/200 via D1 dipole. Isotopes f'rom
isobars separation

HRMS to CB
Wien Filter as a pre-mass sepa,"ator.

Usage of dipoles for bending mhagnets in
order to control the dispersion.
|

]
I wrhn Lol
e 104 [J5.9042 m]  MGOOD : 20347 / 30000
) - X{mwsd) {roes) r{‘l.m“
» I v |
104 104
o o
- 01
10+ 10
-0+ -0+
| , e
0 40 -0 0 10 90
Joven) - i)
' ] |
10
o
a1
10
I' 204 ;
S oy e e e
10 0 -20 -0 (] 0] 0

X £16.314 i Sax £ 14326

e <1104 0 dppmax <0985 %

3 gaussian beams with the same rms normalize
emittance of 0.007 mm mrad, separated in mass
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High Resolution Mass Separator & Beam Cooler

<)
INFN

Tafidaton Heromede

Collaboration SPES - CENBG Bordeaux (SPIRAL2)

Scaled-up version of the separator designed by Cary Davids
for CARIBU, Argonne
Mass resolution: 1/40000 (eng. design: 1/25000)

o e Wfeaclosconss

L.Calabretta, M.Comunian, A.Russo, L.Bellan

High Resolution Mass Separator

PLOT OF { ® VERSA

TITLE OF SI0S INFUT

Wy

ATZ= 134TE=1

Separanore SPES carlbu ke S0

I |I bt
Incoming ANAARARRA 8882 pnn
. L Yy AN
ion beam (LY YUYV VvV
= | |“ e Confinement and cooling
I ' section

|

Toward pumping systemss

Imn beam
exit

Input emittance
Output emittance

mrad

SPECTROMETER
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i

Typical voltage

|
N\

fluctuation frequency
200-300 Hz, <<10kHz

AM=2.510°5
Beam Cooler to match the HRMS input 29
: (IR
requirements 0P
COOLBEAM experiment financed by INFN-CSN5, ?\(\\\é\v 3dm
20122015
Collaboration: LNL-LNS, Mi bicocca
M.Maggiore s | l | Fry
| | L |

Electrostatic Plates to correct the
voltagr ripple of the H.V. platform

Long)
-

10cm A
Mlates gap 6 cm,
=+ 750V to correct
=+ 5V platform
ripple
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HRMS 1+beam line and sinergies with LNS l

Possible use of EXCYT components to improve SPES

. . &
(items to be discussed) @ ¢ By
dipoles for mass selction _
. Optical design of the DESIR HRS
High Voltage plateform parts Teva Karokia it
CENBG/CNRS/MN2P3-Université de Bordeaux
HV power supply

2 DESIR

Meeting SPESCENDG, Septemte 1516 th2014

development of gas recovery system

Collaboration SPES — CENBG Bordeaux (SPIRAL2) for
the High Resolution Mass Separator design.

\ F. Gramegna GHT Meetings - March 2015
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The Charge Breeder & the MRMS INQ

Bt o M somede
o e Wfeaclosconss

Collaboration agreement with LPSC (Grenoble) for the SPES

The development of an Upgraded PHOENIX booster is Part of a MoU in the
frame of the European Associated Laboratories (LEA-Colliga) with GANIL.
(In exchange: development of SPIRAL2 n-converter by INFN)

Project and construction by LPSC_Grenoble

* 2010 Preliminary measurements
* 2011 Conceptual design and schedule definition

e 2012 Design
* 2013 Agreement definition LIH:

:Gr'enobu_e

e 2014 Construction
e 2015 Commissioning

Les deurlinlini 2

UNIVERSITE DE GRENOBLE .
ol

Central Injection

electrode
and

3 HF blocker

—

insulator

BREAKING NEWS:

Very good news for the CB:

- A. Galata, T. Lamy and Angot
are performing the Acceptance
Tests @ LPSC. = gl
Test with Ar & Xe: a factor 3 i s — N
better in Emittance than i
expected and Efficiences closeto R
"best ever" values for Phoenix @ i gl
LPSC.

f

reeder

e

I I ! Aq‘
‘ F. Gramegna GHT Meetings - March 2015



SPES RIB reacceleration: room temperature RFQ

Energy 5.7 = 727.3 [B=0.0395] KeV/A (A/q=7)
Frequency 80 MHz

Beam transmission >95%, low RMS longitudinal
emittance at output: 0.15 ns*keV/u.

Length 695 cm (7 modules) intervane voltage
63.8 — 85.8 kV

RF power (four vanes) 100 kW.

Mechanical design and realization, taking

advantage of IFMIF experience (LNL, INFN_Pd,
Bo, To).

E. Fagotti, A. Pisent

0, 64

ne

atic |

- 100% duty cycle

High power RF Coupler 200kW

00

o
SRRKKS

<o
X

o
KK

X

with z7es

ne
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exotic beamsgt

The Upgraded Alpi post-accelerator

For stable beams

# At present
W - with ALPTin SPES corifiguration

For exotic beams

Low Beta=5 MV/m, Medium Beta=4.3
MV/m, High Beta=5.5 MV/m
Conservative value 2 cavities off in the

calculation
124 -
122 13688264 oar1ge M . C omunian
120 ssckass? 9.”“2;;; -
118 * PR
11.6
¥ 84Gels+
7 4 4 148Ce6+
'%- 12 4 865el15+
<110 885a15+ % 94Kr16+
g 10.8
& 4 73CU12+
E 106 + 13080
1345n21+
10.2 ¥ 90Y14+
10.0
138Xe21+
9.8
4 136Te20+
N 138Xe20+# 138Te204
to Exp. 985144
Halls 3 5.20 5.40 5.60 5.80 6.00 6.20 6.40 6.60 6.80 7.00
JAQ1 A/Cl
Re-shaping and improvement of
L 062 low beta cavities.
to Exp. Added high beta cryostats to
_ Hasi&2 1 improve the final energy.
| * from new RFQ 26




SPES: Target lon Source System

Production Target

®  Characterized by:
®  Material of the target (production yield)
® Release time (=1s for Fast Targets)

®  Element Vapour pressure

lon source target

»  Characterized by:

«  lonization efficiency

heater

transfer line electrical

current

isotopes

I:l Elements with bed volatility (NOT EXTRACTED]

. Emittance

»  The SELECTIVITY of the source depends
on the ionization efficiency of each
element.

Yield of a nuclear species

Y=0-D,-N-€;3-& & &

t depends on = half-life, cross-section, proton flux, diffusion
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effusion time, ionization and transport efficiencies

— - -
——— ] I:|Surface lonization Method ]
Surface, lon H ) m
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SPES PHYSICS: Expected beams INFN
https://web.infn.it/spes/index.php/news/spes-beam-tables
MCNPX Calculation _ el
BERTINI - ORNL (FF cross- a 0 ) alfa|th|fa ] alta tallal1a) 15 5 65
sections) Ba Ba | Ba|Ba B |Ba
1 B T 4% | LE8 | AT ) |48
Release & ionization efficiency 2 {5 65 ._ 4 IEE: i;: Cs SIS
in agreement and re-scaled on : ff: -m' % ? :\lctlc L
HRIBF experimental values and I ] ;, E - ;‘, -.i" B -on
X & Ta b
currents (200uA/5uA) W ;6 % é‘ﬂ & é‘E ks > B 10°10- 1011 g
PR B w9-0r0 2
. e - B 108 -1009 =
I : ' bl 107 -1008 =
Cafe] ¢ [ Cal | a3 G A6 W 106 - 107 &
H :: BRAFE FRARERRRE B I -
Ag Ag AT AL AR AR E 1075 - 1076 i
L1 i (111 Fd 115 D 10-4 _ 10’5 ;
From Zr to Pd not extracted with ISOL due to bad volatility g 10°3 - 104
1 1072 - 1073 g1
H © B AR ERIEIEE @ 10107 £
S |5r St St Sr|Sr St W <10 G
[T TR L
Rb ! Rb|Rbh Rh|Rb
3¢ | Br | e B | Br | B Br B | i
il 0 K R ED #2
;:,: i z 30 z Se| Sel S SN S I Expected SPES re-accelerated beam
- S| As [ As|As|As | As As ) ..
1| el 6 e & O . G intensities (q+)
i Ga Ga Gaf i (i Go (fission UCx)
Zn Zn|Zn| 2oz
Cu ! Cu CulCu Conrtesy of T. Marchi
Co

before acceleration (@1+) 10-40 times more intense
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_ SPES PHYSICS: Lols & SAC recommendations

S
'Yl 26-28 May 2014 INFN Laboratori Nazionali di Legnaro
. - Europe/Roma timezone

Presented 37 Letters of Intents

B G properties
SPES LOIs Topics =moment
m Coulex
m DirReac with
n DR s
B Mn fransfer

Collective ex

Fusion

Super Heavy

m [taly
B france
H Poland
B Russici
mUSA
B Belgium
B Croatia
B Norway
B Bulgcricl
m Spain
Russia
China

SPES LOIs
Spokespersons

The SAC was impressed with the number of LOIl's and the broad
scientific spectrum proposed to be studied with the SPES Radioactive lon

Beams (RIB). The SAC appreciates the progress of the SPES project;
on the civil construction, the target ion source developments and the ALPI
upgrade. From the information supplied in the LOI's and exchanged through
the different presentations that were given during the “SPES Second
International Workshop” (Legnaro, May 26-28, 2014), it can be concluded that

the preparation of the experimental program, including the
necessary instrumentation, is to a large extent focused and well
advanced. The involvement of a large international community in
several of the LOI's and the plans to bring new instrumentation
from abroad was highly appreciated.

In view of the scientific program envisaged attention to guarantee not
only the high RIB intensities but also the necessary degree of purity
of the final RIB. The latter is a crucial issue for many RIB experiments and
can only be reached by combining different purification stages
including the high-resolution separator and a laser ion source.

Developments in these directions should be strongly supported.
As partially discussed during the LOI presentations, it is beneficial to consider
extending these activities to the use of molecular beams, negative ions and, for

the low-energy branch, a Multi-Reflection Time of Flight (MR-TOF)
system.
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SPES: Scientific Program

<)
INFN

st o M foemede
o e Wfeaclosconss

The open questions:

Shell Evolution & interactions

Symmetries (isospin mixing T=0, T#0 in N=Z
nuclei)

Order & Chaos Transition

Collective States: Part-Vib-Coupling, Pygmy
& Giant Resonances

f—decay & r-process

Isospin effects on structure & reaction
dynamics

The Experimental tecniques:

e  Coulomb Excitation
e  Transfer Reactions

*  Decay Spectroscopy
e  Reaction Studies

F. Gramegna GHT Meetings - March 2015

MOVING AWAY FROM THE STABILITY VALLEY:
EXOTIC NUCLEI & LIMIT of NUCLEAR EXISTENCE R e e —

O Limit of Nuclear Existence ?
U Robustness of Magic Numbers ? e
O  Validity of Quantum Numbers (Isospin, K, ...) ?
O Changein Structure due to n-excess ?
O B-decay and r-process path location ?

Rad
Lo Impact on abundances
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— FRDM

1078
: — ETFsSI-Q

-0 | YR | 1 1 | | PV ST T
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Mass Number

The Nuclear Landscape

*How do protons and neutrons make
stable nuclei and rare isotopes?

*What are properties of neutron

matter? -

«What are the heaviest nuclei that 82,

can exist? s

el with excess  the neutrdn side of
ALEENTS Mo the valley is poorly
i the yaliey undersiood - seieatss
fowarys Stabimty -~ aren 't sure where the S~
dripfing lies ~h

neutrons
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Radioactivity along the SPES beam line

F 1 Spl.-_. :S The input data for the calculation are resumed in the table, showing the beam of interest *28n
, N’ H = extracted with a current of 1 739 nA and the contaminant beam *2Cs with a current of 1073 nA_
L e
Intelidin Hai nrale 3 ki
L,/ P aschease exotic beams for science Element |[Z | N [nA | Tiz
Laboraron Matkosal o Lignan =
— Sn 50 |82 |1739 [397sec
SISTEMA DI GESTIONE PER LA QUALITA' E SICUREZZA DI SPES o S 177 (107 [6dn dmys
Codice _ . Distribuzione della radioattivita lungo la Fev.| 00 Sn132 1 sec decay Co132 1 sec decay (microSuh)
DOC_00000020 . . . an Bt —_—
doc. linea di fascio di SPES Daz. | 1di44
Contenuto Documento ”
Documento che dezenive la distribuzione dalla radicattivita lungo la linea di fascio di 3PES. - ; »
uSvih
0w w* 10?2 w' w® 10! 10° 10°

122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 1a0 141 142 143 " " "
DISGESON DODEMOD OOUEAD0 DOCEAD0 D.0CESDU DOEDD D00ESD0 00DES0 DOEADN DODEWD 0.00ESD0 O00EADD D.00ES00 LOUEHDD DDESD0 00OEAN DOEAN 000400 000ESD00 ODOEAOD 0.00EHDN 0L0UEHN Bigpe 0 (amma cde atc iay/h) | second aftertheend of thefxiraptionotaheatmof Surt s2:and Cal i mmpactms
NOCESDO DOOESDD DOCEA NOUEAN DIGESDD DIOESOD DIEAN DOUEMND DOUEMO DOEMO DU0EAO D00EH 00ES00 00EMO DOCEMN 000N 0O0ESN 00600 006K DONEMI 0poEsan opoeigg O the charge breeder plasma chamber.
0.006400 0.00EX00 0.00E400 0.00EH00 O.00EWD0 0.00EH00 0.00EV00 0.00EF00 0.00E+00 0.00EH0 O.00EW0 0.00EH00 0.00E400 0.00E/00 O.00E400 0.00EW0 O.0CEW0 U.00EH00 0.00E400 0.00E/00 0.00E400 0.00€400m ——
0000400 000400 D.000H00 0000400 C.00EH0 0006400 000000 0.000+00 D.000H0 0000400 0.00CH0 0000400 0000400 0.000+00 0000400 0.00040 0.000+00 0.000+00 000040 0.000H00 0.000400 0.000400
D.0OEH00 0.000+00 0.000+00 0.000+00 0.00E+00 0.000+00 0.0OEWDO 0.000+00 0.006+00 0.000400 0.000+00 0.000+00 0.00F+00 0.000+00 0.00£+00 0.000+10 0.000+00 0.000+00 0.008+00 0.000+00 0.000+00 0000400
000600 0.006+00 D.006+00 0.00F+00 0.00E#D0 0.00E+00 0.00F+00 0.00E+00 0.00F+00 0.00E400 0.00F+00 0.00E+00 0.00F+0 0.006+00 0.006+00 0.00E+00 0.00F+00 0.00F+00 0.00F+D0 O.00E+00 0.006+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 (.0CE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E400 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+D0 0.00EH0 0.00E+00 0.006+00 0.00E400 D.00E+00 0.00E+00 0.00E+00
25EH LREADI LAGEHI 3036400 LTEHE 9.946+07 JUEHT LIIED6 1IGEHNS 0.00E+00 0.00E+00 0.00E-D0 0.005+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LESEHIO LAJEHM0 10IEHI0 LAIEMD L LB0EHS 2SIEHY LISEHS DOSEHIE DTUEHN 0.006400 0.006H0 0006400 DO0EH00 0.00E+00 0006400
S1 | DOOEHO0 DOCEM0 DOOEH0 D.O0ES0 (00E00 DOCEH0 (OOEH0 DO0EDD (OOEHN D.00ESD0 (O0EMN D.00EH0 GO0EMN G.O0EA0 LOOEHO0 D.OUESD0 O.0UEH0 D.00E0 000640 O.00E40 DO0EH0 0006400 000840
52 | 0.00EH00 0.00EW00 0.00EX00 D.00EH00 0.00E00 C.00EWO0 0.00EH00 0.00EH0 0.00E+00 D.00EH0 0.00E400 0.00(400 0.00£400 0.00E400 D.00E+00 O.00E400 0.00E/00 0.00€400 0.00£400 0.00E400 O.00EH00 0.00E400 0.00£+00 .
53 | GOCEM0 DOOEMO G.CCEHI D.OCEMO D.COLHN G.OOEMO0 DOCEHD 0.00EHO D.00EM0 G.000HN D.OCEHK 0.000HO 0.00E400 D.00EH0 0.00EH0 O.00EHO O.00EHK GOOEHK O.000HK 0000400 00000 0000400 000040 Selectlve
54 | 000600 0.00R0 0.006400 0.006400 0.006400 0.005400 000500 0.00F0 0.006+00 0.00F00 0.006400 0.00F0 0006400 0.00600 0.006400 0.006400 000610 0.006+00 0006400 0.00600 0.005400 0.006+00 0.005400
55 0.006+00 5056408 7ATE+08 1406409 2.066409 3756409 3.156+09 7.566409 RIIEW09 1.296+10 1.31E+10 oMo
56 | 0.00E+00 D.00E+00 0.005+00 0.006+00 LEEEHIT G.34EHIT 1LOJEHDR ZSIEHIA ASEEAE 5TEH LOSEHIS ROMEHIT LI4EH0S S0TEHS &33EHS Ca a bl | It Of th e
57 | 0.006+00 0.00E+00 0.005+00 0.00E+00 0.006+00 0.00E+00 0.006+00 0.005+00 3TTEH06 LAEH0T JG2EA07 4.226-07 1336400 2096408 4465408 5686408, 1,036 p y
58 | DOCEH0 D.00EH0 000400 D.00E:00 0.00E00 D.0CEH00 0.00EH0 D.00EH00 D.00E+00 D.00EH00 0.00E400 0.00E+00 0.00E+00 0.00E400 0.00E+00 0.00E400 0.00E400 0.00E-00 0006400 0.00E400 O.00EH00 0.00E400 0.00E400
59 | Q.0CEH00 0006400 O.00ES00 D.00ES00 0.00E400 O.00E400 0.00E400 0.00EH0 0.00E400 U.0UESD0 0.00E400 D.0CEHO0 0.00E400 O.00E0 0.00EH00 D.00ES00 0.00E40 O.00E400 0.006400 0006400 D.0CEH00 0.00ES00 0.00E400 S P ES
60 | 0.0CEH0 0.00EW00 D.00EWO0 D.00EH00. D.00EH00 C.00EFO0 0.00E400 0006400 0.00E+00 0.00E400 0.00E400 0.006400 0.00E400 0.006400 0.00E+00 0.00E400 0.00E/00 0.006+00 0.00€400 0.00E400 O.00E400 0.00E400 0.00E400 ma SS
61 | 0.00EW00 0.00EH0 0.000+00 0.000400 0.000400 0.00F+D0 0.000+00 0.0OCH0 0.000+00 0.000+00 0.0000 0.000+0 0.000+00 0.00C+00 0.000+00 0.000+K 0.000+0 0.000+00 0.000+00 0.008+00 0.000+00 0.000+00 0.000+00

Sepa rators
Figure 14: Z\A plane with the particle currents and the separation

places, (brown) WF, (green) go deg dipole, (light blue) HRMS
(beam cooler losses have been considered). Purple indicates the
nominal species.
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exofic beamisgt

Some examples: the 32Sn, 34Sn cases

INFN

Tarimi g Harfomede

most requested beams

Prod.Intensities: 3.84 *10%°p/s
After T ejease=1S = 4.52%10*°p/s

elease

Expected @ 1* 2 1,56 *109p/s
Expected @ User - 3,11 *107p/s

132G T,,=39.75

131.94

13193

HRMS
Expected
resolution

el || /S e

13191 |

13190 -

resolving power

131.89 |-

central mass

13188

[
-]

T T
Te Sb

element (A = 132)

Prod.Intensities: 1.45 *10%*°p/s
After T qjease=1S =2 7-47%109p/s

Expected @ 1* = 2.49 *107p/s
Expected @ User = 4,99 *105p/s

F. Gramegna GHT Meetings - March 2015
B45n T, ,=1.125

i Iy el

LIS source T=1500 °C

Current out of the bunker [nA]

I(NA) 1326
132B3 *3La
In-132 Sn-132  Cs-132 Ba-132  La-132
Current out of the bunker [nA]
I(nA) 2t 134(Cs
18
16+ J
14+ 1
12+
1t
0.8+ 4
0.6/
1
0s 345N
134Bq
R Ty Cs-134 Ba-134 La-134
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Some examples: the 1325n, 334Sn cases INFN

Momentum spread interval Atomic mass number interval
—4% < AM/M < 4% 127 < A <137
—0.5% < AM/M < 0.5% A =132
—0.01% < AM/M < 0.01% 132Sn completely resolved

Z\A 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143

42 0.00E+00 0.00E+00 0.00E+00 0.00E+D0 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+D0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

43 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 Par‘ticle Current @ WF Slits
44 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00N 0.50£+00 0.00E+00 0.00E+00

45 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+0N 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+(0 0.00E+00

46 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ’O

47 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+0U 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00EHIO0 0.0DE+00 5‘

48 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E-K)O—ﬂ)OE-K)O 0.00C+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 f

49 _ 2.52E+09 1.72E+09 1.26E+09 3.03E+08 2.31E+07 1.93E+06 1.96E+05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00£+00 0.00E+00 \‘

50 1.85E+10 2.42E+10 2.03E+10 2.43E+10 2.60E+09 2.52E+09 1.25E+09 2.09E+08 2.79E+07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 Q’
51 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.COE+00 0.00E+00 m
52 0.00E+00 0.00E+00 0.00E+00 0.00E+D0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.D0E+00 0.0DE+00 \2,
53 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 3
54 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 \.00E+00 0.00E+00 Q_

55 0.00E+00) 5.05E+08 7.47E+08 1.40E+09 2.06E+09 3.75E+09 3.15E+09 7.56E+09 8.11E+09 1.29E+10 1.31E+10 1.87E+10 -
56 0.00E+00 0.00E+00 0.00E+00 1.66E+07 6.34E+07 1.01E+08 2.93E+08 3.98E+08 5.74E+08 1.05E+09 2.01E+09 2.14E+09 4.07E+09 4.33E+09

0)]
57 0.00E+00 0.00E+00 O0.00E+00 O0.00E+00 0.00E+00 O0.00E+00 O0.00E+00 O0.00E+00 3.77EhH - LI13EH07 3.62E+07 4.22E+07 1.33E+08 2.09E+08 4.46E+08 5.68E+08 1.03E+09 %
58 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.005+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.005+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 L.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 o
59 | 0.00E+00 0.00E0D 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+0D 0.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 %
60 | 0.00E:00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E:00 0.00E+0D 0.00E+00 0.0C . . 30 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
61 | 0.00E+00 0.005+00 0.00E+00 0.005400 0.00E+00 0.00£%00 nooss00 0.00ew0 ooc  Particle current @ 90° slits 30 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Wien Filter 129 < A <139

90° dipole —0.5% < AM/M < 0.5% A =134

HRMS (estimated) —0.01% < AM/M < 0.01% 12%Sn completely resolved

130 131 132 133 135 136 137 138 139 140 141 142 143 144
40 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+0C 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+0C 0.00E+00 0.00E+00 0.00E+00 0.00E+00
41 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+0C 0.00E+00 0.000:+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+0C 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ‘f)
42 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+0C 0.00E+00 0.0CE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E400 0.00E+00 0.00E+00 0.00E+00 0.00E+0C 0.00E+00 0.00E+00 0.00E+00 0.00E+00 g
43 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 v
44 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E400 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ;5
45 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E4-00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 D
46 0.00E+00 (0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 C.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E--00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 Is
47 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 J.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E--00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 (2)
48 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E--00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 . Qo)
49 _ 1.26E+09 3.03E+08 1.73E408 1.42E+08 2.31E+07 1.96E+05 0.00E 00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+(0 &17\'
50 2.03E+10 2.43E+10 1.63E+10 1.85E+10 2.60E+09) i 1.25E409 2.09E+08 2.79E+07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 SQI
51 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 O0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E:-00 A
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SPES Instrumentation

PRISMA: alarge acceptance

magnetic spectrometer
Q~8omsr; Bp,,=12Tm
AAJA ~ 1/200
Energy acceptance ~ +20%
Uograding = 2" arm for Kinematical coincidences
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F. Gramegna GHT Meetings - March 2015 34



=)

)
INFN

Tttt Harfomsde
o e Peacloscness

oot bk et SPES Instrumentation

FAZIA: Lcp & fragments detection International Collaborations:

itinerant detectors

ﬁ é " B PARIS (High Energy

y-ray Detector Array) NEDA (NEutron
Detector Array)

BB

=== E ] x
x X xpxgx
X |

AGATA : innovative Y-

rays tracking array)
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SPES Instrumentation

== charged particle / Ancillary
r detectors

—

ACTAR :(Active

Target Detector)
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Starting activity with ACTAR collaboration

Courtesy of R. Raabe
G. Grinyer

Multi-reflection TOF system =
possible collaboration with GSI
Contact with Scheidenberg

‘ a Reflector 1

lon Source /
RF Trap

: Schematic figure of the MR-TOF-MS and the path of the ions in the device.

Time-of-Flight Analyzer

Detector
Reflector 2

BEAM ATS_TPC

COMPLEMENTARY Activity (LNL-LNS)

* Tagging & Tracking
New Ancillary detectors developements GET Electronics
Training & experiment preparation

F. Gramegna GHT Meetings - March 2015 36



SPES Instrumentation

Diagnostics for SPES:

Moving the tape, the residual activity due to the long lived isotopes is minimized.

A further station is foreseen to be implemented for 3-decay
studies with non accelerated beams (G. Benzoni —Mi) 2
low energy area

Beam characterization: e S e .
- Release Curve : ] 2 ta pe stations
] ion i c c
] l ! e "eyes and.ears” to characterize the RiB
) h’ : 1 of an ISOL facility.
"'”f fw ITAPE ' Tim Giles, seminar on
o f—% | i | ISOLDE diagnostic tools,
| : ] LNL May 2014
= 1N
e RiB . !
2 » !
- Beam Composition and /— - —1I
Isotopic Yields 1
1 Requirements:
1000 : 1-Reliability
5 <— 1 2-Lasting operability
L. < | 3-Ease of use
« 1
"':n d B,y spectroscopy é
Energy (ke\) Plastic

2" SPES TAC meeting LNL, Dec4 -5 2014

(meeting in Milan — low energy physics @ SPES Strong collaboration with ALTO
April 20-21 2015) (D. Verney, A. Gottardo) - to be

formalized with a MOU within a larger
agreement between ALTO & SPES
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SPES General Planning INFN

2012 2013 2014 | 2015 2016 2017 2018 2019

Authorization to operate and safety UCx
SmicroA

ISOL Target-lon Sources development &

improvement

ISOL Targets construction and

installation

ISOL on-line commissioning

Building Construction Executive [ENTAJIIe[lar
project construction

Cyclotron Construction &
commissioning

Cyclotron
at LNL

RFQ development and Alpi up-grade

Design of RIB transport & selection
(HRMS, Charge Breeder, Beam Cooler)

Construction and Installation of RIBs
transfer lines , CB and spectrometers

Stepwise commissioning and first exotic
beam (2018), HRMS in 2019

Revised planning including of the HRMS development
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SPES Strategy: Economic plan for the construction . INFN
Bttt Wariompde:
o e Pmacicness
14.000
12.000
—~ 10.000
e
D 8.000
= B Premiale2011
wn
< 6.000 . . g .
ug_ W Sinergia con altri progetti INFN
4-000 = INFN
2.000 l
= —
2013 2014 2015 2016 2017 2018

Project scheduled time

(KEuro) 12013 |2014 |2035 |2016 |2017 |2018
Total SPES 2013-2018 [EH:lili] 6.800 11.900 9.100 2.300 700
2.700 kEuro

*HRMS (2,7M¢€) included, residue building (2M€) included
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