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Laboratori Nazionali di
Legnaro:
site for SPES facility
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SPES Strategy o ==

Second generation ISOL facility
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BEST Cyclotron installation & ) .
y Funded Production & re-acceleration of
exotic beams. Neutron-rich ions from

commissioning: Funded
. unde
70 MeV proton beam p-induced Fission on UCx (10?3 f/s)

* 750 pA

N E PI R 1) Quasi Mono-energetic
Neutrons (QMN)

2) Atmospheric
Neutron
Emulator
(ANEM)

Research and Production of Radio-Isotopes Accelerator based neL.Jt.ron source
for Nuclear Medicine (Proton and Neutron Facility for Applied
Physics)



SPES

e —
exotic beams for science

New infrastructure for:

e cyclotron
e RIB (Radioactive lon Beam)
e application facility
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Proton and neutron CYCLOTRON a-phase
irradiation areas ( 0-phase)
Laboratori Nazionali di Legnaro I e
»
applications (y-phase)
ISOL FACILITY B-phase ’
10kW UCx Direct Target: S

1013 f/s

ansion f S
EN4

reactor (d-phase)

o ISOL targets

High Resolution Mass Separator
DM/M= 1/40000 (physics design)

ECR-Charge Breeder & Medium
Resolution Mass Separator
DM/M=1/1000

O\?\’ Radioactive lon Beams are reaccelerated by the superconductive linac
A ALPI. A normal conductive RFQ placed before ALPI will match the
Input acceptance beam parameters.
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exotic beams for science

INFN_ Physics Domain with RIB

Limit of existence:
new shapes, new coIIectivi_’c3r4T,r gpgpaaeee
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Nuclear Physics and Astrophysics
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Origin of new elements, rare
isotopes powering stellar
o] explosions, neutron star crust
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4 The Experimental techniques:

* Coulomb Excitation

= Radiative Capture

oo ¢ o W ¢ @ o o o | ® Decay Spectroscopy
INTEMSITY {particles / sec)

today BT e Transfer Reactions
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Europe/Rome + English « Login

Second SPES International Workshop

26-28 May 2014 INFN Laboratori Nazionali di Legnaro

Europe/Rome timezaone

Presented 37 Letters of Intents

SPES LOIs Topics "©s#roverte:

SPES LOls
Spokespersons

B moments
m Coulex
B DirReac with

ActiveTarget
W DirReac with Si

M ltaly

M France
M Poland
M Russia
m USA

H Belgium
M Croatia
H Norway
M Bulgaria
M Spain

M Russia
m China

= Mn transfer




MAIN TENDERS

2013-
2014

Laser source
Charge Breeder and
Building n+ beam transport ~ RFQ and safety and installation Mass Separator

2010-
2012

ISOL target
Cyclotron and

2015

2016

1+ beam line

Vacuum systems “¥ High Resolution

New Cyclotron Building

Existing Buildin
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SPES general planning

2012 2013 2014 2015 2016 2017 2018 2019
Authorization to operate and safety UCx
S5microA
ISOL Target-lon Sources development
ISOL Targets construction and
installation
ISOL on-line commissioning
Building Construction SCENATIN raw building
project construction

Cyclotron Construction &
commissioning

RFQ development and Alpi up-grade

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

Cyclotron

Construction and Installation of RIBs
transfer lines , CB and spectrometers

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




‘ Cyclotron Site Test at BEST Company (Ottawa)

November 2014 Factory Acceptance Test

Main Parameters

Accelerator
Type

Particle
Energy

Max Current
Accelerated

Available
Reams

Max Magnetic
Field

RF frequency

lon Source

Dimensions

Weight

Cyclotron AVF 4 sectors

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

750 pA (52 kW max beam
power)

2 beams at the same energy
(upgrade to different energie<)

1.6 Tesla

56 MHz, 4t harmonic mode

Multicusp H- I=15 mA, Axial
Injection

®=4.5m, h=1.5m
150 tons

Cyclotron assembled and
operated with 700 pA at 1MeV



SPES: Cyclotron Schedule (2013-2015)
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Final Assembly and
Testing

Factory Commissioning -..

Disassembly and Shipping

Installation at LNL

Commissioning at LNL




SPES CYCLOTRON
load work per year

Compact, high current, H- cyclotron:
70 MeV, 0.7 mA shared on 2 exits

2 weeks per shift

SPES

exotic beams for science

2 proton beams are available

at the same time

Beam sharing

Beam preparation 2 days Proton ngrsigs Beam on target:
Beam on target 12 days beam Total 10600 hours
ISOL 1 300uA |10 2800
Beam on target =280 hours per shift 40MeV
Irradiation 1 | 500 pA |9 2500
Each bunker will cool down for 14 days after 70MeV
target irradiation. Irradiation 2 [ 500 pA |10 2800
70MeV
Expected Beam on target: ISOL 2 300 pA |9 2500
10600 hours per year 40MeV
More than 5000 hours /year Maintanance 7 7x14x24= 2350
of proton beam available Cyclotron 19 19x12x24= 5462
Operation esperiment

for applications

19X2x24= 912 beam
preparation




) ISOL FACILITY
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mﬁ Technical highlights: the production target — ==
L/ e, exotic beams for science

SPES DIRECT TARGET CONCEPT to operate with 8 kW
proton beam

e Direct Target carefully designed to reach 1013
fissions/s with 8 kW proton beam (thermo-
mechanical considerations); UCx target completely developed

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

e Prototype under operation.

e Fully developed front-end following ISOLDE design

=

diagnostic
subsystem 1

Target under
operation at
2000°C

ion source | 4 Wien filter
complex [ subsystem




mﬂ Exotic Beam reacceleration

Istituto Nazionale
di Fisica Nucloare

Collaboration with LPSC (Grenoble) for the SPES Charge
Breeder

SPES
RS

exotic beams for science

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

e 2010 Preliminary measurements

e 2011 Conceptual design and schedule
e 2012 Design

e 2013 Agreement definition

e 2014 Construction

e 2015 Commissioning

s Central Injection
Soft iron insulator electrode

insulator .‘l\ | /‘k\\ = HF:Irrcker

Extraction

Injection

insulator
Plasma and
Extraction

1
» Gas valves
electrodes i

Tunable Mechanical
chassis support
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exotic beams for science

M| Validation of the SPES-CB

LPSC April 4th, 2015
EFFICIENCY* [%]
Chatge Breeder Beams: ION Q SPES req | Best LPSC | SPES-CB
v'Global capture up to 90% !
i r o - 2 2 11
N = ; 6 5 8,6 7
i 20 | >10 | 109 11,2
19 | >5 6,5 7.8
8 >10 | 162 | 152

*results obtained for the same 1+ injected current

° A1'8+:
‘/enorm,rmSN 0,03*n*mm*mrad (960/0)
v Efficiency ~ 15%
‘/TCB ~ 80 ms

plos7 | mmimiad  o0l>756-0 | mead  Racey)|732e-0 | miad

1482 mrad/mm afy |-214486-3

X' (mrad)




High Resolution Mass Separator & Beam Cooler

Approaching Mass resolution: 1/40000 !

Synergies with LNS
Collaboration SPES — CENBG Bordeaux

Scaled-up version of the separator designed for CARIBU

Mass resolution: 1/40000

Beam Cooler to match the HRMS input
requirements

COOLBEAM experiment financed
by INFN-CSN5, 20122015
Collaboration: LNL-LNS, Milan

M.Maggiore

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

'AM=2.5 105

AV
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High Resolution Mass Separator
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New study with EXCYT dipoles




o) Exotic Beam reacceleration: room temperature RFQ | SEeS
&Fﬂm exotic beams fo:::.i:r:;
Mechanical layout of the RFQ Physics design ngh Po RF Coupler 200kW
. .. 1 100% duty cycle

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

. Beam transmission >95%, low RMS longitudinal 0. 649 Y
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).

snetic

ts

KA A K[ U

E. Fagotti, A. Pisent

1+ Stable Source



LARAMED Project

Funded with 6.8 Meuro STATUS:
e Building and infrastructures
Joint Research lab of INFN, CNR, Universities underer development
and external companies: e Design of radiochemistry labs
e Measurement of cross section through e Design of beam line and target
targets activation management
° H|gh power ta rgets tests e Contract with company for
* Radioisotopes/radiopharmaceuticals ;?dil?iszt"pes production to be
Inalize

Production test facility
(°*™Tc, ®4Cu, ’Cu, 8Sr, ...)

Production laboratory joint venture with

external companies: i At the forefront of
Selected isotopes of medical interest ot s T

Sr-82/Rb-82 generator

C (ardioqen-BZ" Find Your Local

. (Rubidium Rb 82 Generator)

LARAMED Project @ LNL



ISOLPHARMA*

Use of ISOL technique: Direct isotope on-line separation

Beam
acceleration
& transport

Primary
elferdely]
beam

lonization
nlirca

uc,
target

Isotope
Rass

Substrate to
collect
isotopes

Diagnosis
and
therapy

Radiopharmaceuticals
production

A suitable substrate is used to collect the radioisotope of
interest. A Sodium Chloride substrate is suggested in order
to obtain a biocompatible formulation.

HIGH Specific Activity and Purity

Specific Activity (GBq/mg) Rad:::; ;hde

Targete
Radiopharmac &

. d Half-life
eutical SPES Neutron SPES
organs . capture .
production . production
reaction

83Sr-SrCl,

Bone  50.5d > 0,004 100%

After 2 days of irradiation:
— 4.1E+15 atoms of 8Sr collected
— 18 mCi= 4 doses

(patient dose: 4 mCi every 6 months).

About 100 patients may be treated every year. Allow the production
of radiopharmaceutical on a regional scale.

*

Patent pending

* Use of exausted ISOL targets:

extraction of trapped elements

Isotopes trapped into the ISOL target

]
H

4 4 § o 71 4
Li Ise B Jc In Jo |F

11 12 14 14 14 14
Na Mg Al lsi e s e

19 2d 294 24 29 24 29 24 271 29 29 39 314 34 33 34
K |Ca |Sc |Ti |V ICr |Mn |JFe |Co i

31 39 39 44 41 494 49 44 49 49 471 494 49 59 51 52
Rb |Sr |Y JZr [Nb |Mo JTc JRu |Rh |Pd JAg |Cd Jin |Sn |Sb [Te ]I

54 54 51 74 74 4 74 q 71 74 79 8(Q 81 84 83 84

871 89 89 104 109 104 104 104 109 114 111 119

S M+m

UCx Target conditioned
following standard
chemical procedures

-

Regional production of Mo-99
1150 GBg_3day
(needs of Veneto)

Mo-Tc 99m
generator

s

Useful as strategic
production

Dt

(Today not commercially competitive)




The chain of HIGH INTENSITY

High intensity proton beam
C High power target

High neutron production )
C High activation

Target Handling problems
Radioprotection and safety

(Storage and decommissioning)




Neutron production at SPES &= .=

X [cm]

Integral neutron production at SPES Cyclotron
Proton beam= 70 MeV, 500 puA

Target =W 5mm
Energy region Sn (n/s) O @25m O @1cm
(MeV) ~ 6-10 s-1 (hcm2s1) (hcm2si)
1<E<10 ~ 51014 5! 5x108 3x10%13
10<E<50 ~ 110" ¢! 1x108 6x1012
Protons 70MeV 300 pA on UCx target Protons 70MeV 750 pA on Cutar
3400 ' ' ' Or OFE(pn) o T0 Mev, 0TS0 mA (MCNEX)
3200 FLUKA simulations | 108412
3000  rome
2800 2 e
2600 o
2400 i |inE+os : .
E 1oEe08 H -
2200 E 1.0E+03 . ]
2000 ::::f :
1800 "OE‘O-U.-.nn.o -300.0 100.0 100.0 300.0 500.0 700.0

Beam Axis X-Y (cm)

-3000 -2500 -2000 -1500 -1000 -500
Z[cm]



A Neutron spectra for different targets —
INFN : : : @& —
(= Continuum and Quasi Mono Energetic spectra exotic beams for science
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High Power Beam Dump

50 = kW proton beam (= 100 W/cm?3 at 150°C)

Connecting Tube
Copper Plates |Ni20°Ci/
TR T
: ~.PROTON BEAM

=g
—

""""
......

!

Alluminium Frame OUT (40°C)

Cooling system:

Flow 0,16 I/s
Velocity 1,25 m/s
AT 20 °C

Input thermal power:

52500 W
Energy 70 MeV
Current 750 pA
I 4 e
— Power 52500 W

42.5063 79.4976 116.489 153.48 190.472
61.0019 97.9933 134.985 171.976 208.967



e, High power target at SPES . s
L/ e, exotic beams for science

. . e g 7 UCx targets 30 gr
Cooling by irradiation et

40 Mey
200,

ISOL target Protons Uniform|
y

operation temp: 2000°C
10 kW (1kW/cm3) dem
Multi disks, thick target

See Andrighetto talk

2 Graphite Windows, 400um -
-1 - Ll
M | LENOS: Lithium target. ANSYS results (4/7) |Le;-=._ig
. . Wat led [
Cooling by micro channels Pressure el Velocity

LENOS target
operation temp: 150°C
3 kW (3kW/cm?, 300 kW cm?3)

nifida

T

Single element, 100pumthin target fited
Temperature
) Li 40
See Mastinu talk Mass flow=160lh

Inlet fluid temperature=15°C
Beam Power=1000W
Flat beam profile

Melting point Li = 182°C




A ] Radiologic survey system -

)
il

contatti di Interlock read only
The SPES

Operative Instructi | = —
SAFETY SYSTEM(3S) xgg:gllfrf; rIV1
: . riv 9
/SPES Protection System (SPS)

Control room v bassa dose -
10C
Cyclotron HMI
status & display

SPES Protection System(SPS) Console <_—] vaktadose -1 Work Station

Attivita aria
Fire Alarm Radiation monitoring ’ General Cooling General AC power
stytems System water system systems. = -
3 rivelatori gas

esistenti

(redudant safety PLCs system SPS rack

receiving indipendent signals
Whole body '7

from any LCS)
BEST CCS Access Control: ceny, contaminazione
Access Badges System s
superficiale
Stazione

SCDBSIL3
Relays
Room access st
(lights)
dosimetri 3
SCBCD | 1SOLCS | TCCS | HVPCS | e | VGRS | VECS | Tender for 1 2 IVI eu r.o
Riv. portatili | | Sistema Sistema .

Cyclotron + — 1SOL Target — Vacuum Gas Rooms stand-alone smear-test | |spettroscopial
Beam lines E Cooling Recovery Ventilation j

. =1 Sé
exotic beams for science

system
monitor

contatti di Interlock

bus Ethernet

Access Control:
Emergency Personal Key Box

Rete privata
STOP buttons

(direct hardwired interlock EStop)
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CONCLUSIONS

O The SPES project is financed by INFN up to the completion
O The cyclotron just arrived and it is under installation

O The proton beam is expected to be extracted in September
2015 for the Site Acceptance Test

O ISOL:
[ The ISOL sistem will be installed in 2016

[ First radioactive beam in 2018 (no reacceleration)

O Applications:
[ First beams available for medicine and neutrons in 2016

O Adressed several common aspects: target, radioprotection and
safety

- SP Sé
exotic beams for science
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exotic beams for science

stituto Nazionale
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SPES Horizontal Handling system

All system has been developed according the safety & radioprotection rules

WG-04







SPES Horizontal Handling system




lorizontal device (AGV based)

Devices under construction at the LNL mechanical workshop

WG-04




Target chamber rack-storage system

The storage system is able to accommodate up to 44 boxes, with the possibility of
expelling the box with lower radioactivity (FIFO logic)
The system automatically picks up the Pb box from the AGV and placed in the rack.
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