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Mission

A Nuclear physics and nucleaj
astrophysics: ;
i nuclear spectroscopy
I reaction dynamics

A Advanced technologies for &8
applicationsto nuclear
physics and other fields

A Technology transfer
Strengths

A Development of
accelerators (e.g. RFQ)

A Radiation detectors

A Surface technology
Personnel

A 138 staff

A 700 users (50 % from ltaly)
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LNL - Accelerators
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LNL T Experimental Apparatuses




Summary of activities

Laboratori Nazionali di Legnaro

Special projects

SPES cyclotron to study nuclear physics
LARAMED Develop/study radioisotopes of biomedical interest
IFMIF RadioFrequency Quadrupole accelerator

ESS Drift Tube LINAC

MUNES neutron source

ITALRAD nuclear physics applied to environment

Physics projects Technological activities
GAMMA SPECTROSCOPY Surface material treatment

APPLIED NUCLEAR PHYSICS  computing infrastructure (Tier2
RADIOBIOLOGY and DOSIMETRY Dissemination
ASTROPHYSICS searches: QUAX
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The SPES Project



The main project for the future of LNL is SPES: Selective Production of
Exotic Species, in which the dual role of the laboratory as a center for
fundamental and applied science is very clear.

SPES is a second generation ISOL facility with two main goals:

A Production and re-acceleration of exotic beams. Study of nuclei
produced in advanced stages of stellar evolution.

A production of radioisotopes for nuclear medicine

Diego Bettoni Laboratori Nazionali di Legnaro



SPES Selective Production of Exotic Species

Nuclear Physics

lllll

Nuclear Astrophysics

Production & reacceleration
of exoticbheams Neutroncrich ions
from p-induced Fission oblCx (183f/s)

Toarte |- e b guen s

Rad|0|sotope_§_or Accelerator based
Nuclear Medicine neutron sources
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UCx and ISOL
laboratories
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The Spes Building 2016

Control room
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the Cyclotron

‘ 885f(fyf£otmn Systen

/B
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Main Parameters

Accelerator Type Cyclotron AVF 4 sectors

Particle Protons ( accelerate(

Energy Variable within30-70 MeV

Max Current 750 pA(B2 kW max beam power)

Accelerated

Available Beams 2 beams at the same energy

(upgradable to different energies)

Endurance tesbngoing(5 daysat 200mA, 40MeV)
expected SATcompletedin June
Trainingcompletedin July

Use ofcyclotronfor tuningand INFNbracticeup to
temporaryauthorizationexpiry(end 2017)

Diego Bettoni Laboratori Nazionali di Legnaro
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Nuclear Physics

high angular momentum

deformed nuclei

correlation @ —
(pairing)
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X-ray burst and supernovae

neutron stars
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Physics DomainwithRIB

Nuclear Physics and Astrophysics
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Main Components of the ISOL Facility

Proton driver ~ Primarybeamfor reaction  Cyclotron70MeV 750microA
into the ISOL target

ISOlsystem Targetion-sourceassembly NewconceptDirect targetwith UCx
producingexoticbeams 1013 fission's (10kWprimarybeam)
(reactionproducty

Beamtransport Massselectionto cleanthe  MassSeparatorsWienfilter 1/150
andselection exoticbeamfrom unwanted LowresolutionMass Separator 1/300
iIsotopes Beamcooleer& HRMS 1/20.000
MRMS1/1.000 @fter ChargeBreede)

ChargeBreeder Increasaonchargefron 1+ ECRype CB
to n+

Preaccelerator Adaptingthe beamenergy RFQormalconductive
to re-acceleratomcceptance

Reaccelerator Accelerate theexoticbeam  ALPIlinac
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SPES ISOL Layout

driver accelerator (p or d)

production target

ion source
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Target-lon-Source Complex

lons

8kW proton beam

,

@ prot :
N e Plssion fragments Extraction Electrode (GND)

Hot Transfer Line

. —

|7 UCx targetdiscs
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f‘v”ﬁ Third International SPES Workshop

( Y 10-12 October 2016 INFN Laboratori Nazionali di Legnaro

Europe/Rome timezone

SPE&OIs Topics =S properties

® moments
= Coulex
m DirReac with

ActiveTarget
m DirReac with St

® Mn transfer

m ltaly

SPE&OIls ® France

® Poland
Spokespersons  arussia
m USA
® Belgium
® Croatia
® Norway
= Bulgaria
B Spain
¥ Russia
® China




EURISOL Distributed Facility

EURISOL DF: Intermediate step towards single site project
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beams:
More exotic beamsavailable

Coordination of competenceso face
EURISOL technologic challenges

A Joint effortto manage the activity at
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Complementarities: Instrumentation eg. AGATA, FAZIA, GASPARD, PARIS
Challenges: High-power targets & sources, purification of RIB
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Pathtoward beamselectivity ReactionA ion-sourceA massseparation

Yieldl+beam
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82As I—

73Cu

80Ga
82Ga
86Se
78Zn w
75CU m
77Cu.
86Br

BeamRequiredoy users

1319N o — ———

129Sn
127Sn
123Sn
134Sb
132Sb

137Xe poe——

128SH o e ———

130Shb
136Te
133Te
143Cs
138Cs
136Cs
134Cs
127Cd .
110Ag
140Xe
142Xe

Totalbeams 89 LOI %
Beamswith 200 _LRMS 47 53%
Benefit with 5.000 HRMS 3 A 50beams 56%
Benefit with 10.000 HRMS 17 A 67beams 75%
Benefit with 15.000 HRMS 25 A 82beams 92%

Benefit with 20.000_HRMS 7 A 89beams 100% "'
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Beam Selectivity with LRMS (1/200)
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Beam Selectivity with HRMS (1/20.000)

Selectivity of the beam, ResultsBerOrnIZOOtO.1ssep20000met1 Axt
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First Beams at SPES

beam selection |target | source | note
LRMS

26Al SiC LOI for reacceleration
e 26si SiC LOI for reacceleration
. @@ ]

83Ge 100 UCx LIS LOI for 1+
e g4Ge 100 LIS LOI for 1+
e soGa 100 LIS LOI for 1+
e 83Ga 100 LIS LOI for 1+
I 110Ag 100 LIS LOI for 1+
e 1328b 100 LIS LOI for reacceleration
132Sn 100 LIS LOI for reacceleration
132Te 100 LIS LOI for reacceleration
130Sn 83 LIS LOI for reacceleration
134Te 97 LIS LOI for reacceleration
94Rb 75 SIS LOI for reacceleration
. @@ @ ]

91Rb 100 SIS NO LOI
S 92rb 100 SIS NO LOI
e 138cs 16 SIS LOI for reacceleration

Diego Bettoni Laboratori Nazionali di Legnaro 26
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SPES Layout: ISOL Facility
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Low Energy

Experimental Area

RSN NN O\ TR ‘/

RFQ
{EEE) Cooler |

-

A Followmgthe SAC andTAC adviceanareawas

dedicatedo experimentswvith non reaccelerateg

beamq 1+, 20-40 keV exoticbeam}.

A Several Letters of Intents (LOI) have been
submittedto the SAC onthisissue

A A TDR is underdefinition for submissiorto the
INFN Management

=30 —

TECNOLOGICAL PLANT LOW e ne rgy
experimentalarea

Diego Bettoni Laboratori Nazionali di Legni

Front End
Cyclotron




Installation phases

installation of Charge Breeder and related mass separator: ready in 201
Installationof ISOL and 1+ beam line up to the tabation: ready Iin

2019

Radioactive Low energy beams: ready in 2020

Installation of RFQ and 1+ beam line up to Charge Breeder: ready in 20

Reaccelerated beams: ready in 2021



Expected SPES reaccelerated beams
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Laboratori Nazionali di Legnaro 31




ISOLfacllity Installation phases
main milestones

c
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SPES-0 Radi ol sot opes

Research

Production

A CrossSectiormeasurements

Production facility operated by

throughtarget activation Doub_le INFN and private partner for
A High power targets tests extraction ¢ research and production of
A Radicisotope/radio . |_cyclotron radioisotopes
pharmaceuticalProduction (54Cu,%’Cu,?Sr,%8Ge ...)
test facility

(°*"Tc,%4Cu,%’Cu,22Sy ...)

ISOL1 1SOL2

Diego Bettoni
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LARAMED

LAboratory for RAdioisotopes for MEDicine

Feb2 8.3 h

Cu64 12.7 h
Cub7 2.58 d
Sr82 25.4d
Ge68 270.8 d
-124 4.18 d

AG225 10d

Diego Bettoni Laboratori Nazionali di Legnaro 34



LARAMED Research Projects

Activity Project name

Accelerator-Tc99m alternative (direct) production APOTEMA/TECHN-OSP
route through hospital cyclotrons (2012-2017)

Alternative Cu-64/Cu-67 production for theranostic COME
application (2016)

Alternative Sc-47 production for theranostic PASTA
application (2017-2018)

Participation to the IAEA ' Coordinated Research
Project ' (CRP) on Cu-67, Re-186 and Sc-47 alternative
production

CRP
(2016-2019)

Participation to IAEA ' Coordinated Research Project’ CRP
(CRP) on Mo-99/Tc-99m alternative production (2011-2015)

Diego Bettoni Laboratori Nazionali di Legnaro




ISOLPHARM

Use of ISOtechnique for Direcisotope online separation: very high specific activitfl 0*>than
standard)

|
PHARM
| |

l \,

HighspecificactivityradioPHARWaceutical sproduction with! @1 technique

F;)r:g:grg uc, lonization acczf:rr:tion :
target source
beam & transport
Isotope
D;’!

mass
separator

Substrate to
collect

Diagnosis
and

Radiopharmaceuticals
production

therapy isotopes

— HUGE SPECIFIC ACTIVITY

ISOLtechnique leads to the production @Edioactive ion beams

Diego Bettoni (ISOl P harmis @&G&%ﬁ%ﬂ@ﬂ@dﬁ Ilué:nmopatent) 36



Specifiactivity. ISOlvsothers

Thespecific Radiopharmaceutica T;‘rrg;esd Haltlife '?;;';;/JEM Neutron capture
activity ISfé;lh oroduction reaction
measure ot the
activity per mass EE X PpPOT X N2Znni
and is usually Liver and
expressed in endocrine 64.1 h X nyn x nxy
: system
units ofGBdmg Prostate,
or Cl/mg brain, lung,
pancreas, 59.4d K PPpH K C
l liver
131_Nal Thyroid 8.02 d X O (bM M X 12T

Essential for the
radioisotope *SeH,SeQ Liver 119.6 d X OHO X O02XT

conjugation to

IN-vivocarriers

for targeted drug Radiopharmaceutica Targeted | - itlife ISOLPHARM
delivery organs technique 238 fission
production
133 e Lung and 5.25d X COHAO X O
liver
After 2 days of irradiation: 4.1E+Hfoms of29Sr= 18mCi
ori Nazionali di Legnaro 37
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SPES-u Mul ti di scipl in

A Accelerator based neutron sources have many applications: Nuclear
astrophysics, Characterization of nuclear waste, BNCT...

The cyclotron can also be used as a neutron source

The high-intensity TRASCO RFQ LINAC (30 mA) and energy up to
5 MeV in the development phase at LNL, originally considered as
SPES injector, can also be used as an intense neutron source.

To T

Diego Bettoni Laboratori Nazionali di Legnaro 38



Conclusions

A SPES is in the construction phase
A Infrastructure and cyclotron are completed

A In the next two years the ISOL system and the Charge
Breeder will be installed

A In 2019 radioactive ion beams with no reacceleration will
be available

A Reacceleration will be completed in 2021 using ALPI to
reach 10-11 MeV/N

Diego Bettoni Laboratori Nazionali di Legnaro 39






) Comparison SPES vs. ISOLDE o ==

L/ e e (pp S) exotic beams for science
B -0
Bl 10M10-10711
B 1079 -10%10
B 1078 -1079
p (40 MeV) +38U 136 E 107107
D 1076 - 1077 Yleld (at/uC)
200 > | O 105 -100 0 SASEM
’ |:| 1044 - 105 108 - 1079
fission 82 - O 1003 - 1074 10°7 - 1078
? [ 1072 -10°3 1076 - 1077
S P ESI’ . . 1@ 1075 - 1076
ich production, S ' 104 - 107
| 10°3 - 10™4
102 - 103
10 - 1072
<10

X (1.'4 GeV) #8J and others target
2> 1
spallationfission fragmentation

|SOLDlotal production
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m?:? : b AN fogz"s'
L= SPES Targetn-sourcesystem

Target containeroperating
temperature 20062300°C

Heathing balance
betweenprotonbeamand

Ohmiccurrent - Target  under
A ‘I operation  at
2000°C




SPES ISOL system @— ==

exotic beams for science

diagnostic 28l diagnostic
subsystem 1 subsystem 2

# . 5 y &3 = / ’m,x e
jon source (R g .~ | beam optics [ES B4 Wien filter
4 /5
complex " subsystem subsystem
S = | ey A -
System under operation for source commissioning.
Updated version (radiation hardness improved) under construction.




I
INFN

Istituto Nazionale
di Fisica Nuclaars

INFN

TIS unit endurance test: SPES®

Testsat hightemperature with Joule heating thermal load {1300A target heater, 350A line):
heating power = 12 kW > primary proton beamthermal load (10 kW)

Beforetests

A

* =415 testing hours at high temperature-> = 220 hours at maximum power (12kW)

* 78 heating cyclessustained -> 9 with current ramps of 1s from 0A to 1300A(!)
to350A ()
TIS UNIT STILL OPERATIVE !!

TR P
9 -_— — s7e8 TRCE Colzher 201 WGe-01

Surface ionization source:

ISOL system developments

SPV—Sé
eSS

exotic beams for science

Experlme ntat JRGActUsLakKarIsruhe n. AUEL76

Intensity /arb. units

Actuslab _ S. Corradetti et al. _ Nov/Dec 2015
Effect of Heat Treatment: 1450 °C - 10" mBar

UCx_graphite
UO, + Graphite

20/

F cn k&lingdyoed

¥ 380 h (16 daygf
operation at 200e2200°C

Plasma source: optimized avoid
hot-spot and to maximize currer
New alignment system

F  nn  Kéoling dvgled
f 160 working hours@ 2000C

Laser Source
CL + ToF on Tin laser ionizatior

Double system to check laser resonant ionization;

F |Ne

WG-03

Daniele Scarpa
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AGM\estat LNL e

exotic beams for science

A Movementtest in automatic mode
A Experimentatestswith 3 transponder

INFN The (new) Chamber Unit Storage SPES®

OLD: Storage of several 700 kg of lead box New: Storage ofthe 40 kg target chamber

) WE-0:
Mbore Aedagheme -_— — 3783 TACE Cetster 2018 WG-04
PO, pw—



82Sr/82RD

A The ion Rb is a biologic

analog of K, fundamentalin SF-82 s RD-82

the heartcelloperation

t 10 1.27m
A Once  administered by e 100% in -
Intravenousinjection, Rb+ is Rb82
assembledn the myocardium b+ . 100%
and, when sustitutedwith a g b-

emitter radioisotope,it canbe
used as tracer to study the
cardiacoperation.

A This radioisotope is actually produced in low energy
cyclotrons, that do not allow high yields due to low energy
and intensities .

Diego Bettoni Laboratori Nazionali di Legnaro 47



ISOlsystenupto tapestation

1) RIB bunker operation

2) LASER installation

n
»

3) 1+ beam line operation

4) SPES ISOL laboratories operati
Buildingand infrastructureq P Favaroi

Mattia Manzolaro & Alberto Andrighetto



