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SUMMARY

The SPES Facility

* The RIB Source

* Pre-commissioning tests

 Beam Lines Installations

* ISOLPHARM: radioisotopes for medicine
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SPES Facility overview

Post Acceleration area Beam Manlpulatlon area RIB Production area

.....

o
§
Key aspects: =
L
M
- Proton Energy ( 40 £ 70 MeV) induced fission on UCx multi-discs target. @
- About 10?3 fissions/s with 10 kW proton beam power. L+ Exp. areas
- RIB are post accelerated by RFQ+ALPI complex up to E= 10 MeV/A.
* Phase 1. - Building first plants + preliminary operations with the cyclotron |
* Phase 2. (a+b) - From C.B. to RFQ + ISOL source, first RIBs on 1+ Lines Wvggg\s\s

e Phase 3. -From the LRMS to the CB + rib from RFQ to ALPI
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Short term objectives:

1) Operations with high intensity cyclotron beams.
2) Delivery 40 MeV Protons on Target lon Source complex (low intensity first).

3) Experimental activity with Low Energy RIBs.

ISOL source Low energy beam lines
area area
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The RIB source
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The Target lon Source system

The Target lon Source (TIS) unit:

Target disk (UCx)

| Dumper (C) |

Transfer line

Ion Source

Vacuum
Chamber
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R&D on Targets materials: workin the tast of 15 years...

LaC, Carturan et al. Nucl.
Instrum. Meth. B 583 (2007) 256.
LaC, Tonezzer et al. Eur. Phys. J.
Special Topics 150 (2007) 281.

5 A

UC, Biasetto et al.J. Nucl.
Mater. 404 (2010) 68.

B,C Corradetti et al. J. Nucl.  LaC, fibers Corradetti et al.
Mater. 432 (2013) 212. Ceram. Int. 42 (2016) 17764. Ceram. Int. 43 (2017) 10824.

B S B

2015

2011 2012\ 2013 2014

2016 [2017

2018

LaC, graphene Corradetti et al. TiC mesoporous Corradetti et TiC sucrose Zaniniet al. Micr.
al. Ceram Int. 46 (2020) 9596. Mes. Mater. 337 (2022) 111917.

2019 2020 2021

s e e e

LaC,-CNT Biasetto et al. J.
Nucl. Mater. 385 (2009) 582.

LaOC PMMA Biasetto et al. J.
Nucl. Mater. 440 (2013) 582.

UC,—CNT Corradetti et al.
Eur. Phys. J. A 49 (2013) 56.

LaC, Biasetto et al. J. Nucl.
Mater. 378 (2008) 180.

UC, graphene Biasetto et
al. Sci. Rep. 8 (2018) 8272.

SiC Barbui et al. Nucl. Instrum. Meth. B
266 (2008) 4289.

UC, Corradetti et al. Eur. Phys.J. A
47 (2011) 119.

UC, Corradetti et al. Nucl. Instrum.
Meth. B 360 (2015) 46.

ThC, graphene Corradetti et
al. Sci. Rep. 11 (2021) 9058.

SiC/Cf Silvestroni et
al.J.Eur. Ceram. Soc.
42 (2022) 6750.

Review Corradetti et al. Nucl.
Instrum. Meth. B 488 (2021) 12.
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R&D on lon Sources

The SPES Surface lon Source (SIS) The SPES Plasma lon Source
D surface ionization mechanism O delivered beams 18
SPES SURFACE / “‘\,.\ l EXTRACTOR 1 . laser ionization mechanism beams under production [WIP) 18
ION SOURCE : e ELETRODE 1 H1 2 . electron impact ionization mechanism 13 14 15 16 17 Hez
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The SPES Laser lon Source

(SIS + laser beams)

l - EXTRACTOR ELECTRODE

TY
\

On I EXTRACTION
: HOLE

Hot CATHODE ANODE \
EMITTING ELECTRONS (ACCELERATING ELECTRONS) |

LASER BEAMS
X
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lon Sources: The Surface lon Source

Selective lon source: Used for Alcali, Metal Alcali and transition elements (coupled with Laser):

e High Efficiency: = 50% for Cs, Rb, K, Na, Ba; 20% for Sr, La;

* Low emittance: g;,,s = 2 m mm mrad @ 25 keV

~ Before tests After tests

By ———
vacuum chamber | | extraction %’
| baseplate || eIectrode 5 3
o L
>
W .

r i lrdnsfer surface = "’
\ line flion source

O
chamber - Il _
cover

Ga
Rb
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: ion. eff. (%)
7d ays @ high temperature)
; Na 47,6
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temp. (°C)

2200
2200
2200
2200
2200
2200
2200
2200

2200

hot-cavity
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Ta
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lon Sources: The Plasma lon Source (febiad)

General purpose source, (not selective) ; good for element with high ionization energy: lathode (A)

* High Efficiency for heavy masses: = 55% for Xe, 35% for Kr, 20% for Ar o i = . T
* Higher emittance: g;,s * 3 Tmm mrad @ 25 keV g
%40 -
% 30
= 10
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Results are submitting for publishing in international peer-review journals 80 100 120 140 160 180 200
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lon Source: The Laser lon Source (off-line-> dye lasers)

Very selective lon source; good for a large part of SPES elements :

“OFF-Line” Laser Laboratory: e

v’ Active since 2013 w l;‘;——-— ¢

v’ Use of two low rep rate (10 Hz) dye laser " 1y
to study different element energy level ‘
structure

—

1 ‘.I‘i \

v’ Try ionization schemes, measure
efficiency and feasibility

Measure/proof of lonization:

Actual ToF performances in offline laboratory

2’ “.'l'“'r'?. J.':-f:.‘
v e - hE i e
Hollow Cathode Lamps and use of ! P e P
optogalvanic signals —

Simion® simulation VS ToF acquisition -~ & ToF mass resolution

v’ Time of Flight mass spectrometer with
ablation laser source

t’

Tiss o¢ S ey e T @ sastioncoon
T ——

Mass Resolution:

Advantages for SPES facility:

‘ | “\ m _t
it Vit 18| R Am 24t
» Studies and tests are carried on ©potopicabundance |
independently respect on-line shifts/user | ineasiivaiment | e e e |
time schedule [ == | S | S }l' 120,
= (| [ |
. . w-| |IH | |
> Results are suitable for on-line lab = | |
L | g (19Sm) = 268 Ao & o) =256
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lon Source: The Laser lon Source (on-line -> solid state lasers)

- 3 independent diode-pumped solid state lasers
- 3 Ti-Sapphire Tunable lasers
- 10 kHz repetition rate: wavelength 650-980 nm (+ higher harmonics)

“ON-Line” concept:

v’ Laser beam must reach the ions source/target
chamber by direct view of the destination point [ beam |

1+ N

v Needs to overlap several laser beam at 5y e
destination (usually 3 laser beams at 20+25 m ‘ ‘
from the starting point)

R
e

...........

o)
X OW
e P
x

CYCLOTRON

On-Line @ SPES:
v’ Laser Online Lab is on the top of LRMS Hall (green

box on figure)

v' LRMS magnet is used as entry point for the laser
beams (red circle in figure)

v’ Laser beam reaches the ion-source traveling 20 m

superposed, but opposite to ion beam direction
(red arrows in figure)

Provider: Sirah
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TIS Remote Handling

Remote Handling Framework:
* Design driven by the TIS unit lifecycle

Horizontal
Handling Machine

6.

Dismantling

4.

Retrieval

Rappr semplif a nchiesta HANDLING_SUPERL

Temporary
Storage System

| Supply Point |
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R&D on TIS Remote Handling

Consolidation of existing systems:

* Horizontal Handling Machine:

* Electrical upgrade ongoing

Manipula

*  First commissioning tests: 11/2022

* Temporary Storage System:

e Construction ongoing (focus on next slide)

* Front End Coupling Table

— . YL
* Hardware validated - e ===
i imi i H Horizontal e Shielding case
* Maintenance optimization ongoing. s =2 :
* Control software development ongoing |
* Manual Handling Machine (Auxiliary)

T

! |
* First operational tests: 05/2022 ' | ":mim
e Supply Point

axis
e Hardware validated

e

* Control architecture under definition

Optimization:

e Hardware review

==
|
S|
|

;i_ij‘I‘[‘,"ltH'ti‘ :
HH'-r'-H-[‘” |
ifll *:;:I

SETREEEES

* Reliability study:
* Failure Mode, Effect and Criticality Analysis (FMECA) o
* Fault Tree Analysis (FTA) . o
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Pre-commissioning tests
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Pre-commissioning : TIS unit preparation

Preparation: ultrasonic cleaning of
components

. Installation of the SiC Target, Collimator
Installation of the lon Source i
assembly and laser alignment

Sensors and thermocouples
assembly and test

@? e Alberto Andrighetto - EMIS'22



Pre-commissioning : front-end preparation

Vacuum test: < 1E-6 mbar -> many metal seals installed I

Waterflow, checked at nominal range: 250 I/h I

.
.
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Pre-commissioning: high power on TIS unit and FE (14 days)

Maximum total power
P ~ 8500 W |

Time at maximum power
t > 10 days |

.

Maximum target heat current

1 =900 A |

e

Average target temperature
T =1700°C

8-

Maximum ion source heat current
| =380 A

Average ion source temperature
T =~ 2000°C

Vacuum [mbar]

14/03 21/03

Vacuum level reached during test
P~ 1.1E-6 mbar

Istituto Nazionale di Fisica Nucleare
ABORATORI NAZIONALI DI LEGNARD
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Pre-commissioning : test of the on-line laser system

On-line LASER lab for Laser lon Source: current state -

* Performance evaluation tests after some adjustments from company
* Fine parameters measurements (M2, bandwidth, tuning)
e Setting up laboratory (whit new Instrumentations and Mechanics)
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Beam Lines Installations
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The low energy complex: general layout

ISOL hall
(A6 room)

40 MeV 200 pA primary
roton beam

—_———

1*RIB @ LE

—
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Installation of the ISOL source: mMain devices

April 202 Winter 2021 (vacuum test)

2021
c front-end)
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Installation of the ISOL source: Bunker plants

Summer 2022

S
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Installation of the ISOL source: Temporary Storage construction

Status:
* Tender for construction/installation assigned .
» Contract signed in april/2022

* Schedule agreed with the company: (on Track)
* Executive project: 06/2022
e Construction till 09/2022
* FAT:10/2022
* |nstallation at LNL: 12/2022

Temporary
Storage System

INFN S Alberto Andrighetto - EMIS’22



The low energy beam lines: layout

All devices and frames stored at LNL

From the
cyclotron

ISOL Hall

Final CAD & beam transport calculation ready

Low Resolutin Mass
Separator Hall

» 1t experimental point: Tape Station (RIB
Diagnostic)

LRMS

* Mechanical device: ready
* |lon beam delivery characteristics: fixed
e Occupation area: fixed

« 2 experimental point: The Beta Decay
Station

e Detailed design in advance status

e Preliminary ion beam delivery
characteristic defined

e Preliminary occupation area defined Post-Acceleration
« 3 experimental point: ISOLPHARM

* Detailed design in advance status

« 4 experimental point: new Experiment

(

3" EP:
| ISOLPHARM

Beam lines Installations: before end 2023
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The low energy beam lines: devices ready for installations

Beta decay
<--- station

9

Beta decay
<--- station

Tape station

Tape station
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The low energy beam lines: first installations

A5: Low Resolution Mass Separator Hall:

* Hall staging started in march 2022
* All elements positioned in summer 2022
* Detailed CAD & beam transport calculations ready

e Tender for Plants installation in the preparatory
phase
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IS9L--H-HRM

SFES exotic beams for medicing
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The ISOLPHARM method

Whit the

ISOL technique is
able to produce &
isolate, the
SINGLE RADIO-

Isobaric
lon Beam

B
@
0 o F!_i¢¢¢¢ o

ISOTOPE Proton PrOdUCtion EXtraCtlon
. Mass lons
Consequence Driver Target | -&t- Separation :
(Cyclotron) onization Collection
the sample Preclinical .
collected has: Trials Radiopharmaceutical ¢ ;
- high specific Design & Synthesis _

Radiolabeling

Chemical
activity _ _ W Separation
- high radionuclidic \ 2 é
purity :z:z:

In vivo ' 3D Scaffolds

INFN e Alberto Andrighetto - EMIS’22
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The Isolpharm Collaboration

" | UNIVERSITA

::. : \,?U NIVERSITA ﬁ;h&i 3 | DEGLI STUDI
< b1 SIENA 1240 § A 9‘"- \/./ DI BRESCIA

: BlOtech
Trento Institute for L
okl 4 g{#‘ggﬁ%g‘q BIOfEC aBslo Unconventlonéf‘?adlonucl|de (e.g. 111Ag)
production with an innovative method

Development of cell-lines, in-vitro and in-
vivo studies, imaging

(S 5// IDLV. &
2\ UNIVERSIT o] %)\ UNIVERSITA
/ \ DEGLI :Ill I:l ' 4 shirY: degli STUDI
J 0174/ di CATANIA

,:u
&/ DI PADOVA
\‘//w 5 M
kx C‘ h IR SFES exotic beams for Sine Kl
Center for Advanced Preclinical in =
SI Ay
\\‘{Q s

INFN ?@ Study and development of tumor targeting

Development and synthesis of small - e
molecules for cancer treatment w agents for SpElelC targets (e.g. CCKZR)

- 5 . .
£ N R Dipartimento
UNIVERSITA Mzl
I N F N 3 DEGLI STUDI diFisica
"”i e PEau v e Astronomia
(/,, J DI PADOVA Galileo Galilei

UNIVERSITA {
DEGLI STUDI

| |
DI PADOVA

K€ \\
e
\\y

Q54

/\* 3% S Univiasia { SERVIZIO SANITARIO REGIONALE
Tk E‘I DEGLI STUDI ] : )
] ‘JQ\?/ ) Azienda Unita Sanitaria Locale di Reggio Emilia \\; O »
<)\(/,, ‘L\\\y DI PADOVA Azienda Ospedaliera di Reggio Emilia /,?/ & ’6,/ UNIVERSITA UNlVERSlTA
masreio e |7 54 o= DEGLI STUDI
\'\v’)/(;/w" \"\J\sb" I:l(l’\l)()\\ ) DI PAVIA
ISOLPHARM started as a spontaneous gathering of Development of chemical purification
local competences, now coordinated by INFN-LNL procedures and innovative chelators
INFN e e e Alberto Andrighetto - EMIS'22 IC2| M
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The ISOLPHARM facility

Pow B ISOLPHARM beamline and IRIS
Experimental Hall (ISOLPHARM Radionuclide
‘ N Implantation Station) system

' ST
~4 <

/(/

3" EP:
ISOLPHARM

63Cu deposited

i ! » )' ; i.\"
| 5 r g', 4

whd
< Wi
: :_ £ ! 'u S
‘ ﬁ

#"ﬁa\%
IRIS system built and on line tested ) =
=) - 'B’

Beamline design complete!
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Absorbed dose [keV/g]

Radiopharmaceutical radiolabeled with 111Ag

105 4

104

103 4

107 4

10! 4

109

1071 4

A

HlAg properties
., |

IS®LLEDM ISOLPHARM_ZIRA

B- emitter (average energy 360 keV)
Good half-life (7.45 days)

Average tissue penetration (1.8 mm)
Medium energy y rays -> SPECT candidate

Voxelized dosimetry with Geant4 in soft tissue (voxel size: 1 mm)

— Y-90 8
— Ag-111 8
-—- Ag-1l11y
— 1318

== 131y

—— Sm-153 B
=== 5m-153 y
— Lu-177 B
=== W-177y
~— Re-186 B
~~- Re-186 y

_________

___________

-
~—
-

-~ -
ikl =TT

Distance [mm)]

e €
©
@
eP
Target
dissolution
€ mag

—>No radiopharmaceuticals radiolabeled with
111Silver in the market.

— Silver-111 can be produced @ SPES with high
purity & with high production rate

— No Isobaric contamination in the secondary
target (also with LASER off)!

- 111Ag exhibits possible ‘theranostic’ properties
similar to 7/Lu which was recently approved by FDA.

— 111Ag has dosimetric behavior equal to 1%Re,
which was recently studied in Phase | / Il trials

111 Isobaric chain Half-Life T,, Target Yield

Cadmium-111

Silver-111

Palladium-111

Stable Low yield production
7.45 days B~ Good yield production @
23.4 min B Bad release, short T,,

11 sec. B= No release, very short T,

Istituto Nazionale di Fisica Nucleare
LABORATORI NAZIONALI DI LEGHARO
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111Ag production at LENA

"atpd and 11°Pd samples

irradiations

The production of 'Ag was
performed with the Pavia LENA
Triga Mark Il Research Reactor,
and the results were compared
with MC simulations

Quality Control

A
System

Irradiated samples were
measured with different

spectroscopic systems:
LaBr; + HPGe or LBC

Ag/Pd chemical separation

A novel method for purifying 11*Ag from
natpd target was tested.

0.005 M HCI 1MHCI

100+*
80

60 m Pd-108

40- [ Ag-111
L il
0- T L L rl r'_| R

T T
12 3 456 7 8 910112131415

Frartinn

Recovery [%]

I N FN Istituto Nazionale di Fisica Nucleare
LABORATORI NAZIONALI DI LEGNARD
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Radiopharmaceutical production

Radioisotope

Macromolecules with different solubility and
chelating agents for silver were developed and

characterized
Chelator
?%@ THE MACROMOLECULES THE CHELATING AGENT
“First-Generation” Chelators: “Second-Generation” Chelators:
. . . Cyclen-Based Non Cyclen-Based
o9 Targeting agent Linker Probe , ’ .
COKR § VN N .
¢ D ) LG
[ - Nt Z e [N
. ?
. . 1 D045 Do3s TACD3S
: ® ><(° i 4 4 LA Lo
7 HoH HN/\/\/\/H NSO g NH N~ ‘ated 1S 1S
5 T se (05T ST
) N - = T S S
ell @ 0N Hydrophilic w , | : ; .
membrane Z-360 chain Do3SAM bozAzs TRUS reas
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Preliminary in-vivo Experiments

[64Cu][Cu(DO2A2S)] Biodistribution

0 " Bt
f S~ f Bic
I\ S~ I\ I~/
N N [“CujCuCl, N N
[ ] GH.COOHIGH,CooNa P [ * ]
N N pH 4,5, 90°C, 10 min N N
\SN \_Jl \SN \ /l
o) o

Organs biodistribution was measured with a dedicated
gamma detection system (compact and portable)

209 O1hpi @ 4hpi ®m 24hpi
151 11 T
Vial 2
\ a 1o
BE |
Detector Support
LBC Detector 51 HI i i ﬂ'
G - - |=||TI- |I|ITIi |=|I-II- " ﬂ " |.||II| ’1‘ " 'T'-_
-3 & O & & () o o ] R
.42 &S o N o N @ iy S &
o ) ) & L & ¥ \ X
S oS K @ é‘é 0
<
‘I Istituto Nazionale di Fisica Nucl . ) ” ;
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Conclusions
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Concluding Remarks: status of Low Energy RIB lines

v’ Pre-commissioning : done

v’ Front End: installed and aligned

v'Vacuum leak measure: done
v' High-Voltage cabling: done
v Ground cabling installation: wip

v’ Low Energy Line: wip

v’ Tender for plants: wip

2 't-i
Tender : temporary storage
(started — end Dec ’22)

M ¢ ';
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Concluding Remarks: Collaborations

| £ 2 ." | UNIVERSITA
IN FN = /tizs. 9 | DEGLI STUDI
“Q'H// DI BRESCIA

" PAVIA

" MILANO

INFN INFN

~ PADOVA ~ BOLOGNA IECCATRONICA

\

. U >3

Hmd; AE TN @@ DIPARTIMENTO CE AV

*I I IO W k(N " DI INGEGNERIA AT AQS

- L O INDUSTRIALE J

L Q. ' - - HUBINNOVAZIONE TRENTINO
+°— +

W

Ll

%OAK RIDGE ”Pmsmnnw‘

National LabOratOry edical Radionuclides

TRIUMF ) _i9@4d

NS
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THANKS FOR YOUR ATTENTION!

The presented activities are the result of the work of the whole SPES ISOL & Isolpharm teams

* Alberto Andrighetto (SPES Technical Coordinator)

e Mattia Manzolaro (SPES WP6 Coordinator)

* Daniele Scarpa (Laser lonization, System Integration)
» Stefano Corradetti (Target Materials)

e Alberto Monetti (Front-End and Beam Lines)

* Michele Ballan (Target lon Source R&D)

e Giordano Lilli (Handling System)

e Lisa Centofante (Target lon Source unit preparation)
e Luca Morselli (Detectors)

 Michele Lollo (Manufacturing of Components)
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