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The SPES facility at INFN-LNL
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The Isotope Separation On-Line (ISOL) technique
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The primary driver
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The Isotope Separation On-Line (ISOL) technique

Process
1 - Dri\’er Primary Beam
driver
70 MeV commercial
cyclotron * Mass Separator (WF)

| L8
P * Beam Cooler

*  HRMS

Extraction  Radioactive * ECR Charge Breeder

electrode lon Beam

4.
ions

- _RFQ

E
B2
i< 4 - Post Accelerator:
?2 I .
F 3 z ALPI existing complex
< :
Beam dump E
5
I Isobaric
— separator
Euperment | oy o
4 I 3

Grordano Ll INFRANL 26 May 2023 INFN i



Target and lon Source

Process description

e 7 UCx disks

+ Collision with 40 MeV 200 pA
primary beam

» Fission reaction

+ Heating up to 2300 °C

« Effusion/Diffusion process

* |onization

+ Isotopes extraction (E = 40 kV)
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The Isotope Separation On-Line (ISOL) technique
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Mass Separation

Wien-Filter
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Target materials

Isotope prOdUCtion UC target production yield, FLUKA calculation
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FLUKA& MCNPX calculations experimentally validated @ ORNL
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Target materials

Isotope production

« Possibility to produce more than
500 isotopes ...

« UCx target protype
« Other non fissile targets

SEM HV: 15.0 kV WD: 16.26 mm
SEM MAG: 6.40 kx Det: SE
View field: 43.2 pm  Date(m/dly): 03/02/17
Titanium carbide argon 1800 surface
Stefano

10 pm

Performance In nanospace

Silicon carbide — SiC
Melting point: 2700 °C
Working temperature:
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Workingtemperature:
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ISOLPHARM

Proton driver
(Cyclotron)
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Isobaric lon Beam

purification

Linker/spacer
to bind the targeting
agent and the chelator

Cancer target
Better if overexpressed
by cancer cells

Radioisotope
May be a diagnostic
isotope for imaging
and/or a therapeutic
isotope for treatment

Targeting agent
A small molecule ora
biologic agent (antibody)

Chelator
Molecule carrying the
radioisotope

ISOL

IS&L-HHRM

SPES exotic beams for medicine

PHARM
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ISOLPHARM

Early feasibility studies were focused
on state-of-art radionuclides:

o

fri
QDiagnosis QTherapy Q Theragnostics

F. Borgna et al., Appl. Radiat. Isot., 2017

ISOLPHARM true potential can be expressed if
innovative/less available nuclides are considered

pair

* t,:745d * 1,:12.701h * t,:2.58d
* 100% B-(360keV ~ + 38,5%B-(191keVav.) * 100% B- (162 keV av.)
av.) * 61,5% B+ (PET)

pair

* t,:233 min * t,:34d
- 100% B+/e (PET) .+ 100% B- (162 keV av.)

* t,:175h * t,:412h * t,:5.32d
* 100% B+/e (PET) =+ 16.7% a (3.97 MeV) -+ 100% B+/e (SPECT)
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The Target lon Source (TIS) unit

Preparation

Vacuum
Chamber

Assembly, alignment, conditioning, tests, etc.

Target disk (UCx)

Dumper (C)
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The Target lon Source (TIS) unit

r N\

Periodic replacement ' CAUTION

* Maintain process efficiency

rapioacTIVE M A
 Study different materials J R

Cyclotron

locale A6 Target & lon Source (TIS unit)

Giordano Lilli, INFN-LNL 234 May 2023 I N FN ﬁgﬁﬁgyﬂzﬂ'ﬁﬂﬁfﬂ. gilslifgn::?em 15



The SPES Remote Handling framework

The TIS unit life cycle

Production

+  Supply Horizontal
. Handling Machine
* Installation

Front End

 Refrieval

- Storage | jj
« Dismantling ' =

1.

Production

5.

Storage

4, 3.

Retrieval . ' Temporary
Installation Storage System

Supply Point

G. Lilli, et al., Remote handling systems for the Selective Production of
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https://doi.org/10.1016/J.NET.2022.08.034

The SPES on-line Front-End

Tasks:

« Couple new TIS to the Front-End for
iradiation

« Uncouple irradiated TIS for removal

Radioactive
ion beam line

ARye
|
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Horizontal Handling Machine (HHM)

Tasks:

 Install new TIS fo the SPES Front-End

Cartesian
Manipulator

for irradiation

 Retrieve irradiated TIS from the SPES
Front-End

« Transport irradiated TIS to the
Temporary Storage System (TSS)

Gripper
Module
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Temporary Storage System (TSS)

Tasks:

« Store irradiated TIS on the
storage positions

nnnnnnnnnnnnnnnn

* Reftrieve exhausted TIS from the
storage for dismantling

* Swap irradiated TIS within the TSS
to free space

11111111

Supply Poin}

Temporary
Storage System
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Temporary Storage System (TSS)

Description:

* Fully automatic storage
* Available storage positions: 54
+ Foreseen decay period: 2-5 years
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Temporary Storage System (TSS)

Description:

*  Mechanical installation completed (January 2023)
+  Compound works ongoing
+ Cabling and system commissioning foreseen in Q4 2023

Istituto Nazionale di Fisica Nucleare
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The TIS unit replacement

SPES Run schedule

ISOL HALL

P13

Physics (Beam) Cooling + Venting

15 days

TIS Exchange Procedure

* Uncouple irradiated TIS from SPES Front End

 Retrieve TIS from SPES Front End and store it in a shielded

sarcophagus during the fransport AIRLOCK

RADIOACTIVE
STORAGE

*  Deposit TIS on the TSS Exchange Point

*  Move irradiated TIS on a storage position in the TSS
* Install new TIS on the SPES Front End
 Couple new TIS on the SPES Front End

S016

TRANSIT ZONE

.
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The TIS unit replacement

SPES Run schedule

ISOL HALL
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15 days

TIS Exchange Procedure

* Uncouple irradiated TIS from SPES Front End

 Retrieve TIS from SPES Front End and store it in a shielded

sarcophagus during the fransport AIRLOCK
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Control and Supervision

Infrastructure:

« Distributed Control Architecture
+ Safety Architecture

«  Communication

« Supervision

Cable jacket
Dielectric \
\ Wave pro-
| ‘ pagation
mer Qe
conductor P 9

Machine Protection System (MPS)

Interlocks
Cmd

Front End
Coupling Table

Interlocks

CONTROL

MODBUS

1
1
1
1
1
Tl
=1
gl
1
1
1
1
1

EPICS e

=

Cmd

!
¥

Shielding Doors

Interlocks

Interlocks

SPES Safety System

MODBUS

[m———-

Interlocks

Horizontal Handling
Machine
(HMM)

Remote Handling
Supervision

cmd Temporary Storage
Status System
(TSS)

Interlocks

SAFETY

HGW 1033-3

BWH 001

HGW 1033-3
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Safety and Maintenance

Optimization:

« Training of specialized operators, Procedures, PPEs (ALARA principle: As Low As Reasonably Achievable)

*  Experimental test campaign: Potentiometer

« Time and working position Estimation @
«  Work and Dose Planning (WDP) ’ @ @ @

+ |denfification of proper tools -

30

Time [s]
B

«  Optimization process:

+ Design for assembly review

Require
operation as

simple as

possible
Foresee Reduce the
portable number of
illumination : movements

Maitanability

guidelines

Prefer single-

Use carts
and lifter

Avoid small
screw and Avoid tools

nuts
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ISOL Facilities in the world

Main RIB facilities: = "

«  ISOLDE (CERN)
« ISAC (TRIUMF)
«  SPES now under construction: (LNL)
«  Other ISOL facilities: , . - S|
- SPIRAL2-GANIL : | | gy, - RISP-IBS
* ISOL@MYRRHA
* HRINBF-US (low power, closed)

; Operating :
‘ In construction 4 /
‘ Planned

Glrdro UL NN, 29 ey 22 INFN e 2



|SO I.D E (Isotope Separator On-Line Device)

European Organization for Nuclear Research (CERN)

Geneva, CH

2010 (27 km)

| T2

T~ AWAKE
Em

T2y,

HiRadMat

| 2011 ] k_moe
MEDICIS
AD ELENA | 2010 |
T ISOLDE
BOOSTER . [Too: T
[ 1972 (157 m) [ RiBs H '
i — i %%‘[BIEE i East Area :
7, ooz S B /-l—C '
n_TOF iy :
Em \ P T——
A - SR e K
—
LEAR
LINAC LEIR _’—L' Cm
o e
p H (hydrogen anions) b p ) b ions } RIBs (Radioactive lon Beams) b n (neutrons) P p (antiprotons) P e (electrons) P p (muons)

LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE-ISOLDE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator #/
n_TOF - Neutrons Time Of Flight # HiRadMat - High-Radiation to Materials // Neutrino Platform
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|SO I.D E (Isotope Separator On-Line Device)

R. Catherall, et al., The ISOLDE facility, J. Phys. G Nucl. Part. Phys. 44 (2017).
https://doi.org/10.1088/1361-6471/aa7eba

European Organization for Nuclear Research (CERN)
Geneva, CH

. - i q " Istituto Nazionale di Fisica Nucleare
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https://doi.org/10.1088/1361-6471/aa7eba

MED'C'S (Medical Isotopes Collected from ISOLDE) C. Duchemin, et al, CERN-MEDICIS: A Review

Since Commissioning in 2017, Front. Med. 8 (2021).
https://doi.org/10.3389/fmed.2021.693682

European Organization for Nuclear Research (CERN)
Geneva, CH

A

" - ‘\ £\ ¥

Epr s \

LS ?‘ ey -
L. ~—

= Vi A
TR (u«ﬁiihuunnm‘ma‘ |
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https://doi.org/10.3389/fmed.2021.693682

H RI BF (Holifield Radioactive lon Beam Facility)

Courtesy of Dan W Stracener, ORNL

Oak Ridge National Laboratory (ORNL)

Tennesse, USA

Grordano Ll INFRANL 26 May 2023 INFN oo



G. Minor, et al.,, Remote handling systems for the ISAC and ARIEL high-power

ISAC (Iso'l'ope Sepqrqior qnd Accelerqfor) fission and spallation ISOL target facilities at TRIUMF, Nucl. Eng. Technol. 53

(2021) 1378-1389. https://doi.org/10.1016/].net.2020.09.024. CC BY-NC-ND 4.0

TRIUMF Canada’s particle accelerator centre
Vancouver, CA
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https://doi.org/10.1016/j.net.2020.09.024

Summary

‘REC, A

* SPES as a new ISOL facility
+ The Remote handling framework
« Comparison with other facilities

Main achievements

* Front-End installed, aligned, pre-commissioning done.
+ Cabling and installations ongoing

* Remote handling systems commissioned off-line

* Infegration ongoing
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Future perspectives

Mid-term plan

« High-voltage commissioning

« Water cooling, Pneumatics, Vacuum, Heating commissioning
« Remote handling framework commissioning

 First stable beam

 First RIB

WHAT
NEXT 7
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Thank you!
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