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a multi-user project

ISOL BEAM FACILITY

e { 8kW Direct Target: UCx 10% fission s

Primary Beam: 200 uA, 70 MeV protons from |
a 2 exit ports Cyclotron

Re-accelerator: ALPI Superconductive Linac
| E>10 AMeV for A=130

with proton and
neutron beams

Approvd for /
construction
by INFN y

70 MeV 450 pA

First beams
In 2017



| The goal of SPES

production of re-accelerated neutron-

« Selective Production  rich exotic beams |
1013 fission/s in-target production,

of Exotic Spemes and re-acceleration at 10*A MeV
(A=132)
"‘_'“,
Radioisotope production & Medical
applications

- Optimized use of the iInnovative radiopharmaceuticals
: . (e.g. Sr-82, Cu- 64, Cu-67)
two exits high current
proton driver

Fast neutron production & material
applications: Atmospheric neutron spectra,
QMN

Smgle Event Effect, neutron capture

- S T SR



» | SPES Facility Layout o ==
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Existing facility

» Accelerator system at
underground level to match
existing ALPI beam line

« 2ISOL bunkers for
redundance and optimal

~operation



SPES building under construction
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m?;’ Cyclotron Schedule o ==

exotic beams for science
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Final Assembly and Testing

<Factory Commissio@
Disassembly and Shipping

Installation at LNL

Commissioning at LNL

The Contract with BEST
Theratronics provides for:

» Cyclotron

« Two exit channels

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




SPES: Targets and

beams

SPES
3

exotic beams for science

Elements with bad volatility (NOT EXTRACTED)
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Calculated with MCNPX
Considered the release and
lonization efficiency in
agreement and re-scaled on
HRIBF experimental — - 2
values and currents 2 A R oo
(200pA/5pA) X

BERTINI — ORNL (FHEERERE

Cross sections) Ag AglY| Ag
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AN Energy from SPES Post-Accelerator e&— ==
as function of A/q
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Reaction domains

E/A (MeV/u)
A Inel.
100 scatterin
In Flight 1 nucl.
Strippin
L - 2 nucl.
transfei
10~
Deep Inel
Fusion
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SPES CYCLOTRON

load work LARAMED

NEPIR Radioisotope
Neutron production area

2 weeks per shift ISOL

Beam preparation 2 days
Beam on target 12 days

Beam on target =280 hours per shift

Each bunker will cool down for 14 days after
target irradiation.

7 shifts for cyclotron maintainance

Expected Beam on target
9000 hours per year

(final configuration with 2 ISOL targets):

~4500 hours/year for
Nuclear Physics
4500 hours/year for




/) SPES

&FN SPES SChEdUIE january 2014 ?‘mc::"‘smm
/N
2012 2013 2014 \\ 2015 2016 2017
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Authorization to operate and safety o
FulllUCx authorization

/

ISOL Target-lon Sources development

ISOL Targets construction and
installation

Executive

project raw building
construction @

Building Construction

Cyclotron Construction &
commissioning

RFQ development and Alpi up-grade

Design of RIB transport & selection
(HRMS, Charge Breeder, Beam Cooler)
Construction and Installation of RIBs

I transfer lines , CB and spectrometers

Carmmnlara cAarmmicetlanineg and Fived Aavadl~



Letters of Intent
For
The SPES Project @ LNL




LOls at ISOL Facilities

- SPIRAL2 Phase | HIE-ISOLDE

Decay Studies 4 Not Applicable
Elastic /Inelastic 2 4 3

COULEX 7 2 13

Transfer 8 (3HI) 7 16

Deep Inelastic/ 5 1 0

MNTR

Fusion/Fission 11 3 2

New 4 NA 5
instrumentation

Astrophysics 3 6 4



y-ray Spectroscopy at SPES

~10 A-MeV, In most cases gammas emitted by the beam-like particle
Doppler broadening limits resolution: tracking required

"  Coulomb excitation
reactions
= Striping/Pickup

cluster tranfer/Inelastic
reactions

= Fusion-evaporation reactions

= Multi-nucleon transfer & DIC | SRISMA

L




Physics Reach- single particles

In a first stage (5 pA p beam) (d,p) reaction to "°Ni
and 13°Sn

In the final stage (200 pA p beam) (d,p) reaction to
2Ni and 137Sn.

Use also cluster transfer,

Promising technique
(ISOLDE experiment)

Fig. 2. ~-rays detectad in ooincidence with o (top panell and ¢ (bottom panel)
corresponding - .
vmizes S Bottoni, S. Leono et al.

explaiped n th

ISOLDE exp.



Multinucleon transfer reactions with neutron-rich beams

19250 +%98y (£, =900 MeV)

possibility to populate nuclei via
pick-up and stripping of both
neutrons and protons

126 132 138 128 132 136 128 132 136

probing (nn), (pp) and (np)
correlations. Important for studies

on pairing vibrations/rotations,
nuclear superfluidity

production of neutron rich
AN iIsotopes

GRAZING code calculations

hng-__

MASS




Collective modes

Pygmy resonances through inelastic scattering at 10
MeV/A

Dynamic dipole emission in fusion reactions with very large dipole
o

oments in the entrance channel (large N-2)

uenching of the GDR in hot nuclei: Isospin dependance of the liquid
gas phase transition.

Energy Spectrum
~—————known E1 - alpha scattering experiments
—_— wn E1 - photon scattering experiments
i PR 18 o kmown E1 - alpha scatterin,
T

g experiments

| 11]] 124
j,  Edstrength

7000 9000
Energy (keV)

L.Pellegri é{él.



y-ray for fusion evaporation

*Fusion-evaporation reactions

shapes- shape coexistance-deformations

o U
High spin states and order-chaos transition }@f ~
ST
Dynamical symmetries h N
9
AGATA with:

Plunger

=™ Recol
Filter

NEDA

PARIS




- | 150 keV

Q-values from p-decay (NEDA+AGATA)

Neutron




Hosting Agata at LNL




Hosting Agata at LNL

v" An addendum of the AGATA@LNL host
agreement is expected to be prepared in due time
to commit the necessary involvement of human

and financial resources.

v"In this connection the past and successful
experience with the AGATA demonstrator at LNL

IS very useful



Hosting Agata at LNL

Based on the submitted letters of intent at this stage

3 different set-ups are proposed:
1 - AGATA “stand alone” (2019)

coupled to SPIDER (Coulomb excitation), Recoil Filter
Detector (Fusion residues), TRACE (Transfer reactions) or NEDA (neutron
detection), PARIS (gamma ray calorimeter) etc.

2 - AGATA coupled to the PRISMA spectrometer - (2020)

3- AGATA coupled to particle hodoscopes (2021)
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