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exotic beams for science

SES Strategy o 5

Second generation ISOL facility
toward EUF SOL

Neutron-rich ions by p-induced Fission on UCx (10*3 f/s)

2
ISOL RIBs+

Cyclotron Post-Acc.

NEPIR | "aanre

Nuclear Nuclear
Medicine Applications

_ _ Accelerator based neutron
Research and Production of Radio- source (Proton and Neutron

Isotopes for Nuclear Medicine Facility for Applied Physics)
LARAMED Design study
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Which are the limits for existence of nuclei?
=\Where are the proton and neutron drip lines situated?

How does the nuclear force depend on varying proton-to-neutron

ratios?
="What is the isospin dependence of the spin-orbit force?
=Which is the shell evolution moving far from stability?

How to explain collective phenomena from individual motion?

How are complex nuclei built from their basic constituents?
="\What is the effective nucleon-nucleon interaction?
"How does QCD constrain its parameters?

Which are the nuclei relevant for astrophysical processes and

what are their properties?
=\What is the origin of the heavy elements
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v | Qualitative Difference Near the Neutron-Dripline ~ @— ==¢

protons neutrons

N Stable nuclei:
" N/Z=1-15,5,=S, =6-8MeV
® Homogeneously mixed protons and neutrons
® Good mean-field description
® Good “single-particle” picture (magic numbers)

® Large gaps between major shells
® Empirical shell-model interactions

Very neutron-rich nuclei:
N/Z=2-2.5,S <<1MeV

® Diffuseness of neutron distribution (neutron skins & halos)
® More states near the Fermi surface

© Breakdown of the single-particle description

© Redefinition or disappearance of magic numbers

® Unknown shell-model interactions
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Moving away from the stability valley = Exotic Nuclei & Limit of Nuclear Existence

The Open Questions: The Nuclear Landscape

1. Shell Evolution & interactions Z'&iﬁﬂLﬁ’éf’etfgﬁdaﬁ'adrgi‘ét{é’ﬂiﬁake

2. Symmetries (isospin mixing T=0, T20 in N=Z nuclei) Vvhat are properties of neutron -

3. Order & Chaos Transition *What are the heaviest nuclei that g

4. Collective States: Part-Vib-Coupling, Pygmy & Giant can exist? "
Resonances

5. P—decay & r-process

6. Isospin effects on structure & reaction dynamics

Stable Nuclei =300
Nuclei observed = 3000
Nuclei expected = 6000

neutrons .
_Shell quenching

The Experimental tecniques: U w e Impoctonabundances
 Coulomb Excitation 1 & W / _ OO
« Transfer Reactions | "' ]
« Decay Spectroscopy g

<107 E

Reaction Studies

107°k — FRDM E
8 — ETFSI-Q
10-2 [
110 120 130 140 150 160 170 180 190 200 210
Mass Number

F.G. -8th Japan Italy Synposium 7-10 March 2016



Instrumentation @SPES

GALILEO mstallatlon at LNL
| ht i

[ Present stable beam campaign

[ Bhape coexistence
[ N~Z T=0 coherent pairing
[ 1sospin symmetry breaking
[ Octupolar deformation

Ni and Sn via direct

Installed: 25 GASP detectors reaction and Coulex
Neutron Wall (from NeutronWall Collaboration)  [Shape deformation
EUCLIDES light particle detector array [High Energy excitation

Commissioning concluded, ready for run.

strophysics
10 proposals submitted to LNL-PAC (June,30 2015) [ Astrophy
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PRlSMA a large acceptance
magnetic spectrometer

Q~80msr; Bp,.,=12Tm

AA/A~ 1/200

Energy acceptance +20%

SPES
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Instrumentation @SPES

| GARFIELD:
41 -LCP & Fragments

Reaction mechanism

81tLP: Si+Csl TRACE: (gamma Ancillary)
pixeled Si-Si LCP detector
Transfer and binary reactions

LCP array
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FAZIA: cp & fragments detection

International Collaborations:
itinerant detectors

PARIS (High Energy

y-ray Detector Array) NEDA (NEutron
Detector Array)

27 PARIS

hannale kv aarh ~liictar



)
INFN

Istituto Nazionale
di Fisica Nucleare

Instrumentation @SPES

SPES

e —
exotic beams for science

ACTAR : Active Target Detector for inelastic scattering and transfer reactions

Starting activity with ACTAR collaboration: ENSAR2 GDS network and PRIN Italian national
project (T. Marchi KU Leuven — contact person)

ATS @ SPES within the NUCL-EX collaboration
(LNL, Bologna, Fi, Pd, Mi, Na) + LNS_Stream

With transfer we can probe:

nucleus A ground state

® occupancy of single-particle (shell model) orbitals in the original

= charged particle

—

_~ Ancillary
" detectors

Bem

20cm

™,
. Frisch Grid
. Anode wires

Segmented cathode

(p.d) and (d,t) and (d:E} on "Kr in inverse kinematics

edistribution of s.p. strength in all final states of A-1 or A+1 nucleus

K L. Epmare = 900 MaV (12,16 MaVi)
that is, can add a nucleon to the original nucleus, e.g. by (d,p) 0 T \
y = e
sl V| e
¢ identify the angular momentum of the transferred nucleon | \ —= pwsuer
P Y\ (d-3Ha)t0 3 ey
=
¢ hence, identify the s.p. level energies in A—1 or A+1 nuclei produced %-5
from even-even nuclei 2 /
10 F f‘l
¢ identify the s.p. purity of coupled states in A—1 or A+1 nuclei st
produced from odd nuclei " 1odegem 10 deg cm
O 3 60 80 120 150 180

lab angle (degrees)

] _ [ The ACTAR TPC collaboration is actually composed by:
L A s Centre d’Etudes Nucleaires de Bordeaux Gradignan

| (CENBG), France
Grand Accelerateur National d’lons Lourds (GANIL),
France
Institut de Physique Nucleaire d’Orsay (IPNO), France
Institut de Recherche sur les lois Fondamentales de
I'Univers (IRFU), France
University of Leuven (KUL), Belgium
Universidade de Santiago de Compostela (USC),
Santiago, Spain

SSNES

L ]

Gas Electron Multipliers: GEM

Micro-megas technology for
the amplification region : low
cost 5€/cm

Courtesy of R. Raabe & G.F. Grinyer
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Tape station based on | Collaboration ALTO-INFN-iThembalabs

Beam characterization:

Orsay dESIgn - Release Curve

11111

Diagnostics for SN
S P ES : b 0 crhT"‘wwl T 6
tape stations "
. - Beam Composition and
to characterize RIBs Isotopic Yields

Beta decay station as a
permanent and flexible setup
e Tape station + [3 detector
e Coupling to HPGe, LaBr3,
neutron detectors etc...

Group leader: Giovanna Benzoni INEN-Mi
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Fragmentation reaction: LIPS

heavy ion accelerator

7
fast production and transfer t‘g’e';p t
neutron-poor nuclei (left side of nugr@alichart) primrtroe
High energy (100A MeV) poor resolution 7

mixed beam F\

high resolution
Mass separator

driver accelerator (p or «)

Fission reaction: Q\x SUEIE
slow extraction (10 — 50 se)\ K

/\5‘0 { radioactive secondary beam
neutron-rich nuclei (right side of the nucle alp

production target

i secondary target
s separator

low energy (20 KeV) Tandem or Linac posta eratioTn good resolution
!

Nuclear Physics European
Coordination Committee

post )
acceleration 2 Step ta rget

secondary target (n'|nduced react|0n5) x\



How we can produce beams of radioactive elements ? sp Sé

exotic beams for science

The Isotope Separator On Line (ISOL)
method

The exotic nuclei are produced by
spallation, fission or fragmentation
reactions of a light projectile with a thick
target. The reaction products diffuse out
of the target through the transfer line
towards the ion source, where they are
ionized, and subsequently extracted,
separated on-line and (in some cases)
reaccelerated. Although the energies are
low, the intensity of these secondary
beams is very high.

— Thick & hot target
Primary baam b

lan source

. Post-accelerator

:ﬂii —
Radioactive
ion beam

|Isotope separator

¢ The in-flight method

The exotic nuclei are produced by the
fragmentation of a high-energetic, heavy
projectile on a thin target. The reaction
products, emerging with beam-like
velocities, are then separated in-flight.
Secondary beams with high energy are
produced, but their intensity is low.

Primary beam
{heavy ions) I

T

Thin target

Fragment separator

. Radicactive
;| ion beam

fragment
production
in degrader

Energy loss

Sl
Time of flight (ns)




The SPES TIS complex

Erotons
@ Fission fragments

O lons
| |
Hot Transfer Line

Extraction Electrode (GND)

lon Source (up to +40 kV)
e
k

7 UCx target discs
\

8kW proton beam




SPES

Physics Domain with RIB &

Nuclear Physics and Astrophysics
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exotic beams for science\

SPES@LNL: an international resource for NUCLEAR PHYSICS

INTERNATIONAL collaborations
on
Nuclear Physics & Astrophysics,
Modern Detectors &
Accelerator Technologies

NATIONAL SPES collaborations

. Accelerator Technologies & Mechanics
INFN Section and Univ. of

Milano, Bologna, LNS, LNL, Pavia, Trento
and Palermo

International Laboratories
LIA CollAGAIN (ALTO-GANIL-INFN)
LIA POLITA (INFN — COPIN)
LIA COPIGAL (COPIN — GANIL-ALTO)

e ISOLDE CERN & SPES
e MoU INFN & iTHEMBA & HRIBF ORNL

. Physics Programs & Detectors

INFN Sections of Bari, Bologna, Catania,
Firenze, Milano, LNL, LNS, Padova,
Perugia, Trento, Napoli

i, e Ongoing collaborations with RIKEN, MSU-
o, FRIBS, RISP-KOREA, BARC, NEW DEHLI,
DUBNA, ...

¢ International collaboration on Innovative
Itinerant Detectors

S e AGATA, FAZIA, PARIS, NEDA, GASPARD,
z:;il:]tat:sand highly qualified ACTAR/G DS

Sluokcnsh

R

%
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) Wl
:
oyl -

i

Close collaboration with

> = infrastructures outside Europe:
5 Canada: TRIUMF

China: IMP Lanzhou

Japan: RIKEN & RCNP
Russia: Dubna/JINR

South Africa: iThemba F.G. -8th Japan Italy Synposium 7-10 March 13

United States: NSCL & ANL 2016

T




Project to be submitted for the 2018
update of the ESFRI roadmap

EURISOL DF: Intermediate step towards single site project

EURISOL pistributed Facility (DF) Initiative

1,0E414 /

1,0£+13 _
m EUR/SOL
2108412
c } i
;:E 1,0E411 J; |SO|.@|V|YRR|‘|A;L
T | Low energy RIB™h
5 LB 'SPIRAL2
2
£ 10609 fenzal/" ~ EURISOL DF
S 7
£ LOB08 —  yeISOLDE
T ) - . . : :
® 10p07 — HEISOLDE « A distribute laboratory for radioactive
g CANIISPIRAL bearns:
c 1,0e¢06 ~ JYFL || ALTO . _

* More exotic beams available
1,0E+05 Year
2015 2020 2025 2030 2035 e Coordination of competences to face
Complementarities: Instrumentation eg. AGATA, FAZIA, GASPARD, PARIS EURISOL technologic challenges
Challenges: High-power targets & sources, purification of RIB « Joint effort to manage the activity at

EU| SOLDF European level



M Italy

SPES LOIS M France

m Poland

Spokespersons = Russia
m USA
M Belgium
H Croatia
m Norway
™ Bulgaria

Spain
M Russia
m China

SPES2010 Workshop
(LNL- November 15th-17th, 2010)

24 Lol’s for reaccelerated exotic beams

. B GS properties
26-28 May 2014 INFN Laboratori Nazionali di Legnaro S P ES LO I S TO p ICS

4 / Europe/ /Rome timezone

e — || B moments

Presented 37 Letters of Intents | = Coulex

i DirReac with

ActiveTarget
W DirReac with Si

B Mn transfer

Confermata la competitivita

é" ,
b P/ 10-12 October 2016 INFN Laboratori Nazionali di Legnaro del pro.g\et.to ¢l mt_eresse della
\ Furope/Rome timezone comunita internazionale

Presented 47 Letters of Intents



SPES Area
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SPES infrastructure - layout
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SPES building

50x60 m?

-3to +11 m height
24.000 m3 of concrete
1.150 tons iron

3-4 m shielding wall thick




The SPES
building 2016

Tanks to G. Fiorentini



SPES layout: ISOL facility
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SPES layout: ISOL facility

installation phases

LINAC ALPI building

T -y

- E“T;gr !

CB+ MRMS =2

+J
Al

iy /
- RIB line to ALPI

- ALPl up-grade

iy Ty |

* Phase 1. 2016 - Building + Fi

rst operation with the cyclotron NOW!

exotic beams for science
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Breaking News: . .
May 30t 2016 - dual extraction 70 MeV beam — 3 pA CVCIOtron hlghllghts

Sept 9t 2016 > acceleration 70 MeV beam — 500 pA
End Oct 2016 = expected to complete Site Acceptance Test

SPES

e —
exotic beams for science

Main Parameters

Accelerator Cyclotron AVF 4 sectors

Type

Particle Protons (H- accelerated)

Energy Variable within 30-70 MeV

Max Current 750 pA (52 kW max beam
Accelerated power)

Available 2 beams at the same energy _
Beams (upgrade to different energies) K
Max Magnetic 1.6 Tesla 1,,
Field

RF frequency 56 MHz, 4t harmonic mode

lon Source Multicusp H™ [=15 mA, Axial
Injection
Dimensions ®=4.5 m, h=1.5 m iS=

Weight 150 tons May 12, 2015



Beam test on 50kW INFN target

Vacuum Trend =

OF www x([@R Q QYo K -

500 - W 1e-006
- 8e-007
4501 6e-007
r be-
500uUA _——
400 - %ﬂ-ﬂ
/70 MeV
350 -
300 -
- 2e-007
250 -
200 -
- 1e-007
150 - - 8e-008
6x102 Torr | ™ W‘WW .
507 - 42008
0
"7 115:00AM  10:30:00AM  10:45:00AM  11:00:00 AM  11:15:00AM  11:30:00 AM 114500 AM  12:
/2/2016 9/2/2016 9/2/2016 9/2/2016 9/2/2016 9/2/2016 9/2/2016 9/
healtheare for everyone

ot JeamBest
5[ Cyclotron Systems, Inc. Your True Partner
21st ICCA, Zurich, September

See A.Lombardi presentation 13, 2016



- ISOL system and diagnostics e AT

!
= —
Target

ISOL system and Radioactive Beam production
Wien Filter for first mass selection

Beam transport

Remote target handling



NN ISOL system with Direct target & H* Cyclotron L

(P INFN-LNL-223 (2008)

exotic beams for science

NEW concept developed
for the Direct Target:
Multi-foil UCx designed to
sustain 10kW beam power
to reach 10%3 f/s

The ISOL front-end design
follows the ISOLDE system.

A proton beam of 40 MeV,
0.2mA will produce up to
1013 f/s in the UCx target
(~ 30 g).

The cyclotron accelerates
H+ and will produce 2
proton beams, feeding 2
targets at the same time.

Evaluated cost ~ 50 M€

7 UCx disks + 3 graphite

1mm x 40 mm dia each




NN SPES_ISOL Front-End - ==

L/m...o Nationale exotic beams for science
di Fisica Nucleare

diagnostic [& I diagnostic
subsystem 1 K subsystem

/

M Wien filter
subsystem

.

Updated version under construction (radiation hardness improved). See A.Andrighetto presentation



Effusion-diffusion effect on
iIsotopes release

1-step: p 40 MeV 200uA on multi-slice direct target (60gr UCx)

1013 f/s
2-step: d 40 MeV 2mA on thick '2C neutron converter + UCx target (800 gr)
Release times considered:
1-step 2 s — ——
2-step 40 s Intensities evaluated considering
emission, ionization and acceleration
In-target production from M.C. SUCEEES

Sn isotopes Sn isotopes

1,00E+09 :

1,00E+08 :}«/-/ L \\
1,00E+07 B W T
——1-step / &\\

. 1,00E+06 +— —=—2-step / )\ ~
——1l-step N_r|ch —4—data N'riCh \\

1,00E+05

1,00+09 T 110 115 120 125 130 135 140
115 117 119 121 123 125 127 129 131 133 135 137

1,00E+11

1,00E+10 A




In target production

Crosssection [mbarn]

#2380 1 4Gey p
#2350 1Gev p 2aall elemental cross sections
= 23811 500 et p
#2380 40MeV p
2380 1dMev n

100 T a3t

—
-

0.1
0.01
0.001
I 10 20 a0 A0 a0 GO 0 il S0
Low energy beam Induced fission: 7

Pure Fission Region:
- No spallation spectra;
- No alpha emitters



Mass separation : (ISOLDE UCx 50 g/cm2 target S&T X-sections, no decay Icsses)

RILIS ionized Ag and Sn vs. Cs in a hot Nb-cavity

HRS standard operations: HRS tuning while handling low intensity
“invisible RIBs" is very challenging (not included in this simulation)

1.0E+10 ~

1.0E+09

1.0E+08

1.0E+07 -

1.0E+06 ~

1.0E+05

1.0E+04

1.0E+03 -

1.0E+02 -

1.0E+01

1 : :
""" LN !. !.
-‘ .‘:w" f I
"‘i. ge |
L) i B 3
[] L] . I
) Ny O g ]
i e ==3 E
L o |
] H )
; y ¢ 5 F
o! Q .
- R S ! —o— 47 Ag
. 0 f —m—48Cd
p ! i - {o i —8—491n
H | —o-505n
i 9{ t ; ;
3 ] i —i— 55Cs
] ; ' .'
90 100 110 120 130 140 150 160

Legnaro, September 25th

11
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lon source sectivity
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Evaluated beam selectivity with mass selection 1/200

120

100 <

80

60

40

20

150

Possible first n-rich beam: Rb

—o—Cu LIS
—#—Rb SIS
Sr SIS
—#—Sn LIS
Cs SIS
Ba SIS

» Characterized by: lon sources

- lonization efficienc

Surface lonization
Resonant Laser
Plasma ionization

«  Emittance

»  The SELECTIVITY of the
source depends on the
ionization efficiency of
each element.

Off-line
|:| surface ionization mechanism Resonant Laser
1 |:| laser ionization mechanism lonization

1 1] 2 . electron impact ionization mechanism 13114 15 16 17 He

. not extracted 50 6| 7| 8| 9f 10
2 1 Li|Be Bl|C|N|O|F|Ne

13 14 15 16 17 18
Al l Si|P|[S|ClI|Ar
19 20 21 22 23 24 25 26 27 28 29 30 31 | 32 33
4 1k |cal|sc|Ti|Vv]|cr|mn|Fe|co|Ni|cu|zn Ga|Ge As
49' 50 52

5 37| 38| 39 46| 47 48 I 51
Rb [ Sr| Y Pd|Ag|Cd|In|SniSh|Te
55| 56| 57( 72| 73| 74| 75| 76| 77| 78| 79| 8| 81| 8| 83| 84

6 |cs|BafLla|Hf|Ta| W |Re|Os| Ir Pt |Au|Hg | Tl [Pb| Bi |Po

7 87| 88| 89| 04| 105 | 106| 107| 108 | 109 | 110
Fr | Ra | Ac [Ung | Unp | Unh | Uns | Uno | Une | Unn

1 12

Main fission (p-> 28U) fragments

M.Manzolaro, D.Scarpa



e Target materials production and tests ' e

L/ exotic beams for science
di Fisica Nucleare

Synthesis of a novel type of UC, using graphene

Experiment submitted & accepted at Karlsruhe: n. AUL-176 "Study of the use of Reduced
Graphene Oxide as source of carbon for UCx-Graphene nanocomposites production”

Final phase (Nov-Dec 2015, JRC-ITU
Karlsruhe, ActusLab)

Production of uranium carbide using
graphite or graphene as carbon sources

UO,+6C—UC,+2C+2C0

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

[ —— UCx_graphite
UQ, + Graphite

Imensiry fart. units
¥

Intensity farb. units

IIJLWL“L* e q_..'l S ,__,a-,,_n

vl S S oo v

20 30 40 50 60 7O SD 90 100 110 120f
20 /°

WG-02
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w’ﬂ ISOL system: target material development
! | BC UCx Fission fragments 2
H 4 He 7Be*
SiC
3| 4 _ ~ ces s e 78] 9|0 10Be*
i e | | ALO, | LaCx | c|n|o|F|ne|l 21Ng*
TaC
|2 o c . B3l s |7 s 22Na*
Na | Mg ALl si | P | s | | A 22 Mg*
19120 | 21 | 22| 23| 24 | 25| 26| 27 | 28| 29 |30 | 31| 32| 33| 34 | 35| 36 23 Mg*
K Ca | Sc Ti V Cr [ Mn | Fe | Co | Ni Cu | In | Ga | Ge | As Se Br Kr 24 Al*
37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 25Al*
Rb | S [ Y | r [ No | Mo | Tc | Ru|[Rh|[Pd|Ag|Cd]| In {Sn|sb|Te | I |Xe 26 Al*
55 | 56 73| 74 |75 | 76| 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86 29Pp*
Cs | Ba Ta W | Re | Os Ir Pt | Au | Hg Tl Pb Bi Po | At | Rn
87 | 88
Fr Ra
Lanthanides

57| 58 [ 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 68

la | Ce | Pr | Nd | Pm | Sm | Eu | Gd [ Te | Dy Er

89 | 90 | 91 | 92 | 93 | 94 [ 95 | 96 | 97 | 98 | 99 | 100 | 101 | 102 | 103

Ac | Th Pa U Np | Pu | Am [ Cm | Bk Ct Es Fm | Md | No Lr

S.Corradetti

SPES

exotic beams for science
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L/ exotic beams for science
isica Nucleare

SPES Target ion source system

Target under
operation at
2000°C




/) SPES

C™.| SPES target: iThemba_LABS test &<

SPES target in-beam power
test. (SiC target)

Taisk Proton beam

66|\/|eV 60 !,,I,A [ dezetei

¥

Al ] Sl ] e 8
1 i

Heater power iy
compensated by proton %1 | PVW
beam. Ll Tyo, 1200°C
e Upto 4 kW proton R
beam in target. REAL
* Stable temperatures Tgisi 1450°C
e Stable vacuum (3 10° T T T
box Bim o \
mbar)
x ; Heater power
—E

iThemba_Labs, May 17t, 2014




lonization Schemes

- Induced by surfaces impact
- Induced by photons

- Induced by electron collisions

Surface lonization

Laser lonization

~OROI

atorm

jonization Eﬁdmx

energy
<010V

ground g=h=

lonization by
electron impact

. + .
o -
electrons

atom ion

g

ionization
enerqgy
=
electron
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WP1: IONIZATION methods for n-rich RIB’s

(3 methods, 2 lon sources)

.

e
Laser beam - ?.

—_

Laser with SIS

L}

DRI 1111

b
| =l

' ajon source

|i|

Lo

Elements with bad volatility (NOT EXTRACTED)

Surface lonization Method

Main fission (p-> 238U) fragments
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Characterization of the SPES Surface lon Source

ion. eff. hot-cavity | hot-cavity
(%) temp. (°C) | material
Ta
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Surface lon Source B hot-cavity alignment system
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Characterization of the SPES Plasma lon Source

Plasma lon Source
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Development of the RIB apparatus: resonant laser ionization

Offline: Spectroscopy Online (SS laser): RIB prod.

* 3 Dye Laser @ 10 Hz rep. rate e 3 TiSa Laser @ 10 kHz rep. rate

On-line laser
lab

Diagnostic tools: Diagnostic tools:

* Monochromator *  A-meter
e HCL e Alignments System

* ToF Mass Spectrometer * Jon-Beam




Off-line Laser Laboratory

nen HCL + ToF on Tin laser ionization 3 .
T semeommeonee — Ready for test since 2014...

1 Nd:YAG Ablation laser
1 TOF

2 Nd:YAG Pump lasers:
3 Tunable DYE Lasers

1 Monochromator

8 HCL




) ISOL system: target material development - SPcS

e —
L/ ........ Nationae exotic beams for science

UCx target for neutron-rich ion production

Production Target

Expected intensity for reaccelerated beams (1013 f/s)
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) SP-S
L e Wien Filter optimization &8¢

Improved mass selection from 1/70 to more than 1/100
new design of electric and magnetic fields (A.Monetti PhD thesis)

Plasma source, Xe @ 40 kV extraction
| : | Horizontal profile  experiment

E
— | E
T ) EIP
\_/""‘"-...____‘ V==
OB ™
+ |
o 1 [(oit ety Dl a0 SR A1 258 B D g
Y Position (mm)
RESULTS >.
Beam size: 6 mm B & TraceWin simulation
M., particle lost: 0.04% I with new parameters

“Unwanted” particles: 0.08% (M) J/r\




AGV test at LNL

Simulation software Siemens in Tia Portal

Movement test in automatic mode

Experimental tests with 3 transponder




SPES

¥ _|Phase 3: Beam transport and mass selection &= .=

1+ beam transport and selection

EXp. i
| areas .

Electrostatic
dipoles under
development

Lf«‘a 3 Collaboration with Tony
AT Mendez (ORNL-HRIBF)




Report of the working group
/) |G - " SPES
INFN Diagnostica SPES & —

L/ Isttuto Nazlonale exotic beams for science
i Fisica Nucleare

E. FIORETTO, R. CHERUBINI, M. POGGI
INFN - Laboratori Nazionali di Legnaro

G. CoLLAzuoL, D. FABRIS, D. MENGONI, G. MONTAGNOLI
University and INFN Padova

Beam profile Monitor 58
Beam Current Monitor 50
Beam Emitance Meter 3

Tape Station 2
Energy, timing (Si, MCP) B 1 Boam Emiuancs Meter BEM)

O 9 Beam Current Monitors
O 1 Tape station

1 Beam Emittance Meter (BEM)

15 Beam Profile Monitors (BPM)
1 Tape station

O 15 Beam Current Monitors

i
]

NEW RFOQ o1

EEEEEn O
A ;

P —

i == == ;.f;‘ | [__— [

£8 r %
27 Beam Profile Monitors (BPM) 7 Beam Profile Monitors (BPM)
O 21 Beam Current Monitors B 1 Beam Emittance Meter (BEM)
O 1 MCP detector (Timing) O 5 Beam Current Monitors
[0 1 Sidetector (Timing) B 1 Diagnostic plate (temporary)
2 Fast FC for E meas. by TOF O 2 MCP (Timing)

https://docs.infn.it/share/page/site/spes/document-details?nodeRef=workspace://SpacesStore/425679b4-6360-4271-bd46-fdc66724e244


https://docs.infn.it/share/page/site/spes/document-details?nodeRef=workspace://SpacesStore/425679b4-6360-4271-bd46-fdc66724e244

Phase 2: Low energy, low intensity beam monitors ‘ %

MCP & grid
beam monitor
(LNL)

Horizontal and vertical profiles of a 4°Ca
beam (charge state 9*) at current of
about 10 fA (10* pps).

104

(a) CERN-ISOLDE (%) GANIL (0) INFN-LNS (e) GSI

(A) Moving wire
scanner

(¥r) Residual gas
monitors

(7%, A) MCP based
SEM

(¢) Position sens.
Si detectors

(0) CsI(TI)
scintillators

(e) Diamonds

P [ I N S S N — strip detectors
103 106 10° 1012 10t “

Beam intensity (pps)

Grounded shield
Istainless steel)

Beam collector
(OFHC copper!

Insulation
[PTFE)

Suppressor
(stainless steell -

A FC prototype for measuring intensities of the
order of the fA has been designed for the USR
facility at GSI and tested at LNS.

https://docs.infn.it/share/page/site/spes/document-details?nodeRef=workspace://SpacesStore/425679b4-6360-4271-bd46-fdc66724e244
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Phase 3: High Resolution Mass Separation

Collaboration: LNS, LNL, CENBG Bordeaux
Phy5|cs de5|gn 1/40000

12

AE=t1eV
Emittance

rms,n

=0.68 Tmm mrad

SPES
RS

exotic beams for science

13261 beam in simulations

Misalignment

(x,y) (no effect

0.5 mm w:
onR) )
Tilt (xy,yz,xz) 0.1° s“
Field error 0.05% 1‘“
0.25 mm, 1
All errors 0.05°, A
0.025% ‘P"e_..,!._ R -‘..

Beam Cooler to u[inatch the HRMS input requirements

Toward pumping systems

M.Maggiore

~ Mass separation: 1/20000

Construction Errors included
Beam cooler in operation

M.Comunian

K(mm}

Collaboration with LPC_Caen for BC
development (SPIRAL2)

transversal emittance

mrad

T T
00 o°o )

038% @@B}m cp@
owo@?’

Input T emittance
Output T emittance




Beam transport and reacceleration

SPES

| =
exotic beams for science



Phase 2: Exotic Beam reacceleration: SPes

&'b:ms for science
‘ai M Charge breeder and MRMS up to RFQ =

| A= o

.. Charge Breeder
(LPSC-Grenoble)
e

Tender for beam line and mass
separator (n+ beam line): 1.5M€

Tender for Power Supply: 0.7M€

IMass'Separator




n Phase 2: Validation of the SPES-Charge - ==
(P Bree d er

——— Development at LPSC (Grenoble).
] Upgraded PHOENIX booster as Part

of a MoU in the frame of the European
Associated Laboratories (LEA-Colliga)

e 2015 Commissioning at LPSC
e 2015 Deliveryto LNL
e 2016-17 Installation and test

T T
fhsaaer

FFIENC* [6]
SPES | Best |SPES-
req | LPSC | CB
> 5| 8,6 |11,7
>10| 10,9 | 11,2 Front-End

>5| 6,5 | 7,8 SPES production, similar to ISOL
>10| 16,2 | 15,2 M.Manzolaro source

*results obtained for the same 1+ injected
current

A.Galata



Phase 3: the SPES-RFQ o =

Synergies with IFMIF project

Design completed
Construction started (electrodes 1,3 M€)
Additional study to finalize RF

Production sequence & Scheduling

Appoved by TAC

 Schedule : Dec 2015 to Sept 2019

Electrodes call for tender : dec 2015
Electrode production : sept 2016
Completion of 24 electrodes : sept 2018
Tank call for tender : march 2016

Tanks Completion : dec 2018

Assembly and low power testing : june 2019
High power tests : sept 2019

High power RF
Coupler 200kW 100%
duty cycle

Physics design

A.Palmieri, A.Pisent



INFN Energy from SPES Post-Accelerator o&— ==

as function of A/q

136Ba26+
12.2 H ' 94Kr18+

4 90Rb17+
4 91Rb17+

1138 - * PRYE o6
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Alq

(M. Comunian)

Preliminary results from alpi performances with 2 cavities as margin,
Low Beta=5 MV/m, Medium Beta=4.3 MV/m, High Beta=5.5 MV/m



INF SAT Safety System e

e —
L/ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ exotic beams for science
di Fisica Nucleare

Access control system
Radiation monitor system
Ventilation system

_ SPES building underground area st: Beam dump system

CICLOTRON interlocks

X Process Analyst X SCBCD enable conditions X Historical Events x

Beam Current Limiter Status

Port 1 output current level (uA) 3.07
Port 2 output current level (uA) 1.54

Radiation Monitors
EGAM  RMO1 RMO02 RMO3 RMO04

oo [D2] [09] [D9] [02]

0] 2] [02] [D2] [D2]

External System Alarm
B.Dump A1HEPA A1CA AEHEPA AGCA

D g PR

: o

DP A1-Gnd DPA6-Gnd  DP A7-Gnd Control Room
D €269 @ 280 @ 33 Psct)o

Safety Cyclotron Beam Control Devices Evacuation Alarm

Keep Depression

L for other

(& ] 0 (m

sdiii

HV_AC HV_BIAS HV_INFL ISIS_BS ISIS_GV




I
INFN

Istituto Nazionale
di Fisica Nucleare

BEAM DUMP control and SAFETY system

TC maps on Beam Stopper
Temperatures monitor

0.000000

BD
BD Temps BD cooling Sys  Temp//Vacuum
History

BD Cooling
History

BD Cooling System

- RESET INTERLOCK
S L ORE
1442

To radicactive

LOOP Il ! i

Bypass valve status:
{,7 1ar|alh fosed

p—
-ﬁ '_J—ﬁ CMD Close OFF CMD Open OFF
LOOP | " 3O Gosed -
Pump 2
A | BO water BO water g
3 f | cold leg hot leg. LOGIN ! OUT
& L0 & Close Safety Valveg,
=
Water inlet 00w PGB P 00w Water outlet
¢ v w-
- ¢
LOCA tank 263 < P o ! 265c Al7 room
Eieai Lleirg fiter Bunker A6
+—{[J] =
BD Heat PWR to 0.0 W
Cooling SYS =
r— 80 - RESET INTERLOCK
4 BD Cooling 3 g v
BD Temps  BD cooling Sys Tmmi\t:cyum History Diagnostic History PLC _ @ 2710612016,
14:41

SPES

RS

exotic beams for science

PILZ SIL3 PLC



NN SPES safety system o =

L/ exotic beams for science
di Fisica Nucleare

contatti di Interlock read only
A SIL3 safety system is under development (assigned to PILZ) = it | w EPICS
A simplified system is in operation for cyclotron test LLFJ T

l0C

| ybassa dose
< — yatadose
| EE———

] At ara

| I

. |rivelatori gasl_
T esistenti

The SPES Manuals & Operative Instructions Personal Protective Whole bojdj'
SAFETY SYSTEM(35) jesesrmon Notices Equipment contaminazione
superficiala

f SPES Protection System (SPS)

|
i
D
| Control room azinne Rz\w
\)
sf:::?;g;;‘:‘y SPES Protection System(SPS) Console Stizions ! Q@ N
N S — — dosimetri 3

Fire Alarm Radiation monitoring, General Cooling General AC power | - -
stytems. System water system systems. Riv. pcrtatili Sistema Sistema

i stand-alone | |smear-test | [spetiroscopi

- SPSrack -

safet
BEST CCS Access Control: ccv
Access Badges System
| ccess Control:
Emergency Personal Key Box
STOP buttons

(direct hardwired interlock EStop) gl dedite
(ights

SCBco I50LCS Tccs HvpCs ves VGRS VEes
Cyclotron + ISOL Target Gas Rooms
Beamlines | [ 0" et Cooling | | Piatform UL Recovery | | Ventilation

n — Work Station
Cyclotron and beam lines

antatti di Interlock

thernet

)
%
s E

73
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Radiologic survey system

INTERLOGKS &

CODAS

ventilation




SPES applications

Radioisotope Laboratory

neutrons

:

SPES

b —— e
exotic beams for science

Radioisotope Factory

Double

extraction |
&
_. cyclotron
T e ——————————— &
i 5
:

‘

8251 /82Rb
GSG 3 /GSG e




SPES-y : cyclotron neutron facility

Union for Compact
Accelerator-based
Neutron Sources

b
C
i

UCANS

Integral neutron production at SPES Cyclotron

030 Simulation of fast reactor spectra

Proton beam= 70 MeV, 500 pA Target = W 5mm 0,25 -yl | el
?5 L ead-coaled Core " . |
-‘:‘ 0’20 JEREST I08 hvpef _ | s B
Energy Sn ®,@25m d,@1cm o ey ]
region (n/s) (n cm2s?Y) (n cm2s?Y) 50,15 T —
(MeV) ~ 61014 g1 § moderated n-spectra |
g 0,10 ) =~ 1011 28417 ]
1<E<10 5101 g 5x108 3x1083 $ =~ 1.0:00% em?s ] -
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10<E<50 ~ 11014 g1 1x108 6x10%2 2 0.5mA . ' IL"
£ 0,00 bt
s  1,E-05 1,E-03 1,E-01 1,E+01
Energy (MeV)
Single Event Effect facility Quasi mono energetic n-spectra
Simulate terrestrial neutron flux (* 3 108) 310°ncm?st  p-beam: 70MeV 50uA
p-beam: 70MeV 3uA .
o I —';erre:ttinl -_!‘ N L " = N - L4 N S N L
N‘“ flux x3*10" ] = 1
é Facilities: .! =
"‘U ——— TSL/ANITA E @ |
E ._..:-'Lr;:lusn::j#; '§ g Note: only ~40% of
=y 4 00NN T e QA Y| e ISIS 1 VESUVIO || ] < neutrons are under
q_§_ 3 & sharp peak.
£ \ |
£ 100 7 " 1 @ \} k
. g g 10 20 30 40 50

100
Neutron energy (MeV)

Neutron Energy (MeV)




Initiatives for accelerator driven neutron sources

, N'? CCP CLNéh”M"l”“ HORIZON 2020 -
O s e - Frosetrmse®®e | | Work Programme 2016 - 2017
European Research Infrastructures
H2020-INFRADEV-2016-2017
SPARE: Space Radiation Shielding RIA- Design study
_ The aim of this activity is to support the
Settore di afferenza: ) ]
AEROSPAZIO conceptual and technical design for new

research infrastructures offering neutrons
and to path the way to avoid a possible
gap in neutron capacity for science and
industry in Europe.

- UCANS-V, May 12-15, 2015 - Laboratori Nazionali di Legnaro, Pd, Italy
UCANS UCANS-VI October 25-28, 2016 @ Xian, China

Union for Compact Accelerator-driven Neutron Sources

The Union for Compact Accelerator-driven Neutron Sources (UCANS) was formed in 2009 to support the ongoing development of small
accelerator based neutron sources around the world, and to promote the exchange of information on emerging science and novel applications
relevant to long-pulsed and/or medium-flux neutron sources.



http://ucans-vi.xjtu.edu.cn/
http://agenda.infn.it/event/UCANS2015

LARAMED Products & activities

Some radionuclides of interest for nuclear
medicine. They can be produced by means
of the SPES cyclotron

LARAMED is also a gym for science

. . and technolo
Radioisotope m &Y

Fe-52 8.3 h - APOTEMA (gr V)
Cu-64 12.7 h - TECNOSP (gr V)
Cu-67 2.58d - COME (gr )
Sr-82 25.4d - ISOLPHARM
Ge-68 270.8 d

-124 418 d

Ac-225 10d




mﬂ SPES v: Radioisotope Production & research @ = Sé
L/ ot e exotic beams for science
LARAMED STATUS:

Funded with 6.8 Meuro

Production of radionuclides for medicine using the
SPES cyclotron (production&research)

1. Joint Research lab of INFN, CNR,
Universities and external

companies:
v Cross Section measurements through target
activation
High power targets tests
Radio-isotope/radio-pharmaceutical

<X

Production test facility . °°™Tc, 6*Cu, ¢’Cu, 82Sr...

2. Production laboratory in Joint

Venture with external companies:
v Selected isotopes of medical interest

Sr-82/Rb-82 generator
(T1/2:25.6 d EC 100% / 1.3 min photons 511keV,
776keV)

ARRONAX (Nantes) — SPES collaboration:
Isotopes and high-Power target developments

* Building and infrastructures under development

e Design of radiochemistry labs

e Design of beam line and target management

e Contract with company for radioisotopes production
to be finalized

el |

May 23rd zo14

March 1st zo15 March 28th zo014
patient: male, 55 y, pulmonary hilar adenopathy (left lung)



ISOLPHARM

Use of ISOL technique for Direct isotope on-line separation : very high specific activity (10> than standard)

| |
ISOLPHARM
| |

l 4,

High specific activity radioPHARMaceuticals production with 150 L technique

Primary " Beam
proton lo;'gﬁggn acceleration
beam & transport
lsotope
Mass
separator

Substrate to
collect
isotopes

Diagnosis
and
therapy

Radiopharmaceuticals
production

m—— HUGE SPECIFIC ACTIVITY

ISOL technique leads to the production of radioactive ion beams

(Isolpharm is a international INFN patent)



Specific activity: ISOL vs others

The specific Radiopharmaceutical Tz:i:zd Half-life ISOLPHARM

ivitv i technique

actmty IS a et
measure of the

. o 89
actl\"ty per mass Sf-SfClz Bone 50.5d 2 597 Z 0,004
and is usually Liver and
%0y.YCl, endocrine 64.1h 29480 >0,8
system

Neutron capture
reaction

expressed in

units of GBg/mg Prostate,
or Ci/mg. 125 brain, lung, >
I-Nal bancreas, 59.4d > 552 >6
l liver
1311_Nal Thyroid 8.02d 23911 2 017

Essential for the
radioisotope 755e-H,Se0, Liver 119.6 d > 323 >3,7

conjugation to

in-vivo carriers

for targeted drug Radiopharmaceutical Targeted Half-life ISOLPHARM
delivery organs technique 235J fission
production

Lung and

After 2 days of irradiation: 4.1E+15 atoms of 89Sr = 18 mCi
(patient dose: 4 mCi every 6 months).




load work per year

2 weeks per shift
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.

Expected Beam on target:
10600 hours per year

Core SPES CYCLOTRON

SPES
¢

exotic beams for science

Beam sharing

Proton ?.f.ﬁis Beam on target:
beam Total 10600 hours
ISOL 1 300pA |10 2800
40MeV
Irradiation 1 | 500 pA |9 2500
70MeV
Irradiation 2 | 500 uA |10 2800
70MeV
ISOL 2 300 uA |9 2500
40MeV
Maintanance 7 7x14x24= 2350
Cyclotron 19 19x12x24= 5462
Operation esperiment

19X2x24= 912 beam
preparation




SPES installation timing

2017 2018 2019 2020 2021
a1 Q2 [ a3 | aa a | a2 Q3 Q4 a1 Q2 Q3 Q4 a1 Q2 Q3 Q4 a1 Q2 Q3 Q4
FASE | FASE
2A: 2A:
FASE 2A: INSTALLATION
HW | BEAM
COMM | coMM
FASE
FASE 3A: HW 3A:
FASE 3A: INSTALLATION
COMM BEAM
COMM
FASE | FASE
2B: 2B:
FASE 2B: INSTALLATION
HW | BEAM
COMM | comm
FASE | FASE
3B: 3B:
FASE 3B: INSTALLATION
HW | BEAM
2 COMM | cOMM
e {
LINAC ALPI building ] |
! )
| 1 ; 1 I
' ' HRMS
v y ¥ AN funanaa)
L CB+ MRMS =—
f i ; | B
' L
< 9
: g ()] <2 8_
NL n =
' o ] O +
! : o © =)
e ' Beam Cooler E S8
- RIB line to ALPI o ' =) =
- ALPI up-grade Tl !_ m 2 . 3
[ ROANE At - o f




INFN SPES personnel ( 46,2 FTE/ 78 persons) %mfoﬁ
Lo o Shared with IFMIF
12 e Shared with LNL operation
0 Shared with INFN research
10
8 i
61 M persons
FTE 2015
4 .
2 .
persons FTE
SPES 78 46
0 - STAFFTI 40 15
e ¥ & @ & P P D P P N :
A R LA AR S A A AR DA Oy TD, fellowship 38 31
2 + > n n c =2 w O g < v
C =
g g g £ o 283 = & 3w £ SPES >50% 49 38
s 2 & = *c&; 2 c & 2 STAFF Tl >50% 17 10
5 8 E © & < S g TD, fellow >50% 32 28
& a c )
S £ 3 ¢ g = 3
g < = s ®
3 >



Conclusions . SPES

exotic beams for science

e The SPES project is financed by INFN up to the completion
e The Cyclotron is completely installed & under test
e The Site Acceptance Tests are undergoing

* |SOL:
e The ISOL system will be installed in 2017
e First radioactive beam in 2019 (no reacceleration)
* Re-accelerated beams: end 2020 - 2021

* Applications:

e A program for study and production of radioisotopes
for medical use is started

* A neutron facility for fast neutrons is under design




- SPES
INFN @ ==
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