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‘Commercial’ Cyclotron -
Proton Driver:
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SPES Framework INEN

LNL: an international resource for NUCLEAR PHYSICS

e

The mainframe is at European level:

Are we competitiveg Is NP needed?
Did we progress?

Proton number

58 Neutron number Karlsruher Nuklidkarte

Community: 2700-3000

scientists and highly qualified
engineers

Close collaboration with
infrastructures outside Europe: ENS A R2 — U E FP8
Canada: TRIUMF
China: IMP Lanzhou
Japan: RIKEN & RCNP
Russia: Dubna/JINR

R . g South Africa: iThemba
e ser el SR United States: NSCL & ANL
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SPES Framework . INEN
(G

SPES = National & International collaborations are needed

ATIONAL SPES collaborations |NTERNAT'ONA'C;nCC)lleorOTlOHS
Accelerator Technologies & Nuclear Physics & Astrophysics,
Mechanics Modern Detectors &

INFN Section and Univ. of Accelerator Technologies

Milano, Bologna, LNS, LNL,

Pavia, Trento and Palermo Infernational Laboratories
LIA CollAGAIN (ALTO-GANIL-INFN)
LIA POLITA (INFN - COPIN)

LIA COPIGAL (COPIN - GANIL-ALTO)

Physics
Detectgrs
Sections of Bari,
Bologha, Catania, Firenze,
Milaho, LNL, LNS, Padova,
Perygia, Trento, Napoli

Programs & . ISOLDE CERN & SPES

*  MoOU INFN & iTHEMBA & HRIBF ORNL

« Ongoing collaborations with RIKEN,
MSU-FRIBS, RISP-KOREA, BARC, NEW
DEHLI, DUBNA, ...

* International collaboration on
Innovative ltinerant Detectors
AGATA, FAZIA, PARIS, NEDA,
GASPARD, ACTAR/GDS

* Mol in preparation with ELI-np
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EURISOL Distributed Facility INEN
(i e

A distribute laboratory for radioactive

beams: GANIL

SPIRALZ

» More exofic beams available

» Coordination of competences to face
EURISOL technologic challenges

» Joint effort fo manage the activity at
European level
EURISOL DF: Intermediate step towards single site project

1,0E414 /
1,0E+13 R
. EURSOL
S 1,0E+12
C /
o LOE1 ISOL@MYRRHA|
x - Low energy RIB™h
5 LOE+10 SPIRAL2
>
S 108409 SPES /L EURISOLDF
C
[0) 7
£ 1,0e+08 Hle-ISOLDE
- A
B Loeso7 HIE-ISOLDE
g GANIL/SPIRAL1
& 1,0E+06
& +
1,0E+05 ! ! Year
2015 2020 2025 2030 2035

Complementarities: Instrumentation eg. AGATA, FAZIA, GASPARD, PARIS
Challenges: High-power targets & sources, purification of RIB

EUE SOLpF
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Physics with rare isotopes

Powering stellar explosions, neutron
star crust etc.

Nuclear Structure
& Readtions

Limit of existance: what make nuclei stable?
New Shapes, New Collective behaviors
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I A
di Fisica Nucleare

Which Science drives Physics with exotic beams

o &

Fu ndamen'ra'symrﬁé‘rries

Use rare isotopes as Laboratories
where symmetry violations are
amplified

Material Science, Nuclear Medicine,
Nuclear Energy
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exotic beamsforscienceé SPES STrOTegy: 4 sToges INFN
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driver accelerator (p or d)

Second generation ISOL facility
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Under SAT I e Q
e - i Th) dﬁ— : acceleration
—7 - \' /ﬁ n”“,;‘ \\ secondary target
:&v.}' CSZPE:SI:i:’cI::Ii';gthIqﬁon 2 Funded Production & re-acceleration of
o y exotic beams, especialy neutron—-rich

commissioning:
« 70 MeV proton beam
730 pA

from p-induced Fission on UCXx (103 f/s)

NEPIR M Neutrons (amNy

Neutron
Emulator
(ANEM)

Partially funded

6.8 M€ Design study

Accelerator based neutron source
(Proton and Neutron Facility for
Applied Physics)

Research and Production of Radio-
Isotopes for Nuclear Medicine
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New infrastructure for:

« cyclofron

« RIB (Radioactive lon
Beam)

« application facility
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SPES J )

: ""'"'( SPES Y. Radioisotope Production & research INFN
exotic beams for science L_/ i

9

Production of radionuclides for medicine using the SPES

cyclotron (production&research) ISOLPHARMA*

* INFN Patent pending
LARAMEL Use of ISOL technique for Direct isotope on-
(( _ . k L] L] o L] oge L] o
- - line separation : very high specific activity

(4-5 order of magnitude than standard)

Primar a g Beam
PTDTGﬁV e B IO"',zat'on acceleration g
beam — - & transport
[sotope
4\ \ & mass
A o\ ——" ‘ separator
— S Dlagrr:gsls Radiopharmaceuticals i 5”23?.'22‘: -
: production |

therapy isotopes

_ | |

- ARRONAX - SPES collaboration:

.. “Isofopes and high-Power target
developments

Specific Activity (GBg/mg)

Radiopharm | Targeted
Neutron

acedutical organs SPES
. capture
production -
reaction
898r-SrCl, Bone 50.5d > 597 > 0,004
Liver and
0Y-YCl, endocrine  64.1 h > 9480 >0,8
----- system
Prostat,
brain,
lung, 59.4d 2552 26
pancreas,
liver
B Thyroid 8.02d >3911 20,7
March 1st zo14 March 28th zo14 May agrd aos 75Se-H,Se0; Liver 119.6d 2323

patient: male, 55 y, pulmonary hilar adenopathy (left lung)
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—— SPES Y. Radioisotope Production & research INEN

LARAMED STATUS:
Funded with 6.8 Meuro » Building and infrastructures

Joint Research lab of INFN, CNR, under development
» Design of radiochemistry labs

» Design of beam line and
target management

« Contract with company for
radioisotopes production to
be finalized

Universities and external companies:

» Cross Section measurements
through target activation

« High power targefts tests

* Radio-isotope/radio-
pharmaceutical Production test
facility

(?7™Tc, $4Cu, ¢Cu, 82%3r, ...)

Production laboratory in Joint
enture with external companies:
Selected isotopes of medical
interest _
Sr-82/Rb-82 generator =
T1/2:25.6 d EC 100% / 1.3 min j
photons 511keV, 776keV
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SPES LAYOUT: Applications areas

INFN

Production of

Istituto Nazionale
di Fisica Nucleare

LARAMED Temp
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SPES 8: Iradiation facility and neutron activities

NEPIR: a project for neutron production @ SPES

Integral neutron production at SPES Cyclotron
Proton beam= 70 MeV, 500 pA Target =W 5mm

Energy region (MeV) Sn (n/s) O, @25m ®, @1cm
~ 61014 g1 (ncm2s1?) (ncm2s1)
1<E<10 ~ 5104 g1 5x108 3x1013
10<E<50 ~ 11014 g1 1x108 6x10%?

Continuum and Quasi Mono Energetic fast neutron spectra

o Cross section datfa for basic science and astrophisics
o ~Oncology studies

o Calibration of radiation instrumentation

‘o Radiation protection studies (shielding-benchmarks)
o Radiation hardness studies (Single Event Effect)

. 10‘ T T T

a woerin = = T e QMN
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SPES layout: following the beam transport line .:

Charge Breeder

i-. Spes (new) building

Beam Cooler
[

RII% target stations

¥
i

¥

Ry
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/ } C clotron

Applications and
Radioisotopes
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Phase a: cyclotron installation and SAT

Accelerator
Type

Particle
Energy

Max Current
Accelerated

Available
Beams

Max Magnetic
Field

RF frequency
lon Source

Dimensions

Weight

T
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Istituto Nazionale
di Fisica Nucleare

Main Parameters

Cyclofron AVF 4 sectors

Protons (H- accelerated)
Variable within 30-70 MeV

750 pA (52 kW max beam
power)

2 beams at the same energy
(upgrade to different energies)

1.6 Tesla

56 MHz, 4" harmonic mode

Multicusp H- 1=15 mA, Axial
Injection

P=4.5m, h=1.5m
150 tons



Phase a: cyclotron

installation and SAT

Activity tfime schedule for the
Commissioning and the Site
Acceptance Tests

> Safety System Commissioning done
» Source Commissioning done
»  RF Commissioning done
> Beam Copmissioning done

% Injection done

cceleration without extraction done
Completion Security SAT System
Completion High Power Beam Dump
Extraction and Beam Line 1 tuning
Extraction and Beam Line 2 tuning
Dual beam extraction

INFN Training and “customization”
Machine running

Operation and Commissioning LNL-BEST 2016 15t semester

This schedule needs to be fine-tuned with the INFN activities.

F.G. Aperitivo Scientifico - Bologna - January 29th 2015

v\
70 MeV
750 DA Proton
Beam

Cyclotron
o
¥ R

locale Al

‘ ‘ Beam ‘
. Dump i N

1

Beam Dump

Locale
Ad

locale Ab

Feb 2016
Feb 2016
2016 15t semester
2016 15t semester
2016 1%t semester

AluminumFr

April-September
- ©




pon  OHSAS 18001:2007

Standard

Operating
Procedures

Technical Operating
Procedures and Manuals

Forms, Checklists, Work
Instructions

SPES
QSMS: Quality & Safety Management System I .""‘ mé
exotic beams for science

ISO 12100:2010/14121:2007 for all Quality aspects

Severity level Occurrence Probab

iy ¢) RISK analisys

(s) 4|5|6|7|8]|9|10

11|12(13|14(15

4(5|6|7(8]9 |10

11112(13|14 |15

22124(26|28]|30

3
3
6|8 (10(12|14(16|18|20
9

12|15(18|21|24 (27|30

1
2
3
4

12]116(20(24|28(32|36

Mormal Operations

33|36(39

*FMEA - Failure Mode and Effects Analyses
*FMECA - Failure Mode Effects and Criticality
Analyses

"HAZOP - HAZard and Operability study

Emaergency stop
(Push button x2)

FLC

Dedicated conftrol system
based on risk analysis
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for Safety issue<

QSMS defined

On the way the risk analysis
(collaboration with nuclear
eng. Palermo)

Performed Safety Systems
(software and hardware)
for ISOL lab.

Contacts with italian
companies for full design
(SOGIN, NUCLECO, ENEL, ..)

LASER Systen




THE SAFETY SYSTEM: a very important issue

INFN

launched)

The SPES
Cyclotron and
beam lines
r’m /SPES Protection System (SPS

(redudant safety PLCs system
receiving indipendent signals
from any LCS)

BEST CCS

SCDBSIL3

L Emergency

STOP buttons

(direct hardwired interlock EStop)

H

VENTIL CIMNIERA B
ov DIEXP

Tansta 1777717777777
727 7
(//; o7
ol lo

17
/]
Z
7
7
7
17

727

locale bersagllo
Tl o conterimerto C2.
-80Pa

(h8)

locale Ingresso laboratoro
pressone amdlonto

77 I T 7z 7742

ventilation

Fire Alarm Radiation monitoring
stytems. System

Manuals & Operative Instructions Personal Protective
SAFETY SYSTEM(3S) i

Control room

SPES Protection System(SPS) Console

INTERLOCKS &

General Cooling
‘water system

General AC power
systems

Access Control:
Access Badges

Access Control:
Personal Key Box
Room access status
(lights)

A SIL3 safety system is under development (tender

SCBCD ‘ ISOLCS TCCS | HVPCS l Ve ‘ VGRS VECS |
Cyclotron + ISOL Target Gas Rooms
L Beam lines ISOL Target Cooling | HV Platform Vacuum Recovery Ventilation /

~ Istituto Nazionale
di Fisica Nucleare

contatti di Interlock read only
riv1 I
system EPICS
riv 9 monitor
e ol
= AN —] Work Station

Attivita aria
rivelatori gas
esistenti

Whole body '—
contaminazione
superficiale

Stazione H

dosimetri 3|

fiﬂ

contatti di Interlock

bus Ethernet

Rete privata

Sistema
spettroscopial

Sistema
smear-test

Radiologic survey system

Riv. portatili
stand-alone

Access Control System

VASEA L CORTENMENTD
PEOIT
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THE SSATS: a SAFETY SYSTEM for the SAT

I G
) ey J—
@ nonda i i

Connecting Tube

l N (zo°c/

PROTON BEAM

ouUT (40°C)

-

AlluminiumFrame

/ 1:

Area non acces”

i

¢ )le

Best - INFN Interface Schematic (HV relay example

S

Best Control System

INFN Safety System
i P oy "Fie
|
T HMI Status T \‘ """
DiSD'i(\\e(\OC I Harwue;l I Hardwired ‘ =
(O(\ Hardwired Access Request
ey 1% =
- A simplified system is under completion
Safety Critical Beam | SCBCD Bk 1
conmtescs | Ui [ for cyclotron site acceptance tests
=1
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exotic beams for science\

— Phase a: The building & the specific areas [

19 B LRMS area '

-é‘Toword Hall3
=& LINAC ALPI

bunker
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Phase a: The building & the specific areas [ INFN

i Cyclofron -
~accelerator
consolle

-
-

AT LI-A’_
| ‘,!i . %wo§ UCx__[_c?_b ﬁ J

-

CONTROL room

Power Suppl
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SPES
'-'-4 Phase a: The building & the specific areas

exotic beams for science\

2]

Istituto Nazionale
di Fisica Nucleare

g meetl '
s ) Il‘-. ‘;- "J{‘-—_'_I -, g A
g %\-"! .

" UCx Laboratory area

0, W@

! o
I & mssvsem craveer [
| PEOPLE/CHAMBER (POSSIBLY
J . HOOD/GLOVE BOX CONTAMINATED) INTERSECTION

CARBURIZATION FURNACE . HOOD/GLOVE BOX/REPOSITORY
FOR RAW MATERIALS/WASTE

540

®  CARBURIZATION CHAMBER CHARACTERIZATION DEVICES (XRD, SEM,

. WITHUCX PICNOMETRY, BET, POROSIMETER, LASER
GRAPHITE BOX WITH UCx DIFFRACTION, ETC))
CONDITIONING FURNACE . PRODUCTION DEVICES (MILL, PRESS,

ETC.)
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Phase a: The building & the specific areas

CLEAN CHEMISTRY LABORATORY

OFF-LINE IONIZATION LABORATORY

MECHANICAL WORKSHOP AND ASSEH

HIGH TEMPERATURE LABORATORY

STORAGE (TIS system and Tis chamber

IS SYSTEM CHAMBER

TRANSFER DEVICES

CHANGING ROOM

HOT CELL LAB

HOT CELL (2 accesses)

UCx LAB (characterization/fransport)

UCx LAB (production/storage)

STORAGE (semi finished products andcher

Primo piano |

LIRS, - e
——iq s wion 26675 |: .
: ogw s 2
bm g = i _ —Lf'——.f;,,Lﬂ.l :
-~ wem ~ 1 L L] = ks
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£ ey I
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s

Top of
ISOL

Laboratorio Target lon Sourc

1
1

ur hosrder b un ker ™\ Laboratorio Laser
: . — Laboratorio Produzione Bers
I £l . .
: S Zona di transito
1 “gr
1
A -

|
|
1 o~ ¥
1
P
1
1
1
1
1
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Istituto Nazionale
di Fisica Nucleare

HOT CELL for target
inspection &
components
maintainance
Radioactive
materials enter
from back




SPES )
@ """"'é The building & the specific areas . INEN
exotic beams for science L/ e

23 PLANTS: air and water
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exotic beams for science\

24

£ Phase B: the Target lon Source System ( ,Nf,?

The Rad-Hard version of SPES Front End HOT » Inside the bunker

-

T 7

diagnostic ; | diagnostic
subsystem 1 Sl subsystem 2

= - -

%
‘K‘) /‘""

ion source I = | beam optics JENES BEPEY \Vien filter
complex [ subsystem subsystem

-

= = prosy B ./
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Phase B: the Target lon Source System .: ,Nf,?

A. Andrighetto et al.

7 UCXx coaxial
( .
disks:
thickness: 1.3 mm

diameter: 40 mm

Graphite box:

PES Target :

Optimized for 8 kW
power dissipation

(E= 40 MeV, 1= 200 pA)

~ -
-
~ -
-~

external diameter: 49
mm

average length: 200 mm
3 graphite dump
\disks

Tantalum tube:

external diameter: 50
mm

SPES Heater, thickness: 0.35 mm
[ length: 200 mm

lonizer & transfer tube:

thickness: 1 mm
height: 34 mm

Inner diameter: 3mm - =-=TTTT7

\ . .
Aluminum farget unit

F. Gramegna - 5th Eurisol Topical Meeting, York, UK, 15th-17th July, 2014




Phase B: the Target lon Source System

Production Target

» Characterized by:

» Material of the target (production yield)
« Release time (=1s for Fast Targets)

- Element Vapour pressure

lon source target

Characterized by:
onization efficiency

Emittance

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

>

surface heater
ion source transfer line electncal
current

source
P electrical

[ ] lemenzswith bad valatil t (NoT EXTRACTED) U Cx

Surface lonization Method ]
e
|:|F'ho1o lonization Methcd EE R BERE It

I:lPlasma lonization Method 11 1919 Y

q 210 2o 2| 2z g 2 27 =28 29 390 = 3y 3 a4
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Hf [Ta WV Re 0s Jir Pt Ay He IT1 Ph IBi IPo At IRn

& 249 1cq 109 104 107 10 109 11 11 114

Rf Db ISg 1Bh He Mt

Main fission (p-> 238U) fragments

1 2
1" | B_“C lle
3 4 J i J Ces 5 o / 8 12 10
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efficiencies

It depends on > half-life, cross-section, proton flux, ETalale o =]e ]
diffusion and effusion time, ionization and transport = = o e Tl el ol e [l o] e e
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Lanthanides

la Ce Fr Nef Pm S Fu Gl Te Ny

Ac Ih I'a u Np I'v Am | Cm Bk Ct Ls I'm Md No




RE T Phase B: the Target lon Source System .: ,Nﬁ

exotic beams for science\

27 SPES: Target Power test @ iThemba LABS

f Proion beam 66MeV 60 pA
SPES target in-beam power test A=
(SiC target) May 2014

Heater power compensated by

proton beam.

« Up to 4 kW proton beam in
target.

« Stable temperatures

- Stable va /ﬁm (3 10" mbar)

Measure [°C] Estimated by FEM model [°C]

1° disk: 1365  30°C 1390 —
Box: 1230 £ 25°C 1267
Dump on chamber: 728°C £ 10°C 750

2 l'g} 45'1-.

3 "
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28

A. Andrighetto et al.

RADIOACTIVE
ATOMS

Phase B: the Target lon Source System .:

brget Heating
System (Ta tube
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hot metalsurface

oration with
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Phase B: the Target lon Source System .: ,Nf,?

TIS - Endurance Tests Emissivity measurements on different
UCx targets types
High temperature tests with Joule T
heating thermal load (1300 A target 03 f:fﬁif:ﬂf‘f
heater, 350 A line) Heating power ~ - “~| | umuo,
12KW > primary proton beam thermall TS Ao i), IPNOUC, By
|O(]d ~ ]OKW g I:IE-i, it DR ‘q ;:f_:.i:“”_q 1 U0, +C
- £ 0] gupasst®re s TS o e w ST Designedto
% Beforetests \ Waad " | obtain UC, but
d 23l COMP30 Pariie 8F |\ | resultisUC,+
! Gatchina Qe minor am. C
011 Partbe 884  Spes MM \
u?n:-':-:n 1100 1200 1300 1400 1500 16800 “HDUC
Temperature [*C)
Direct Emissivity
measurements on
heated UCx  disks
using a dual

frequency pyrometer

\ ~ 415 testing hours at high T

> 220 hours at max power(12KW) I;Egléigirg?ﬁgﬁpoﬁmum
/9 heating cycles supporfed > different com%osi’rions and

9 with current ramps of 1s from synthesis produced by

0 Ato 1300 A several laboratories (Partners
- TIS STILL OPERATIVE! in ACTILAB)
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Phase B: the Target lon Source System .: ,Nf,?

A new SPES laser laboratory was built @LNL in 2013

— M e %4

A tunable dye laser system ready
for atomic spectroscopy study

- HCL +ToF on Tin Laser lonization

Double system to check laser resonant ionization:

T S > w £ Sn* ’ H
Germanium spectroscopy study =~ 4 __ 1/}
F e
;7 i / i 614 nm
P e T T . A O W S —| 286 nm
First step + Second step B AN O T

F.G. Aperitivo Scientifico - . - i e 5 Mo el .
Bologna - January 29th 2015 1 S el e



SPES / )
—_— Phase B: ISOL safety & system handling and storage

exotic beams for science\ R
di Fisica Nucleare

Horizontal handling system
» A two cartesian axis system mounted onto an AGV unit allows the
handling and fransfer of the TIS.

Test bench handling

» A test-bench Front End coupling table allows to verify the TIS
connection /disconnection from proton and RIB beam lines.

» Atool to disconnect the puller was developed too.

Puller removing system

» Once per yearitis expected to change the puller, an highly activated
component. el Radiation dose

» The handling system is equipped with a tool able to extract the puller and o ' always below 20
store it in a shielded box. ‘ pSv/h  in  the

corridor.

Storage of several 700 kg of lead box Storage of the target chamber
containing the target chamber (40 kg) inside many lead boxes

An optimized
thickness of Lead
vs. concrete of
walls is ongoing to
study.

Results have to be
validated by RP
service.

New set-up

(taking into account the SAC suggestions)

F.G. Aperitivo Scientifico - Bologna - January 29th 2015



Phase B: HRMS , CB+ MRMS & beam line to ALPI - RFQ INFN

|

[

H—;

————  CB+
...... , MRMS
e NG T e
RFQ ]
- \ -oj L;v
‘ :'.; o J;! . o
|: : ' TONLOBICK. A
vaial o | T
=i 1 { —
.. | Installation Phase 2a
i % _ltlion-source Installation Phase 3a
+ Charge Breeder + MRMS - HRMS and Beam Cooler
Installation Phase 3b « N*beam line up to RFQ - 1* beam lines to Charge
- RFQ enfrance Breeder

- RIB line to ALPI
- ALPl up-grade

\\ F.G. Aperitivo Scientifico - Bologna - January 29th 2015
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Phase B: HRMS and beam line to ALPI INEN
1: Dacein - CEADSUAAISA0!
017
Misalignment ]
(x.y) (no 0.5 mm I
""" effect on R) "
.
Tilt (xy.yz.xz) 0.1° g U
Qe L
Lud IR
ﬁ Field error 0.05% oma
55 |
O ekl Mass separation: 1/20000
= 0.25 ”lm' E Construction Errors included
<T All errors 0.05°, | Beam cooler in operation
Ly 0.025% fed5 . . , : :
[Sa] 2 1 0 X(mm}l 2 3
Beam Coolgr to match the HRMS |.npult. reqwfements COOLBEAM experiment financed by INFN-
-o= i SR CSN5, 2012->2015 -Collaboration: LNL-LNS-Mi
transversal emittance
1 T T T
o P °5° o
[} &
4 P’ o ®o
. Input T emittance
. e Output T emittance
= Ty _ |
I T P=0,5+ 3 Pa I .
Eﬁifi"n‘iﬂlll i o ”I—Pi”"i?m
|||| I .
[ I T —4 4
! I T 3

Toward pumping systems
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Phase B: Transport line to the RFQ - Charge Breeder & MRMS INEN

Istituto Nazionale
di Fisica Nucleare

p
; UDIE ¢
1* ion-source e ource |
+ Charge Breeder (SA g
*  Medium Resolution Mass Separator i f
N* beam line up to RFQ entrance o\
S
\V
S
‘0
@ epPAIrdio
ey ; ij = EFFICIENCY* [%]
T —fmmm | o
a , ] - ,'/- A . ION Q SPES req | Best LPSC | SPES-CB
—al e St
1§ — mH - g o J RASES Y 26 25 86 17
~1_‘._ ..- C— — T gl Gk ,iq“
1 QLA : 20 210 10,9 1.2
# 1} - Rb 19 25 6.5 7.8
[y 4 2
*results obtained for the same 1" injected
ow B ®” 1*Beams - cues
— i
——e— 1
St J -
-
1
I ——

H

i - -
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SPES 4

exotic beams for science\

Phase 3b: Re-accelerated beams

Design almost completed .
Additional study to finalize RF and Tank.
Construction started (electrodes).

. Andrea Pisent (WP coordinator, LNL)

Synergies with Torino & Padova INFN sections for
the mechanics development (P. Mereu and A.
Pepato respectively), common aspects with ESS
DTL and IFMIF RFQ design | F—

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

Parameter (units)

Design Value

ﬁperatlonal mode CW

Frequency (MHz)

Injection Energy (keV/u)
Output Energy (keV/u)

Accelerated beam current (1A)
Charge states of accelerated ions

(Q/A

Inter-vane voltage V (kV, A/g=7)

Vane length L (m)

Average radius R, (mm)
Synchronous phase (deg.)
Focusing strength B

Peak field (Kilpatrick units)

Transmission (%)

80.00
5.7 (B=0.0035)

727 (B=0.0395)
100

vain

63.8 —85.84

6.95
5.33-6.788
-90 —-20
4.7-4

1.74

95

Output Long. RMS emittance 0.055 / 0.15 /
(mmmrad)/ (keVns/u)/(keVdeg/u) 4.35
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Phase B: Re-accelerated beams with ALPI INEN
s
P4 g For exotic beams
- r + .
1 ¢ b Low Beta=5 MV/m, Medium
4 138Ce26+ .
0 A Beta=4.3 MV/m, High Beta=5.5
# Atpresent 11.8 1 Pkt M\//m
B - With ALPIn SPES configuration | ij ] J g Conservative value 2 cavities
- 4 148Ce26+ H H
= S fy il off in the calculation
<
% %11.0 ] gasels+ % SAKII6
g, g 10.8
3 & + 73Cul+
P § 1067 + 13050
w c
10.2 4 1345n21+
- & 90Y14+
10.0
08 138Xe21+
. + 136Te20+
9.6 138Xe20+ # 138Ta20+
9-4 T T T T T T T T B¥r14+
5.00 5.20 540 5.60 5.80 6.00 6.20 6.40 6.60 6.80 7.00
Alq

| to Exp.

.....
£ N

11.7m

to Exp.
Halls 1& 2

Re-shaping and improvement of low
beta cavities.
Added high beta cryostats to improve
the final energy.

Di8 N

~e  from new RFQ
&<l
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. )
SPES |OYOUTI following the installation phases INFN

Exp. areas

- Beam s
o ], cooler [N ERE—.
XTU- ? | ‘ :

areds

Phase 1. 201é- First Operation with the cyclotron

= Phase 2a. 2017- RNB ALPI Injector (1* source + Charge Breeder + MRMS)
= Phase 2b. 2018- SPES target, LRMS, experimental 1+ Beam Lines

» Phase 3a. 2019- HRMS and beam line to the CB

= Phase 3b. 2019- RFQ and ALPI

F.G. Aperitivo Scientifico - Bologna - January 29th 2015




SPES Expected beams INFN
(i e

hitps://web.infn.it/spes/index.php/news/spes-beam-tables

MCNPX Calculation 2 [ 125 o) 35 | 136 | 437 [ 38 e ] 47 i | 150
BERTINI — ORNL (FF cross- sections) LB G - Latslfalls | S g,%—? Elle
Release & ionization efficiency in e A L eblagld
BIE & e BECE LA
agreement and re-scaled on HRIBF s|LsiLs ] 5|08 EER|CS|CS1CS 108 I8
experimental values and currents e ' el X e 4o %

(200KA/SuA) il 7 B [k R
2 | FHEEE B oo
15 B 35S B 1010-10%11
— B 100910010
. Sl | il 50 51| B 0% 1009
1 1
G EIJE8 ¢4 a1 S
[ - [ o T2 e S o e B wmeren
m i i - ] 1074 -1075
o ] 1073 -10%4
7t O 102 - 1073
VIRl Y cAR R AR AR AR dR' W 10 -10°2
S ; Se| Sr|Sr| S & W =10
th Kb Rb| Rb| kb Rb|Rb
Kr ' K| Kr | K Ki | Kr |Kr|Kr | Kr
G - B O L L fi
S s I8 Se | Se | Selsefse | Se | Se | se Se
s "3 ol As ‘ﬂ 5 ,1:; 4 A“'-" - 'a" da i ‘ As Expected SPES re-accelerated beam
SO Ge B3 G Gl Ge | G| e e e e Sidiis intensities (q+)
Gn G| Ga| GaGa ‘?,"'G“ Ga, Gaf G (fission UCx)
Zn 70| Zn|Zn|7n| Zn| Zn| 7u| Zof]in
ulculculéaldulchl cul dulcu Courtesy of T. Marchi
Ni Ni Ni Ni
Co Co

before acceleration (@1+) 10-40 times more intense
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Physics @SPES

"l
(E) Y/ 26-28 May 2014 INFN Laboratori Nazionali di Legnaro
e e /Rome timazone

Presented 37 Letters of Intents The SAC was impressed

mGS properties utal . ,
.moie:m SPES LOls -0’ with the number of LOI's

. Spokespersons srana ANA the broad  scientific
vl P P B Russic spectrum proposed fo be

SPES LOIs Topics

B DirReac with . R
pcieleroel son . studied  with  the  SPES
m DirReac with Si elgium . .
L — scocia RaAdioactive  lon Beams
el ::O‘W (RIB). The SAC appreciates
ulgand

Fusion ot the progress of the SPES
Supet Heavy H Russic pl'ojeCf

mChing

One Day Workshops

Napoli (2012): Transfer Reactions

Firenze (2012): Coulomb Excitation

Catania (2013): Isospin in Reaction Mechanisms with RIBs 1

Milano (2013): Collective Excitations of Exotic Nuclei
(DDR, Pygmy Resonances)

Legnaro (2014): Fusion-evaporation Reactions with RIBs

Milano (2015): Physics at SPES with non re-accelerated beams

Caserta (2015): Nuclear Astrophysics at SPES

—N
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sees) SPES a+f: Nuclear Physics KEY Questions INFN

exotic beams for science\

4] = Which are the limits for existence of nuclei?
=  Where are the proton and neutron drip lines situated?
=  Where does the nuclear chart end?2

NUCIe.q r S"wae. &, » How does the nuclear force depend on varyin? proton-to-neutron ratios?
Reaction Dynamics: =  Whatis the isospin dependence of the spin-orbit force?

Long Standing Questions =  Which is the shell evolution moving far from stability (magic numbers, proton-neutron
interaction, shell gap creation and disappearence)?

= How to explain collective phenomena from individual motion?
: =  What are the phases (NEO % relevant degrees of freedom, and symmetries of the
nuclear many-body system?

» How are complex nuclei built from their basic constituents?
=  Whatis the effective nucleon-nucleon interaction?
= How does QCD constrain its parameters?

= Which are the nuclei relevant for astrophysical processes and what are their
properties?
=  Whatis the origin of the heavy elements?

Shell structure

@ Cooper pairing

T — =1

e

Eﬁ_‘ W
Collechve modes 3

Deformation

neutrons

Deformation §
F.G. Aperitivo Scientifico - Bologna - January 29th 2015 ' i



1.
2.
3.
4

9]

The Open

Physics @SPES

Limit of Nuclear Existence ?
Robustness of Magic Numbers ?
Validity of Quantum Numbers
Change in Structure due to n-excess ?
-decay and r-process path location ?

estions:

Shell Evolution & interactions

Symmetries (isospin mixing T=0, T#0 in N=Z nuclei)
Order & Chaos Transition

Collective States: Part-Vib-Coupling, Pygmy &
ight Resonances

B—-decay & r-process

spin effects on structure & reaction dynamics

The Experimental tecniques:
« Coulomb Excitation

« Transfer Reactions

» Decay Specftroscopy

» Reaction Studies

The Nuclear Landscape

*How do protons and neutrons make
stable nuclei and rare isotopes?

»What are properties of neutron

matter? .

»What are the heaviest nuclei that o

can exist? L

Moving away from the stability valley = Exotic Nuclei & Limit of Nuclear Existence

dowr the valley

1074

,5_
1075

Abundance

1078

1
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1072

el with excess e qeutron Side of
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oy understood - scientss
fowards Stabify — aren Tt sure where e~
dripling lios -

b s
. -
* Solar Abundances .
— FRDM
[ |

— ETFSI-Q

10 120 130 140 150 160 170 180 190 200 210
Mass Number
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di Fisica Nucleare




E-F-’-%é The Scientific Motivation

exotic beams for science

Coupling with
continuum

| N ® —— Proton number 2 ——————»
u.

ic truths’ of nuclear physics have to be revisited:

nuclear radii of some nuclei do not all scale with a Al/3
pendence.

the well-known magic numbers for Z and N seem to be dependent
n N and Z, respectively.

nucleon correlations and clustering seem to play a very important
role in nuclear binding.

The dependence of the nuclear interaction on the isospin degree
of freedom, (linked to proton-to-neutron ratio) is believed to shed a
ew and elucidating light on a number of aspects of the nuclear
interaction and dynamics

F.G. Aperitivo Scientifico - Bologna - January 29th 2015

Excitation energy

J

Angular momentum
(Deformation)

Target
nucleus

Beam
Nucleus

.— stituto Nazionale
i Fisica Nucleare

The Why and How of Radioactive Beam Research

Angular momenfum

Nuclei Under Extireme Conditions

Isospin: N/Z ratios much larger (or
smaller) than the stability line

Spin: highly rotating nuclei
Temperature: *hot" nuclei

Q@



SPES _ )
, '--é Instrumentation @SPES INFN
exotic beams for science L/Is_m_m_o BBBBBB |

PRISMA large acceptance magnetic spectrometer
Q~80msr;  Bpprox=12Tm AA/A~1/200
Energy occep’ronce ~ +20%

GARFIELD
Drift Chambers

-y
el M
ﬁ .é

NUCLEX: Bologna, LNL, Fi, Pd, Na collaboration

\\ F.G. Aperitivo Scientifico - Bologna - January 29th 2015



SPCS - )
o .,.....é Instrumentation@SPES -_ INEN
exotic beams for science stuto azionale

Intfernational Collaborations:

45 ifinerant detectors
FAZIA: Lcp & fragments detection

PARIS (High Energy
. [l y-ray Detector Array) NEDA (NEutron

Detector Array)

AGATA : innovative

y-rays tracking array)

| ' ]_."" N Q

21t PARIS

F.G. Aperitivo Scientifico —
Bologna - January 29th 2015
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Instrumentation@SPES mﬁ

Istituto Nazionale
di Fisica Nucleare

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

g

14

Row Number (1-32)
s &

o«

T T
0 10 20 30 40 5
Column Number (1-64)

ACTAR : Active Target Detector

Starting activity with ACTAR :
collaboration: ENSAR2 GDS network and - .. o
PRIN national project (submitted) ’ Xoya (mm)

The ACTAR TPC collaboration is actually composed
by:
Centre d’Etudes Nucleaires de Bordeaux Gradignan
T (CENBG), France

W Grand Accelerateur National d'Tons 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

Mlcro-megas Universidade de Santiago de Compostela (USC),
Santiago, Spain

technology forthe  Gas Electron Multipliers: GEM —
amplification region : GDS - Network within
low cost 5¢/cm ENSAR2 — INFN WP leader
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VWS SP@S‘ /)
v AT INFN-Bologna: Collaboration on SPES wN ooooo

Technical
collaboration on
SPES accelerator
construction

« Mechanical

Scientific Collaboration
On Nuclear Physics
within the 3° National
Comittee:

NUCL-EX collaboration @

orkshop
echnical ARFIELD
Office \TIVE TARGET for SPES

and constfruction
e  Mechanical

Workshop
« Technical
Office
« Electronic

Workshop
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Spcs | )
e o s\ INFN-Bologna:: technical collaboration on SPES wN eeeee

Front End SPES on-line upgrade

System for quick removal of the power
connections , signals , high voltage and
cooling ( water ) of the removable part of
the Front End for SPES (TIS & proton injection
line)

INFN Bologna Technical Office:

monitoring of'the mechanical construction
& interface with LNL for the process
planning

INFN Bologna Mechanical Workshop:

construction of mechanical components for the
quick removal system of the movable SPES Front
End

Courtesy of M. Rossignoli
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INFN-Bologna: technical collaboration on SPES .

nstruction phases coordination INFN Bologna Mechanical Workshop:
Construction of the modular frame and of the

main parts of the source (dishes cooled, ditching
table and support-feets

F.G. Aperitivo Scientifico - Bologna - January 29th 2015




INFN-Bologna: technical collaboration on SPES . INEFN

Front End designed and under construction within
the collaboration with iThemba laboratories in
South Africa

INFN Bologna Technical Office:

3D CAD design of the entire apparatus and
drawing of all constructive tables. Redesign of the
extractor block (in green).

INFN Bologna Mechanical Workshop:
Construction of the extractor block and of various
components

F.G. Aperitivo Scientifico - Bologna - January 29th 2015



INFN-Bologna: technical collaboration on SPES . INEFN

Ofther activities in collaboration with LNL

INFN Bologna Technical Office:

Support for the 3D CAD design and construction tables of various subsystems
of the SPES project

Support for the integration of CAD drawings and of all the information and
linked files in the management system and in the Windchill archive server
Strong relation between LNL-Bo for the planning and management of
mechanical achievements at the INFN Bologna workshop

=206
PR

PROTON BEAM

INFN Bologna Mechanical Workshop:

« Construction of various components for the realization of the high power
Beam Dump of the SPES project

« Construction of several mechanical components for activities linked to the

SPES project

F.G. Aperitivo Scientifico - Bologna - January 29th 2015



=ra) Physics: NUCLEX @SPES (Bologna-LNL-Fi-Pd-Na) mﬁ

exotic beams for science\

SPES Lol (L. Morelli, et al.)

= p(E) & sPs
__§ £ F
= . =:> - | &N/ ﬁ"‘""‘ﬂ"v" exotic beams for science

r— Continuum

b | Projectile and Compound Nucleus Decay
i Discrete with light beams provided by SPES

7 \ levels
Disa -
U] L. Morelli 1
1 Dipartimento di Fisica dell’Universita and INFN, Balogna,taly.
[®) \' M. D’Agostino, M. Bruna, F. Gulminelli, A. Di Pietro, P. Figuera, M. Lattuada,
Ground State s S. Barlini, M, Bini, G. Casini, M. Cinausero, M. Degerlier, D. Fabris, N. Gelli,
F. Gramegna, T. Marchi, A. OImi, G. Pasquali, S. Piantelli, $Valdre, E. Vardaci.
% o .‘ B Second International SPES Workshop 26-28 May 2014

Be 7] uc 0 b ¥

INFN Laboratori Nazionali di Legnaro

B
"Be
. i o \ «  Compound Nucleus formation & Decay
8 o i
o

20N e

* Level Density for A~20, e*~3A.MeV

ZSNa z1zp0 . .0. }
. w --
— 17 7
» The statistical theory of CN decay s LS e
+ Above the threshold for particle decay, level BA|+ 71 3 16 2-3AMeV
densities are accessible only through evaporation
reactions - decreasing of NLD as a function of 57| + 118 5 18 2-3AMeV
increasing N-Z
* Hot light nuclei in this mass region and excitation 10Be + 4He 14 6
energy (~3 A.MeV) are produced in multi- 1

fragmentation in a wide range of N/Z
\ \ F.G. Aperitivo Scientifico - Bologna - January 29th 2015




Physics: NUCLEX @SPES (LNL-Bologna-Fi-Pd-Na)

160+1245n 16 AMeV

8¢ L] 30‘“9 i

08040 QI0I0N 5

30.78 48.69 57.61 :

|

:

s mg Mg opp |

Q00 0-00-0 m ;

2887 38.19 |

. 47.42 6028

ar, :

15¢ 139 2Ng “Ajg,o PAp E

;

Q-0-0-0 dﬂo M'

21.62 oan°o |

30.58 27.06 g, 1 5041

|

l'lc :

18, “Ne opg Bap |

000 0 ’

x40 00100 | Q) oQo QoQ:

26,63 21.86 32,47 4381 |

12,01 ' :
13¢ 170 2iNe
000 0000 | o
12.21 1858 11.49

12¢ g “ONe #Mg *Ar
o000 | o)
7.27 14.44 473 14 05 2318

Extension of the Clustering concept:
In light nuclei at the drip line
clustering might be the prefered
decay mode.

Nuclear states built on clusters
bound by valence neutrons in
their molecular

configurations might appear

0 4144 @250 M4V s
o A8 2941 5
10000 L
g . — s pre &
Sy g
81000 H—— —
| -
S
100 ll 7 \\ 11
[ | L
A "
10 ,I ! i -
/ ' *
»
1 J
0 1) 40 60 80 100 0 20 40 60 80 100
Energy (MeV) Energy(MeV/
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SPES Lol (T. Marchi -Pre-equilibrium emission: a tool to study dynamic
effects and clustering structure in exotic nuclei)

What about heavy nuclei¢

®EBD 8
e S

4He+n:*He+n
Bonding o

(c) [100]

4He+n:4He+n
Bonding ©

1. Pre-equilibrium processes
2. Coalescence vs Preformation

Cluster emission, transfer and capture in nuclear reactions
P.E. Hodgson?, E. B&tak®!
Physics Reports 374 (2003) 1-89
Presently these structures are mainly
described by theory, but must be

experimentally verified at the new
radioactive beam facilities

| Exotic Projectile | Stable Target | Compound | Beam Energy Range |

13050 &S G 6- 11 AMeV
132G 2 160G 6-11 AMeV
130§ 05 TG 6-11 AMeV
1328y 0gi 162G 6-11 AMeV
130G TTAl BSTEy 6-11 AMeV
132G TAl ¥y 6-11 AMeV
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Physics: NUCLEX @SPES (LNL-Bologna-Fi-Pd-Na)

)
INFN

Istituto Nazionale
di Fisica Nucleare

SPES Lol

|

1) R. Raabe - Shell structure in the vicinity of 132Sn with an active target.
2) A. Di Pietro - Study of cluster states using the Resonance Scattering Method.

| prmmeEwEmEemos
R—_ LW R

Z=50 closed proton shell

Shell evolution and collectivity in Tin isotope

crossing N=50 and N=82 neutron shells

M

T. Marchi - Marie
Curie Program

agicTin'

PRIN 2015
(Milano, LNL-
Bologna-Padova,
Firenze

I\

ATS@SPES

f;» VS 3/, Neutron orbitals in Sn like in Cae
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[K.L. Jones et al, Nature 465 (2010) 454]

Evidences of 132Sn double magicity
Resolution ~ 300 keV

F.G. Aperitivo Scientifico - Bologna - January 29th 2015

Bologna Workshop; Technical
Office & Electronic Workshop
involved
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Conclusions INEN
L/’ Is.muto Nazionale

di Fisica Nucleare

» The SPES project is financed by INFN up to the completion

» The Cyclotron is completely installed & under test — (X,

» The Site Acceptance Tests are undergoing

ISOL:
= The ISOL system will be installed in 2016

= First radioactive beam in 2018 (no reacceleration) - B

» Re-accelerated beams 2019 _

» Applications:

= A program for study and production of radioisotopes
for medical use is started - 6

» First beams available for medicine and neutrons in 2016

= A neutron facility for fast neutrons is under desig E— y
* e il A ‘ -"' = <t

R
iy 'Ji‘
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SPES - Economic plane INEN
(G
Al
14.000.000 *\(O(\ \%06’0
s e e
N \0
12.000.000

S\‘
@
10.000.000
9000000 ® Premiale2011
m Synergies with others INFN projects
T = INFN
2.000.000 - I
O .

2010 2011 2012 2013 2014 2015 2016 20]7 2018

Approved project funding for completion: Nov 2014

Total SPES construction
2010-2018 Grand
(51.200 kEuro) 2010  IPo11 o012 2013 014 0015 12016 2017 12018 [Total

Estimate (2013
( ) 11,500 1,800 5,200 1,900 6,700 12,900 8,200 2,300 700 51,200

Invested (June 2015)
11,500 1,800 5,200 1,900 2,900 8.100

\ \ F.G. Aperitivo Scientifico - Bologna - January 29th 2015




SPES Budget Planning INEN

SPES budget planning

=¢—planned value
=—actual cost

T T T T T T T T 1

2010 2011 2012 2013 2014 2015 2016 2017 2018
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Existing Buildinué 1
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Protons
Radioactive beams (1+)> 2018
Reaccelerated beams - 2019

—

First beams;
- 2016

b 1

b
[

SPES : )
-—-é SPES Construction phase: MAIN TENDERS -: INFN
exotic beams for science ,\/
010
. 2015 2016
Laser source Safety N :
ISOL target Vacuum systems sy e
RFQ UCx Lab , Vacuum : :
Y%eron ang Charge Breeder & Plant systems, RFQ and I,:'/\Igh Eesowhfrm
viiaing n+ beam transport upgrade installation Qass separaror
i u e g 1 New Cyclotron Building

| for medicine

Radioisotopes

ISOL production
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Phase B: Diagnostics & Tagging for RIBs INEN

AL X%

Tage station based on BEDO syste
say design

Working group:
F. Gramegna
T. Marchi

J. Bermudez

collaborators

D. Conventi

M. Rossignoli

M. Bellato (Pd)
G. Collazuol (Pd)
G. Tortona (Na)

Istituto Nazionale
di Fisica Nucleare

Study group (mainly researchers in NP) to define insfrumentation to
be implemented for SPES (report at the beginning of 2016)

E.Fioretto (coordinator)
D.Fabris, G.Montagnoli, D.Mengoni, G.Collazual,
M.Poggi, R.Cherubini & collaboration with LNS

Low intensity beam monitors

SPES - 30 new diagnostics with
» Beam profile monitors for pilot beams
» Beam profile monitors for low intensity beams
®» Faraday cups
» 3 Beam Emittance Meters
-» Tape stations for beam characterization
= Diagnostic plate for commissioning

LPI

>

Upgrade of the diagnostics boxes with Beam Profile
Monitors for low intensity beams

Installation of beam profile monitors for RIBs on the
different beam lines in the experimental areas.

F.G. Aperitivo Scientifico - Bologna - January 29th 2015




SPES /

o=
exotic beams for science\

Phase B: Diagnostics & Tagging for RIBs

Istituto Nazionale
di Fisica Nucleare

The main problem is the difficulty to develop a device able to cover the full operating range.
For this reason a realistic solution is represented by at least two different kinds of devices with an
overlapping operative range. To this end typical instrumentation and techniques used in

nuclear physics experiments can be used for beam diagnostics if they are redesigned looking
the peculiarity of this application.

O 1 Tape

15 Beam Profile Monitors (BPM)
B 1 Beam Emittance Meter (BEM)
O 15 Beam Current Monitors

station

NEW RFQ

. |
_ P o QO

9 Beam Profile Monitors (BPM)
B 1 Beam Emittance Meter (BEM)
O 9 Beam Current Monitors
O 1 Tape station

OsOom

7 Beam Profile Monitors (BPM)
1 Beam Emittance Meter (BEM)
5 Beam Current Monitors

1 Diagnostic plate (1
2 MCP (Timing)

porary)

F.G. Aperitivo Scientifico - Bologna - January 29th 2015

27 Beam Profile Monitors (BPM)
O 21 Beam Current Monitors
O 1 MCP detector (Timing)
O 1 Sidetector (Timing)
2 Fast FC for E meas. by TOF




SPES a+: Nuclear Physics KEY Questions l INEN

What are the limits of the heaviest elements?

Long Standing Questions | SCIENCE Magazine- Top 125 Questions:
of Nuclear Sfructure and | Are there stable high-atomic-number elements?
R ¢

What are the limits of stability?

How the elements are made in the Universe?¢

lifetimes > 1y

A Challenge for the Italian NP Community

» Development of a comprehensive model of atomic nuclei valid
even far from stability

» Understanding the origin of the elements and modelling of the
extfreme astrophysics environments

» Test of fundamental symmetries

» New applications of isotope science

F.G. Aperitivo Scientifico - Bologna - January 29th 2015



SPES Framework . f N{,}
L/.sn ttttt ionale

NUCLEAR PHYSICS: STABLE & EXOTIC BEAMS
LNS & LNL: an italian working consortium for NUCLEAR PHYSICS

WU SRR A L IRl | L B8

-+ LNS > S
v the Superconducting Cyclotron
(Intermediate energies - Reaction Dynamics)

v the TANDEM (Astrophysics)

* LNL->
v' The SC LINAC ALPI & PIAVE

(low & medium energies - Reaction and Structure)
v The TANDEM (Nuclear Structure)

F.G. Aperitivo Scientifico - Bologna - January 29th 2015
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SPES Framework . INE
(s

LNS & LNL: a working consortium for NUCLEAR PHYSICS

ISOL & FRAGMENTATION

RADIOACTIVE BEAMS: LOW ENERGY & INTERMEDIATE ENERGY

—> our BET on future SPES: Selective Production of Exotic Species

« European framework x TR

xxxxx

*  Physics with SPES :
(mainly UCx fission 2. i
but also SiC, B4C etc. ) gy

+ Instrumentation e

FRIBS: Radioactive lon Beams at Infermediate
Energy produced by the In-Flight method at
LNS —

« European framework

*  Physics with FRIBS
(infermediate energy,
light ions)

 Instrumentation

F.G. Aperitivo Scientifico - Bologna - January 29th 2015




SP=S . . )
, e é Phase a: cyclotron installation and SAT INEN
exofic beams for science b

May 2015
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) Scientific program: Lols 2 some examples )

exotic beams for science(

SPES One-day Workshop Neutron-rich Radioactive B 2 T OE— L—/
Transfer Reactions with RIBs euiron-rc daaioaciive bedms ransrer kedcrions:

Napoli April, 201 2012 a tool to investigate nuclei far from stability

206,

Direct Reactions = traditional tool to get structure "Xe +*°Pb (E,,g = 826 MeVir) 1

information from nuclear dynamics: 0 g
> Coulomb Excitation, inelastic to collective states & | w L
single particle transfer Reactions >  well described | _ 4 |
by first-order one-step mechanism. E
But Two-nucleon & Multi-pair Transfer Reactions - M
quite complicated processes 10
> pdairing correlations strongly affect (and enhance) Two- . —
particle Transfer Reactions - not obvious the A A A A
quantitative’connection.
orders of /magnitude more complex in the case of Mulfi- Coupled channel
(or multi-pair) transfers = they cannot be RelellsllellelsbN(€i(evilgle)F
treated as a genuine direct process. G. Pollarolo

[ Some proposed beams for sPEs : siwier, woner, wmse | STudy Of NN polsit
correlations with e
neutron-rich nuclei > [ Population
pairing force 2> with 144Xe
modified with

126

i Half-life Range
|_| Unknown

50

Beams '32Xe 144Xe
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)
INFN

Istituto Nazionale
di Fisica Nucleare

Lifetime measurements :

Scientific program: Lols = some examples

SPES One-day Workshop

Coulomb Excitation with RIBs
Sesto Fiorentino 27-28 September 2012

Projectile

plunger

—* Target Degrader
b Very precise tool to measure the '& 2
Scattering angle .. . . 3 o ) .
collectivity of nuclear excitations I o . Plunger set-up with the
. . AGATA-deomstartor and PRISMA
b Impact parameler ol and in particular nuclear shapes
A projectile nucleus is scattered p
by a heavy target: Collective & [ & °~fk‘m
States of the exotic nucleus are
excited as it passes through the ’
. Onesectorof  Colulomb field of the target. The ¢ & |© w“»w
Pre the annular de-excitation Y-rays are
silicon strip measured in coincidence with Enery
detector the scattered fragment. The CE PIN detector  PIN detector
cross section can be measured
counting the ratio between the

observed y-rays and the number

of incoming particles. ...
Implantation
event

B Bario i Eﬁzﬂ ECR |
EJE SU3) | ot 2 il Multistrip
]! ey l._. X5) s silicon detector
., il
25 » d
, e i | Coulex of 14¢Ba:
. i Shape Phase Transition Phenomena &
15 , Dynamical Symmetries studied by Multiple
]| R I Y Y B 2 Coulomb EXC“GﬁOh

120 124 126 132 136 140 144 148 : ,
A J
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Lol Proposed previously at
the SPES International

meeting:

C. Gross (ORNL-USA): Nuclear
Structure of n-rich nuclei
determined through pg-decay
spectroscopy of Fission Fragments

Scientific program: Lols = some examples )

SPES one-day Workshop "Physics at SPES
with non re-accelerated beams"

20-21 April 2015 Milano

Europe/Rome time

* 18 talks, 5 concerning LOL

T. Kurtukian — Nieto (CENBG &

University of Bordeaux, France):
Measurement of the decay
characteristics of nuclei around
A=90 relevant to the r-process

nucleosynthesis

A. Gottardo (IPN Orsay, France):
Neutron decay spectroscopy

@ S PE S VANDLE = Versatle Array of Nentron Detectors for Low Energy
q g R ® Nuclear structure - beta strength above Sy
B. Rubio (IFIC : Valencia, Spain): & Kl sheactane- snargy lori®
ﬂ' deC dy SfU d' es usin g Th e ® Nuclear structure - Gamow-Teller vs forbidden transitions
gamma Total Absorptision * Nuclear astrophysics - r-process
Techni que ® Nuclear energy - Deutron energy specuum

F.G. Aperitivo Scientifico - Bologna - January 29th 2015

* Large positive response: 65 attendees
* Particspants trom Italy, CERN-Switzerland, Riken-Japan, Oak Ridge-USA,
TRIUMF-Canada, Bordeaux-France, Orsay-France, Spain, Greece.

IPGe cetacton

Close collaboration with !
ALTO and I-Themba Labs

Egs. MR-TOF, Pauli Traps

$
N\ \/ New techniques proposed




Phase [: HRMS , CB+ MRMS & beam line to ALPI - RFQ

Installation Phase 3b
- RFQ

- RIB line fo ALPI
- ALPI up-grade

—

tallation Phase 2a
1* ion-source

N* beam line up to RFQ
entrance

l

i

N T S - S, S

o

S

AR TR TR TR

CRTETRTES it g i
Ma neiirLinT with \
RFQ \ Main eis%:nd §.olen0|ds ¢

| /N /. N £, N/ 8 /5 7 -/ .

T

Breeder
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Charge Breeder + MRMS

>

Installation Phase 3c
- HRMS.and Beam C
- 1* beam lines to.C




