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e Further steps
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Precision nuclear structure physics with high intensity and high
optical quality RIB
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gravitational waves and production of heavy elements
= Gravitational wave signal
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The messengers from

neutron star mergers : Gravitational wave emission

seen together with electromagnetic signals
* QGravitational waves Time evolution
determined by the
radioactive decay
of r-process nuclei
(science drive of
facilities with RIB)

* Electromagnetic signals
characterizing the nuclei in
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°* neutrinos
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Applied science: Medicine & material studies
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Physics with ISOL RIB | Precision nuclear structure physics & applications

Intensity & Energy
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Support for construction, augmentation
and exploitation of world leading ISOL
facilities in Europe.

The urgent completion of the ESFRI facility SPIRALZ2

along with SPES and the energy and intensity

. upgrade of HIE-ISOLDE (+ storage ring), including

their unique instrumentation will consolidate the
leading role of Europe. These ISOL facilities with low
energy and reaccelerated exotic beams, offer
extraordinary opportunities for scientific discoveries
to probe questions that concern the atomic nucleus
and nuclei in the cosmos. The successful
completion and exploitation of these facilities
would be the major step toward the ultimate
European ISOL facility, EURISOL. With this aim, a
strong European collaborative initiative, the
EURISOL-Distributed  Facility, is strongly
supported to maximize synergies to address and
solve new scientific and technical challenges.



EURISOL — Distributed Facility (DF) Initiative
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HIE-ISOLDE Facility, CERN

® ISOLDE is the CERN radioactive beam facility (approved 50 y ago!)

® Run by an international collaboration since 1965. Presently 13 members (B,
CERN, Dk, E, F, Ge, Gr, I, India, N, R, S, UK)
® > 500 Users from 100 Institutions, 50 experiments / year
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-EUF SOL pg EURISOL-DF facilities
SPIRAL2@GANIL layout

......

M. Lewitowicz #I. ™ Very high intensity stable-ion beams
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4PN EURISOL-DF facilities
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EUE SOL pg 1SOL@MYRRHA - Concept

In phase 1 (2016-2024): ISOL Target Station at the 100-MeV accelerator

Protons: 2-4 mA, CW

O O -

double-injector

Protons:
~ 1004200 pA,

Sustainable 1* Ruggedized
ion source target:
High-resolution Phase 1 e.g. Ta, UC/C

mass separator

RFQ cooler
& buncher

~60 keV ==
RIBs //

Phase 2

Phase 3

- Driver-beam power on ISOL@MYRRHA target: up to 120 kW

- Low-energy RIBs
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- Experimental programme complementary to other ISOL facilities



The goals of EURISOL-DF project (1/3)

* Implement a new scientific policy tackling major problems in
nuclear physics at ISOL-based European facilities and in particular:

e organise experimental campaigns using all available
observables, techniques, facilities and theoretical approaches
to answer key questions in nuclear structure and astrophysics);

* have a single-entry point for physics programmes that require
beam from at least two EURISOL-DF facilities ;

* the EURISOL-DF facilities agree to provide a significant fraction
of the Radioactive lon beam time dedicated for such physics
programmes, for which beam time will be distributed via the
EURISOL-DF Program Advisory Committee

EUR'SOL pf



EUE SOL 5 RIBs and Beam Time

Beam Time for users & simultaneous operation

In the next Nominal # of
# of Months of RIB/year* Today Nominal simultaneous
few years
RIB

ISOLDE 7/ 7/ 7 2
GANIL-SPIRAL2 1 4 8 2
SPES 4 8 1
ISOL@MYRRHA 4,5 2
ALTO 0,7 1,2 1,2 1
JYFL 2 2,5 2,5 1
Total 10,7 18,7 31,2 9

RIB energy range 0(keV) - 10 MeV/nucl.

* Including beam preparation & development time

M. Lewitowicz



The goals of EURISOL-DF project (2/3)

 promote and coordinate the development, construction
and operation of the ISOL RIB facilities in Europe;

e develop R&D on RIB production and instrumentation
towards EURISOL and in particular

e promote user driven policy with an important role
played by the EURISOL User Group and the EURISOL
Instrumentation Coordination Committee in order to
organise and optimize the campaigns of travelling
detectors and arrays;

EUR'SOL pf
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EURISOL-DF Instrumentation Coordination Committee (EICC)

The role of the EICC is to reinforce the synergies and coordinate efforts between the
facilities and the major collaborations on existing and new detectors in order to carry
on R&D and to reach construction milestones and coordinate experimental
campaigns at all RIB facilities which are members of EURISOL-DF.

Gamma Charged-particle Neutron
arrays arrays & TPC arrays
NEDA

IMUGAST/GRIT |

AGATA

MINIBALL PARIS

M. Lewitowicz



The goals of EURISOL-DF project (3/3)

 Have EURISOL-DF included on the ESFRI list by 2020 and attract
additional member states and EU funds

* Establish a joint strategy in education and training in nuclear
science ( eg. organising joint summer schools, hands on training,
topical workshops and conferences);

* Develop EURISOL as a single site facility as a long-term goal.

Layout of EURISOL
Design Study 2009

Collaboration agreement between FAIR/NUSTAR
and EURISOL-DF under discussion EUE SOL pg



EURISOL - Distributed Facility (DF) Initiative — next steps

* First draft of the full EURISOL-DF recommendations is ready

* Writing Committee (A. Bracco, Y. Blumenfeld, B. Rubio and M. L.)

in a close collaboration with the EURISOL Steering Committee
and EURISOL UEC

» Executive Summary finalised in few weeks

» Meetings with funding agencies in order to ensure a support from
at least 3 EU countries (France, Italy, CERN and also Belgium,
Finland, Poland,...) — from October 2018

2018 | 2019 | 2020 2021 | 2022 | 2023 2024 | 2025
Submi
ssion
~ August -
- .
ESFRI Creation .

2 = ESFRI roadmap ESFRI decis EURISOL-DF EU funded ~ oflegal Stgg]‘;f é’g‘ga];‘;“
% = proposal preparation evaluation ; 3 year Preparatory Phase entity -
=

EURISOL-DF in the H2020 IA project beyond ENSAR2? EUE SOL DF
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RIBs and Beam Time
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EURISOL-DF Organisation (Preliminary)

Governing Body with Funding Agencies

Allocation of Resources

SPIRAL2

ISOLDE ISOL@MYRRHA

GANIL/ALTO CERN

EURISOL-DF PAC . EURISOL User
EURISOL-DF Steering .
Committee T Executive
EURISOL-DF TAC Committee
Evaluation of scientific AT S,
. : ientifi
(experiments) and technical Define Scientific and technical strategies frorr? the EURISOL
proposals Scientific campaigns to be scheduled :
cie paig community

* Foster Research & Developments
» Allocate funds

R&D Beam
Production
Coordination
Committee

Instrumentation
Coordination
Committee

R&D Accelerator
Coordination
Committee
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Close collaboration and synergies
FAIR/NUSTAR - EURISOL-DF

« Unified approach to the nuclear physics topics (examples):

* Nuclear structure and reactions for explosive nucleosynthesis
» Modifications of shells closures

« Synergies in the construction and campaigns of (moving) arrays and
detectors

« Collaborative approach of the whole European nuclear structure and
reactions community

 Joint input and support for the ESFRI (FAIR, GANIL-SPIRALZ,
MYRRHA, EURISOL-DF and EU projects (ENSARZ2 and beyond)
« Joint conference (EURORIB) and topical meetings

Collaboration agreement between FAIR/NUSTAR and
EURISOL-DF under discussion



EUF 'SOL o Whatis EURISOL ?

Up to 150 AMeV for 132Sn

Low-energy Beam Physics experiment hall Fragment
experiments preparation & data-acquisition rooms separator
& astrophysics & high-energy
post-accelerator experiments

Cooling &
Crogenics

N
$e‘ £ 3X Post-accelerators
¢ L (below ground) &
<E e RF power supplies

= ‘ _ Multi-MW  3X100-kW Control Physics and
- ’ Injector 235 target targets room  administration
building
LINAC: H, D, He and A/g=2 ions up to 1 A GeV Multi-user capabilities

Cost: > 1.3B€

M. Lewitowicz




EUF SOLpg Whatis EUR!SOL ?
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Facility as defined in the 2005-2009 EU funded Design Study

M. Lewitowicz

Elliptical ISCL H-, H+,
704 MHz 3He+t

H-
. l:m‘; 3-spoke ISCL  Elliptical ISCL
pi e 325 MHz 704 MHz

i keV

p=0.65p=0.78

1.5 MeV/u 60 MeV/q 140 MeV/q
H+, D+,
et >200 MeV/q l
lon D+, A/q=2 |
sources
; 3 o) U
A possible schematic prt Py N\
layout target stations
Secondary f or a EURISOL f acility Low—resa;lun‘on
fragmentation mass-selector
target  spoke 8 HWRs 3QWRs QWR

IsCL IscL IsCL ISCL Bunching Charge
264 MHz 176 MHz 88 MHz RFQ selector
Charge
breeder
B=0.385 B=0.27 p=014 P=0.065

20-150 MeV/u  9.3- 62.5 MeV/u 2.1-19.9 MeV/u
- (for 1325n)
To high-energy l l
experimental areas

To low-energy areas

To medi gy experi l areas

1GeV/a n-generator UCX target

4-Mw
target
station

1+ion
source

High-resolution
mass-selector

4 target stations:
Multi-user capabilities

SMW target
Py -
M

Fissi 35U target

« Proton beam




EUE SOL Energy domain SANGE—

FAIR/Super-FRS

HIE-ISOLDE, SPES, SPIRAL 1&2 -

TRIUMF/ISAC2 EUE SO L-D-F-

Fusion barrier with U

20 40 60 80 100
Element number
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8 Complete urgently the construction of the ESFRI flagship FAIR h
and develop and bring into operation the experimental
programme of its four scientific pillars APPA, CBM, NUSTAR
\ and PANDA. y

Support for construction, augmentation and exploitation of
world leading ISOL facilities (ISOLDE, GANIL-SPIRAL2, SPES) in
Europe towards EURISOL (EURISOL-DF).

Support for the full exploitation of existing and
emerging facilities.

Support for ALICE and the heavy-ion programme at the LHC
with the planned experimental upgrades.




EUR'SOL pg SANg:
EURISOL-DF Pan-European added value

« Optimal approach to study major questions in modern
nuclear structure physics, nuclear astrophysics and related
applications

« European coordination of EURISOL related physics and
technical R&D

« Secured resources for operation of the ISOL facilities and
additional resources for R&D and detectors

» Clear strategy for upgrades of the complementary EU
ISOL facilities towards EURISOL



EUF SOL pser driven policy: Example EICC
EURISOL-DF Instrumentation Coordination Committee (EICC)

The role of the EICC is to reinforce the synergies and coordinate efforts
between the facilities and the major collaborations on existing and new
detectors in order to carry on R&D and to reach construction milestones
and coordinate experimental campaigns at all RIB facilities which are
members of EURISOL-DF.

Traveling detectors (examples)

Gamma-ray detectors Charged particle detectors Neutron detectors
% | ACTAR-TPC | |GASPARD)| NEDA
b Sl AGATA | |

W e : < ni}
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EXOGAM 2 Phm L 4
a3 i;x: 3

/ HE g —| FAZIA

. A e
Ve W \ R /
\\ )\ ol

M. Lewitowicz



Strong scientific case for RIB

science and applications EURISOL. ser Group

)

Going to the limits of mass, temperature,

P

5 Each meeting: spin and isospin with heavy Radioactive
5 . . lon Beams

z | 40-70 participants

s| 25-30talks WS Krakow

© ' 2.5days st

of the nuclear chart
WS Valencia

=% The formation and

structure of r-process nuclei

WS Catania Instrumentation
WS York

5 Topical Meetings (2009-2014) to be continued

N, numher of heutrons

>

Physics light exotic nuclei

WS Lishon http://www.ensarfp7.eu/projects/eurisol-net/documents
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Electric dipole moment search in exotic octupole deformed systems

At present the most sensitive EDM search is performed on °°Hg and the upper limits
already constrain various extension of the Standard Model. Being the expected EDM
proportional to the square of the octupole deformation, very promising cases are
octupole deformed nuclei in the actinide region like 22°Rh, ?2°Ra or ?**Pa nuclei with
enhancement factors calculated up to the order of 10* respect to Hg nuclei.
EURISOL-DF offers a unique possibility to study in a coherent and complementary way
such systems through high energy reaction (HIE-ISOLDE), performing nuclear
structure characterization (SPES) and production (SPIRAL2 and ISOL@MHYRRA).



