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NUclear Structure, Astrophysics and Reactions F|R

What are the limits for existence of nuclei?
Where are the proton and neutron drip lines situated?
Where does the nuclear chart end?

How does the nuclear force depend onararying pretonsto-neutron ratios?
What is the isospin dependence of .the spin-orbit force?
How does shell structure change far away from stability?

How to explain collective phenomenafromsnhdividual motion?

What are the phases, relevant degrees of freedom, and symmetries
of the nuclear many-body system®?

How are compleX aueclel buitfrom their basic constituents?
What is the effective nucleon-nucleon interaction?
How. does QCDrconstrain 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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Nuclear physics in the universe FAIR

For the understanding of nucleosynthesis and stellar
dynamics we need to know properties of many
exotic nuclei.
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Nuclel In neutron stars
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Dipole strength distributions in heavy neutron-rich nuclei F.\lR

core vs. neutron skins & halos - density / asymmetry
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The N=126 physics case FAIR

Previous GSI measurements e
contradict earlier lifetime predictions! ... .22

— Mass abundance not understood! : = = = 2z

Ref. FRDM+QRPA/Cold Trajectory
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NUSTAR @ FAIR
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NUSTAR @ FAIR FAIR
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RIB production and experiments FAIR
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Complementarity of NUSTAR experiments

FAIR

Super-
FRS

HISPEC/
DESPEC

LaSpec

MATS
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Super-FRS HISPEC/DESPEC |LASPEC MATS R3B ILIMA SHE ELISe EXL

Masses Q-values, isomers dressed ions, unbound nuclei bare ions, precision
highest precision mapping study |mass of SHEs
Half-lives ps...ns-range dressed ions, resonance width, |bare ions, us...days
Us...s decay up to 100ns |ms...years

Matter radii |interaction x- interaction x- matter densitiy

section section distribution
Charge radii |charge-changing mean square charge-changing charge density

cross sections radii cross sections distribution
Single- high resolution, |high-resolution magnetic evolution of shell |quasi-free evolution of shell structure low momentum
particle angular particle and y-ray [moments, str_, painng int_, |knockout, short- [shell closures, |of SHEs transfers
structure momentum spectroscopy nucl. spins |valence nucl. range and tensor |pairing com.
Collective electromag. quadrupole |halo structure dipole response |changes in electromag. monopole
behavior transitions moments deformation transitions resonance
EoS polarizability, neutron skin 2 |neturon skin,

neutron skin Compressibility

Exotic bound mesons,
Systems hypernuclei,

nucleon res.
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NUSTAR Collaboration

E= A

e 850 registered “interested”
scientists in NUSTAR

database
e 39 countries and more than 180 institutes
Unraveling stellar alchemy with NUSTAR — IKCW 2015 _ 11



Organizational structure FAIR

Reference data:
* members and institutes
» work packages

e organization ... etc.

NUSTAR
MoU
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From the idea to in-kind FAIR

Technical proposal
Technical design report (TDR)

|dentification of partner institutes
Funding requests

Delivery of in-kind contributions
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Different types of funding FAIR

FAIR budget (1/3) “external” funding (2/3)

In-kind contract MoU
\ )
Y
: : order .
Institute = — Industry
material
manpowerl
eguipment
owned by FAIR owned by institute
\ )
Y

usage to be regulated by MoU
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NUSTAR Collaboration — funding FAIR

iy

Secured funding and expression of interest in funding
(status: July 2015)
16 countries (incl. 9 FAIR partner countries)

Unraveling stellar alchemy with NUSTAR — IKCW 2015 _ 15



Comparison: funding vs. senior scientists FAIR

16 countries Bulgaria 39 countries

poland Oters 59 institutes Romania ; /o, >180 institutes

0,8% Brazil 1,5%

1,7%
Finland others
2,0% 10,6%

Poland

2,0%
It
Turkes NUSTAR
Funding (Eols) 2,7‘? »interested

seniors”

NI LA
: raln™
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Different types of collaborative work FAIR

one provider only

experiments_> work Several pI’OVIdeI’S
packages « independent production
e specialized sub-systems

co-funding

17
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NUSTAR project structure

Modularized Start Version (MSV)

FAIR

1.2.1 LEB Super-FRS
1.2.2 HISPEC/DESPEC

1.2.3 MATS
1.2.4 LaSpec
1.25 R°B
1.2.6 ILIMA
1.2.8 ELISe
1.29 EXL

New experiments

1.2.10 Super-FRS Experiments
1.2.11 SHE

1.2 NUSTAR

initially NESR required —
alternative/intermediate ,operation”
within MSV under discussion

,operation* within MSV planned
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Work packages of NUSTAR FAIR

>220 sub work packages
66 Work packages /

10 Experiments

6 experiments
monitored
so far

described by
34 TDRs
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NUSTAR work packages (63 with TDR)
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NUSTAR project structure; example R3B FAIR

1.2.5.1 R°B ‘staﬂe Ii

N B ....

Staged construction
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GLAD magent @ CEA Saclay
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R3B — GLAD construction cost

 GLAD magnet construction cost (July 2015)
Detailed cost overview (CEA Saclay + GSI local cost) in KEUR 2005
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6878 KEUR

cost sharing

23



NeuLAND neutron detector FAIR

o 30 double planes
* 100 x 100 scintillator bars x 30 planes
« 6000 PMTs

excellent multi-neutron capability
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Work packages and funding: NeuLAND FAIR

HV
system Stage 1 stage 2 stage 3

TU Univ.
Darmstadt C0|0gne

Univ.
Frankfurt

Y
FAIR
shareholder .external“ funding
contribution
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Definition of NUSTAR experiment phases FAIR

e Phase O

R&D and experiments to be carried out with present facilities and
FAIR/NUSTAR equipment

e Phase l

Core detectors and subsystems completed

First measurements with FAIR/Super-FRS beams

» Carry out experiments with highest visibility as part of the core
program and within the FAIR MSV

e Phase 2

FAIR evolving towards full power
Completion of experiments within MSV
» Essentially the full program of MSV can be performed

e Phase 3

Moderate projects, which have been initiated on the way (outside
MSV) can be included (e.g. experiments related to return line for rings)
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FAIR

Phases of HISPEC/DESPEC - funding
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Secured funding, Eols, and to be assigned FAIR

 FAIR shareholders and associates
Finland
France
Germany
India
Poland
Romania
Russia
Sweden
UK
e Additional funding from:
Belgium
Bulgaria
Hungary
u expected from FAIR Israel
Italy
Japan
“ Eol Spain
Turkey

M secured FAIR

M secured external

M to be assigned
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Evolution of NUSTAR project funding (RRBs)  F4|R
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NUSTAR experiment funding — phases FAIR

‘Oa : MEUR (2005)
o 0 10 20 30 40 50

Full NUSTAR .
Phase O

Phase 1

m secured
Phase 2 expected from FAIR
Eol
Phase 3 m to be assigned ‘
| |

July 2015 - iteration within NUSTAR Collaboration ongoing
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Scenario for phase 0 and phase 1 operation ~ FA|R

Super-FRS

construction and installation
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With in-kind from international partners ... FAIR

... the NUSTAR project aims at studying exotic nuclei ...

The landscape of possible nuclei

Physics subject
Proce . :
“slowibcess'Via chain o to understand the formation of

e of stable nucleithrough

via unstable proton-rich neutron capiure e ) g the elements and to flna”y
nuclei through v, - il deSC”be the at0m|C nUC|8US

proton capture

rp-Process

LPI’OTOH dripline : . = it Instru mentatlon
(edge of nuclear stability) e $ H
o ' a multitude of novel particle and
radiation detectors with
sophisticated electronics and
data acquisition systems

r-Process

‘Rapid process’ via L Applications

unstable neutron-rich nuclei® )

many new devices and
methods for medicine, security,
industry other research areas
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...and is on a good way!
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