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Helmholtz International Summer School 
"NUCLEAR THEORY AND ASTROPHYSICAL APPLICATIONS"
Dieter Ackermann, GSI Darmstadt and University of Mainz

Nuclear Structure and Astrophysics 
@ FAIR

• FAIR – outline of the facility

• GSI – today 
• Superheavy Elements
• Nuclear structure and Astrophysics at the FRS

• NUSTAR 
• NUclear STructure, Astrophysics and Reactions
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Part 1Part 1

FAIR
- outline of the

facility
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GSI today…..

Over 30 years of research with heavy 
ions in 
• nuclear and atomic physics
• material research
• biophysics
• plasma physics

supported by  a worldwide unique 
accelerator facility for heavy-ion beams

Creation of  six new chemical elementCreation of  six new chemical element

107

Bh
Bohrium

108

Hs
Hassium

111

Rg
Roentgenium

112

112

110

Ds
Darmstadtium

109

Mt
Meitnerium

Tumor therapy with heavy ions
over 200 patients successfully 
treated
HICAT: a new facility to treat up 

to 1000 patients / year
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Ions from H to U
5 AMeV to 1.5 AGeV
for RI-production

SIS

FRSFRS

ESRESR

LINAC

Synchrotron

Separator

Storage ring

Reaction
setup

UNILAC 

Production
target 

The present GSI Accelerators and 
the GSI RI Facility

SHIPSHIP
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Quo vadis GSI?

New requests:
• higher energies and 
intensities

•diversify the available  beam 
species: RIB's and Antiprotons

Address questions connected to strong interactions in many-body 
systems:

• structure and properties of rare, short  lived nuclei. How were the elements created?

• quark-gluon structure of hadronic matter: Where from is the mass coming?

• ultra-strong electromagnetic field in atoms
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FAIR
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The Facility

SIS100/300

RESR 
&CR

HESR

NESR

SIS 18
Key features

Highest beam intensities 
and energies

Brilliant beams
Cooled beams
Fast cycling 

superconducting magnets
Parallel operation of up to 

four different  scientific 
programs
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FAIR in numbers….

238U28+ : 1012/s; 0.4-2.7 GeV/u; 
Intensity: 100-1000 over the present one 
protons: 2.5x1013/ in 5 s  at 29 GeV
2x109/s 238U73+ up to  35 GeV/u
34 GeV/u U92+, 100 s spill
up to 90 GeV protons

Primary beams (SIS 100)

Secondary beams
broad range of radioactive beams up to

1.5 - 2 GeV/u; 
up to factor 10 000 in intensity over 

present 
Antiprotons 0.03 - 30 GeV

Radioactive beams
e- – A (or Antiproton-A) collider
1011 stored and cooled 0.8  - 14.5 GeV

antiprotons
Decelerated HCI ( 4 MeV/u) and  antiprotons 

( 30 MeV/c)

Cooled beams

Super-FRS
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SIS 100/300

R&D program in rapidly cycling
superconducting magnets

Two synchrotrons in one tunnel
(1080 m circumference)

Booster and compressor (50 ns) Stretcher (slow extraction)
and high energy ring (34 GeV/u)

Nuclotron dipole magnet:
B=2T, dB/dt=4T/s

RHIC type dipole magnet:
B=4T    6T, dB/dt=1T/s

SIS 300

Space charge limit  ~A/q2

• U73+ → U28+  gain of a factor 6.8 in 
beam in tensity

• Short cycle ~ 1 s

• p = 1 x 10-12 mbar



Dieter-Ackermann_GSI/Uni._Mainz_–_Dubna_2005_-_July_26th_2005
A. Bräuning-Demian, GSI                          cssp05, Mamaia

Operation scenario

SIS 300



Dieter-Ackermann_GSI/Uni._Mainz_–_Dubna_2005_-_July_26th_2005

0%                       50%                    100%

Radioactive Beams

Nucleus-Nucleus
Collisions

Antiprotons

Plasma-Physics

100 Tm Ring

300 Tm Ring

Collector & Storage Ring

High-Energy Storage Ring

Nucleus-Nucleus 100 sec

Radioactive
Beams

Plasma
Physics

Antiprotons

DutyDuty--CyclesCycles of of thethe Accelerator RingsAccelerator Rings DutyDuty--CyclesCycles of of thethe PhysicsPhysics ProgramsPrograms

Parallel OperationParallel Operation

SIS 300
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2004 2005 2006

MoU

Contract(s) Development

Contract(s) Negotiations

Closing

LoI's

Tech. Proposals / 
Reports

PAC's TAC TDR's

Signing of MoU

Phase I – Governed by MoU
Phase II

Governed
by

Contracts

FAIR’s
International Working Groups

TDR: planning quality

BMBF

14-17 March, TP / TR Evaluation

until end of July: cost review by CORE

September: project definition
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A. Bräuning-Demian, GSI                          cssp05, Mamaia

Next Steps

2005:  Determination of the Legal Structure of FAIR 
GmbH, draft of FAIR contract

Summer of 2006: Contract on FAIR signed by 
Member States, followed by  FAIR construction Start

2006 to 2010 Technical  Design Reports (TDR) for 
the sub systems 

2011 - 2014: Commissioning of FAIR
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NextNext--GenerationGeneration
SecondarySecondary NuclearNuclear BeamBeam FacilitiesFacilities

0 50 100 150 200 250
1E11

1E12

1E13

1E14

1E15

RIKEN

Planned Intensities for Projectiles

FAIR

RIA

P
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s 
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r S
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Mass Number of Projectiles

400AMeV

350 AMeV

1 AGeV

The high energy compensates lower intensity
• thick target
• kinematic focusing in forward direction

The high energy compensates lower intensity
• thick target
• kinematic focusing in forward direction



Dieter-Ackermann_GSI/Uni._Mainz_–_Dubna_2005_-_July_26th_2005

Part 2Part 2

GSI
present
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halo nuclei

exotic nuclear structure
(„neutron skin“ ...)

stellar nucleosynthesis

Vanishing of shell structures

proton dripline

neutron dripline

superheavy elements

NuclearNuclear StructureStructure and and AstrophysicsAstrophysics
@ GSI@ GSI

proton radioactivity
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AstrophysicsAstrophysics @ GSI@ GSI



Dieter-Ackermann_GSI/Uni._Mainz_–_Dubna_2005_-_July_26th_2005

AstrophysicsAstrophysics @ GSI@ GSI
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AstrophysicsAstrophysics @ GSI@ GSI
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known

CN277112

273110

269Hs

265Sg

261Rf

257No

11.45 MeV
280 µs

11.08 MeV
110 µ s

9.23 MeV
19.7 s

4.60 MeV (escape)
7.4 s

8.52 MeV
4.7 s

253Fm
8.34 MeV
15.0 s

Date:  09-Feb-1996
Time: 22:37 h

277112
70Zn

208Pb 277112

n

kinematic separation
in flight identification 

by α-α correlations
to known nuclides

In-flight Separation at low Energies
and Identification with SHIP

complete fusion
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SHE SHE -- Cross Section Cross Section SystematicsSystematics

cold fusion (GSI)
→ based on
Pb and Bi targets 

hot fusion (JINR) 
→ based on
actinide targets 

1 pb

1 pb

surprisingly high cross-sections (0.5 – 5 pb) for the synthesis of spherical 
SHE  
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Experiment  at  SHIP
April 6 – June 9, 2005
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Be
am

 C
ur
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 /
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µA
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Observed spontaneous fission eventsObserved spontaneous fission events
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TOF / channel

48Ca + 206PbS

48Ca + 238UF4

Energy versus time-of-flight  plots
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4848Ca + Ca + 238238U U →→ 286286--xx112 + 112 + xnxn at  at  
DGFRS  and  DGFRS  and  SHIPSHIP

E*/MeV      dose/1019 events      T1/2 (parent)       x       σ/pb (1 ev. limits) .

31.4           0.58 1 (ER−[α]−sf)*       (3.4 s)         3           0.5  +1.2  −0.4

32.0           0.7          0                               -- < 0.8

2  (ER−[α]−sf) (1.4 s)     
35.0           0.71        3  (ER− α −sf)         2.7 s          3           2.5  +1.8  −1.1

1  (ER−4α−sf)         6.1 s    

34.5           1.0          1    (ER − sf)         5.2 s ?           0.7  +1.6  −0.6

39.8           0.52        1    (ER − sf)         0.14 ms       4           0.6  +1.6  −0.5

37.0           1.2          0                                -- < 0.6

* Dubna work: T1/2(279Ds) = 0.18 s, bsf = 0.9 
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high eff.
ε ≈ 15%

(e.g. SHIP,
TASCA...)

• highly efficient

• clean  

• structure information for SHE

• K-isomers → hint in 270Ds
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ERER--αα--γγ Spectroscopy after Spectroscopy after 
SepartionSepartion
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SHE Synthesis SHE Synthesis 
DubnaDubna –– RIKENRIKEN -- GSIGSI

GSI
RIKEN

Dieter-Ackermann_GSI/University_of_Mainz_-_ENAM04

Ds
282

FLNR
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Reactions to be studied, overviewReactions to be studied, overview
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1. Projectile fragmentation

FRS
fragmentseparator

production
target

fromSIS

ESR
Experimentier-
Speicherring

2. Projectile fission

other experiments

kinematic separation
+

energy loss

separation of
a single
isotope

Radioactive Beams from the FRS
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• Access to n-rich nuclei
• high energy
• Access to n-rich nuclei
• high energy

238U at 1 A GeV on Be target

M. Bernas et al. Phys. Lett. B331(1994)331 Isotope plot

Radioactive Beams from Fission 
of relativistic 238U



Preservation of reaction kinematicsPreservation of reaction kinematics
FastFast Separation time 100 nsSeparation time 100 ns
Sensitive Sensitive SingleSingle--atomsatoms

Coulomb barrier energies: 
supersuper heavy elementsheavy elements

Identification by decay-spectroscopy

Relativistic energies   
drip line nuclei drip line nuclei 

A, Z identification in-flight with:
magnetic spectrometer, time-of-flight, and energy loss

Reaction kinematics isReaction kinematics is
used for separationused for separationAccess to the limits of the Nuclear landscapeAccess to the limits of the Nuclear landscape

Separation and Identification of 
Radioactive Beams in-Flight
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Transmutation of the
projectile beam by
Fragmentation
Fission in flight         
n-rich nuclides

Preservation of
projectile  velocity
and beam quality 

Injection into separators
and beam lines 
with high efficiency
Separation time << µs

H. Geissel et al., Nucl. Instr. Meth. 161(1979) 65 

In-flight Separation at 
relativistic Energies with the FRS
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Discovery of Discovery of thethe
DoublyDoubly MagicMagic NucleusNucleus 100100SnSn

Identification in-flight: Bρ-∆Ε-TOF
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FRS FRS MidplaneMidplane Photo Photo 
with Fishwith Fish--Eye LensEye Lens
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InIn--Beam Beam γγ--Spectroscopy withSpectroscopy with
RISINGRISING J.JolieJ.Jolie

170 MeV/u 55Ni 
beam from FRS
on secondary target

RISING setup behind FRS
(Collaboration of 38 institutes)

Major program 2005-2009Major program 2005Major program 2005--20092009
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Reactions with in-flight separated energetic beams of
radioactive nuclei  

IInversenverse KinematicsKinematics

Nucleus of interest is the Projectile                          
complete kinematics   ==> look into the nucleus 

reaction studies with  1 - 10000 projectiles s-1

New insights into nuclear structure 

matter distributions neutron halo

Nuclear response        giant resonances

New insights into nuclear structure 

matter distributions neutron halo

Nuclear response        giant resonances

Inverse kinematics

Projectile

Target
Reaction
products
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~20 m

LANDLAND--ALADIN Setup for Reaction ALADIN Setup for Reaction 
Studies in reversed KinematicsStudies in reversed Kinematics

Beam cocktail from FRS: 238U 
fission fragments
Beam cocktail from FRS: 238U 
fission fragments

48     49     50    51     52     53
Z [e]

2.66

2.64

2.62

2.6

2.58

A/Z

132Sn
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Dipole Strength in NeutronDipole Strength in Neutron--rich rich 
SnSn isotopesisotopes

P. Adrich et al.  2005

Electromagnetic-
excitation cross 
section

Photo-neutron 
cross section Prediction: Relativistic 

Mean Field (N. Paar et al.)
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Storage of
exotic atoms (bare, H, He-like)
radioactive nuclei
conditions like in space

Electron cooling
small velocity spread (10-6)
precision experiments

Storage and Cooling: The Experimental 
Storage Ring ESR



Dieter-Ackermann_GSI/Uni._Mainz_–_Dubna_2005_-_July_26th_2005

In-flight separated beams preserve reaction kinematics

Projectile fragmetation
(Liouvilles theorem)

Fermi momenta of abraded nucleons

Fisson
TKE of fragments

Bad Beam Quality
large beam spot
broad angular distribution          
large momentum spread

Improving Beam Quality
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207Pb81+

207mTl81+

207Tl81+

Pecularities:
• New decay mode 
• Mono-isotopic separation of bare 207Tl81+
• Stochastic cooling and electron cooling

Stellar Processes observed in ESRStellar Processes observed in ESR
BoundBound--State Beta Decay of  State Beta Decay of  207207TlTl81+81+



Dieter-Ackermann_GSI/Uni._Mainz_–_Dubna_2005_-_July_26th_2005

MassesMasses: : ComparisonComparison of ESR and ISOLTRAP of ESR and ISOLTRAP 
J. J. AystoAysto

 FRS-ESR
 ISOLTRAP

116Te

117
I

119I

Xe120

117Xe

118Xe

119Xe

121Xe

122Xe

-400

-300

-200

-100

0

100

200
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Direct Mass Measurements in theDirect Mass Measurements in the
Storage RingStorage Ring

High resolved
mass spectrum

 (N - Z)
10 20 30 40 50
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∆ 
   

/ M
eV

p

MSk7

BSk1
FRLDM

Bohr, Mottelson
Vogel et a l.

Exp eriment

Pairing strength for Hf isotopes
not understood
Pairing strength for Hf isotopes
not understood
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Known masses compared
with AW-Table

measuredmass-model[keV]

PreliminaryPreliminary ResultsResults of of IsochronouosIsochronouos MassMass
SpectroscopySpectroscopy of Fission Fragmentsof Fission Fragments

S.A. Litvinov, M. Matos
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Highlights and Discoveries

Pairing

B(E2)

Correlations and clusters

Skins

p decay

0 1000 2000 3000 4000 5000 6000
0
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 -1.0T1/2=3.2+2.6 ms

5 correlated decay events identified
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New elements beyond
seaborgium (Z = 106)

2p decay
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new parametr ization 
exper iment

FRLDM (Mo ller et al.)..
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3
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Part 3Part 3

NUSTAR @ FAIR
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NUSTAR at NUSTAR at thethe FAIRFAIR
FFacilityacility forfor AAntiproton and ntiproton and IIon on RResearchesearch

NUSTAR at FAIR
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New basic Instrumental DevelopmentsNew basic Instrumental Developments

Beam production 
by fission of relativistic projectiles  

• Separation in-flight
• Reactions with radioactive beams in reversed kinematics
• Storage and cooling of radioactive nuclei

These techniques use single atoms,
ideally suited for nuclei at the limits of
stability (low production rates)

Beam production 
by fission of relativistic projectiles  

• Separation in-flight
• Reactions with radioactive beams in reversed kinematics
• Storage and cooling of radioactive nuclei

These techniques use single atoms,
ideally suited for nuclei at the limits of
stability (low production rates)
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NUSTAR:  NUclear STructure
Astrophysics and Reactions 

Proton-neutron 
asymmetric matter
Loosely bound nucleons
Correlations
Large proton numbers

New phenomena:

New shells 
New decay modes

GSI Proposal 2002

• Decay studies
• Reactions in reversed kinematics
• Precision experiments in  a storage-ring

Medium dependence of
Nucleon-nucleon interaction

Neutron skins and halos
Super heavy elements  
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The NUSTAR RareThe NUSTAR Rare--Isotope FacilityIsotope Facility
with with SuperFRSSuperFRS

    Driver
Accelerator

    Target

Pre-Separator Main-Separator

   High-Energy
Reaction Studies

    Decay & 
Spectroscopy

      Ring 
Experiments

Superconducting FRagment Separator

• Energy-Bunched Stopped Beams
• High-Energy Reaction Setup
• Multi-Storage Rings (CR, NESR, eA)



Dieter-Ackermann_GSI/Uni._Mainz_–_Dubna_2005_-_July_26th_2005

HighHigh--Power Production TargetPower Production Target
(Concept for a Rotating Target Wheel)(Concept for a Rotating Target Wheel)

Key parameters:
• radiation cooled
• continuous reliable operation (≈ 1 year) 
• safe handling concepts needed (plug system, vertical access)

0.185410.81000PPSI

0.81< 201< 100all ionsRIKEN/BigRIPS

~ 0.25200~ 0.8200DSPIRAL-II

< 0.15< 124 - 8< 38all ionsSuper-FRS

Specific
Power
ΔP/M 
[kW/g]

Deposited
Power

ΔP [kW]

Graphite Target
Thickness
[g cm-2]

Total Beam 
Power
P [kW]BeamFacility

Target E at PSI

Milestones:
• M6-1: Concept for rotating target wheel, 12/2006*
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ComparisonComparison of FRS of FRS withwith SuperSuper--FRSFRS

FRS

Super-FRS

Energy-loss selection
is energy dependent
Energy-loss selection
is energy dependent

Improved Transmission
for fission fragments
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Layout and Separation Properties
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Pre-Separator Optical Design

Previous

New design for high radiation

Can the magnets stay superconducting
after the target and beam dumps?

Additional focal
plane

Previously Presently

H. Geissel, M. Winkler
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RadiationRadiation –– Resistent Resistent 
Large Large -- ApertureAperture QuadrupoleQuadrupole Magnet Magnet 

<∆E>/M= 0.46 mJ/g
(quench limit: 2-3 mJ/g)

Geometry at target area 
Energy deposition distribution 

(calculated with PHITS) 

Milestones:
• M7-1: Decision on insulating material, 10/2005*
• M7-2: Delivery of model coil, 9/2006*
• M7-3: Design and test for Surveying and alignment system ready, 4/2007*
• M7-4: Prototype Magnet delivered, 12/2007*  
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AGATA

2 
m

Production 
    Target

SIS-18

CR

NESR

eA-collider

Main-Separator

Pre-Separator

Low-Energy
    Branch

 Energy 
Buncher

High-Energy
     Branch

Super-FRS

SIS-200

AGATA

.γ-ray  spectroscopy

LASER spectroscopy

Si-Detectors

NaI - Crystals

Super-Clover
Ge-Detector

NaI - Crystals

Decay  spectroscopy

Extraction RFQ

Cooler trap

Precision trap 

Detector

 Trap system

1m

The low Energy BranchThe low Energy Branch
of the Superof the Super--FRSFRS

p

+ p∆

-δp

p’

p’

p’

Bρmax 10Tm

res. power 600
∆p/p ± 2.5% (FWHM)

acceptance:
x 15mm 20 mrad
y 10mm 20 mrad

bunching with
 one large 

dipole stage

Slowing down from 
300 MeV/u after separation 

σR0

0

Al

without bunching:
σ /p = 1.6%p

σR
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Principle:

Layout:

EnergyEnergy buncherbuncher::
PrinciplePrinciple and and IonIon--opticaloptical LayoutLayout

bunching with
 one large 

dipole stage

Slowing down from 
300 MeV/u after separation 

σR0

0

Al

without bunching:
σ /p = 1.6%p

σR
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Experimental Experimental OpportunitiesOpportunities and and 
InstrumentationInstrumentation

in-beam γ-ray
spectroscopy

α, β, γ -decay
spectroscopy

LASER 
spectroscopy

in-trap ex-
periments

Unique feature: RIBs and pbar at (almost) the same place

pbarRIB

Slow beams
(500...10 MeV/u)

Stopped beams
( ~ 25meV)

ISOL-type beams
(~10...100 keV)

Highly-
charged ions

Monoenergetic
degrader

Monoenergetic + variable
degrader

He-filled
ion catcher

EBIS + analyzer
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Experimental Experimental opportunitiesopportunities and and 
instrumentationinstrumentation

Unique feature: RIBs and pbar at (almost) the same place
pbarRIB

in-beam γ-ray
spectroscopy

Slow beams
(500...10 MeV/u)

Monoenergetic
degrader

α, β, γ -decay
spectroscopy

Stopped beams
( ~ 25meV)

Monoenergetic + variable
degrader

LASER 
spectroscopy

ISOL-type beams
(~10...100 keV)

He-filled
ion catcher

in-trap ex-
periments

Highly-
charged ions

EBIS + analyzer
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TheThe LowLow--EnergyEnergy BranchBranch
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Experimental Area at the Low-
Energy Branch of the Super-FRS
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Physics with Radioactive Ion Beams

The high-energy branch

Reactions with high-energy radioactive beams:

• Knockout reaction: shell structure, valence-nucleon wave 
function in light nuclei

• Quasi-free scattering
• Total absorption measurement: nuclear radii, for heavy nuclei 

(one ion/s)
• Spallation reactions: neutron sources, production of radioactive 

beams, astrophysics
• Projectile fragmentation

Kinematically complete measurements using a large variety of γ
and particle detectors and a high resolution magnetic 
spectrometer
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Physics with Radioactive Ion Beams: 
The SFRS  high-energy branch

Projectile fragmentation 
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Reactions with Relativistic
Radioactive Beams

• identification and beam "cooling" (tracking and momentum measurement, Dp/p ~10-4)
• exclusive measurement of the final state:
• - identification and momentum analysis of fragments 
• (large acceptance mode: Dp/p~10-3, high-resolution mode: Dp/p~10-4)
• - coincident measurement of neutrons, protons, gamma-rays, light recoil 

particles
• applicable to a wide class of reactions

• identification and beam "cooling" (tracking and momentum measurement, Dp/p ~10-4)
• exclusive measurement of the final state:
• - identification and momentum analysis of fragments 
• (large acceptance mode: Dp/p~10-3, high-resolution mode: Dp/p~10-4)
• - coincident measurement of neutrons, protons, gamma-rays, light recoil 

particles
• applicable to a wide class of reactions
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New Methods and Concepts New Methods and Concepts 

Storage Rings
•Precision experiments
•New access to structure

Light hadron (p,d,He..) 
scattering 

internal-target experiments

Electron scattering
Electron-Ion Collider

Rapid transfer + fast cooling
Shortest-lived isotopes

‘Standard probes’ 
not available for 
RI so far

!!First generation:
charge radii
First generation:

charge radiiidea born at Dubna



Dieter-Ackermann_GSI/Uni._Mainz_–_Dubna_2005_-_July_26th_2005

The Storage RingsThe Storage Rings

to FLAIR cave

NESR
electron cooling,
deceleration to 

4 Mev/u

RESR
deceleration (1T/s) to 100 - 400 MeV/u

Collector Ring
bunch rotation,

adiabatic de-bunching,
fast stochastic cooling,

isochronous mode

electron ring
collider mode

from Super-FRS (up to 109 fragments 
per cycle at 740 MeV/u)

H. Weick,
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Physics with Radioactive Ion Beams

The Ring Branch: CR and 
NESR
• mapping of large area of 

unknown masses
• life time of HCI
• pure isomeric beams

Schottky 
pickups

Method: precise  measurements 
of the  revolution time in ring

df/f = -γt
-2 d(m/q) / (m/q) + 

+ (1- γ2/ γt
2)dv/v

∆v/v= γ-2(∆p/p)
• Schottky Mass Spectr.

• Isochronous Mass Spectr.
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PrecisionPrecision Experiments inExperiments in
StorageStorage and and ColliderCollider RingsRings
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Hadron scattering with thin targets 
at high resolution

10 cm

Gas jet

p
He
p
He

n
e

u
tr

o
n

g
a

m
m

a
n

e
u

tr
o

n
g

a
m

m
a

Heavy
ions

Recoil
Detector
Recoil

Detector

Neutrons /
Charged Ejectiles

Gas jetGas jet Beam in
Storage Ring
Beam in
Storage Ring

Fragment
Spectrometer

Fragment
Spectrometer

Recoil
Detector
Recoil
Detector

UHV

Scintilla
tor

Elastic (p,p) …
Inelastic (p,p’), (α,α’) ...
Charge exchange: (p,n), (3He,t) .. 
Quasifree (p,pn), (p,2p), (p, pα) ..

Elastic (p,p) …
Inelastic (p,p’), (α,α’) ...
Charge exchange: (p,n), (3He,t) .. 
Quasifree (p,pn), (p,2p), (p, pα) ..

Reversed kinematics:

Form factors from      
low energy/momentum
recoils

Reversed kinematics:

Form factors from      
low energy/momentum
recoils

Thin (gaseous) targets,  
new detector concepts,    
e.g. UHV in-ring det.    
…… .…… ….

Thin (gaseous) targets,  
new detector concepts,    
e.g. UHV in-ring det.    
…… .…… ….

complete kinematics , decay 
product  coincibdences
suppression of phys. bgr. 
…………

complete kinematics , decay 
product  coincibdences
suppression of phys. bgr. 
…………

Target thickness 1013-1015 cm-2
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Physics goals

• Charge distribution of exotic nuclei 
(radius, diffuseness, higher moments...)
req. luminosity: > 1024 cm-2 s-1

• Selective electromagnetic excitation
plus spectroscopy, fission, ...  studies.
Full identification of electric & magnetic 
multipolarities and of the final state      
( new collective soft modes)
req. luminosity: about 1028 cm-2 s-1

• Quasi-free scattering 
(single-particle structure) 
req. luminosity: about 1029 cm-2 s-1

Electron Scattering

• Pointlike particle

• Pure electromagnetic probe
⇒ formfactors F(q)
⇒ elastic scattering

• F(q) transition formfactors
⇒ high selectivity to certain 

multipolarities
⇒ inelastic scattering

• Large recoil velocities 
⇒ full identification (Z,A) 

complete kinematics 

• Bare ions (no atomic bg.)
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The ElectronThe Electron--Ion (Ion (eAeA) ) ColliderCollider

Electrons, a new probe for structure 
investigations of unstable nuclei
Electrons, a new probe for structure 
investigations of unstable nuclei

Idea and first common studies
from JINR (Oganessian, Meshkov,
TerAkopian)

Idea and first common studies
from JINR (Oganessian, Meshkov,
TerAkopian)

JINR: UHV 
detectors

Electron
spectrometer
∆p/p=10-4

gap 25 cm
weight 90 t

Electron
spectrometer
∆p/p=10-4

gap 25 cm
weight 90 t

H. Simon
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Future of SHE

UNILAC
intensity upgrade

SHIPTRAP atomic physics

TASCA separator
for chemistry

γ-spectroskopyCalorimeter
mass detemination

3 
m
m
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NUSTAR - Organisation
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Helmholtz International Summer School 
"NUCLEAR THEORY AND ASTROPHYSICAL APPLICATIONS"
Dieter Ackermann, GSI Darmstadt and University of Mainz

In Summary

• FAIR –
• versatile facility for nuclear structure, 

astrophysics (hadron-, atomic, plasma phsyics
...)

• GSI today – a few examples 
• Superheavy Elements
• Nuclear structure and Astrophysics at the FRS

• NUSTAR @ FAIR
• NUclear STructure, Astrophysics and Reactions
• will provide new oprtunities and insights exploiting 

new concepts and methods 
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ELISe
electron scattering

AGATA
in-beam spectroscopy

EXL
light hadron scattering

New Insights
into the Structure of the Nucleus

New Techniques, New ProbesNew Techniques, New Probes
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Letters of Intent for NUSTAR 

Low Energy Branch C. Scheidenberger (GSI)
HISPEC High-resolution in-flight gamma-ray spectroscopy Z. Podolyak (U.Surrey)
DESPEC Decay spectroscopy with Implanted Ion Beams B. Rubio (CSIC Valencia)
MATS Precision measurements of very short-lived nuclei using K. Blaum (U.Mainz)

an advanced trapping system for highly-charged ions 
LASPEC LASER spectroscopy for the study of nuclear properties P. Campbell        (U.Manchester)
NCAP Neutron capture measurements M. Heil (FZ Karlsruhe)
Exo+pbar Antiprotonic radioactive nuclides M. Wada (RIKEN)

High-Energy Branch
R3B A universal setup for kinematically complete measurements 

of reactions with relativistic radioactive beams T. Aumann (GSI)

Ring Branch
ILIMA Study of isomeric beams, lifetimes and masses Y. Novikov (NPI St.Petersburg)
EXL Exotic nuclei studied in light-ion induced reactions 

at the NESR storage ring M. Chartier (U.Liverpool)
ELISE Electron-ion scattering in a storage ring (e-A collider) H. Simon (GSI)
pbar-A Antiproton-ion collider: measurement of neutron and 

proton rms radii of stable and radioactive nuclei P. Kienle (TU Munich)
PIONIC Spectroscopy of pionic atoms with unstable nuclei K. Itahashi (RIKEN)
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