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Main Physics Goals in Nuclear Structure

reqgions of interest:

= towards the driplines for
light, medium, medium heavy
and heavy nuclei

physics interest:

Proton number, Z —

‘;.O.

matter distributions (halo, skin...)

N o

2 8 —— Neutron number, N —

single-particle structure evolution (new magic numbers,
new shell gaps, spetroscopic factors)

NN correlations, pairing and clusterization phenomena

new collective modes (different deformations for p and n,
giant resonance strength)

parameters of the nuclear equation of state
in-medium interactions in asymmetric and low-density matter

astrophysical r and rp processes, understanding of supernovae
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Light-1on induced direct reactions

® Elastic scattering (p,p), (o), ...
Nuclear matter distribution p_..(1), skins, halo structures
®Inelastic scattering (p,p ), (o,a'), ...
Deformation parameters, B(E2) values, transition densities, giant resonances
® Charge exchange reactions (p,n), (*He,t), (d,”He), ...
Gamow-Teller strength
® Transfer reactions (p,d), (p,t), (p, *He), (d,p), ...
Single particle structure, spectroscopic factors
Spectroscopy beyond the driplines
Neutron pair correlations
Neutron (proton) capture cross sections
® Knock-out reactions (p,2p), (p,pn), (p,p*He), ...

Ground state configurations, nucleon momentum dist., cluster correlations
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Why low momentum transfers hadronic scattering?

v" Investigation of Nuclear Matter Distributions along Isotopic Chains:
= halo, skin structure
= probe in-medium interactions at extreme isospin (almost pure neutron matter)
= in combination with electron scattering (ELISe project @ FAIR):
separate neutron/proton content of nuclear matter (deduce neutron skins)
method: elastic proton scattering at low g: high sensitivity to nuclear periphery

v Investigation of Giant Monopole Resonance in Doubly Magic Nuclei:
=> gives access to nuclear compressibility = key parameters of the EOS
= new collective modes (breathing mode of neutron skin)

method: inelastic o scattering at low g

v" Investigation of Gamow-Teller Transitions:
= weak interaction rates for N = Z waiting point nuclei in the rp-process
=> electron capture rates in the pre-supernova evolution (core collapse)
method: (3He,t), (d,?He) charge exchange reactions at low g
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Kinematics for inverse reactlon for SON
103E‘
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Advantages and disadvantages of
storage-ring experiments

Advantages:
Large intensities 1n the ring
Little energy loss 1n the target
No target window (no background)
High resolution of the beam (cooling)
Forward focusing for high-energy particles

Disadvantages:
Ultra high vacuum
Very small recoil energies for low g
Thin targets
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R’B (external tar.) vs.

External target (thick)
Low beam current
High-energy particles
Large momentum transfer
larget contamination

Quasi-elastic scattering

EXL (ring exp.)

Internal target (thin)
High beam current
Low-energy particles
Small momentum transfer
No target window

Giant resonances

\J KVI Exotic nuclei studied in storage rings

university of

s /) voningen



Details

of the EXL setup

N

Heavy-lon |
Spectrometer RIB's from the
Electron Super-FRS
cooler
Neutrons / } NESR 0
Charged Ejectiles o
E !
\ Recoil '! égél
/' Detector /J s Dcoo"“
\ Beam in f' e w® o p Collider
\ / Storage Ring /
|

Detection systems for:
® Target recoils and gammas (p,a,n,y)
® Forward ejectiles (p,n)

® Beam-like heavy ions

Design goals:
® Universality: applicable to a wide class of reactions
® Good energy and angular resolution
® |Large solid angle acceptance
® Specially dedicated for low q measurements

with high luminosity (> 1028 cm=2 s1)




Turbo Target

Crystals

Outer sphere

Conflat
flange

Backside structure
‘ covered with plates

10/16/13 um :
J‘ KVI oumP [

Detectors
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First experiments with the
existing ring at GSI (ESR)
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Setup (@ ESR ring

Circumference 108 m

Maximum Bending Power 10 T.m

Magnets 6 Dipoles, 1.6 Tesla
4 Triplettlenses
4 Duplettlenses

8 Sextupolelenses
Magnet Power Dipole 3.7 kA at 1.6 kV

Field Ramp max. 1 T/s

RF Acceleration 2 Cavities at 5 kV

Frequency Span 0.8 =5 MHz

Vacuum Operational 10" Torr

Bakable to 300° C

Beam Diagnosis 12 Position Monitors
1 DC Transformer
1 fast Transformer
1 Profile Harp
1 Faraday Cup

1 Beam Scraper

SY4 woJj suol
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The new ESR Scattering chamber

1t DSSD

& i(Li)S ond PSSP

DSSD: 128x64 strips, (6%6) g
cm? 285 um thick

. Si(Li): 8 pads, (8x4) cm?
6.5 mm thick

. active vacuum barrier

. moveable aperture to
Improve angular resolution
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Kinematics for inverse reaction for °°Ni

|
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Proton elastic-scattering cross sections at 400 MeV/u

G
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ISGMR/ISGDR channels in 3°Ni with (a,0 )

*Ni(o,0") E =200 MeV/u

ISGMR
. ISGDR
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>6N1 Beam

FRS: fragmentation of 600 MeV/u *3Ni beam

injection to ESR: 7 x 104 >SNi per injection

stochastic cooling, bunching and stacking (60 injections):

4.8 x 10® °°Niin the ring

50
+ recorded DC current transformer data
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First results with radioactive beam

October 25, 2012:

First Nuclear Reaction
Experiment with Stored
Radioactive Beam!!!!

Beam energy 400 MeV/u
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First results with radioactive beam
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First results with radioactive beam

Ni(p,p"), E = 400 MeV/u Identification of Inelastic Scattering
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N1 with “He target
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Isoscalar Giant Monopole Resonance

stored scattered

reaction: *8Ni on He target
energy: 100 MeV/u
target: 8 X 10?2 /cm?

detectors: DSSD
O, =27°-38°

PIN diodes
0,,=0.2°-1°

gKVI



Isoscalar Giant Monopole Resonance
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Setup (@ ESR ring
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Circumference 108 m

Pln diOde | Maximum Bending Power 10 T.m

Magnets 6 Dipoles, 1.6 Tesla
4 Triplettlenses
4 Duplettlenses

8 Sextupolelenses
Magnet Power Dipole 3.7 kA at 1.6 kV

Field Ramp max. 1 T/s

RF Acceleration 2 Cavities at 5 kV

Frequency Span 0.8 =5 MHz

uonisod 128ie)

Vacuum Operational 10" Torr

Bakable to 300° C

Beam Diagnosis 12 Position Monitors
1 DC Transformer
1 fast Transformer
1 Profile Harp
1 Faraday Cup

1 Beam Scraper
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Downstream pin-diode spectrum
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The first EXL experiment

1t DSSD
& Si(Li)s
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Upgrade of the first EXL experiment
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Intermediate-range Plans for rings
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Intermediate-range Plans for rings
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Conclusions and outlook

The EXL physics program covers a large part of
nuclear structure and reactions.

Bulk properties (radius, compressibility etc.), shell
structure and correlations will be studied 1n
asymmetric matter.

The goal 1s to go towards the medium heavy and
heavy nuclei (astrophysical processes).

R&D 1s well underway for EXL. TDR expected
soon.

First physics measurements have already been
performed and beautiful results are emerging.

Next measurements proposed for 2014.
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Thank you!
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