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Binding Energies of Oxygen Isotopes
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Ground-state energies
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FIG.5: (Color online) Ground-state energies from CR-CC(2,3) for (a) the NN+3N-induced Hamiltonian starting from the N3LO and N2LO-
optimized NN interaction and (c) the NN+3N-full Hamiltonian with A3y = 400 MeV/c and A3y = 350 MeV/c. The boxes represent the
spread of the results from a = 0.04 fm* to @ = 0.08 fm*, and the tip points into the direction of smaller values of @. Also shown are the
contributions of the CR-CC(2,3) triples correction to the (b) NN+3N-induced and (d) NN+3N-full results. All results employ 7Q = 24 MeV
and 3N interactions with E3p,, = 18 in NO2B approximation and full inclusion of the 3N interaction in CCSD up to E3p,, = 12. Experimental
binding energies [32] are shown as black bars.
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Model difference / MeV

Model differences (not ab-1nitio)
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N=28 magic number 1in Calcium
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Spectroscopic factors for neutron-proton asymmetric nuclel
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Global Analy51s Elastic channel 50-250 MeV/nucleon

NK et al.,
Reports on
Progress in
Physics 73,

016301
(2012)
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Global Analysis, Elastic channel, 50-250 MeV/nucleon
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Main Physics Goals in Nuclear Structure

Proton number, Z —

physics interest:

® 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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Complementarity of NUSTAR experiments
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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, ys...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., pairing int., |knockout, short- [shell closures, |of SHEs transfers
structure momentum spectroscopy nucl. spins  |valence nucl. range and tensor |pairing corr.
Collective electromag. quadrupole |halo structure dipole response |changes in electromag. monopole
behavior transitions moments deformation transitions resonance
EoS polarizability, neutron skin = |neturon skin,

neutron skin Compressibility

Exotic bound mesons,
Systems hypernuclei,

nucleon res.
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Gilant Resonances

Collective oscillations of all neutrons and all protons in a nucleus
in phase (isoscalar) or out of phase (isovector)
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How to study nuclear compressibility?

Ka
' . . EISGMR:h\/m<r2>
7 Ka + 5z€r
. ‘ . EISGDR_h\/3m<r225>

J.P. Blaizot, Phys. Rep. 64 (1980) 171

Ky = Ko + K, AT 4 K, ( 224 Kppy 22 A=

J. Treiner et al., Nucl. Phys. A 371 (1981) 253
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Kmematlcs for inverse reactlon for SON
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Setup (@ ESR ring

Circumference 108 m

SY4 woJj suol

Maximum Bending Power 10 T.m

Magnets

Magnet Power

RF Acceleration

Vacuum

Beam Diagnosis

6 Dipoles, 1.6 Tesla
4 Triplettlenses
4 Duplettlenses

8 Sextupolelenses
Dipole 3.7 kA at 1.6 kV

Field Ramp max. 1 T/s

2 Cavities at 5 kV

Frequency Span 0.8 =5 MHz

Operational 10" Torr

Bakable to 300° C

12 Position Monitors
1 DC Transformer

1 fast Transformer

1 Profile Harp

1 Faraday Cup

1 Beam Scraper
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Schematic view of MAYA active target detector

Al plate (1 mm)
----~ Dnift electrons
e Scattered alpha 28 cm
== *Ni beam
5 cm
300 mbar t 80 Csl detectors
4L 55% He - 5% CF, (24cmx24cmx 1.5 cm)
20) S1 detectors
, (5emx 5 cmx 700 um)
Ll “Diamond detector
Frisch grid
Anode
amplification wires
S6x7i bean Segmented cathode
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Multipole Decomposition Analysis
s  (MDA)
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Summary of all N1 1sotopes for ISGMR

|L=0,T=0 ISGMR) |

Reaction Gaussian fitting MDA
E* FWHM E* Width (rms)
[MeV] [MeV] [MeV] [MeV]

6NI; ’ 1
PNilo,a)PNI® 999405 20403 | 184418  2.041.2
(this work)

>®Ni(d,d’)*°Ni* 19.5+0.3 5.2 19.340.5 2.3
18.43+0.15 7.41+0.13

17.62+0.15 7.55+0.13

%8Ni(a,o’)°8Ni* 21.1x1.9 1.3+1.0 234 6.5

UnIOrSILYOf )/ ataton sechoniony
S. Bagchi et al., Phys. Lett. B751, 371 (2015) / groningen / o
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RARE-ISOTOPE BEAM FACILITIES

1| RIKEN/BigRIPS
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Threshold for

AJproduction

A-Excitation
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Fusion barrier with U
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Z measured at final focal

Charge-separation capability for different Energies

. 1500 MeV/u, 4g/cm”2 C, d/R=0.3 Cu

EE |

settings for 136Sn

345 MeV/u, 1g/cm”2 C, d/R=0.3 Cu

345 MeV/u

rate 136Sn30+/1338n49* =1/ 0.01 ”“ rate 136Sn30+/133Gn49+ =1/2
20

Settlng in the Sn region, FRS
" FRS 750 MeV/u

\I |I 1 1 1l
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What are the highlights of NUSTAR
Phase 1 program?

e Understanding the 3™ r-process peak by means of
comprehensive measurements of masses, lifetimes,
neutron branchings, dipole strength, and level
structure along the N=126 1sotones;

 Equation of State (EoS) of asymmetric matter by
means of measuring the dipole polarizability and
neutron skin thicknesses of tin 1sotopes with N larger
than 82 (in combination with the results of the first
highlight);

* Exotic hypernucle1 with very large N/Z asymmetry.

university Of kvi - center for advance
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Phase 1 Physics with HISPEC/DESPEC:

r-process nuclei at N=126

Previous GSI measurements contradict
earlier lifetime predictions!
— Mass abundances not understood! Bl

— Rof ERNMLARDA ICAIA Traiantarn:
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» — - newT,, predictions &/
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Phase 1 Physics with R3B setup:

Dipole strength Distributions in heavy neutron-rich nuclei

e core vs. neutron skins & halos = density / asymmetry
Y 7\ — t
MN -
g | MTHIL e s _
o) Aumann [15,16] « £
E E
32 &
©
1 ‘He S. Bacca et al.
- @240 AMeV PRL 89 (2002) 052502
ol o PRC 69 (2004) 057001
0 1 2 3 4 5 6 7 8
(b) o [MeV]
e access to EoS (e.g. neutron star) & low lying E1 strength (r-process)
Frr T T T 03T 17 T
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Conclusions

<>Many-body theories have come a long way. These days, they can
work with chiral nuclear forces as well. 3NF should be better
understood though. New reaction theories based on the recent
developments should now be worked on.
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Conclusions

<>Many-body theories have come a long way. These days, they can
work with chiral nuclear forces as well. 3NF should be better
understood though. New reaction theories based on these new
developments should now be worked on.

<Light hadron scattering can be used at low momentum transfers to
probe fundamental properties of nucleir such as density
distributions, compressibility and in general collective properties,
beta-decay rates etc. Equation of state of asymmetric matter 1s
highly desired.
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<>Many-body theories have come a long way. These days, they can
work with chiral nuclear forces as well. 3NF should be better

understood though. New reaction theories based on these new
developments should now be worked on.

<Light hadron scattering can be used at low momentum transfers to
probe fundamental properties of nucleir such as density
distributions, compressibility and in general collective properties,
beta-decay rates etc. Equation of state of asymmetric matter 1s
highly desired.

<NOTE: I could only show a small subset of all nuclear-structure
activities around the world.
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Thank you!
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