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Binding Energies of Oxygen Isotopes
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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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Nuclear and astrophysics meet
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N=28 magic number 1in Calcium

L L O L B L Y N L B
_ 6 (@NN+3N (pfg,,, shell) N .
>t I _
S S i / \. -
> 4—_ "\' .I \_ _—
= L R\ \ :
LTQJ 3__ | //\\\ _
— ~ —~———
K 2__ . M T 7
1~ ¢ ¢ -0 T -
L. —. V,__, (NN) |
OF ——- v__ +3NN'LO) -
— Vv, +3N(N'LO) [MBPT]
Lot o 1™ o
42 44 46 48 50 52 54 56 58 60 62 64 66 68
Mass Number A

Holt, Otsuka, Schwenk and Suzuki, J. Phys. G39, 085111 (2012)

2 university of kvi - center for advanced
o L / gronin gen / radiation technology




Energy (MeV)

Medium heavy elements

- Experiment

W s e s

o .
- 5 !5“*Ca

L% O A A
O O : "A‘é'u‘l 2 S ’ I*I\ ':"Ca

=

N
T
L.
N
"
\\.
/e
¢.‘

L A A A A A I A A A

- i \/ - E ‘\ ‘
e 1 ” tf : s

ON=30
mN=32
®N=34

t

1 A 1

32
N

34 22 26 30 34 18 22

Nature 502, 207-210 (10 October 2013)

26 30 34
z

= university of kvi - center for advanced
égﬁ@{ gro nin gen / radiation technology



Spectroscopic factors for neutron-proton asymmetric nuclel
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Global Analy51s Elastic channel 50-250 MeV/nucleon

NK et al.,
Reports on
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Physics 73,
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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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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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Schematic view of MAYA active target detector
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Peak fitting method
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Excitation energy of °°Ni at 0,,~=5.5°, S. Bagchi
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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
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RARE-ISOTOPE BEAM FACILITIES
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Z measured at final focal

Charge-separation capability for different Energies
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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.
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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
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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
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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.
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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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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.

<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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