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Recent results from single-particle spectroscopy
using the (d,p) transfer reaction

D. Beaumel,
IPN Orsay / RIKEN Nishina center

> Shell evolution at N ~ 40 through ¢8Ni(d,p)
> Properties of the Spin-orbit interaction
from 34Si(d,p) study

International Symposium on Perspectives in Isospin Physics, RIKEN, Sept. 27-28t" 2012



Harmonic Oscillator Shell Closures
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* Presence of quadrupole deformation

at HO shell closures (N = 8, 20, 40)
» |sland of inversion at N = 40
Caurier et al. EPJ, A, 15, 2002, 145

From M. Moukaddam



Evolution of Harmonic Oscillator Shell Closures
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From S.M. Lenzi et al., PRC 82 (2010)



E(2+) (MeV)
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The Nickel isotopes
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> Doubly magic character of E(2+)/B(E2)

> No sign of shell closure in neutron separation energy
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Large valence space SM calculations

S.M. Lenzi, F.Nowacki, A. Poves, and K. Sieja, PRC 82 (2010)
LPNS interaction
fp shell + 1gg,, + 2d5),

Nucleus wvgop vdsp, OpOh  2p2h  4pdh  6p6h E

corr

8N 098 010 355 355 85 0.5 —9.03
“Fe 3.17 046 1 19 T2 8 —23.96
#Cr 341 0.6 0 9 73 18 —24.83
52Ti 3.17  1.09 1 14 63 22 —[962
“Ca 255 152 I 18 59 22 —12.09

»Drastic change with only 2 protons removed
» Strong gain in correlation energy

similar to 34Si / 32Mg

New island of inversion

2d,, plays a major role in the deformation

mechanism at N = 40 Caurier etal. EPJ, A, 15, 2002, 145




Our approach :

the ¢8Ni(d,p) reaction
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Previous experiments: %l
> Isomer-state decay SI2 - -
(Grzywacz et al., PRL 81 (1998)) % :ﬂ_;:
> B-decay = T =
(Mueller et al., PRL83 (1999)) = =
2d;, (5/2+) was not observed 22- | ¥ L4
We proposed to measure ¢8Ni(d,p) 11
Selective of single-particle state 2. .. v.X..
Promotion of the single neutron from g9/2 o
g.s. to d5/2 -
g9/2 — d5/2 gap 69N
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Experimental setup

Primary beam: 7°Zn
68Ni @ 25 MeV/u, rate: ~8.10% pps
Purity : 86%

4 E:)I(OGAM lonization
4 MUST2 telescopes + S1 annular overs Chamber
YT — —— + Plastic

Beam tracking
detectors

Annular Si (500um thick) TIARA vessel
24 MICRON SC, S1 design




Collaboration: IPN Orsay/Saclay/GANIL * 16 channels
* Energy & Time

* Multiplexer
* 12C interface

’ﬂUSI? * Si, Si(Li) and Csl

DSSD
10x10cm?
128X+128Y
300um




Kinematical plots and E* spectrum
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Counts /0.32 MeV

Counts /0.32 MeV

Excitation energy spectrum

Backward (fwd) Lab(CM) angles

L&l

MO %2 =1.08
120 L
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3 bound states
« 2 resonances above Sn

« Background reactions
(2 different ways)

Pic Energy | FWHM
# [MeV] [MeV]

G.S 0.00 1.04
1 2.47 1.43
2 4.19 1.27
3 5.88 1.39
4 6.89 1.39




Evidence for a doublet state at E*~2.5MeV
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Differential cross-sections
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Differential cross-sections: 15! excited peak
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Comparison with Shell model calculations
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Comparison with Shell model calculations
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Conclusions

> %8Ni(d,p) @ 25 MeV suitable for study of (L 2 2) shell structure of 5°Ni
> Spin and parity assignement for the G.S. (9/2+) and for the doublet at
2.47 MeV with sizeable spectroscopic factors

Energy
[MeV] L | Jmt SF
0.00 4 | 9/2+ | 0.6120.15
2.05 2 | 5/2+ | 0.3210.10
2.74 2 | 5/2+ | 0.4410.13

» Good agreement with Shell Model calculations
Validation of the hypothesis postulated by the Strasbourg group on the

small energy gap between 1g,,, and 2d;,
(Caurier et al., EPJA 15, 145 (2002))
> identification of a neutron state at 4.2 MeV and two resonances at ~5.9 and

~6.9 MeV

Outlook : Data analysis of y-rays (EXOGAM) for more accurate determination
of excitation energies






How to probe the properties of the spin-orbit interaction

- p(r)
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From G.Burgunder



How to probe the properties of the spin-orbit interaction
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What impact on the neutron orbits ?
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NB : no contribution from tensor term From G.Burgunder
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Experimental setup

Beam : %S or ¥Si
20 MeV/A
LISE (@ ganil
10° pps

CATS,

CHIO Plastique

BTD :localisation of the mu& Exogam
1mpact position on the target.

Target: CD, (2.6 mg/cm?).

From G.Burgunder



Results for 34Si(d,p)3°Si

E* in 3°Si (MeV)
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(1)

Results for 34Si(d,p)3°Si
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Comparison 3°Sivs 3’S

Experimental single-particle strength distribution (preliminary)
SF
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» Need include contribution of all fragments
» Use all available data for 36S and SM for 34Si

A change by 25% in the SO splitting is derived between 3’S and 3°Si

> Not observed between 4'Ca and 3’S
» Being compared with model predictions
RMF models seem predict bigger change (~70%)






