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Physics goals

e What are the forces driving the shell structure in nuclei and how do they change in nuclei far from
stability?

e What remains of the Z = 28 and N = 50 “magic numbers” in "*Ni?

e Do we understand shape coexistence in nuclei, and what are the mechanisms controlling its appearance?

Changes B stable nuclei

. [ ] observed nuclei -
in nuclear structure O unknown nuclei (predicted)

far from stability '\mpb

e Shell evolution
towards 78Ni

126
e Shape coexistence

“west” of 208pp
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Shell evolution towards 78Ni

European Research Council
Established by the European Commission

e Migration of nif, ,, rif;
as vgy, is filled
(tensor interaction)
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FIG. 4. Energy level systeﬁlglatics for %7173Cu. Energies are FIG. 3. Energy of the lowest levels from experiment [2,5,6]
given in keV. The data for *Cu are taken from Ref. [18]. compared to large-scale shell-model calculation [25].
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Shell evolution towards 78Ni

European Research Council
Established by the European Commission

e Migration of nif, ,, rif;
as vgy, is filled
(tensor interaction)
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Shell evolution towards 78Ni )

European Research Council
Established by the European Commission
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e Migration of nif, ,, rif;
as vgy, is filled
(tensor interaction)
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Shape coexistence )

European Research Council
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A. Andreyev et al., Nature 405 (2000) 430

e States characterised by different shapes
appear at low excitation energy

e Example: n-deficient Pb region
186pp triple-shape coexistence
Hg nuclei: “parabolic intrusion” at mid-shell
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Data: NNDC, figure courtesy of Liam Gaffney
Original figure in R. Julin et al., J. Phys. G 27 (2001) R109
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Shape coexistence: a general occurrence?

e Link collective properties
with single-particle structure

e Shell-model picture:
position of shells is crucial

e Far from stability:
monopole migration from
underlying NN forces

e \We need both collective
and single-particle probes
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SpecMAT

K. Heyde and J. L. Wood, Rev. Mod. Phys. 83, 1467 (2011)

186

(2.1]
2P 104
154 [1,2]
\ 66PYss
1225, [2.1]
\\\\ 568356
1041, [33] 142 [22]
\ s2Tes3 s Xess
92, [44]
N6Pd4e
84, [5.5]
Mo
e f2 M08
36 ‘36\’
AN
60, [3.3]
3020301,
A\

52 >4
N\ 26Fe%

/

1616

28

50

82

126

KU LEUVEN

Riccardo Raabe — KU Leuven

GDS Topical Meeting — Santiago de Compostela, 17/01/2018



Motivation 0000 0@®®OOO0 Method OO SpecMAT OOO Summary O
Single-particle structure and collectivity

European Research Council
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PHYSICAL REVIEW C 89, 031301(R) (2014)

Novel shape evolution in exotic Ni isotopes and configuration-dependent shell structure

Yusuke Tsunoda,! Takaharu Otsuka,'2? Noritaka Shimizu,? Michio Honma,* and Yutaka Utsuno’
'Department of Physics, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
2Center for Nuclear Study, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
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4Center for Mathematical Sciences, University of Aizu, Ikki-machi, Aizu-Wakamatsu, Fukushima 965-8580, Japan
3Advanced Science Research Center, Japan Atomic Energy Agency, Tokai, Ibaraki 319-1195, Japan
(Received 19 September 2013: revised manuscript received 25 November 2013; published 17 March 2014)
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Single-particle structure and collectivity

European Research Council

Established by the European Commission

PHYSICAL REVIEW C 89, 031301(R) (2014)

Novel shape evolution in exotic Ni isotopes and configuration-dependent shell structure
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'Department of Physics, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
2Center for Nuclear Study, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
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4Center for Mathematical Sciences, University of Aizu, Ikki-machi, Aizu-Wakamatsu, Fukushima 965-8580, Japan
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(Received 19 September 2013; revised manuscript received 25 November 2013; published 17 March 2014)
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The n-deficient Pb region
T Otsuka and Y Tsunoda, JPG 43 (2016) 024009
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The n-deficient Pb region )

T Otsuka and Y Tsunoda, 2017
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The n-deficient Pb region

1-n transfer in Hg
e 18%8MmHg (d,p) and (p,d)

® Beam intensity = 10° pps - feasible!
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The n-deficient Pb region

1-n transfer in Hg
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The n-deficient Pb region

1-n transfer in Hg
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Problem: density of states &)l
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Method: active target + y-ray array

Challenges

e Good efficiency...

e ..keeping a sufficient resolution
e Integration of detectors

- Choices

® Active target

e Magnetic field parallel
to beam direction
to confine emitted particles
and minimize absorbing material

® y-ray detection: scintillators
CeBr; with SiPM
GET electronics (?)
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SpecMAT

Figures by O. Poleshchuk

Features

e Parallel-field configuration
— attenuation of problems
related to the heavy beams

e Beam should NOT be stopped
e (d,3He) better efficiency
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SpecMAT

Development and status
e See Oleksii’s talk today 17:45

e The magnet: a long story...
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SpecMAT: ISS L)

European Research Council

Established by the European Commission

. P Butler, S Freeman, R Page, RR
e ..witha happy end Liverpool, Manchester, Daresbury, Leuven

igh-beta
cryomodules

KU LEUVEN

Riccardo Raabe — KU Leuven GDS Topical Meeting — Santiago de Compostela, 17/01/2018



Motivation 00000000000 Method @@ SpecMAT 00©® Summary O

SpecMAT: ISS

European Research Council

Established by the European Commission

e Field mapping and beam tests
successfully completed
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Summary

e Exciting physics with heavy beams
- shell evolution towards 72Ni
- shape coexistence in n-deficient Pb region

e Scintillation detectors purchased, prototype delivered
e Chamber design in progress

® GET electronics (2000 channels) acquired

Thanks to the SpecMAT team!
A. Arokja Raj, S. Ceruti, H. De Witte, O. Poleshchuk, M. Renaud, J. Yang
With us in the past: M. Babo, T. Marchi, C. Swartz

The research leading to these results has received funding from the
European Research Council under the European Union's Seventh
Framework Programme (FP/2007-2013) / ERC Grant Agreement n. 617156
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