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Multiple shell structures in the Ca(Z=20) isotopes

— Two doubly-magic stable isotopes: “***Ca
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Multiple shell structures in the Ca(Z=20) isotopes

— Two doubly-magic stable isotopes: “***Ca
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problem
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Calcium, the nuclear force and the many-body
problem
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COLLAPS Beam line at ISOLDE
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Collinear Laser Spectroscopy
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Results: g-factors

[R.F. Garcia Ruiz et al., PRC 91, 041304(R) (2015)]
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Results: g-factors

[R.F. Garcia Ruiz et al., PRC 91, 041304(R) (2015)]
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Results: g-factors

[R.F. Garcia Ruiz et al., PRC 91, 041304(R) (2015)]
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Results: g-factors

[R.F. Garcia Ruiz et al., PRC 91, 041304(R) (2015)]
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Results: g-factors

[R.F. Garcia Ruiz et al., PRC 91, 041304(R) (2015)]
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Results: g-factors

[R.F. Garcia Ruiz et al., PRC 91, 041304(R) (2015)]
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Results: g-factors

[R.F. Garcia Ruiz et al., PRC 91, 041304(R) (2015)]
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Results: g-factors

[R.F. Garcia Ruiz et al., PRC 91, 041304(R) (2015)]
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Results: g-factors

[R.F. Garcia Ruiz et al., PRC 91, 041304(R) (2015)]
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Results

[R.F. Garcia Ruiz et al., PRC 91, 041304(R) (2015)]
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Nuclear radii and binding energies from chiral

interactions

“The accurate reproduction of nuclear radii and binding energies of
medium-mass nuclei is a long-standing challenge in nuclear theory”
[A. Ekstrom et al PRC 91 (2015)]
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Results: Charge radii

The charge radii of Ca isotopes present additional challenges
[R.F. Garcia Ruiz et al. Nature Physics (2016)]
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Results: Charge radii

The charge radii of Ca isotopes present additional challenges
[R.F. Garcia Ruiz et al. Nature Physics (2016)]
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Results: Charge radii
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The Limit of Optical Detection

Very low production yield beyond **Ca

Isotope Yield
®Ca | ~ 100ions/s
*Ca ~ 10 ions/s
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The Limit of Optical Detection

Very low production yield beyond *’Ca

Isotope Yield
%Ca | ~ 100 ions/s
*Ca ~ 10 ions/s

Non optical techniques need to be implemented to obtain higher sensitivity.
Particle detection > 10® photo detection sensitivity.
Ultrasensitive Radioactive Detection of Collinear-Laser Optical Pumping
[Vermeeren et al. PRL 68 (1992) 1679]
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Ultra-sensitivity: Atom/ion detection
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Optical pumping and state-selective neutralization

Charge exchange cell (CEC)
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New Beam Line Design
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New Beam Line Design
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New Beam Line Design
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Optical pumping + State-selective neutralization + Radioactive detection
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Commissioning the beam line (2015)

lon beam transmission successfully tested >90 % (April 2015)
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First offline tests: August 2015
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Results: Proof of sensitiviy with °“Ca
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Results: Proof of sensitiviy with °*Ca
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Summary and Outlook

The nuclear force
@ Phenomenology

@ Chiral Effective field
theory

: >
Many-body methods
Charge radii measurements up to 52Ca (N=32) @ Shell-model

Ground-state spin and electromagnetic
moments of 47-51Ca

Q.

-> 4] 7
New challenges for nuclear structure theory ~ i

e DFT

Electro-weak currents

@ role of many-body
currents

o effective operators

Unanswered question regarding the use of
effective operators, importance of MEC currents?

[Ekstrom et al. PRL 113, 262504 (2014)]
[Carlson et al. RMP 87, 1067 (2015)]
[Pastore et al. PRC 87, 035503 (2013)]
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Summary and Outlook

Need of further developments of experiments and theory!

— Higher sensitivity to study °***Ca

...there is still much more to learn...

R. F. Garcia Ruiz The University of ManchesterKU Leuven Laser spectroscopy on neutron-rich Ca isotopes



Summary and Outlook

Thanks for your attention

R. F. Garcia Ruiz The University of ManchesterKU Leuven Laser spectroscopy on neutron-rich Ca isotopes
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Spin I = 1/2 (>’Ca)
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Multi-step Optical Pumping (Spin I = 1/2)
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Beam Contamination

o+
33Ca Sn__@won ‘
536 ms  Se__ltefom
86ms ""57:1.'5""
c -
Qp- 11 21 Sn____ 8850 S 0350
MeV
Q1800 15 Sn____°f UL Sp 12373
(P.Mantica 54-|-i Sn___9718.01
2008) 2277y 3+ 488s
54 LY
Q, 42680 ZSV B
Not lonized
QB_TNE

Problems?
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Beam Contamination

[erad 30ms
T I —— A=53
b 7 s NDS 43, 481{1084)
E ® S (IO NDS 61, 47(1990){U
20 m TC;!;‘ Ee (1990){U)
20 TSm0 A s 1w
or!! 460 e o
ms ! P8 s s
or 230 ms 5 1mzs
>Isomer? @ (E200) @ 327s AN
- TR b
QB- 9.2 MeV 2ot
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p
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Beam Contamination
ISOLTRAP experience: ---

54Cr (Stable) 928
54Ti(1.5s) 3

54 Stable 2
(Molecule?)

53Cr (Stable) 300
53Ti(33s) ~0
53K(30ms) >0.3

‘ No protons on target } Lasers off

shcr sa7i [ s4ca

~100 ions/s
~10 ions/s

53Ca
54Ca

Considering t1/2 of 54Ti and 54Ca .
Only 10% of total B’s. Thanks to Frank Wienholtz.

R. F. Garcia Ruiz The University of ManchesterKU Leuven Laser spectroscopy on neutron-rich Ca isotopes
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