Precision mass measurements of
neutron-rich cadmium for r-process studies
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Measurements in the region

Interest for Nuclear astrophysics

Production of neutron-rich cadmium — ISOL type facility
The mass spectrometer ISOLTRAP

Results
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G. Lorusso et al., PRL (2015)
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The r-process

About half of the elements heavier than iron are formed by neutron capture reactions
that occur rapidly in comparison with beta decays

Neutron Capture / Photo-dissociation
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M. Mumpower CETUP 2015, O. Korobkin ECT Workshop (2014)



Nuclear mass models

Experimental data still missing for important r-nuclei

Rely on theoretical extrapolations

Proton Number (Z)
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Large discrepancies from
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R. Surmann ECT Workshop (2014)
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rf excitation

T (12°Cd) = 20-160-20 ms T, (230Cd) = 10-80-10 ms
4 resonances with >1500 events 3 resonances with >550 events
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Identification and PT spectra of 130Cd*

600

550

Quartz insert reduced contamination by
4 orders of magnitude for Cs and In

« Laser Identification of 13°Cd in MR-ToF
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MR-TOF MS

« =88 ions/s from ISOLDE

« Total of 11 spectra at 500,
800 and 1000 revolutions

« Totalling ions in 1366 ions

Abundance of contamination in spectra
Ratio of 131Cs* / 131Cd* = 3:1 (per bg = 160 ms)
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R. N. Wolf et al., IIMS 313, 8 (2012); F.Wienholtz et al., Nature 489, 346 (2013)
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Results

Ratio r or Cy,¢ ME, ., (keV) ME e (keV) A (AME - new) (keV)
0.970 105 338(136) —63 148(74) -63 510(200)* -452
130 0.977 645 186(180) —-61 118(22) -61 530(160) -412
0.482 304 4(539) —-55 215(100) -55 331(196)* -116
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‘ i N (neutron number)
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D. Atanasov et al., PRL 115, 232501 (2015);
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A Ratio r or Cy,¢

ME ey (keV)

129  0.970 105 338(136) -63 148(74)
130  0.977 645 186(180) -61 118(22)
131  0.482 304 4(539) -55 215(100)

S.(N, Z) =B(N, Z) — B(N-1, 2)

- —=—New + HFB-24
——AME]1?2 (exp+rec)
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N

D. Atanasov et al., PRL 115, 232501 (2015);

One-neutron empirical shell gap / MeV
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ME e (keV) A (AME - new) (keV)
-63 510(200)* -452
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Collapse scenarios - Supernovae
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Calculations performed by S.Goriely




Collapse scenarios — Neutron Star Mergers
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Summary

« Mass measurement of exotic 12°-131Cd

« Aim to bring further reliability in r-process calculations by
reducing the nuclear input uncertainties

« Future measurements to more exotic systems like 132Cd
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et al., Int. J. Mass Spectrom. 142, 95

Outlook

Isomeric state of 12°9Cd

An isomeric states with spins
3/2 and 11/2 known from HFS

D. Yordanov et al., PRL (2013)

Two distinct half-lives known to
242(8) ms and 104(6) ms

K. Kratz et al., Eur. Phys. J. A 25, 633 (2005)

¥

New data available from RIKEN
experiment yield 151(15) ms,146(8) ms

J. Taprogge et al., Phys. Rev. C 91, 054324 (2015)

Simulated ToF-ICR for
_ the isomeric state

Estimated energy of the

Isomer E = 180(100) keV




http://isoltrap.web.cern.ch
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