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Topology of the mass surface
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ISOLTRAP at ISOLDE/CERN



ISOLTRAP@ISOLDE®@CERN
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ISOLTRAP mass spectrometer
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An overview of the ISOLTRAP setup
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Neutron-rich Cu isotopes



The neighbouring of 78Ni

> 78Nj seems to have a doubly-magic character but shell-model requires cross-shell
excitations (proton and neutron) to describe the properties of neighbouring nuclides.
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Mass measurements of 75-79Cu

> Masses of 75>-78Cu were determined with the precision Penning trap, of 78,79Cu with the
MR-TOF MS.
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A glimpse at the nature of 78Ni:

> The trend of S,y in the copper chain before N = 50 behaves as if we are approaching a
doubly-magic 78Ni.
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Asyn(Z, Ng-2)  (red)
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Is 79Cu present in the neutron star crust ?

ﬁ. ":‘

HFB-21 | HFB-29

HFB-19 | HFB-21

827n from Wolf et al. new calculations by S. Goriely
PRL (2013) and N. Chamel
79Cu mass from A. Welker et al.

PRL (2017)



Neutron-rich Cr isotopes
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Open-proton-shell nuclei
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A close up on the Chromium chain
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Mass measurement of 359-63Cr

isotope Measured with Half life (ms) Yield (ions/s)
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The new S, _trend
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Ground-state collectivity towards N=40 : qualitative
discussion

1. Fit a quadratic trend on the Fe S2n curve

_ 17 - —O— AME 2016 -
% NSCL 2016
% —o— AME 2012
> 15 - —e— This Work
3
5
5 13- N :
E o .
=11 - \?\D\@\wfg_
S 25Mn\ Co
2 O pe 7
2 0 4 26t € -
S c
= 24T

7 - i

30 32 34 36 38 40 42 44
Neutron number

Z. Meisel et al., Phys. Rev. C 93, 035805 (2016).
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M.Mougeot et al., article in preparation.



Ground-state collectivity towards N=40 : qualitative

discussion
1. Fit a quadratic trend on the Fe S2n curve
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Ground-state collectivity towards N=40 : qualitative

discussion
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Shell-model derived S, trends
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Two-neutron separation energy (MeV)

Effect of the valence space ?
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Two-neutron separation energy (MeV)

Increasing the VS-IMSRG valence space
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64Cr and the accreted neutron-star crust :

> A=64 nuclides are thought to be largely present in the crust of accreted neutron stars

> |lower extent of the outer crust : ¢4Cr-64V-64Ti EC sequence one of the main heat

source

> “Extrapolated” mass for ¢4Cr from this work -> about 700keV more bound than the

NSCL result.
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Cd isotopes around 1325n



The A>129 Cd isotopes

Nucleosynthesis in the r-process

CLIIXX
CELIIILI

Bl e bt e b o
ss CORRTITIIIY
c 3 . LJSEES | tuas
Joint Institute for Nuclear Astrophysics 2002 _ oy
CILCIITIIT .
%0 CITLITTIILY H
Movie 'H. Schatz, National Superconducting Cyclotron Laboratory = S-ErEtt H
Calculation :K.Vaughan, JL. Galache, T ; e
and A. Aprahamian, University of Notre Dame  Jasasaannnas sas
7 (ITIT] u HHO ™
Model : B. Meyer, Clemson University i | taaeaiee ‘ HEyBeH8a o=
and R. Surman, North Carolina State Ml | nasit HHHH S e
CLIX L -t e v-$$-----»-m
7 (1] HHHHHHHO =
& (IIIIY 't CHHHAHAEHARO=-
& CIIIY | t HHHHHHBD o=
& OO HHpo8bB8 =
& II] ol mpsssielslall Lisi il o
& (I t HOB o o=
%= (111 Ll ;'sl:mzz
s (11 s
s (117 ) HO 5 T
SEESs LT 2
m:IIIH . o ene™ 31
_4 sl anas S 112114
— 1 =110
46 (111 1 e o
400 | 3 : ‘lmm‘z'o‘
20011 < | § 'S”
o (IIT | oo
=0 OO H o=
% (111 = | B y
e _;oﬂ Temperature: 0.68 GK
=2 (1111 TT4TE .
» 11y o Time: 2.0e+00 s
28 i ot &8 —
. preriee” =82
2 (11 11 INS | sREEI &

WZXUEBIVXLHNEBOLLZLUS e EM%SEN

35



The A=130 abundance peak

Nucleosynthesis in the r-process
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Mass measurements of 129-131Cd

> N-rich cadmium beams from UC, with neutron converter and cold quartz
line.

> Masses of 129-130Cd were determined with the Penning trap, of 131Cd with
the MR-TOF MS.
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Impact on the abundance pattern :

> Neutron star mergers scenario : > Core-collapse supernova scenario :
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Conclusions



Conclusions

> |SOLTRAP can provide accurate and precise mass values which are
valuable for nuclear astrophysics

> Masses of 75-79Cu :
 hint at the doubly-magic nature of 78Ni
e 7/9Cu disappears from the neutron star crust

> Ground-state mass of 28-63Cr :
e smooth development of g.s collectivity towards N=40
o 4Cr of interest for the modelling of EC heating in accreted
neutron stars

> 129-131C( -

 hint at a reduction of the one-neutron shell gap from 1325n to
130Cd
e relevant in r-process simulation
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