Nuclear mass measurements
for nuclear synthesis studies

M. Breitenfeldt for the ISOLTRAP
collaboration
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&) Motivation

o Astrophysics:
— I process (neutron rich nuclides)

o Kr85-95 (P. Delahaye Phys. Rev. C 74 (2006)
034331)

e Zn80 (waiting point, unpublished)
e Cd130, Agl29 (waiting points, aim for this year)
— rp process (neutron deficient nuclides)

e Kr72 (D. Rodriguez Phys. Rev. Lett. 93 (2004)
161104)

e Cd98 (aim for this year, shell closure n=50)

p:\\isoltrap.web.cern.ch

- —
208
>l Jo

—

.




ISOLTRAP

=
wn
D (5
o

_l
=
>
o

p:\\isoltrap.web.cern.ch

: . PN
determination of == MCP3 __
cyclotron /
frequency
(R=107 precision c
Penning -
trap g M N
_ A
removal of B=59T
contaminant ions <& | meP2 X
(R = 105) f \
preparation
Penning (-
trap =
B=47T -
Bunching of the <& | MePH1
continuous beam
‘ 2nd pulsed
drift tube
rf tra
ISOLDE beam P it puised /
(continuous) [ [ - A
> > _ -
60 keV pd _Z':' e eEee 2.8 keV ion
/ bunches
stable alkali [ HV platform
reference ion G. Bollen, et al., NIM A 368, 675 (1996)
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measurement of cyclotron frequency
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motional modes of ion stored

In a Penning trap

cyclotron (+)

magnetron (-)
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Magnetron excitation

Quadrupole excitation v

radial = axial energy

Time-of-flight (TOF)

Scan QP-excitation freq. v,; about v,
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Conversion of magnetron
Into cyclotron motion
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mean TOF
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Principle of mass determination

TOF spectrum
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Example: 8Rb (900ms excitation duration)
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Sandwich: measured

known

fluctuating & drifting
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This year campaigns ;

S Process

B Mass known
Pb ( B’r_ls—l 1 g [ Half-life known
| i |

| []nothing known

r process |
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| Supernovae

stellar burnmg

protons |
neutrons
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Cosmic F{ays

K. Blaum, Phys. Rep. 425 (2006) 1




This year campaigns

T 5 (49

Cd: 99-109
close to the neutron shell closure of N=50

neutron rich Cd was not possible due to a
broken RILIS window

Ag: 117, 119-121, 123

alming for the r-process (~Ag129), not possible
because of too many contaminations
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Preliminary results Cd
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Difference in Mass Excess to
AME values / keV

30
| —— AME2003 uncertainty
Cd envelope
20 4 o [ISOLTRAP
104
] 3 &
[
O Fommmmmeeee T S
- § /§
-10 -
20
-30 T T T T T T T T
102 103 104 105 106 107 108 109
Cd isotope




Preliminary results Ag
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We measured about 20 nuclides this year:

AQ
Cd
Cd
Pb
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contaminations (indium)

neutron deficient: very nice
neutron rich: no RILIS
contaminations (measured Fr, Ra)



The average interaction of the last proton(s) with
the last neutron(s) is given by:

&, (N.2)= Z[{BEZ N)-B(Z,N-2)}
{B(Z-2,N)=B(Z—-2,N-2)}]

gpTh
Development of configuration mixing saRa it | | | | |
- Onset of collectivity seRN sssssss NN
- Deformation in nuclei =Po ““I* [ HENE
- Changes in single particle e 8
energies and magic numbers R B R B
- Microscopic origins of phase e | |
tranSItlonaI behaVIOr 104 108 112 116 ';Ilz{i 124 128 132 136
> 350 keV 4 250 - 200 keV
2 350 — 300 keV 5 200 — 150 keV

'3 300 -250keVv & 150 — 100 keV
R. Casten, R.B. Carkili
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« Measurements in IS461 on neutron rich
Cd (122-130) for determining 6V,
(interaction of the last neutron with the last
proton)

« Hg 207 — 210 for the symmetry of “above-
below” and “below-above”
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Thanks to:

ISOLTRAP Collaboration:

D. Beck, K. Blaum, S. George, F. Herfurth, A. Herlert, M. Kowalska,

A. Kellerbauer, H.-J. Kluge, D. Lunney, S. Naimi, D. Neidherr, S. Schwarz,
R. Savreux, L. Schweikhard, C. Yazidjian
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mean TOF TOF spectrum
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Example: 8Rb (900ms excitation duration)
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