High-precision mass spectrometry and laser spectroscopy at
the nuclear research reactor TRIGA Mainz
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Nuclear ground state properties of the neutron-rich nuclides The TRIGA Mainz reactor and accessible nuclides

> The binding energy B(Z,N) = [Zm+Zm +Nm-M(Z,N)]c? reflects all experimental site, bird’s-eye view A fissionable actinoid target (23°U,
interactions in a nucleus. —— B *FPu, *Cf) is placed close to the
' L o = { reactor core, where it is exposed to

thermal neutrons.

— r- process (Pfeiffer, B., private communication)
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»The nuclear mass models deviate from each other by several MeV in the
neutron-rich region. New mass measurements are needed to benchmark the
predictive power of mass models.
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A gas-jet system (e.g. N, carrier gas with KC| aerosol particles) transports

»Laser spectroscopic measurements will yield model-independent the fission products to the high-temperature surface (plasma) ion source.
iInformation on nuclear ground-state properties such as nuclear moments m, m, m,

and charge radii of neutron-rich nuclel of refractory elements far from
stabllity.

» Accessing the region closer to the r-
process path will help to answer

. . The fission products are ionized within
fundamental questions like:

the hot cavity of the ion source and

accelerated towards the mass

separator magnet. The desired mass

will be Injected Into a gas-filled

radiofrequency quadrupole buncher

'ion”thmeott:gg (RFQ) and the extracted cooled and

SN > : bunched beam Is guided towards the
d N\Sye-  aa =7 | + experiments.

carbon cluster C,
m = n’ 12.00000000 u

Why are there heavy elements
at all and how did they come
Into existence?
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The ion beam is overlapped with the laser beam (A). Spectroscopy can be
IS worldwide the only performed either on the ions or on neutral atoms after charge exchange

Penning-trap mass spectrometer at a collisions, e.g. with Na atoms (B). The velocity of the atom beam can be

nuclear reactor [1]. Absolute mass fine-tuned by applying a deceleration voltage to the charge exchange cell.

measurements can be performed In the following region (C) the atoms or ions are excited and their

using carbon clusters as mass _ _ fluorescence light is detected by photomultipliers [2].

reference. On-line  or  off-line — — —

produced ion species are available. (quadrupolar excitation) B | The nuclear magnetic moment of the
By measuring the cyclotron frequency v. of a trapped ion the mass m is iIsotope 140Pr is of particular interest due to
obtained (dm/m =10-). For the actual mass measurement, the ion sample fj“g)ﬁfkﬁvp(Hl)SMHN its connection to the ,,GSI Oscillations™ [3].
prepared in the first buffer-gas-filled trap Is transferred to the hyperbolical As a preparation for the measurements of
precision trap where the Time-of-Flight lon-Cyclotron-Resonance (TOF-ICR) the radioactive Isotope, collinear laser
technique is applied. Trapped ions subjected to an RF-excitation are dumped | ' I I spectroscopy of the stable isotope 4'Pr*
Into the B-field gradient and the time of flight to an MCP detector Is recorded. | , ,JLLW.J was performed at TRIGA-LASER. The
v. IS determined from the ToF resonance by scanning the RF-excitation wm T aw 20 b 2 sk | Studied transition is perfectly suitable for
frequency around the expected v.. More on e ' online measurements.
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