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Masses in the region of the heaviest elements could pre-
viously only be derived indirectly by linking mass dif-
ferences between nuclides and their decay products using
measuredα-decay energies. However this approach de-
pends on the knowledge of nuclear level schemes. In con-
trast, direct mass measurements yield absolute mass values,
binding energies and provide anchor points to pin down
α-decay chains. This is especially important for odd-odd
and odd-A nuclides, where theα decay typically populates
excited states. In the absence of complete and quantita-
tive information of the nuclear structure, no unambiguous
mass determination is possible. Mass measurements of nu-
clides, e.g., around254No allow determining the masses of
nuclides located in the superheavy element region.

Nuclides above fermium can only be produced at very
low rates. Nonetheless, recently the first direct measure-
ments on transuranium nuclides have been performed with
SHIPTRAP [1]. The obtained accurate mass values pro-
vided anchor points to fixα-decay chains passing through
the nobelium isotopes252−254No [2]. The measurements
have now been extended to further even more exotic nu-
clides, namely255No and 255−256Lr. The radionuclides
were produced and separated from the primary beam by
the velocity filter SHIP. Fusion-evaporation reactions of
a 48Ca beam with lead and bismuth targets were used to
produce different nobelium and lawrencium isotopes with
cross sections as low as about 50 nb. Evaporation residues
were guided to SHIPTRAP. In a first step their energy was
decreased from tens of MeV to a few eV using a buffer-
gas filled stopping cell. Afterwards they were injected
into a 7-Tesla double-Penning-trap system. The mass was
determined by measuring the cyclotron frequencyνc =
qB/(2πm) of the ions using a time-of flight ion-cyclotron-
resonance detection technique. An important development
to substantially reduce long-term fluctuations of the mag-
netic field [3] allowed the recording of a single resonance
over a period of 4 days in the case of256Lr. This measure-
ment represents a significant breakthrough towards direct
mass measurements of superheavy nuclides.
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Figure 1: Decay chains linked to the direct mass measure-
ments from this work. The mass excess is indicated in keV.

In the Atomic-Mass Evaluation 2003, the masses of the
lawrencium isotopes255,256Lr were only estimated from
systematic trends. The combination of our direct mass
measurements with spectroscopic data allows determining
the masses of superheavy nuclides (see Fig 1). The masses
of α-decay chains starting with even-even nuclides, as for
example270Ds (Z = 110), are now established with low un-
certainties. For the first time we also provide anchor points
for nuclides with an odd number of protons. Moreover,
the new mass value from255No complement our previous
results on the neutron-rich side of theN = 152 deformed
shell. Thus our experimental binding energies provide pre-
cise values for the two-neutron separation energiesS2n.
This allows mapping the deformed shell gap atN = 152,
which is connected to the predicted spherical shell gap atN

= 184 as it originates from the the same single-particle or-
bitals. Therefore the results obtained with SHIPTRAP en-
hance our knowledge of shell effects nearby the predicted
island of stability.
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