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Mass measurements on 33344243 Ay have been performed at the
ISOLTRAP spectrometer. An accuracy of dm =~ 4keV has been
achieved for all measured isotopes. With 33Ar it is the first time
that a nuclide with a half-life shorter than one second has been
investigated using a Penning trap. This became possible due to
the recently installed linear radio-frequency ion trap system and
an improved, faster measurement cycle.
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1 Introduction

Mass measurements of short-lived nuclides have been of great interest for many
years. This is because the atomic mass is a gross property of a nuclide that
embodies all the effects of the forces that are interplaying within its nucleus.
Generally, a large scale survey of the mass surface is needed in order to detect
trends in the nuclear binding energy as well as to fit the free parameters of
nuclear models. However, in particular, there are nuclides of special interest,
spread all over the nuclear chart, that often have very short half-lives. The
mass of such nuclides is needed to an extraordinarily high precision for studies
such as fundamental tests.

One prominent example is the mass of 32Ar. This mass plays an important
role for the result of the recently performed 3-neutrino correlation experiment
using the B-delayed proton emission of 2Ar [1]. The significance of the limit
set by this experiment on scalar contributions to the weak interaction critically
depends on the accuracy of the 32Ar mass.

Generally, precision and a very short half-live are contradictory. However, us-
ing the ISOLTRAP facility, where a Penning trap is used to perform mass
measurements, it has already be shown that for half-lives greater than one
second the accuracy does not necessarily depend on the half-live of the mea-
sured nuclide. The present work demonstrates that the Penning trap technique
is also applicable to nuclides with a half-life well below one second. Indeed, it
has been proven that, even for half-lives as short as a few hundred milliseconds,
it is possible to obtain an accuracy of dm/m ~1-107,

2 Experimental setup

Figure 1 shows an overview of the layout of the ISOLTRAP mass spectrometer,
installed at the online mass separator ISOLDE/CERN [2]. The ISOLTRAP
spectrometer consists of a linear radio-frequency ion trap and two Penning
traps. The continuous beam delivered from ISOLDE is accumulated, cooled
and bunched in the radio-frequency quadrupole (RFQ) ion beam buncher [3,4].
The main task of this device is to transform the 60keV continuous ISOLDE
beam into low energy (2-3keV) low emittance (< 10 7 mm mrad) ion bunches
that can be efficiently delivered to the first Penning trap. There the ions are
purified and again formed into a cold bunch [5]. A mass selective buffer gas
cooling technique is employed that allows this trap to be operated as an isobar
separator with a resolving power of up to R ~ 10° for ions with mass number
A = 100 [5]. The prepared ion bunch is then delivered to the second trap,
which is the high precision trap [6] used for the mass measurements of the



TOF detection &

190— ; T T T
L BAr
170} L] T
@ 1501 4 cyclotron frequency
I:‘ — ] magnet determination
] F _
=~ 1307 M | MTrapB
1101 ‘
90
0 20 40 60 80 100 120
Vre -2757232 [Hz] isobar separation
magnet
g
accumulation % Trap 2
and bunching ‘
ISOLDE ion RFQ structure
beam (dc) Trap1 ion bunches J
R o
ee=ma==s 90 bender
30..60 keV ~2.5keV

HV platform —

Fig. 1. Experimental setup of the ISOLTRAP mass spectrometer. The inset shows
the cyclotron resonance curve for 33Ar.

ions. The mass measurement is carried out via a determination of the cyclotron
frequency w. = LB of an ion with mass m and charge ¢ in a magnetic field
of known strength B (determined by a reference mass). Using this technique,
to date the masses of more than 100 nuclides have been determined with an
accuracy of dm/m~1-10"".

3 Mass measurements of >*Ar

3 Ar (T12=173ms) was produced by bombarding a calcium oxide target with
1.4 GeV protons. The radionuclides produced in the bombardment were ion-
ized in a plasma ion source and then mass separated. The integrated yield for
33Ar was in the order of a few thousand ions per proton pulse.

The ISOLDE beam gate was opened for a period of 30 ms at about 70 ms
after the proton impact on the target. This time scheme maximized the yield
of 33Ar while minimizing the background. After accumulation the ions spent
two more milliseconds for cooling in the RF(Q) ion beam buncher before they
where ejected and transported to the first Penning trap. The total time in
the first Penning trap was 73 ms, which made it possible to reach a resolving
power of R = 7000. This was sufficient to separate 3*Ar from the isobars
33CI and 33S delivered by ISOLDE. The time needed to perform the actual
frequency measurement in the precision trap was 70 ms per frequency step.
The inset in Fig. 1 shows a cyclotron frequency curve for 3Ar with a fit of the
theoretical line shape. At the achieved resolving power of R = 130000, 2000



detected ions were enough to get a statistical uncertainty of dm/m = 9-1078.
If the conservative estimate for the systematic error of dm/m = 1-10"" [7]
is added quadratically, the mass of 3*Ar is then determined with a precision
of 6m/m = 1.3- 107", which corresponds to 4.2 keV. This reduces the error of
the previous measurement [8] by a factor of 7. In addition, the more long lived
isotopes 3*4243Ar have been measured with an accuracy of 3.5keV, 5.8keV
and 5.3keV, respectively.

The mass value of 33 Ar appears to deviate from the value given by the isobaric
multiplett mass equation (IMME). This would indicate that the IMME needs
a cubic term for the A = 33, T = 3/2 quartet. This question will be the
subject of a forthcoming publication.

4 Summary and Outlook

The installation of the new beam condition stage at the front end of the
ISOLTRAP spectrometer allowed to extend the measurements to ISOLDE
beams with less than a few thousand ions per second. Furthermore, due to the
very fast cooling and bunching scheme, it is now possible to measure nuclides
with half-lives well below one second.

In addition to the measurement of 3*Ar, which is with T} /2=173 ms the shortest
lived nuclide ever measured in a Penning trap, there was a very rich mass
measurement program in 1999 on mercury [9] and xenon [10] isotopes, as
well as on 34243 Ar. In the case of argon further experiments are planned to
improve the accuracy and to extend the measurements to 32Ar.

This work was supported by the European Commision within the EURO-
TRAPS network under contract number ERBFMRXCT97-0144 and by NSERC
of Canada.
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