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Preliminary results from the first experiment of the Stopped Beam
RISING campaign are presented. The relativistic projectile fragmentation
of a 750 MeV/u beam of 107Ag populated isomeric states in very neutron
deficient nuclei at the proton dripline around mass 80–90. Nuclei were
unambiguously identified using the FRagment Separator (FRS) and its an-
cillary detectors located at GSI. The ions produced were slowed down from
relativistic energies by means of an Al degrader and implanted in the centre
of the high-efficiency Stopped RISING array. This allowed the identifica-
tion of new excited states in the N = Z = 43 nucleus, 86Tc, populated
following the de-excitation of a microsecond isomer. Preliminary results of
this analysis, as well as previously unobserved isomeric states in 87,88Tc,
are reported.

PACS numbers: 29.30.Kv, 23.20.Lv

1. Introduction

The Rare ISotope INversigation at GSI (RISING) project utilises rela-
tivistic projectile fragmentation reactions to investigate the nuclear structure
properties of highly exotic nuclei. Primary beams of energies ranging be-
tween 500 and 1000 MeV per nucleon are provided by the SIS-18 synchrotron
and following fragmentation (or fission) the reaction products are separated
and identified by the FRagment Separator (FRS) [1]. The FRS has a range
of ancillary detectors used in the unambiguous identification of each ion on
an event-by-event basis. The detector set-up at the focus of the FRS incor-
porates fifteen Germanium Cluster detectors, each with seven large volume
crystals, in various configurations designed to meet the requirements of in-
vestigating the physics involved in each experiment [2,3]. Experiments have
recently been performed as part of the collaboration’s ‘Stopped Beam’ cam-
paign. Here the ions are slowed down by a variable thickness aluminium
degrader and brought to rest in the centre of the RISING Germanium ar-
ray, arranged in a high efficiency configuration, to observe γ rays emitted in
the decay of nano-to-millisecond isomeric states in exotic nuclei. Details of
the earlier ‘Fast-Beam’ campaign which identified radiation emitted in the
prompt decay of highly exotic nuclei can be found in ref [4]. Results from
the first experiment of the ‘Stopped Beam’ campaign are presented here and
further details can be found in [2, 3, 5].

2. Experimental details and results

A beam of 107Ag was accelerated to 750 MeV/u by the SIS-18 Syn-
chrotron and impinged on a 4 g/cm2 Be target. The spill structure of the
beam was 1→3×109 ions over 5→6 secs in a total cycle time of 10 secs. The
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reaction products were transported to the focal plane of the FRS and iden-
tified by A/q and Z using measurements of magnetic rigidity, time-of-flight,
position and energy loss. Details of the particle identification can be found
in [2, 3]. The ions were brought to rest in a perspex block of 7 mm thick-
ness at the centre of the Stopped RISING array after being slowed down
in a 2 g/cm2 Al degrader. Gamma rays emitted from isomeric states were
detected in the array and correlated with the arrival of the associated ion.

This experiment confirmed the isomer in 86Tc, previously reported by
Chandler et al. [6] and enabled the identification of previously unreported
decays in 87,88Tc. Figure 1 shows projections of Z for nuclei of Tz = 0,
1
2

and 1 for which delayed γ rays were detected in various timing regimes.
The uppermost panel shows the Z projection with no additional timing
condition. The central panel is gated on γ rays observed between 0.5 and
5 µs after implantation to identify isomers with µs half-lives, and the lower
panel shows nuclei gated between 150 and 500 ns to indicate short-lived
isomers. Evidence for isomeric states in 86,87,88Tc can be seen in these plots
as well as the previously reported isomer in 84Nb [6]. Details of the short-
lived isomeric state in the Tz = 0 nucleus, 82Nb can be found in [5].
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Fig. 1. Particle identification projections gated on delayed γ rays with the following

time conditions: (Upper) No timing condition; (Centre) 0.5→5 µs; and (Lower)

150→500 ns after the time of implantation.
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Figure 2 shows the delayed γ singles data collected for ions identified as
86Tc. In this experiment we identify for the first time γ decay from isomeric
states in these nuclei. Figure 2 also shows the delayed singles spectra for
ions identified as 87Tc and 88Tc respectively. Previous work on the 87,88Tc
isotopes identified prompt transitions [7] but were not sensitive to the decay
of isomeric states of the nano-to few microsecond range.
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Fig. 2. Singles γ-ray spectra associated with ions identified as upper: 86Tc, centre:
87Tc, lower: 88Tc. The insets show the time spectra produced by the signal from

the DGF timing modules for each γ-ray event.

This work is sponsored by the EPSRC (UK), The Swedish Research
Council, The Polish Ministry of Science and Higher Education (grants
1-P03B-030-30 and 620/E-77/SPB/GSI/P-03/DWM105/2004-2007), The
Bulgarian Science Fund VUF06/05, The US Department of Energy (grants
DE-FG02-91ER-40609, DE-AC02-06CH11357 and W-31-109-ENG-38), The
Spanish Ministerio de Educación y Ciencia (Project number FPA2005-00696),
The German Federal Ministry of Education and Research under grant
06KY205I and EURONS (European Commision contract number 506065).
ABG would also like to thank Nexia Solutions Ltd for financial support.



Isomeric States in the Light Tc Isotopes 1269

REFERENCES

[1] H. Geissel, Nucl. Instrum. Methods Phys. Res. B70, 286 (1992).

[2] S. Pietri, accepted for Nucl. Instrum. Methods Phys. Res. B; Acta Phys. Pol.
B 38, 1255 (2007) these proceedings.

[3] P.H. Regan, et al., Nucl. Phys. A in press.

[4] H.J. Wollersheim, et al., Nucl. Instrum. Methods Phys. Res. A537, 637 (2005).

[5] L. Cáceres, Acta Phys. Pol. B 38, 1271 (2007) these proceedings.

[6] C. Chandler et al., Phys. Rev. C61, 044309 (2000).

[7] D. Rudolph, et al., J. Phys. G: Nucl. Part. Phys. 17, L113 (1991).


