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Abstract

TASISpec TASCA in Small Image modé&petroscopy) combines composite Ge- and Si-detectors for adetec-
tor setup aimed towards multi-coincideng&ay, X-ray, conversion electron, fission fragment, angarticle spec-
troscopy of the heaviest nuclei. It exploits the TASCA sapar's unique small image focal mode, i.e. the fact that
evaporation residues produced in fusion-evaporatiorticeeccan be focused into an area of less than 3 cm in diam-
eter. This provides the possibility to pack detectors iry\dose geometry, resulting in an unprecedented detection
efficiency of radioactive decays in prompt and delayed coimgidavith implanted nuclei.

Key words: Recoil separators, Decay tagging spectrometer, Alphanganay, and conversion electron
spectroscopy at recoil separators, Si strip detector,&Zl®e detector, Cluster Ge detector
PACS:23.60+e, 27.80+w, 29.30.Dn, 29.30.Kv, 29.30.Ep, 29.40.Gx

1. Introduction predictedHs, -, as a possible deformed doubly magic

_ ) nucleus [9, 10, 11]. These predictions have been con-
Experimental studies of very heavy or superheavy nu- fiymed in recent years [12], providing an essential point
clei have challenged scientists for decades and the abil-4f reference to further develop the theoretical predic-

ity to produce new and heavier elements has contin- tjons of the heaviest nuclei on route to the island of sta-
uously improved through the second half of the 20th ity

century. For instance, the discovery of elemg&nt
100 was published in the 1950’s [14, = 105 in the
1970's[2],Z = 110in the 1990's [3], and = 118 —the
heaviest element claimed so far — in the 2000’s [4].
Ultimately the location of the theoretically predicted
so called “island of stability” is sought [5, 6, 7, 8]. This
region of more stable superheavy nuclei is predicted to with cross sections of a few picobarn or less.
exist in the vicinity of the next but yet experimentally . . -
unknown magic numbers of protons and neutrons. As . The existing recoil separators [13] can be divided

; : : - into the vacuum type, which may comprise both elec-
an important stepping stone towards this region, theory tric and magneticB(/eFI)ements and)éas-fil?ed types, which

use only magnetic elements. Examples of existing
Email address1laéns.ph.1liv.ac.uk (L.-L. Andersson) vacuum separators used for superheavy element re-
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In order to keep up with the growing demand for ex-
perimental data on the heaviest elements, recoil sepa-
rators have been built atféiérent accelerator facilities
around the world. These deal with theffdiult task
of separating the precious superheavy nuclei from the
huge experimental background, as they are produced




search are the Separator for Heavy-lon reaction Prod-
ucts (SHIP) [14] at the GSI Helmholtzzentrum fir
Schwerionenforschung GmbH in Germany, the VAS-
SILISSA separator [15] at the Flerov Laboratory for
Nuclear Reactions in Russia, and the Fragment Mass |
Analyzer (FMA) [16] at the Argonne National Lab-
oratory in the United States. Examples of gas-filled
separators, on the other hand, are the Berkeley Gas-
filled Separator (BGS) [17] at the Lawrence Berkeley
National Laboratory in the United States, the Dubna
Gas-filled Recoil Separator (DGFRS) [18] at the Flerov
Laboratory for Nuclear Reactions, the Gas Filled Re-
coil lon Separator (GARIS) [19, 20] at RIKEN in
Japan, and the Recoil lon Transport Unit (RITU) [21]
in Jyvaskyla, Finland. The TransActinide Separator
and Chemistry Apparatus (TASCA) [22, 23] installed at
the GSI Helmholtzzentrum fur Schwerionenforschung
GmbH has recently been added to the existing gas-filled
separators. The commissioning of TASCA took place
in 2006—2008, and the first scientific experiments were
carried out in 2008 before TASCA entered the forefront
of superheavy nuclei production in the year 2009 with
elemen®Z = 114 experiments [24, 25].

2. The TASCA Separator

_TASCA Is a ggs-ﬂlled recoil separa’_tor specifically  Figyre 1: Panel A) A photograph of the commissioning set-Tipe
laid out for chemical and nuclear studies of elements relative positions of the Ge-VEGA-clover and Ge-clustetedtr in
with atomic numbers of 104 and larger. The con- relation to the detector chamber is presented. Panel B) riteenal

; i £ i structure of the feed-through tube with the recoil-tranglibe and the
struction was optlmlsed for products from hot-fusion cables for the detectors. The four shorter cables are f@E&SD and

H H 2 4, 2 244,
reactions like 38U(*8Ca, 31)?%112 or *Puf®®Ca,  the two longer for the p- and n-side of the DSSSD. Panel C) Bhe-f
3n)%8°114 [22]: The structure of the separator with through tube (bottom) with the connectors to the pre-aneptifiand

one 30-bending dipole magnet and two focusing the detector structure (top) is shown. Two of the SSSSD tisteare
. . visible and so is the mounting of the two connectors for th&BB.
guadrupole magnets (DQQ) allows for twdfdrent ion
optical modes: the “High Transmission Mode” (HTM)
and the “Small Image Mode” (SIM). Thefierence is 3. Detection Setup
the order of the horizontal and vertical focusing of the
guadrupoles. HTM, which is the traditional focal mode = TASISpec combines double-sided (DSSSD) and
in separators, is obtained via the Q) sequence. Here  single-sided (SSSSD) Si-strip detectors with compos-
the indices indicate horizontal (h) and vertical (v) focus- ite Ge detectors. The underlying philosophy is to pro-
ing. The DQQy, ordering leads to the SIM. vide a compact inner Si-detector section, which should
The HTM results in a horizontally elongated el- be as transparent as possible for low-energpys or

liptically shaped image in the focal plane with a size X-rays. The setup can be seen in Fig. 1A. In this photo-
of about 20 mm x 120 mm and a transmission of graph, the upper left-hand corner shows the rear cham-
typically around 60% for superheavy element evap- ber of the TASCA separator. At the very end of this
oration residues. The SIM on the other hand yields chamber is the TASISpec feed-through tube and detec-
a near-circular shaped focal plane image. The image tor chamber positioned. The photograph shows four of
size is some 3 cm in diameter with a transmission the six pre-amplifiers for the Si-detectors as they are po-
through the separator of aboyB82f the corresponding  sitioned around the feed-through tube. The tube itself
value in the HTM. For more details about TASCA, see has an inner diameter of 90 mm and it contains the ca-
Refs. [22, 23]. bles from the Si-detectors as well as a recoil-transfer

tube with an inner diameter of 50 mm, as can be seenin
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Fig. 1B. Evaporation residues separated in TASCA will about 4% of the geometrical coverage is lost due to in-
pass through this inner tube to enter the detection area.active areas around the edges of the detectors while the
The small space between the inside of the outer tube andremaining 15% are lost due to the one side of the detec-
the outside of the inner tube also houses the connectorgtor cube which is kept open for incoming evaporation
which feed the detector signals through from the low- residues.

pressure gas filling inside TASCA to the preamplifiers  The five Si detectors are positioned inside a detec-
positioned in air. These PCB-board based feedthroughstor chamber, the first version of which can be seen in
and attached high-density connectors are visible in the Fig. 1A. This chamber is welded together from pieces
lower part of Fig. 1C. of stainless steel. The five walls — which are facing

The construction with the feed-through tube followed
by the detector chamber on top is illustrated in its full
length of 260 mm in Fig. 1C. When placing this struc-
ture behind the TASCA separator it forms an extension.

the Ge-detectors — are 0.5 mm thin to minimise the en-
ergy loss and the scattering of theays on their way

to the Ge-detectors. To assure mechanical stability of
the structure, the thin walls were welded onto a thicker

The extension is as short as possible to allow for an easystainless-steel skeleton. Each outer side of the skeleton
mounting and dismounting of TASISpec, and it is also is 108 mm wide. This detector chamber was used for the
essential to gain the required space for a compact ar-first commissioning phase, including the data presented

rangement of the surrounding composite Ge-detectors.here.

The placement of one former Euroball Cluster [26, 27]
and one VEGA-Clover [28] Ge-detector used in the
commissioning setup can be seen in Fig. 1A.

3.1. Si-detectors

In total, there are five Si detectors in the experimental
setup. Four of these are SSSSDs and one is a DSSSD.

The DSSSD is used as the implantation detector.
It is a 32 x 32 strip detector with an active area of
58 mm x 58 mm. Each strip is separated from the
neighbouring ones via an inactive area of/68. De-
tectors with thicknesses of 0.31, 0.52, or 1.0 mm are
available, while for the commissioning the DSSSD was

In the course of further developments, a second
chamber has been produced, milled out of a single piece
of aluminium. The nominal wall thickness of 3.0 mm is
reducedto 1.5 mmin circles of 85 mm diameter on each
of the five cube sides facing Ge-detectors. In addition,
the outer dimensions of the aluminium chamber were
reduced to 103 mm on two sides, while kept at 108 mm
on the remaining two sides. This means that the cube
is slightly off-centre to accommodate the two DSSSD
connectors (cf. Fig. 1C).

Another improvement in the course of the commis-
sioning phase concerns the positioning of the DSSSD
connectors. In the first version, displayed in Fig. 1C,
they shadow a considerable fraction of the subsequent

0.31 mm thick. Upstream from the DSSSD, the four Ge-clover detector. Therefore, a revised PCB design
60 mmx 60 mm active area, 32-strip SSSSDs with for the DSSSD foresees a direct coupling to ultra-thin
a thickness of 1.0 mm are placed. The strips of the coaxial cables with DSSSD connector placements at the
SSSSDs are oriented along the beam axis. The four de-same height as the ones for the SSSSD, i.e. out of sight
tectors complete the cube-like inner structure which has for y rays travelling from the DSSSD towards the Ge-
an inner cube-side length of 65 mm. One face of the clover detectors. This is expected to further increase the

cube is left open for the incoming particles. The struc- |ow-energyy-ray dficiency by a few percent.
ture of the detector cube is visualised in Fig. 1C, where

two of the SSSSD are seen. The Si-cube is used for

. . . . . 2. - r
the registration of implanted recoils, and the detection 3.2. Ge-detectors

of subsequent particles, conversion electrons, and fis-
sion fragments. In the following the four SSSSDs will
be referred to as the “box”.

A total of five Ge-detectors will be included in the fi-
nal experimental setup. Four of these are of the four-
crystal so-called “clover” type [29]: two Ge-VEGA-

Using the geometrical constraints and assuming that clovers [28], one SHIP Ge-clover [30] and one resem-
a nucleus is implanted at the very centre of the DSSSD bling those used in the former Euroball array [27, 31].
one obtains an estimated geometrical Si-detector cover-Each of the four Ge-clovers will be placed behind one of

age of 81% for this detector setup. Whilst fission frag-

ments are detected within the DSSSD with an essen-

tially 100% dficiency,a particles and conversion elec-

trons are expected to be detected with a tofiatiency

similar to this geometrical detector coverage. Note that
3

the four SSSSD’s. The fifth Ge detector is placed behind
the DSSSD. This detector is of the seven-crystal “clus-
ter” type [26, 27] and it also originates from the former
Euroball array. This means that in totak#4 + 7 = 23
Ge-crystals will be included in TASISpec.



The Ge detectors are placed as close as possible

. Table 1: Hardware trigger conditions in the electronicsiget
around the detector chamber. This assures that the 99 B

distance from the Si-wafers to the Ge-crystals is min- Trigger | Condition
imised. Due to the small size of the Si-detector cham- L DSSSDor

ber in comparison to the front faces of the Ge-detectors, 2 box ano DSSSD
there will even be an overlap between their positions 3 boxor

at the cube edges. This is especially true for the front 4 g()sxé*ggy

face of the cluster detector. This compact setup of 23 S AND Y
Ge crystals will allow for both high overall detection 6a | yor

efficiency and moreover high-y or y-X-ray coinci- b | vy

dence probabilities, including several options for add-
back schemes, allowing for a partial reconstruction of

y-rays scattering from one crystal into another. particles (ADC range 0-20 MeV) and fission products
(ADC range 0-200 MeV). The ADC range of the n-side
3.3. The Time-of-flight Detector of the DSSSD was set to 0-40 MeV, while all four box

In 2009, a time-of-flight detector was installed into detector read-outs were running in a 0-20 MeV range.
the standard TASCA focal-plane chamber, some 50 cm FOr @ given experiment these ranges can be easily ad-
upstream from the focal plane of TASISpec. This detec- Justed by changing the amplification of the signals in

tor is a multi-wire proportional counter (MWPC), simi-  the STM-16 modules. The preamplifier outputs of the
lar to the one described in Ref. [32]. Ge-detectors are processed and digitised by VME-based

As ions pass through this detector they generate aSampling ADCs.
signal. This means that if a signal in the MWPC is  The STM-16- trigger outputs as well as Ge-
registered in coincidence with a signal in the DSSSD detector's FEE trigger signals were processed in stan-
it will be identified as a particle having passed through dard NIM electronics to generate master triggers and
the separator and being focussed onto the DSSSD. How_requweq control signals for_ the data acquisition system.
ever, if the DSSSD signal is in anti-coincidence with the A variety of hardware triggers were incorporated in
MWPC it will be identified as a radioactive decay of a the detection system. The triggers provide the possibil-

nucleus which is already implanted into the DSSSD. ity to use one or several at the same time. The trigger
conditions used during the commissioning experiments

3.4. Electronics> DAQ are listed in Tab. 1.

Analogue signals from the DSSSD and the SSSSDs
are transmitted inside the TASISpec detector chamber4. Commissioning Experiments
to the feed-throughs by means of ultra thin (0.62 mm
in diameter) 502 coaxial cables; specification num-
ber DAS501, produced by Junkosha Inc., Japan. Im-
mediately on the air side of the feedthrough connec-
tors the signals are processed by state-of-the-art low
noise front-end electronics (FEE), namely charge sen-
sitive multichannel CS®7 preamplifiers developed at
the University of Cologne [33]. To assure noise min-
imisation and optimum energy resolution, the signals
from the preamplifier outputs are transmitted iffek- ) S
ential form via shielded cables to commercially avail- 4-1- Experimental ficiencies
able STM-16- shaping and timing filter amplifiers [34]. The dficiency of the Si detectors has been es-
The energy and timing output of the STM-LGvere timated using the experimental results from the
digitised by means of standard VME ADC and TDC 2°’Pb(*®Ca,1)?>*No reaction. As the residues are im-
modules, and readout by the generic GSI data acqui- planted a few micrometers into the DSSSD, it is obvious
sition system, MBS [35, 36]. (simply from the geometry) that about 50% of the emit-

Two dynamic ranges were implemented for the p-side teda particles are detected within the DSSSD. These
of the DSSSD. The preamplifier output signals of these particles will hence deposit their full energy in the de-
32 strips were split into two branches to record beth  tector. The remaining 50% will be emitted in backward

4

To explore the properties of the detector setup, com-
missioning experiments were run using twadfelient
beams,*®Ca and®Ni, and a series of target materi-
als. Whilst some of the reactions were run merely to
test beam target combinations and measure the TASCA
transmissions, the results from tHéPb(*¢Ca,)>?No
and 2°’Pb(*8Ca,)?>°No reactions have been used to
explore the properties of TASISpec in more detail.
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Figure 2: Gamma-ray spectra taken in coincidence wiftarticles corresponding to the decay?®iNo. In the upper left corner a sketch of the
decay of the ground state 87No and the subsequently emittgetays is given. Upper panel: Relativfieiencies of the Si detectors illustrated
via the spectra of rays detected in coincidence withparticles. For the particles detected in the Si-detector “box” the correlgtedy spectrum
is indicated by a solid line and for those detected in comote with ther particle detected in the DSSSD the spectrum is indicatedbiroken
line. Lower panel: The broken line spectrum is obtained wihery rays are detected in the seven-crystal Ge-cluster detantbthe spectrum
indicated by a solid line when they are detected in the foystal Ge-VEGA-clover detector, both with theparticle detected in the DSSSD. The
insert shows how thefigciency for the cluster detector varies as a functioy-ody energy. See text for details.

angles. This means that they deposit some energy in the(indicated by a solid line). These include all thgoar-
DSSSD and thefi) deposit their remaining energy in ticles which are not fully detected in the DSSSD. These
either of the four single sided Si detectors(igrescape particles have to be registered with an energy loss of
detection by exiting the detector “box” with an angle 0.3-8.0 MeV in either of the SSSSD strips and simul-
close to 180 relative to the beam axis. While cagg taneously having deposited an energy greater than zero
means that the particles may still be identified, case in the p-side of the DSSSD. Their total detected energy
(i) means that the particle is lost. It should be noted, will vary depending on the angle at which they travel
however, that ther particles detected in the SSSSD’s though the dead layers of the DSSSD and SSSSD. The
have lost somewhat fierent amounts of energy in the requirement of am-y coincidence excludes all parti-
dead layers of the double- and single-sided Si detectorscles in the decay chain except the ones originating from
depending on their angle of emission. the °3No decay. An estimate of thefiency in the

box can then be obtained by comparing the number of
detectedy rays in the two spectra. The number of de-
tecteda particles in the box is 60(3)% of what is de-
tected in the DSSSD. Thus, under the assumption that
50% of thea particles are detected in the DSSSD, one
can deduce that 30(2)% of theparticles are detected

The upper panel of Fig. 2 illustrates the relative in-
tensities ofy rays detected in coincidence withpar-
ticles detected in the DSSSD (indicated by a broken
line). Thesex particles are detected with their full en-
ergy (between 8.0-8.4 MeV), see Fig. 3. The spectrum
in Fig. 2 also shows particles detected in the SSSSD
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Figure 3: Detectedr particles in the DSSSD for th#Ca+?°"Pb run (panel A). Note that the spectrum is calibrated usingxernal source
resulting in an €set in the detected energy of arountio0 keV. Panel B) The position of theparticles detected in the DSSSD with an energy of
8.0-8.4 MeV, correlated witR*>3No. Using the magnetic settings, the image size is here tadjus form a even distribution over the full detector
size, i.e. the image size is slightly larger than what TAS@A achieve. On thr andy-axis the size of the DSSSD is indicated in millimetres.

in the “box”. This means that in total 80(2)% of the uses the internal conversion dbeient,a; = 0.212(3),
emitteda particles will be detected using the TASISpec 0.0910(13), and ®554(8) [37] for the 151.7,222.4, and
Si-cube. Thus, theficiency obtained when using a re- 280.2 keV transitions, respectively. The latter assumes
alistic extended position distribution is in line with the that they are allE1 transitions [30, 38] and that the
single point geometrical estimation in Sec. 3.1. uncertainty of they-ray energies is 1 keV. From these
In the commissioning setup the Ge cluster detector, calculations, the averageray dficiency using all three
and one of the Ge VEGA-clover detectors were used. transitions was found to be 16.3(5)% for the cluster de-
The two detectors have been used to determing-itag tector and 4.7(2)% for the clover at an averagay en-
efficiencies in the setup. In a similar manner as above, ergy of around 220 keV. Naturally, thiteciency varies
thea particles have been correlated with the detegted as a function of energy. In Fig. 2 the inserted graph
rays. The number of detected y coincidences where  shows how theféiciency varies in the Ge-cluster detec-
thea particles are detected in the DSSSD andjthay tor for the threey-ray energies. The calculations utilises
in either the clover or the cluster detector has been put the relative intensityl,ey = 0.18(1) : 1 : 048(2) [30]
in relation to the number of detectedparticles in the for the 151.7, 222.4, and 280.2 keV transitions, respec-
DSSSD. The correlation is made via theparticle of tively.
8.0-8.4 MeV which is emitted in the decay from the It should be noted that thefiiencies to some extent
ground state of>3No into the excited 280 keV state reflect the fact that the geometricdtieiency, i.e. the
in 24%Fm followed by either of threg-rays with ener-  size of the front face of the Ge-cluster detector is larger
gies measured in the present study at 151.7, 222.4, andhan for the Ge-clover detector. Furthermore, the clover
280.2 keV. A sketch of the decay scheme [30] can be detector used in the commissioning setup was placed
found in Fig. 2. behind one of the two SSSSD, which have a connector
In the lower panel of Fig. 2 the resulting spectra from the DSSSD behind it (cf. Fig. 1C and Sec. 3.1).
from the two Ge-detectors are shown. The number Thus, the presentray diiciency is slightly reduced by
of detectedy-ray quanta obtained from these spectra the extra material between the Si detector and the Ge
are corrected for internal conversion. This correction crystals in comparison to the two “connector free” de-
6



tectors. 8.0-8.4 MeVa particles (relating to the decay of the
ground state of>3No) have been detected. More than

4.2. Energies in the DSSSD 90% of the events lie within a 20 mm 30 mm small
Concentrating on the energies detected in the area, in line with the expected result for the SIM focus-

DSSSD, a few features of the detection setup are worth ing mode of TASCA [22].

noting. Another feature can be noted when thelecay is
The spectrum of the particles detected during the promptly followed by a conversion electron (CE). If the

beam-df period of the pulsed beam in th&Ca+ 2°"Pb two particles are emitted within a very short period of

reaction is shown in Fig 3A. Clearly, th&3No nu- time, the detector pulses from the particle and the
cleus and its daughter products following in the de- electron will add up, leading to a shift of the measured
cay chain are dominating the spectrum. The&hain a-particle energy [39]. In the case &FNo thea decay

includes the three particles in the decay sequence:populates an excited level at£280 keV in the daugh-
253No — 2%9Fm — 245Cf — 241Cm. Note that for the  ter nucleus. The detected energy of thearticle will
spectrum in Fig. 3A the detector was calibrated using thus be influenced by CE originating from the decay of
an external source. This causes dfset in energy of  this level and from levels populated in the decay of it
some 100 keV originating from the fact that armparti- (see Fig. 2). The total energy in a pixel thus equals
cle emitted from a nucleus placed in front of the detector the energy of ther particle plus some energy originat-

— such as a calibration source — is losing energy when ing from the CE. Ideally the extra energy would origi-
entering the active detector material through the dead nate from the energy of the state minus the binding en-
layer of the Si detector. If the particle instead is emit-  ergy of the electron. In reality the vacancy in a given
ted from a mother nucleus which is already implanted atomic shell K, L, M, ...) can be followed by vacan-
into the detector no such energy loss takes place. Fur-cies in higher shells giving rise to low energrays
thermore, if an implanted nucleusdsdecaying the re-  and Auger electrons which also may be detected in the
coil energy of the nucleus itself will also be detected in DSSSD pixel. As a rule of thumb the detected energy
the same pixel as the particle. Both &ects will result following a CE is given by:

in an overestimation of the energy of thgarticle.

E=Er - }EB.E, 1)
L I I 2
120 — 229 keV/| - where E7 is the transition energy anHgg is the
-- 280 keV| | binding energy of the_-shell if the energy of the state
100 =+ 150 keV| | is small — which is the case in the transitions discussed
here —and hence not large enough to overcome the bind-
2 | ing energy of the&k-electrons. In the case of Nobelium
-; 80 | isotopes, the binding energies of thkeand L shells
< ] are EK . =149.2 keV,Egl; =29.2 keV,Eg; =28.3 keV,
£ 60 7 EL:. =21.9 keV [46].
§ ) As seen in the decay scheme in Fig. 2 theecay
40 7 in 25No can be followed by eithgi) a 280 keV tran-
1 sition into the ground state &f°Fm, (ii) a 222 keV
20 = transition followed by a 58 keV transitionafy; =
. . 51.9(8) [37]] which, as can be seen from the large
0 e — conversion cofficient for this transition, can be re-
7900 300 8400 placed with an internal conversion electron, (o) a

Alpha energy (keV) 151 keV transition followed by either a 129 keV tran-
sition [agor = 8.40(13) [37]] or by a 71 keV transition
Figure 4: The summing af particle and conversion electron energies  [aior = 28.8(5) [37]], which is followed by the 58 keV
in the DSS$?53§|?)I$:;iS|?s[i)r?giifcelfsnitn ggiit’;g:]dsegf;:’ri;h iZP:recg tgf transition discussed above. Either of these transitions
fahr::gyf’éy;:?s &ect has been discusF;ed previously in,g for instance, is highly Converted' The corresponding CE may either
Ref. [30]. be stopped in the DSSSD or escape after some loss of
energy. The fect of energy summing can be seen if
In Fig. 3B the hitpattern as seen in the DSSSD is comparing the apparentenergies in coincidence with
shown. This hitpattern shows the pixels in which the the threey transitions as shown in Fig. 4. In case of
7



the 222 keV line accompanied by CE from the 57 keV tained with TASISpec though the number of pixels is
9/2* — 7/2* transition an energy shift compareddo not exceedingly high compared with other implantation
particles coincident with the 280 keV transition into the set-ups [48, 49].

ground state can be observed. In the case of the 151 keV
transition, the 12* level populated by it, rather decays 100
via two M1 transitions 12* — 9/2* — 7/2* into the
ground state than by a single E2 transition2t1 —
7/2*. So four possibilities have to be considered: both 10? i I
CE escape the detector, both CE are fully stopped in r E
the detector, either one of the CEs is stopped while the
other escapes (note that the CE hafiedent energies).
This leads not only to a shift in the energy but also to a
significant broadening of the peak.

100 gttt —

fission 3

Yield (Arbitrary Units)

4.3. The Decay o®?No 10 E

The half-life of the ground-state o®®’No is well i
known from several publications;, = 2.4(2) s [40], 1t
T1/2 = 23(2) S [41],T1/2 = 24—t8[51 S [42], T1/2 = g
2.257018 5 [43], andTy2 = 2.4(3) s [44]. In the present T N | N R
analysis, a double exponential fit has been used and a & 5 10 Timlef(secorfgs) 25 30
value ofTy» = 2.51(24) s was obtained using the events
from SpontaneQUS fission anddecay, _a'WaYS position Figure 5: The decay of the ground state?®No. The upper panel
correlated within the same DSSSD pixel with a preced- showsa decays with a half life oT1/> = 2.40(17) s. The lower panel
ing recoil implantation signal of proper energy. The shows spontaneous fission where the half lifeTgh, = 2.33(21) s
implant is here identified with an energy range of 14- Was obtained.

21 MeV during the beam on period, fission is identified

with an energy exceeding 100 MeV during the bedtn o

period and thé>’No « particles are selected in an en- 5. Summary and Outlook

ergy range of 8.3-8.5 MeV during bearff.o o )

The present half-life agrees with the previous mea- | h€ very successful commissioning runs will now be
surements. Furthermore, the half life of the two de- followed by main beam experiments and the setup is
cay processes have been explored separately as wasnder permanent developmentand improvement.
done previously in Ref. [45]. The previous publica- For instance, the potential _beneflts gained from the
tion obtained half lives offy, = 2.54(7) s for the usage of_pulse—shape electronics for the DSSSD are cur-
spontaneous fission afd,, = 2.46(5) s for thex de- r(_en_t!y being explore_d. '_I'he_ advantag_e would _be the pos-
cay. In the current analysis, the results are illustrated SiPility to separate ionisation paths in the Si detectors
in Fig. 5 and amount tdy,, = 2.24(46) s for the fis- originating from diferent incidenting particle types.

sion andTy, = 2.43(30) s for thew decay. Further-

more, the branching ratio af-decayfissioryelectron Acknowledgements

capture has previously been explored and determined

as 24(4)%74.8(40)%<1.6% [44] meaning the per- We would like to thank Gammapool for the use of the
centage ofe decays in relation to (fissiaralpha) is pluster Ge-detector. Also ourgratitudg goes to the ECR
24.3(43)%. In the current analysis the corresponding re- ion source and UNILAC sté for providing excellent
sult is 21.6(20)%, which within errors agrees well with and stablé®Ca beams and to the supportingbe GS|

the previous value. for their invaluable support andferts.

Time correlations between thedecays of>’No and
248Fm have also been studied. The half life?6fFm
has previously been measuredTg, = 36(3) s [46]
andTy2 = 31.6(42)s [47]. In the current analysis, the E} g- (lihiFOIrsoet ?I-,IPIF\IIYS-I R:r\]@g, ifgé% (11t3915(51)é71)
obtained half life isTy/, = 38.7(69) s. - N Flerovet al, Nucl. Fhys. AL6U, :

. . [3] S.Hofmannetal, Z. Phys. A350, 277 (1995).

These results show that implantation-decay correla- [4] vy. Ts. Oganessiaet al, Phys. Rev. @74, 044602 (2006).

tion times in the order of a minute can easily be ob- [5] S.G. Nilssoret al,, Nucl. Phys. A115, 545 (1968).
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