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Superheavy elements (Z>104) exist only due to nuclear
shell effects. Deformed shell closures at Z=108 and at
N=162 have been predicted theoretically [1] and observed
in recent experiments [2]. Three hassium isotopes
269-211Hs, have been produced in the complete fusion reac-
tion **Cm(*Mg, xn)”**Hs at the linear accelerator
UNILAC at GSI [2,3]. The excitation function measure-
ment at five different beam energies resulted in maximum
cross sections of the 3n, 4n, 5n exit channels of a few pb
[3].

Recent theoretical studies, analysing the formation of
“Hs in the 4n channel, using a two-parameter Smolu-
chowski equation, predict even higher cross sections due
to a lower reaction Q-value for the reaction
¥U(%S,4n)*""Hs (24 pb) and *°Ra(**Ca,4n)*’’Hs (30 pb)
[4]. HIVAP [5] predicts a maximum cross section of 3.5
pb for the reaction 2**U(*S,4n)*"°Hs.

Here, we report on first results of an experiment aimed to
study the nuclear fusion reaction *°S + >*U, leading to the
compound nucleus ***Hs*. For the experiment we used
our highly efficient chemical separation and detection
system COMPACT which was connected to a Recoil
Chamber (RC) installed behind the ARTESIA target
wheel in cave X1 [2]. A beam of *°S>" ions was acceler-
ated by the UNILAC up to 7.13 MeV/u and impinged on
a rotating **U target wheel. During the experiment, we
used two different sets of ***U targets. The beam passed
through a 20.2 uym Be vacuum window, 6 mm of He/O,
gas mixture (He:O, = 9/1), a 12.6 um Be target backing
before entering the ***U target (3 segments of 1.8 mg/cm’,
1.5 mg/ecm?® and 1.6 mg/cm?). The second target set had a
Be backing of 8.2 um and 3 segments containing 1.0
mg/cm® of **U each. We assumed that only Hs nuclei
with a minimum residual range after exiting the target of
10 mm in gas could be transported to the detection sys-
tem, corresponding to an active layer of the target of 1.0
mg/cm’. The energy of the *°S ions was in the range of
175.0 MeV to 181.2 MeV within the first set of target and
in the range of 190.4 MeV to 196.1 MeV in the second set
[6], corresponding to excitation energies, E*, of 3843
MeV and 51£3 MeV [7], near the predicted maxima of
the 4n and 5n evaporation channel, respectively. Starting
at E*= 38 MeV we irradiated the first target set with a
beam dose of 5.74-10"" ions. The second target set was
irradiated with a beam dose of 1.03-10' ions at E*= 51
MeV.

* Work supported by BMBF project 060MP2471
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We searched for correlated decay chains, which were de-
fined as an a-decay (8.0 < E, < 9.5 MeV) followed within
300 s in the same or a neighbouring detector pair by an -
decay in the same energy range or by a SF-like event with
at least one fragment above a threshold of 15 MeV. The
data analysis revealed one chain at the higher E* of 51
MeV. A 9.02+0.05 MeV a-particle was observed in bot-
tom detector #24 followed after 23 ms by one 41 MeV
fission fragment measured in top detector #24. We attrib-
uted this decay chain to the decay of *’°Hs produced in
the 4n evaporation channel [2].

Because of background from o-decay and SF of heavy
nuclides from (multi) nucleon transfer pseudo correlated
chains can be found with nonzero probability. We have
calculated the probability to observe random decay chains
of the types a-a-o-a, a-o-SF, and o-SF satisfying the cri-
teria specified above. 351 and 771 a-particles have been
registered in the first and the second run, respectively.
They originated mainly from a-decays of *'*Po. Also, 6
SF-like events were registered in the first run and 13
events in the second run. None of these were coincident
with each other. The results are shown in Table 1.

Table 1: Random rates for different decay chains

decay chain E*=38 MeV E*=51 MeV
o 0oL oL 7.08-10™ 3.12:10°
a-o-SF 4.61-10” 1.67-10°
a-SF 1.6:107 4.6:107

At E*= 38 MeV the cross section limit for both channels
is 2.9 pb. The cross section for the 4n channel at E*= 51
MeV based on the one event is 8_0_7+2'6 pb and the cross
section limit for the 5n channel is 1.5 pb. Errors and limits
correspond to 68% confidence level. The measured cross
section and limits are lower than those of the reaction
Cm(*Mg,xn)*"**Hs [3], in contrast to calculations from
[4]. We plan to continue these measurements in the near
future.
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The final phase of the TASCA commissioning program
[1] included a series of experiments with 2*Rf, *'**Rf
and *Rf produced in the ***Pu(**Ne,xn) reaction. One of
the highlights was a proof-of-principle transactinide
chemistry experiment with 78-s **"“Rf. The Automated
Rapid Chemistry Apparatus (ARCA) [2] was used to
study the formation of fluoride complexes of Rf in diluted
HF-solution by anion-exchange chromatography.

TASCA was operated in the High Transmission Mode
(HTM) [3] at a pressure of 0.4 mbar He. After passing a
14 cm x 4 cm large Mylar window of 1.2 pm thickness,
evaporation residues were thermalized in He at
1200 mbar in a newly designed recoil transfer chamber
(RTC) of 1.7 cm depth. The RTC had two funnel shaped
inlets at the right and left hand side for the He/KCl jet and
a central outlet in the cover plate. The Rf was transported
to ARCA by a He/KCl jet through a 10 m long PE capil-
lary of 2 mm i.d. at a gas flow rate of 2.9 L/min. To moni-
tor the gas-jet yield, a **’Ac emanation source was con-
nected to the RTC. Ar with a flow rate of 20 mL/min was
passed through the source and transported *'’Rn into the
RTC. The yield of its decay product *''Bi was compared
to the respective yield in ROMA [4]. The *"'Bi yield in
ARCA including collection, dissolution in 7x10* M HF
solution, and evaporation on a Ta disc was 50% of that in
ROMA.

For the anion-exchange chromatography in ARCA, the
column magazines were filled with the resin MCI GEL
CAO08Y from Mitsubishi Chemical Corporation, particle
size 22+5 pPm, which was transferred into the hydroxide
form as described in [5]. In each chromatography experi-
ment, two Rf fractions were collected. The first one was
7x10* M HF, which was also used for column loading,
and the second one was 5 M HNOjs. The latter was used to
strip the remainder of the Rf from the column. After
around 18 h experiment, the concentration of the first
solution was changed to 1x10° M HF and the experi-
ments were continued for another 25 h.

The KCI clusters were collected in ARCA for 90 s.
Within this time, the column for the next experiment was
preconditioned for 65 s with the HF solution. After the
collection, the products were dissolved in 200 pl of
7x107* M HF solution and were subsequently fed onto the
anion-exchange column at a flow rate of 1.0 mL/min. The
effluent of the column was collected on a Ta disk as frac-
tion 1. The fraction of the products adsorbed on the resin
was eluted with 250 UL of 5 M HNO; and collected on a

* Work supported by BMBF (06MZ2231) and GSI-F&E (MZJVKR)
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second Ta disk. Both fractions were evaporated to dryness
by infrared light and a hot helium stream. The two Ta
discs were then subjected to a-spectroscopy. Counting of
the first fraction started 60 s after the end of the collection
interval, counting of the second fraction started 65 s after
the end of the collection.

In total, seven a-events were detected which we attrib-
ute to 78-s **'"Rf based on the measured a-energy and
lifetime. All of them were observed in the HNO; fraction.
Two of these events were detected during the experiments
with 7x10™* M HF, the other five events were detected
while using 1x107> M HF. As no events were observed in
the HF fractions, it is only possible to give a lower limit
for the %ads value. As in Poisson statistics zero observed
events are compatible with three events at 95% confi-
dence level, 3 events were assumed for the first fraction
and the remainder in the second fraction resulting in
%ads > 62.5 % in 7x10™* M HF and %ads > 72.5 % in
1x10° M HF. The sum of the a events is shown in Fig-
ure 1 indicating that the o spectra were very clean, also
thanks to preseparation in TASCA.

Figure 1: Sum spectrum of the a-particle events of *'*Rf.

From a comparison with the number of *“Rf events in
ROMA, we have to conclude that the chemical yield in
ARCA was low, on the order of 30% only. This is in line
with earlier observations indicating some sorption of
transactinides from HF solutions on the Kel-F slider in
ARCA.
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The TrandActinide Separator an€ChemistryApparatus use of aqueous chemistry set-ups behind TASCA.
(TASCA) project [1], which is focusing on the separation
and investigation of neutron-rich transactinide nuclides
produced in actinide-target based reactions, has succ
fully finished its commissioning; see [2] for an interim
report. TASCA is ready for the envisioned research pro-

Table 2: Nuclear reactions and their products use
mmission TASCA; H=HTM, S=SIM, TSp=TASISp¢
=ROMA, C=chemistry, catch=catcher foils.

Product xn Beam Target Mode Gas RT

gram which includes both chemical investigations of *RIC
transactinide or superheavy elements (SHE) after presepa- *Si - s - HS  Vac

ration with the gas-filled separator and nuclear structure >"0s ~ 7n  *Ar "Ce  H He C
and nuclear reaction studies. 1 Hg  2-4n “Ar ‘Sm  HS He c

4 14

The central device of TASCA is a gas-filled separator in 188Pb i” 422"" 154%2‘; :g ne
a DQQ configuration operated either in the "High Trans-194-19 4-2n “°A£ ey HS Hg R
mission Mode" (HTM, DQQ,) or in the "Small Image 1ss1sg; 45, 2Ne B3  HS He

Mode" (SIM, DQQx) [1-5]. In the HTM, the unsurpassed 19519 450 “cg 15%Gd, H He R

transmission of TASCA - at a relatively low dispersion - 200x¢ 3n NI "™La  TSp He
is exploited. In contrast, the SIM provides unique possi- % 5n *Ni “Pr  TSp He
bilities due to its small spot size in the focal plane (< 3 cm*®*®Fr  5-6n  *si  '*'Ta H He

diam.) at a still relatively high transmission; see Table 1. **?'Ra  3-4n *Cr ™Gd HS  He
208213 3-6n Ni Nd  TSp He
Table 1: Important parameters of TASCA, calculated 2°Ac 5n  “Ar "™y HS HeN

for the reactiorf®Ca@**Pu,3n%°114, in comparison with ~ *“Ac 4an 2Ne YAu  HS HeH

other gas-filled separators operated in SHE research. zzlfﬁh xn Z‘Nl f:Sm TSp  He
Separator ~ Con- Trans-  Dis- Bp U oxn Ni Gd  TSp HeH
- isai i “Em 3n “Ar ®Pb HS  He R
figur- mug/smn pers;;n (r_?ax) ZNo on  “Ca ®Pp HS, He R
ation b mm/% m >
DGFRS  DQQ, 35 75 31 mNo  2n a1 He
GARIS DQQ.D 40 9.7 2.16 TSp
BGS QDD 49-59 20 2.5 BiNo 2n  “ca ®pPph HS HeH
TASCA DQ.Q, 60 9 2.3 No 5n Ne ®U HS HeH R
TASCA DQQ: 35 1 2.3 ZNo 4an  PNe By H He
_ o _ 260Rf 6n  Ne *Ppu H HeH
Table 2 provides a compilation of all nuclear reactions®la26lRs 5, 22N 24py H He R,C

and reaction products applied and detected in the course®?Rf an  Ne *pu H HeH
of the commissioning program together with the mode

TASCA was operated in and the fill gas. Also listed ar
experiments to test and optimize the recoil transfer cha
bers (RTC) [6], the gas-jet transport of preseparated pr
ucts into our Rotating wheel On-line Multidetector Ana
lyzer (ROMA), and its performance, and the coupling an

Extensive studies have been performed in the HTNV
IM to obtain optimized parameter sets for (i) the te
ickness and stability, (ii) the gas pressure and the
filling (He, H,, and mixtures), (iii) the dipole setting {B
;and guadrupole focusing, (iv) the RTCs (window mat:
and thickness, support structures, and size and shz
*Work supported by BMBF (06MT2471, 06MT248, 06Mz223l)and  the chamber), (iv) gas-jet transport of pre-separated
GSI-F&E (MT/TUR, MZIVKR) “m.schaedel@gsi.de ucts, and (vi) the coupling and performance of de\
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like ROMA and the Automated Rapid Chemistry Apparareaction studies of neutron-rich nuclides of SHE syr
tus (ARCA). Results of many of these parameter studiesized in very asymmetric hot-fusion reactions. Rf isot
were compared with TASCA model calculations [7] andvere not only measured in the FPD but were also
very good agreement was achieved. This agreement isl@fted in an RTC and were transported either to RC
special importance as it allows for the selection of propéor nuclear decay measurements [10] or to ARCA
settings for magnetic rigidities (B in the dipole magnet chemical investigations [11].
and the quadrupole magnets for all nuclear reactions andAn additional highlight of the experiment was the {
for all gases and gas mixtures tested at various pressutesnsactinide chemistry behind TASCA designed ¢
It is especially rewarding to see that not only Blues proof-of-principle experiment. It was performed in AR
were properly chosen to centre product distributions awith pre-separated 78%8'Rf; details of the nuclear res
focal plane detectors (FPD) but also that the measurgon and the Rf separation in TASCA are described in
spatial distributions and, more importantly, the efficienwhile all chemical aspects are discussed in [11]. This
cies were in very good agreement with model calcul@essful experiment, which studied the formation of
tions. These results confidently demonstrate that we dteoride complexes and their adsorption behaviour o
able to perform trustworthy SHE experiments wittanion-exchange resin, demonstrated that aqueous-
TASCA. In the following, we mention a few concludingtransactinide chemistry behind TASCA can now be
experiments, some of the highlights and new develofermed.
ments; see [2] for additional information on the parameter The new set-up termebhscaSmall Image modepec-
studies. troscopy (TASISpec) [12] exploits advantages of the ¢
The first efficiency measurements with catcher foils.e. the fact that neutron-rich nuclides of SHE, prodt
behind the target and in the focal plane showed very goad hot-fusion reactions, can be focused with high
agreement with model calculations for the fairly asymeiency into an area of < 7 éniThis provides the uniqt
metric reaction®Ne(**Ta,xn)**™*Bi [2]. To confirm possibility to build a compact Si-detector box fer
this agreement in a more symmetric reaction, leading tgparticle, electron, and fission-fragment measurem
significantly heavier reaction product, and to obtain and to pack composite Ge-detectors in very close ge
standard reaction to test and check the TASCA perforrry, resulting in an unprecedented, highly efficient se
ance, detailed studies were performed with well knowfor multi-coincidence measurements withhays and X
reactions of*®Ca with ~ 0.5 mg/cm thick targets of rays; see [12] for details. A prototype set-up has |
200207.20b Jeading t0™??°*?*No. Assuming cross sec- commissioned successfully and first data have beer
tions of 0.5 ub, 1.3 pb, and 2 b [8] for the production décted for nuclides as heavy@$**No.
%2No, ®*No, and®*'No, efficiencies of 54%, 56%, and In conclusion, the performance of TASCA as a sef
50%, respectively, were obtained for the HTM, using a Her is well understood and is perfectly under con
filling of 0.8 mbar, and a (80x36) nfrh6-strip FPD. Tak- TASCA as a whole is presently the most versatile
ing into account uncertainties in cross sections and sysghest efficient instrument in SHE research worldwid
tematic errors of target thicknesses and beam currdrds entered the region of transactinides or supert
measurements, we observe an excellent agreement watments, and is ready to explore the physics and ch
model calculations [7] predicting 54%. Equally good idry of the "terra incognita" it was designed and built fo
the agreement in the SIM, at a He pressure of 0.8 mbar,
where a 30% efficiency was measured for the reaction References
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formance of TASCA was as anticipated,; everythin% 2'0(')7_1 92007 144 - REp. ’ P

worked well, including thé**Pu target wheel. Efficien- 81 Yu Ts. O P wt al. Phvs. Rev. C 64 (200

cies and magnetic settingspBL.99 Tm at 0.4 mbar He, [8] 0%46?).6 ganessia o PNYS. REeV. (

HTM) were as expected. As observed in previous expe b A Yakusﬁe vet al., contribution to this report

ments [2], it was again possible to reduce the backgrou ]A Gorshkovetéj contribution to this repo}t

in the FPD by using a mixture of He angd Hihis part of 1] ) Even et al ,con.t,ribution to this report )

the commissioning program showed clearly that TASCblZ] LI-L Anderséonatal contribution to this report

can be applied efficiently for nuclear decay and nuclear™ ~— ” ’
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M easur ements of **%?Rf produced in ?Ne + ?**Pu fusion reaction at TASCA”

A. GorshkoV”, R. Graeger A. Turler', A. YakusheV, D. Ackermanfy W. Briichlé, Ch. E.
Diillmanrf, E. Jagetr F. HeRbergér J. KhuyagbaatarJ. Krief, M. Schadél B. SchaustenE.
Schimpf, L.-L. Anderssoh D. Rudolpf, K. Eberhardt, J. Evef, J.V. KratZ, D. Liebé, P. Thorlé,
N. Wieh!, I. Dragojevé®, J.M. Gate3 L. Stavsetrg J.P. Omtvedt A. Sabelniko¥, F. Samadafj J.

Uusitald
TU Miinchen, 85748 Garching, GermaA@SI Helmholtzzentrum fiir Schwerionenforschung GmbH, 64291 Da
stadt, GermanﬁLund University, 22100 Lund, SwedéiMainz University, 55128 Mainz, GermaeraBNL, Berkeley,
CA 94720, USA®Oslo University, 0315 Oslo, Norwa§tniversity of Jyvéaskyla, 40014 Jyvaskyla, Finland

As a final experiment in the commissioning phase d.9 ms). Because of a relatively high counting rat
TASCA the transactinides (Z 104) were reached. Pro- EVR-like events in the DSSSD a random event ana
duction and decay 6f°Rf, 2**Rf and?*?Rf [1,2,3], pro- was performed for EVR-SF correlations withil\aof 1
duced in the asymmetric nuclear fusion reaction. The random event numbep, was calculated individt
24pyf?Ne,xn) was studied. Separated reaction productdly for each observed event. It varies between 0.03!
were guided to a Focal Plane Detector (FPD) or into @11 and depends on the event position in the DSSSL
Recoil Transfer Chamber (RTC), where they were avail-
able for transport to either the Rotating wheel On-line
Multidetector Analyzer (ROMA) or to the Automated
Rapid Chemistry Apparatus (ARCA) for chemical ex-
periments [4].

TASCA was operated in the High Transmission Mode
(HTM) [5]. The *>Ne ion beam (average intensity: 0.8
pAqa) impinged on a rotating target wheel with 0.4
mg/cnt 2*PuQ, targets on 2.2im Ti backings. Three . o .
beam energies in the center of the targe‘BtJEof 109 F|gure 1: Time distributions of a) EVR-SF correlati
MeV, 116 MeV and 125 MeV, were used for the produdrom the DSSSD and b) SF decays from ROMA.
tion of *’Rf, *'Rf and**Rf, respectively. The transmis-  26i¢ \as produced in the 5n channel at, E= 116

sion of Rf has been optimized in He filling gas. The optiyjey and was detected in ROMA. Stepping times of :
mal pressure was 0.4 mbar. The magnetic rigidity, B (for 25!%Rf) and 2.5 s (fof°'™Rf) were used. 149 singte
was determined to be 1.99fT. To increase suppressionparticles (E= 7.8 — 8.5 MeV) fronf**Rf and®*’No were
of unwanted products, a He/k2:1) filling gas at a pres- registered; among these @8 correlations. Also, 11 Si

séure of 1t:5 mbar.dwas used in exlpertin:jehtf With(g(l)e lelﬁlents were registered and are attribute®f&f basec
vaporation residues were implanted into a X +09 L
mmzpl6-strip Position-Sensitive F;ilicon Detector (PSD) o?)_n the _measurze:sgj vk .Of 2'2’9'5. s. The SF activity as
a (58 x 58) mrh Double-Sided Silicon Strip Detector S'9n€d in [2] 1Rt likely originated from the then ul
(DSSSD). In other experimenf&'*Rf passed a 1.2 um Known RI. )
thick (140 x 40) mrhiMylar window and was thermalized From our results and a cross section of 4.4 nb [
in 1.2 bar He in the RTC (depth: 17 mm). Rf atoms werigansmission of Rf through TASCA to a 140 x 40 h
then transported to ROMA by an He/KCl jet (gas ﬂov\}arge area in the focal plane of 10% follows. EOfRf, a
rate: 3.45 L/min) through a 4 m long polyethylene capileross section of 1872% nb was calculated, respecti
lary (inner diameter: 2 mm). decay during transport. With an estimated transmissi
The measurement &fRf, produced in the 6n evapora-6% to the area of the FPDs, preliminary cross sectior
tion channel at &= 125 MeV yielded 15 time & 200 ?Rf and?*°Rf of =~ 1.2 nb and= 250 pb, respectivel
ms) correlated EVR-SF events in the PSD. The correlfsilow. 2™ Rf was observed for the first time as an E'

tion time analysis yielded a half-life &7 ms (errors The production ratio dP*Rf to **"Rf is about 2.5:1. Th

are within the 68% confidence interval). A search foflat@ analysis is still in progress.

282Rf decays at E,. = 109 MeV vyielded 7 position and

time correlated EVR-SF events observed in the DSSSD, References

with EVR energies of 0.8 to 3.3 MeV and SF fragmerti] L. P. Somervilleet al., Phys. Rev. G1, 1801 (1985).
energies of > 100 MeV. The measureg, Tor *’Rf is  [2] M. R. Laneet al., Phys. Rev. (53, 2893 (1996).
2107 ms (Fig. 1a), in contradiction with values from[3] Ch. E. Dillmann, A. Tirler., Phys. Rev. @7,
[1,2]. In addition, 9 short EVR-SF correlations were regd64320 (2008).

istered withAt < 1.5 ms and EVR energies of 5.0 [4] J. Evenetal., this Scientific Report.

MeV. They were attributed to the decaytf"Am (T, = [5] A. Semchenkoet al., NIMB 266, 4153 (2008).
[6] Yu. Lazarewt al., Phys. Rev. &2, 064307 (2000).

* Work supported by BMBF project 06MT248.
# Alexander.Gorshkov@radiochemie.de
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A new TASCA focal plane detector”

A. Yakushev”, R. Graegér A. Gorshkov, A. Tirler!, D. Ackermanf, Ch. E. Dilllmanf E. Jaget;
F.P. HeRbergér J. KhuyagbaatarJ. Krief, M. Schadél| B. SchausténE. Schimp?, D. Rudolph,
J. Evedi, J.V. KratZ, N. Wiehf, V. Chepigiri, A. FomicheV, V. Gorshkov, S. Krupkd, J. Baf, P.
Grabieé, A. Pana$ M. Wegrzecld, J. Dvorak, A. Semchenkdy J. Uusitald
Technical University Miinchen, D-85748 Garching, Germa®s!| Helmholtzzentrum fiir Schwerionenforschung
GmbH, D-64291 Darmstadt, Germaﬁy.;und University, S-22100 Lund, Swedéhr,niversity of Mainz, D-55128
Mainz, Germany’FLNR, 141980 Dubna, RussfiTE, 02-668 Warsaw, Poland;BNL, Berkeley, CA 94720, U.S.A.;
& University of Oslo, 0315 Oslo, Norwalniversity of Jyvaskyla, Jyvaskyld, Finland

The new, highly efficient, gas-filled TransActinideplifiers with integrated multiplexers. A DSSSD structu
Separator and Chemistry Apparatus (TASCA) has beevith an active area of (72 x 48) mras 72 strips on the
recently put into operation at GSI with the aim to studfront side and 48 strips on the back side. The strip wi
chemical and physical properties of superheavy elemeratisd the interstrip distance on the both sides of the DS!
with Z=104. Based on the results of magnetic field modelre 900um and 100um, respectively. Two adjacen
calculations of the dipole and the quadrupoles, two modBSSSDs form the stop detector with an active aree
of operation of TASCA, the "High Transmission Mode"(144 x 48) mm A SSSD structure with an area of (72
and the "Small Image Mode" have been realized [1]. Tw#8) mnf has 8 strips, which are 72 mm long. The st
types of focal plane detector setups (FPD) were used duiidth and the interstrip distance of the DSSSD are £
ing the TASCA commissioning phase: a (80 x 36)°’mmmm and 10Qum, respectively. 8 SSSD detectors form t
16-strip position-sensitive silicon detector (PSD) and backward array with a depth of 72 mm. Two simil
(58 x 58) mm double-sided silicon strip detector SSSD detectors are used\ao detector. Silicon wafer
(DSSSD) as a prototype for a new TASCA focal planghicknesses of 30Am and 50Qum have been chosen fc
detector. The test experiments showed that the image sige DSSSDs and SSSDs, respectively. These thickne
in the HTM is larger than the detector size of both detegill allow for the detection of conversion electrons in tl
tor types, as it was expected according to ion transp@ickward array. A schematic design of the new TAS
calculations and Monte-Carlo simulations [1,2]. Thejetector array and first results from source measurem
nominal vertical position resolution of the PSD+i€.2  are shown in Fig. 1.

mm. However, a search for position correlated decay a
chain members usually occurs withinl mm limits, cor-
responding to a pixel size area of (5 x 2) frhe rela- !
tively large pixel size of the PSD negatively affects searc
limits for rare decay chains from long-lived isotopes o
superheavy elements. The TASCA FPD working groujg
has decided to build a detector setup based on a DSSSD
as a stop detector and a backward array consisting of sin- & 680
gle-sided silicon strip detectors (SSSD).vé#&o detector Channels

for light fast ions that penetrate the DSSSD will be Figure 1: A drawing of the new TASCA FPD array (a)
mounted behind the stop detector. The new setup wiland an alpha particle spectrum from a DSSSD strip (¢
feature a (144 x 489 nfmiarge detector, which will ac-
cept > 90% of all evaporation residues reaching the fo
plane. The geometrical detection efficiencydeparticles

InI total, the new TASCA detector array has to process
ca . .

Signals of 320 strips. The necessary spectrometric
data readout electronics, which are compatible with 1

. . o . i
emlttz_ad from |mplant§d ”‘%C'e' will be 70%. AS_’ com SISpec [3], as well as the associated software, shoul
promise between a pixel size as small as possible and Fgﬁdy for experiments in spring 2009.

number of spectrometric electronic channels as small as

possible, a pitch width of 1 mm on the front and back Siqﬁeferences

of the DSSSD has been chosen. To reduce the necessary

number of ADCs the number of strips on each side of thél A. Semchenkov et al. NIM 266, 4153 (2008).
DSSSD and on the SSSD should be a multiple of 8 whé?] K. Gregorich et al. GSI Sci. Rep. 2006, 144 (2007
using 32-channel preamplifiers and 8 or 16-channel arf8] L.-L. Andersson et al., this report.

* Work supported by BMBF project 06MT248.
“Alexander.Yakushev@radiochemie.de
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TASI Spec - A new twist on spectroscopy of super heavy elements.

L.-L. Anderssoh, D. Rudolph, P. Golube¥, R. Hoischeh?, E. Merchahs, D. Ackermans,
Ch.E. Dullmann, J. Gert, F.P. HeRbergérE. Jaget, J. Khuyagbaatéy . KojouharoV, J. Krier,
N. Kurz?, W. Prokopowicz, M. Schade], H. Schaffnet, B. Schausteh) E. Schimpf,

A. Semchenkot®, H.-J. Wollersheirf, A. Turler*, A. Yakushe¥, K. Eberhardt, J. EveR,
J.V. Krat?, and P. Thorle-Pospieth

1Department of Physics, Lund University, S-22100 Lund, Swed@&8I| Helmholtzzentrum fiir Schwerionenforschung
GmbH, D-64291 Darmstadt, GermaniJniversidad Nacional de Colombia, Bogota, Colombfi@gchnische
Universitat Miinchen, D-85748 Garching, Germafiniversitat Mainz, D-55128 Mainz, Germany

A new nuclear spectroscopy set-up called TASISpegeutron-rich SHE will be stepwise approached. Such a pro-
(TAsca Small Image modeSpectroscopy) has been de- gramme employs also the unique facets of both high UNI-
signed and commissioned. It exploits TASCAs specifit. AC beam intensities, use of radioactive actinide targets,
small image focal mode, i.e. the fact that superheavy elend high transmission of TASCA for rather asymmetric re-
ments (SHE) produced in fusion-evaporation reactions cattions. Last but not least, the unprecedentedficiency
be focused into an area of less than 3 cm in diameter [19f TASISpec may allow to identify SHE by means of char-
This provides the world-unique possibility to pack com-acteristicX -rays.
posite Ge-detectors in very close geometry, resulting in an
unprecedented, highly efficient detectiomefays andX -
rays in coincidence with implanted SHE.

The test set-up as used in 2008 is illustrated in Fig. 1.
It comprised a focal plane made from a 58 mxrb8 mm
large double sided silicon strip detector (DSSSD) comple-
mented by four single sided silicon strip detectors (SSSD)
mounted in the backward hemisphere and two Ge detec-
tors: one cluster (7 crystals) downstream and one large
VEGA clover (4 crystals) on one side. The final set-up
foresees three additional clover detectors, while their im-
plementation requires a dedicated holding structure to be
built in 2009.

Conversion electrony-ray, anda-particle sources as
well as evaporation residues from the reacti®i®b(‘Ca,
21)?52No, 207Pb(8Ca, 2n)253No, 244 Pu(3Ca, 41)255114, 0o
ONG(INI, 2n)?'4~*Ra, 1%4SmE*Ni, yn)?'8~¥Th, and
metGd@4Ni, zn)?24~*U have been used to characterise the Cluster
performance of TASISpec. Detection efficiencies of some
80% were measured for emitted particles and extrapo-
lated to more than 40% (absolute scale)fomys atan en- rig re 1: The TASISpec set-up installed at the focal plane
ergy around 250 keV in the final set-up. In addition, energys Tasca. Panel (A) illustrates a drawing of the focal-
thresholds of particle- ang-ray detectors, dead times, andp|ane area of the TASCA separator. The TASISpec struc-
data rates of a first combined VME (up to 224 channels ;¢ js encircled. Five silicon strip detectors are placed in

Si-strip detector processing) and XIA-DGF (llll.channela cube-like shape. Panel (B) shows a photograph of the
sampling the Ge-detector signals) data acquisition systefimmissioning set-up. The relative positions of the Ge-
were successfully tested as well as TASCA-SIM transmisye a-clover and Ge-cluster detector is here visible.

sions determined at different magnet settings.

In 2009 it is planned to establish the extraordinaty, References
7-CE-, CE-CE, or eveny-CE-, multi-coincidence capa- [1] A. Semchenkowt al. Nucl. Instrum. Meth. Phys. Res. 56,
bilities of the both segmented and compact TASISpec set- 4153 (2008).

up by settling the decay scheme Bf-isomeric states in [2] F. P. Hessbergegt al., Eur. Phys. J. 22, 417 (2007).
253No [2, 3, 4, 5]. Despite of the underlying amount of dat ] R.-D. Herzberget al., Eur. Phys. J. A5, 205 (2002).

many question marks still remain regarding the structure ?1] F. P. Hessberger, Physics of Atomic Nuclei 1445 (2007).

253No.
. - . . [5] A. Lopez-Martenset al., Eur. Phys. J. /82, 245 (2007).
Following upon this ideal starting point to show the
proof-of-principle of TASISpec,K isomers expected in [6] J. Dvoraketal., Phys. Rev. Let87, 242501 (2006).

Si detectors
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Calculation of Adsorption Energies of Elements 112 and 114, and their
Homologues Mercury and Lead on Gold (111) Surface

J. Antort, T. Jacob, and V. Pershirfa
nstitut fiir Elektrochemie, Universitat Ulm, Germam§GSI, Darmstadt, Germany

In the last decade the gas-phase thermography beconfi@ive predictions [2], which were based on calculations for
the method of choice for studying the chemical behavior olimers only. A detailed discussion of the presented results
super-heavy elements in nuclear-chemistry. In such expe&an be found in [3].
iments, however, the whole information about the adsorp-
tion process of a chemical element is reduced to a sing Top position
number — the adsorption temperature. The adsorption ¢ 0 T T T T
the other hand is a very complex process, which require &‘\g/é ohig?
an adequate theoretical description for interpreting the e = oo E114
perimental data.

Within our theoretical approach, which is based on fully:
relativistic 4-DFT [1], the substrate surface is represente
by a cluster of atoms at fixed positions. The adsorptio 4 \ | | | |
behaviour, i.e. binding energies and structures strongly d 2 28 ? 2
pend on the size of the chosen cluster. Therefore a clus

-0.5

-E, (8V)
RN B

N

2.4 26
Bridge position
L B

continued this procedure until convergency was achieved
both the adsorption energy and adsorption distances. T
results of this study are summarized in Figure 1, where tt
potential energy curves for elements 112 and 114, and m 0 w
cury are presented. (Pb is not shown in the picture, becau
the binding energies are too large). The convergence
both the bond distance and the adsorption energy as fur
tion of cluster size was achieved with the largest clustel
containing 95 (top), 94 (bridge), 120 (hollowl), and 103
(hollow2) gold atoms. 1 \ L - - . -
The results of the calculations show that the binding er Adsorbate-Surface Distance (A) '
ergies of each of the considered elements for the bridge a
hollow2 positions are very similar. However, element 114

and Hg have a slight preference to adsorb in the bridge peigyre 1: Adsorption energies of elements 112, 114, and

sition, while element 112 and Pb - in the hollow2 one. Exmercury as function of the adsorbate-surface distance.
cept for Pb, all the other three elements are weakly bound

to the gold surface which is due to the strong relativistic ef-
fects in the outermost shells of these elements and a closed
shell effect in Hg and element 112.

An interesting and important feature of the present calcul] J. Anton, B. Fricke, E. EngelPhys. Rev. A, 69, 012505
lations is that the binding energies change with both the ad- (2004).
sorption position and cluster size in such a way that the af®] V. Pershina, J. Anton, and B. Frickd, Chem. Phys. 127,
sorption strength orderfE112)< Ey(Hg) < E,(E114)< 134310 (2007).
E,(Pb) remains the same. This confirms our former quali{3] J. Anton, T. Jacob, and V. PershiRRL, in preparation

size convergence studies are mandatory in order to be al i oo E%ij ]
to obtain accurate results. S ot . N ,
In this report we present our calculations of the adsorf = > G &0 ]
tion energies of elements 112 and 114 and their hom F O gom0-0 @0 1
logues Hg and Pb on a gold (111) surface for different clus I ]
ter sizes. For all four possible adsorption positions — toy 3 I Y 32
bridge, hollow1, and hollow2 — we first performed calcu- 0 ‘ [Hollow1 position —
lations for the smallest possible cluster, which for the ol i s e ]
top site might even be a single atom only, for example. I Nwéﬁﬁ o—o E114] -
the next step we added all atoms from the next coordini 3 o5k cEERRT ]
tion shell to our cluster and repeated the calculations. W u”® + 1

1 \ ! \ L L
2.2 2.4 2.6 2.8 3 3.2

N

Hollow2 position
T T T T T

-0.5

-E, (eV)
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Prediction of Adsor ption of Element 113 on
Inert Surfaces from ab initio Dirac-Coulomb Atomic Calculations

V. Pershind, A. Borschevsk; E. Elia?, and U. Kaldot
1GSI, Darmstadt, Germanifel Aviv University, Israel

Element 113 has an isotope (A=284) with, AH. were calculated using a model of physisorption
=0.48"%% s, which makes it suitable for chemical stud9iven by eq. (8) of Ref. [5].

ies. The element is expected to be volatile. Its adsorption . ) o
behaviour is to be investigated by gas-phase chromatdgP!e 1. Atomic properties of Tl and element 113: ioniza-
raphy experiments using silicon detectors of the chromHOn potentials, IP (in eV), polarizabilitie, (in a.u.), van
tography column covered with gold layers. Feasibilitgler Walls radii,Rigw (in A) and adsorption enthalpies,
experiments are under way, studying the adsorption b@kasson Teflon (T) and PE (in kJ/mol).

haviour of the nearest homolog, Tl [1]. Prediction of th?’roperty T Meth. Ref 113 Meth. Ref
adsorption enthalpyAHaqs and temperature,.&; of ele- -5 6108 DCB. 4 — 306 DCB - 4]

ment 113 on gold surface is very important for the 6.110 exp [6] o )

planned experiments. Information about adsorption on 5'13 0 ’ this 29.85 DC this

inert surfaces such as Teflon and polyethylene (PE) s
also valuable, as these materials are used as transport cap-
illaries from the target chamber to the detection system iny"
the experimental setup. In this work, we predict the ad-AHadf(PE)
sorption behaviour of element 113 and its homolog TI orftHaedT)
Teflon and PE on the basis of very accurate resulib of
initio calculations of their atomic properties.

The electronic structure calculations were performed The obtainedAH.sson PE and Teflon for all group 13
us|ng the DIRAC package [2] In the D|rac-C0u|0mkﬁlementS are shown in F|g 1, re.V'ea.“ng a reVQrsa| of thi
(DC) ab initio method, the many-electron relativistictrend beyond In due to the relativistic contraction of the

51(7) exp. [6] - -
1.90 corr. this 1.84 corr. this
22.22 calc. this 15.83 calc. this

19.65 calc. this 14.00 calc. this

Dirac-Coulomb Hamiltonian npyz AO. The very low -A,3{113) on inert materials
guarantees its transport to the chemistry set up.
Hoe = Z hy + Zl/ i () 30
i i<j a
is employed, where 26 1 o
h, =caP+pc®+V,,.. @) Eax
Theatomic orbitals (AO) are four-component spinors é 18 A
o ={ 2] o
Kk — )
r Al Ga In T 113
an( ) 10 : : : ‘ :
0 20 40 60 80 100 120
wherePp(r) andQu(r) are the large and small compo- z

nent, respectively. The Faegri uncontracted

26s24p18d13f5g2h basis set was used for both elemerftyg. 1. Calculated adsorption enthalpies of group 13 ele-

[3]. Electron correlation was taken into account at various ments on PE (dashed line) and Teflon (solid line).

levels of theory including the highest, the Fock-Space

Coupled Cluster Single Double excitations, FS CCSD, for References

which the current results are presented. [1] S. Koénig e a. PSI Annual Report 2005
The calculations of polarizability jowere performed (ht.tp: //Ich.web.psi.&:h/pdf/anrepOS/OS.pdf). ’

by the finite field method. The DC FS CCSD resultsofor 121 pIRAC 04, written by H. J. Ja. Jensetral. (2004).

are given in Table 1 along with the ionization potential ] K. Faegri, Theor. Chim. Acta 105 (2001) 252 .

(IP) of Tl and element 113 calculated at best using ﬂ[E] E. Eliavet al. Phys. Rev. A, 53 (1996) 3926.

Dirac-Coulomb-Breit (DCB) FSCC method [4]. The varys) v/ pershineet al. J. Chem. Phys. 122 (2005) 124301.

der Walls radii Rqgw) were determined from a linear cor- [6] CRC Handbook of Chemistry and Physics" &@li-

relation with Rna{(Npu2)-AOs of the group 13 elements. tion, ed. D. R. Lide (2005).
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Relativistic ab initio Study of HgAu, Homologue of the Super heavy 112Au

A. Borschevsky, V. Pershing E. EliaV}, and U. Kaldot
! Tel Aviv University, Israel* GSI, Darmstadt, Germany

Predictions of the interaction of the superheavy eleepeated for different values of the interatomic dists
ments with various surfaces are essential for their identé obtain the potential curves of the systems under ¢
fication and separation. Recently, we have predicted tiitne spectroscopic properties of interest were obte
adsorption properties of the superheavy element 112 fsom the potential energy curves, using the LEVEL |
inert surfaces [1]. The calculations were performed usirgzam package [6].
the fully relativistic Dirac-Coulomb Hamiltonian com- To our knowledge, no experimental spectroscopic
bined with the coupled cluster method. The accuracy ekist for the HgAu molecule. However, this system
the results was verified by performing the same calculheen extensively studied theoretically [7-11], mostly
tions on mercury, which is a lighter homologue of eleing relativistic DFT methods. A relativistic coupled cl
ment 112, and for which experimental data exist. For Hegr single doubles (triples) (RCCSD(T)) investigation
the results obtained were in excellent agreement with taéso performed [10]. A comparison with the other calc
experimental values, and we expect the same accuracytions is given in Table 1. One can see very good a
its superheavy homologue. Similar investigations wenaent with the 4DFT result for HgAu [11].
performed on element 114 and Pb.

In this work we investigate the adsorption of supefraple 1. Spectroscopic properties of HgAu, HgAand
heavy element 112 and Hg on gold through the fully relgiga: equilibrium bond lengthR,, (in A), dissociatior
tivistic ab initio electronic structure calculations for theenergies,De, (in eV), adiabatic ionization potentia

dimers 112Au and HgAu. The calculations have bGQ?>ad,(in eV), and vibrational frequencies,, (in cni’)
completed for HgAu. Those for 112Au are under way.
The electronic structure calculations are performed uBroperty AuHg AuH§ AuHg Method, Ref.

ing the DIRAC package [2]. In order to take relativity intoR, 2.657 2.553 2.854 DC FSCC, this
account, we employ the 4-component Dirac—Coulomb 2.711 2581 2.967 RCCSD(T)[10]
Hamiltonian, 2.67 - - 4GDFT [11]
De 0.478 1.712 0.520 DC FSCC, this
Hoe =D hy +> 1/, @ 0.389 1.856 0.381 RCCSD(T) [10]
i i< 0.495 - - 4eDFT [11]
where IPag 7.374 - 1.995 DC FSCC, this
e 116 156 79 DC FSCC, this
h, =ca P+ +V, .. @) 103 139 64 RCCSD(T) [10]

Ve is the nuclear attraction operator, andndp are the Our results are expected to be more accurate tha
four-dimensional Dirac matricen order to obtain com- RCCST(T) ones due to the larger basis set employec
putational efficiency, the interatomic SS-integral contribusame degree of reliability may be expected for the h
tions were modeled by classical repulsion of small conest homolog of HgAu, the 112Au molecule.
ponent atomic charges [3]. This is one of the most eco-
nomical and accurate approximation to the full Dirac- References
Coulomb Hamiltonian. Electron correlation is taken int . .
account using the Fock space coupled cluster (FS C ; V. Pershina, A. Borschevsky, E. Eliav and U. Kalc
method, which is considered to be one of the most power: J. Chem. Phy$28, 024707 (2008)

) . 2] DIRAC 04, written by H. J. Ja. Jenserral. (2004)
ful tools in quantum chemistry. [3] L. Visscher, Theor. Chem. Ac86, 68 (1997)
The basis set of Sawt al [4], consisting of 23s18p, 1 T' S K, F '.T Hel ) K ’ d0.G I
14d, and 8forbitals, was used for the gold atom. For thé] - Saue, K. Feegr, 1 Helgaker, an - Sropen,

mercury atom the basis set of Visscher [5] was used, wifg] LP(]/}ilssé?:%{e?s?ri(\};?aQommunication
20s 18p, 12dand 10 orbitals. : P .

HgAu is an open shell system; hence we start our cg?-] LEVEL 8.0, written by R.J. Le Roy (2007)

. . http://leroy.uwaterloo.ca/programs/)
culation with the closed shell reference state, HgA& ( ;
ter solving the Dirac-Fock equations and correlating t 1V. Pershina, T. Bastug, Chem. Phys1, 139 (2005)

closed shell reference state, one electron is removed, %Z"]' Wu, Chem. Phys. Le#06, 24 (2005)

. : e A. Zaitzevskiiet al, CEJP4, 448 (2006)
give the neutral system. After recorrelation, an addition ’ ’
electron is removed, and the positive ion H{As 0] R. Wesendrup and P. Schwerdtfeger, Angew. Cl

. ! . : Int. Ed.39, 907 (2000)
reached. Thus, in a single calculation we obtain the ener- X . ’
gies of HgAu, HgAG and HgAL. The calculations were ﬁl] (\jlhgrirsgg;z, -[ethfeS;ug??g(gggg? B. Fricke, S. Ve
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