Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
New Isotope 263Hs

Permalink
https://escholarship.org/uc/item/9zw0f03d

Author
Dragojevic, I.

Publication Date
2009

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9zw0f03c
https://escholarship.org
http://www.cdlib.org/

New | sotope “*Hs

|. Dragojevit,"? K.E. Gregorictf, Ch. E. Dilllmanri,J. Dvorak’ P.A. Ellison,*?
J.M. Gates;?S.L. Nelsor;*"L. Stavsetr&,and H. Nitsch&?
! College of Chemistry, University of California, Refey, California 94720, U.S.A.

2 Nuclear Science Division, Lawrence Berkeley Natidmboratory, Berkeley, California 94720, U.S.A.

3Kernchemie, GSI Helmholtzzentrum fiir Schwerionsofarng GmbH, 64291 Darmstadt, Germany

ABSTRACT
A new isotope of Hs was produced in the reacttémbf®Fe,n)?®*Hs at the 88-
Inch Cyclotron of the Lawrence Berkeley National Laboratory. Six geaiticorrelated

nuclear decay chains have been observed and assigned to the new'3dfithe

measured cross section was+, pb at 276.4 MeV lab-frame center-of-target beam

energy. °*Hs decays with a half-life of 0.7 ms bya-decay and the measured

a-particle energies are 10.57 + 0.06, 10.72 £ 0.06, and 10.89 + 0.06 MeV. The
experimental cross section is compared to a theoretical prediction based-asion by

Diffusionmodel [W. JSwiateckiet al, Phys. Rev. @1, 014602 (2005)].

PACS number(s): 280.Gh, 2790.+b, 2360.+e

Compound nucleus - evaporation reactions between projectiles ranginf@am
to "%Zn and shell-stabilize®?®b and®®Bi targets allow compound nuclei to be created at
excitation energies as low as 12 MeV. These reactions, generalhgdeteas “cold

fusion” reactions, have been used in the discovery of elements 107-111 [1, 2], and for the
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production of elements 112 and 113 [3-5]. In 1984, element 108 (Hs) was discovered at
the Gesellschaft fur Schwerionenforschung mbH (@& Darmstadt, Germany, via the
208phP8Fe, n)?®*Hs reaction [6]. In our studies we used a similar reactidPbf°Fe,

n)*®*Hs, to search for the neutron deficiéfts.

Potential production of one atom%fHs as thei-decay daughter 6f'Ds was
reported in a tentative 'Ds decay chain [7, 8], bat*Hs decay was not recorded due to
malfunctioning electronics. It is noteworthy that the Ref. [7] authors’ ire&pon of
the hypotheticaf®’Ds chain is not supported by new data2°a8g has been observed to
exclusively decay by-decay but never by EC-decay [9, 10] and the upper limit for the
EC decay mode df°Sg is < 13% [9]. Here we report the first observation?8Hs.

The experiments were carried out at the Lawrence Berkeley Natiabhatatory
(LBNL) 88-Inch Cyclotron. The LBNL Advanced Electron Cyclotron Resonancesour
(AECR-U) [11] was used to producé®&e™® ion beam, which was accelerated by the
cyclotron to an energy of 280 MeV. First the beam passed throughgiot& carbon
window that separates the beamline vacuum from the helium gas at a poé$€uRa
inside the Berkeley Gas-filled Separator (BGS) [12-14]. The beam tiveree the 250
ng/cnt thick metallic?®Pb (98.4%°%Pb, 1.1%°Pb, and 0.5%"%b) targets, which
were evaporated on 4@/cnf carbon backings and covered by ggfcnt carbon layer.
The lab-frame beam energy at the center of the target was 276.4 MeV [15, 16]. The
energy loss in the target was approximately 2.8 MeV [15, 16]. The compound nucleus
excitation energy, E*, corresponding to the center-of-target beam enasgi5n2 MeV.
The excitation energy was calculated by using experimental massdar[ig target

and projectile, and a theoretical mass [18, 19] for the compound nucleus.
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The systematic error in the absolute cyclotron beam energy was 1%. The beam
intensities ranged from 0.15 - 0.52 partighe-or (0.93 - 3.2) 10" particles/s. The
integrated beam dose was 810" ions. The recoiling evaporation residues (EVR)
were separated in the BGS from the unwanted reaction products based on their differing
magnetic rigidities in helium gas. The magnetic rigidities werenastid by using a
semi-empirical formula [13]. The BGS efficien®ff, the fraction of all produced Hs
EVRs that are implanted into the focal plane Si-strip detector, has beeatedtiny
means of a Monte Carlo simulation of EVR trajectories in the BGS [12], whiche@sult
in eff= 0.76+0.08.

The detection setup was identical to the one used%in¢°Ti, n)*'Rf
experiment with the thin lead targets in Ref. [20], where it is describedaih. dBefore
implanting into the Si-strip focal plane detector array, the EVRs passedyh a multi-
wire proportional counter, MWPC, located upstream from the focal plane detebher
MWPC allowed for discrimination between implantation events and radioactrey de
events in the Si-strip focal plane detector. The focal plane consisted atd8 sttips
which provided a horizontal resolution. The vertical position resolution within a single
strip depends on the energy E deposited in the focal plane detectosipaditle or an

EVR and can be approximateddy(E) = 2800 keV mm/E. To improve the detection

efficiency fora-particles or fission fragments emitted from the species implanted in the
focal plane detector, additional silicon cards were mounted perpendiculafdcdhe
plane detector in a five-sided box configuration. When partial energiesugbanticle or

of fission fragments were detected both in the focal plane detector aswetha non-

position-sensitive “upstream detector”, the total energy is the sum of faca ahd
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upstream energy. We refer to these events as “reconstructed events”. Atlpouogin”
detector was mounted directly behind the focal plane detector. Signals from the punc
through detector were typically due to light, low-ionizing particles ane wsed to veto
any coincident signal in the focal plane detector.

The detector was calibrated by an external 4-point alpha calibration source
containing**Gd, #%u,?*!Am, and***Cm. The calibration was performed before and
after the experiment to insure that no energy shifts had occurred duringpéraresnt.

The energy resolution efparticles emitted from nuclei implanted in the focal plane
detector was 55 keV full-width at half-maximum (FWHM). To minimize the

contribution from randomly correlated unrelated events, a fast beam-shusoff wa
employed whenever an “EVR-like event” ( 15 < E (MeV) < 35, coincident with the
MWPC, anti-coincident with the punch-through and upstream detector signals) was
detected and followed within 10 ms by a “Hs-like event” (8.0 < E (MeV) < 12.0, focal
plane only, or reconstructed from focal plane + upstream detectors, no MWPC rsgnal
punch-through signal). The beam was switched off for 180 s, allowing us to observe
possible decays of seaborgium, rutherfordium, nobelium or fermium daughters in a low
background environment. The rate of “EVR-like events” was 0.53 Hz. To allow for a
unambiguous assignment, we only considered chains in which an EVR was followed by
at least two full energy-particles in the chain or a full energyparticle and a

spontaneous fission (SFJ®Hs was identified by observing an “EVR-like event”

followed by a %**Hs-like event” within 10 ms, and then by i) at least two oftfeg,

2Rf, and®No daughters (7.5 < E (MeV) < 9.5, no MWPC signal, no punch through

signal) within 15 s, or i) SF (E > 90 MeV), within 10 Ehe rate of **Hs -like” events
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was 0.0015 Hz and the ratewparticles in the beam-off period was 0.013 Hz. The rate
of the “SF-like” events was 6:31.0° Hz.

The observed decay chains’@Hs are shown in Figure 1a along with the average
properties of the decay chain members in Figure 1b. Besides full enpegticles and
SF, some of the chains contained other types of events: (1) nisgargcle events in
which ana-particle is not detected and is missing from the chain and (2) escapg ievent
which ana-particle “escapes” from the surface of the focal plane detector aveslenly
a partial signal in it (typically 0.5-5 MeV) and does not hit the upstreamtolet&dhe
two escape events that we ascribe to being members of chains 3 and 5 occheed int
same position (same strip and with the vertical position withif #&im) as the rest of the
respective chain, and their lifetimes are consistent with theitha#f-0f the isotopes we
expected at that position within the chains based on other chain members. In the
208ph e, n)?®*Hs experiment a total of six chains were observed, and 0.06 chains
containing at least two full energyparticles are expected as a result of random
correlations of unrelated events.

The properties o Rf, 'No, and®*’Fm are in agreement with those reported in
Ref. [21], and those of*°Sg agree with those from [9, 10]. In Figure 1a) the times
represent the lifetimes of the nuclei, while in Figure 1b), the times aréJesifef the
nuclei. Among thé®*Hs decays, all but one had a full enesgparticle registered in the
focal plane detector’®*Hs in chain 3 had 361 keV registered in the focal plane, and is
classified as an escape event. In chain 5, one of the alpha particles veggsteted in

the focal plane, and is labeled as “missing”. In the same chaimptaicle energy of
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24'Em was deposited in the focal plane and the upstream detector and the totaisenergy
represented as the sum of the two energies.
The measured magnetic rigidity of the EVRs inside the BGS was 2114 T

indicative of an average charge state of 7.6. The measured cross section steX76.4
center-of-target lab-frame energy w2%;, pb. The cross section was calculated based
on 6 events and only the statistical contributions to the error are given (84% coafiden

level). The measured half-life 8FHs is 0.74% ms. In?®*Hs we only observed

a-decay, resulting in an upper limit for SF branching)(bf 8.4 %. Q= 11.06 MeV
can be deduced from th&Hs o-decay energies, assuming that the highesirticle
energy group, 10.89 MeV, is from the ground state to ground state transition. The value
is in agreement with most of the theoretical predictions: Mumtiah predict Q =
10.86 MeV [22], Mller et al. predict Q =10.71 MeV [23], and Myers arfWiatecki
predict 10.91 MeV [18].
The optimum beam energy and the associated maximum cross section at that
energy were calculated with tResion by Diffusior{fFBD) model[24, 25] , developed

by Swiatecki, Wilczyaska, and Wilczgski. The experimental cross section for the
2%phPFe,n)***Hs reaction wa1%, pb at the lab-frame energy of 276.4 MeV, while

the FBD predicts the maximum cross section of ~ 20 pb at 275 MeV [26]. Therefore, the
FBD prediction is in a good agreement with the experimental results.uget#e cross
section is measured at only one energy, it is impossible to deduce if 275 Me\ed inde
the optimum energy. The theoretical excitation function along with theimqueal

point is shown in Figure 2.
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In conclusion, six chains 6f°*Hs have been observed in f&bf°Fe,n)
reaction. We have observed onkgdecays of this neutron-deficient isotope of hassium
and determined the upper limit fogdio be 8.4 %. We have observed thugearticle

energy groups at 10.57 + 0.06, 10.72 £ 0.06, and 10.89 = 0.06 MeV. The half-life of
*Hs is 0.74%% ms. With the discovery of this most neutron-deficient known member,

the Hs isotopic chain is now approaching the deformed neutron shell N = 152. The
measured cross section value for¥@bf°Fe,n) °*Hs reaction is helpful in gaining a
systematic picture of the influence of the difference in projectile neutroberuon the
cross section, which will be the topic of a forthcoming publication [27]. The
experimental cross section agrees remarkably well with thegfBdiction.
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FIG. 1 (Color online). a) Observé¥fHs decay chains. The times listed represent
the measured lifetimes. Energies that are represented as sums ateusednsvents
with the focal plane energy being listed first, and the upstream enegglydistond. b)
The decay properties 6FHs (from this work) and its daughter nuclidé&SRf, *No,

and®*’Fm as given in [21] an®°Sg from [9, 10]). The times given are half-lives.
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FIG. 2 The theoretica®PbfFe,n)**Hs excitation function according to the

Fusion by Diffusiormodel, along with the measured experimental cross section.
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