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Excitation energy of the T=0 B-decaying 9 isomer in "°Br
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The total absorption spectrometer installed at the GSI on-line mass separator was used to gieaiyctne
of the J7=9" isomer in’°Br. The decay energ@gc of the isomer was found to be 12(3TF it 45,9 MeV. By
comparing this value with the estimat€i . value for the ground state 8fBr, the excitation energy of isomer
is found to be 2.2®) MeV. The latter result removes ambiguities that can be found in literature.
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I. INTRODUCTION Il. EXPERIMENTAL TECHNIQUE

High-lying high-spin states of the atomic nucleus are gen- The "®"Br activity was produced if°Ca(**Ar, apn)"°Br
erally studied by means of in-beam spectroscopy involvingusion-evaporation reactions by using a 4 MeV/nucl&%
heavy-ion induced fusion-evaporation reactions, while inforbeam and a 3.2 mg/chthick CaO target, deposited on a
mation on low-lying low-spin “collector” states can be 10-15ug/cn? thick carbon foil. Due to the fragile nature of
gained, for example, by-decay measurements. An unam- CaO targets, thé%Ar beam intensity was intentionally kept
biguous location of levels at high excitation energy, that aréelow 30 particle nA. For calibration purposes, which will be
obtained from the former method, requires reliable knowl-discussed below, **Cl was produced by using
edge of the collector states. The properties of f8Br  2°Si(*°0,2apn) reactions. The recoiling reaction products
nucleus have been studied so far by in-befit?] and  were stopped in the graphite catcher inside the gaseous dis-
B-decay experimentf3—6]. The experimental data indicate charge ion source of the GSI on-line separdtaB] which
that this self-conjugatdN=2=35 nucleus has &=1, J” provided a 55 keV mass-separated beams of singly charged
=0* ground state whictB-decays with a half-life(T;,) of ~ "°Brions andA=61 molecules containingfCl, respectively.
78.5459) ms [4], whereas th@=0, J"=9* isomeric state is The Qec(9%) value for the decay of the*dsomer of Br
more long lived(T,,,=2.199) s [6]). The isomer energy had was determined by using the total absorption spectrometer
been unknown until recently, when two groups reported evi{TAS) consisting of a large N&Tl) crystal(diameter: 14 in.,
dence for the 9state in their in-beam data. In the work of de length: 14 in), a NalTl) “plug” detector, two silicon(Si)
Angeliset al.[1], the excitation energy of the"3somer was  wafers(diameter: 16 mm, thickness: 0.45 miend one ger-
proposed to be 1214 keV while Jenkieisal. [2] place the 9  manium(Ge) detector(thickness: 10 mm, diameter: 16 mm
state at an excitation energy of 2293 keV and established th§®]. The mass-separated beam was implanted into a mylar
it has a lifetime longer than 30 ns. While Reff§] and[2] do  tape, with the resulting radioactive samples being periodi-
not give uncertainties for the isomer energy, modern in-beangally placed by means of a transport system in the center of
spectroscopy generally yields accuracies of the order of ke\the TAS between the two Si detectors, with the implantation
The discrepancy of about 1 MeV is thus surprising indeedside of the tape facing downward. The implantation/
Moreover, by combiningd-decay data and systematics of the measurement and transport times amounted to 5.6 and 0.8 s,
lowestT=0 andT=1 states, Piechaczek al. [5] suggested respectively. The upper Si detector together with the Ge de-
the excitation energy of the"39somer to lie between 500 and tector served as AE—E telescope foi3 particles. Time and
1000 keV. This suggestion, though, is not fully justified energy signals were recorded from the V&) crystals, up-
since the 9 state does not have to be the low&st0 level in  per(TOP) and lower(BOT) Si detector, and Ge detector. The
OBy, energy signal from the latter one was split and amplified with

The large discrepancies in thé Bomer energies reported high-gain(GeX) and low-gain(GeG amplifiers in order to
by different groups was the motivation to undertake a meadistinguish between low-energy photons gnuhinly) posi-
surement of the excitation energy by means of a differentrons, respectively. In measurements @fendpoints with
technique. The method applied involves the determination oAE—E telescopes, special care has to be taken concerning the
the Qec(9") value for the decay of the isomer and a compari-energy calibration of both detectors. We applied a three-step
son to theQgc(0%) value of the ground-state decay. In this procedure including(i) The use of standarg-ray sources
way, it is possible to deduce the isomer energy with an unfor calibrating the Ge detector and conversion electrons for
certainty of about 100 keV. Such an accuracy is sufficient tahe upper Si wafefi) a linearity check of the electronics by
rule out one or both of the results from in-beam work. Themeans of a pulser, andi) a correction to the calibration of
present paper reports the results of such a study. the AE—E signals derived from measuring the well-knog@n
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FIG. 1. Experimental TAS spectrum related to the compo-
nent of the decay ofA=70 nuclei implanted into the transport tape.
Arrows show theQgc range for the lower-Z isobars dfBr which
were identified in this work, nameffSe and’’As which haveQgc
values of 230B0) and 622050) keV, respectively{10]. The gate
marked by dashed-dotted lines was used to sef@tBr decay
events.

FIG. 2. Positron energy spectrum obtained by sumnifgand
E signals from the telescope in coincidence with TAS events in the
range of 5470 and 5920 ke(full squares with experimental uncer-
taintie. The theoreticaB3 spectrum folded with the response func-
tion and fitted to the experimental spectrum is shown as a solid-line
curve. The fit range is indicated by dotted lines. The normalized and
endpoint energies of 4470.06) keV [10,1] and smoothed background spectruAS gate between 5930 and
2488.8115) keV [10Q] of 34Cl and 3*"cl, respectively. As 6300 ke\j used during the fitting procedure is given by open
mentioned above, the latter sources were produced on-linegircles.

4605 keV level in"%Se. With reference to the totagc
Il MEASUREMENTS ranges for’°Se and’’As decays, indicated in Fig. 1, it is
Figure 1 displays th@* component of the total TAS spec- clear that’°Se events lie outside the above-mentioned coin-
trum obtained by implanting th&=70 beam. The abscissa cidence window and thus cannot contribute to the spectrum
represents the energy deposited in the main crystal and trghown in Fig. 2. The situation is different fdPAs events
plug detector. The8 component was selected by gating onwhose Qgc range includes the coincidence window. How-
the TOP signal and selecting events with an energy betweesver, ‘°As contributions can safely be neglected since the
94 and 4800 ke\(i.e., energy loss il\E). beta feeding of levels around 4.6 MeV {fiGe is around
In Fig. 1, one can clearly identify contributions from the 0.06%[12] of all "?As decays, resulting in a contribution of
decay of°Se and’°As. The former is characterized by peaks approximately 0.05% from the decay B#s to the experi-
occurring at 1022+82, 1022+235 and 1002+458 keVmental data displayed in Fig. 2.
which correspond to thg feeding of 82, 235, and 458 keV
levels in the daughte’®As) nucleus[12]. In the latter case, IV. EVALUATION OE TAS AND POSITRON SPECTRA
one expects 3048+1022 and 3060+1022 keV peaks in the o
TAS spectrum, corresponding to tiefeeding of 3048 and A. Introductory remarks on Qetermlnatlon of Qgc values by
3060 keV levels in the daught¢f°Ge) nucleus[12]. How- p-endpoint analyses
ever, these two peaks are not resolved and thus lead to a Although theoretically simple, thg-endpoint analysis is
broad structure around 4 MeV. Both th8Se and’’As iso-  a complex procedure. In principle, one may use the follow-
baric contaminants are produced either by the heavy-ion reéng approaches:
action used for the experiment or as daughter products from (1) Fitting a straight line to the Fermi-Kurie plot of &
the decay of %Br. energy spectrum is possible provided {Belecay populates
The decay of the Bisomer of "Br is characterized by a one and only one daughter state, and a detector with a delta-
dominant(=78% [6]) population of the 4605 keMd™=8"  function like response function is used. One may disregard
level in "°Se. The corresponding 4605+ 1022 keV peak carthe latter requirements to some extédtie to the cancella-
be clearly seen in Fig. 1. The dashed-dotted lines in Fig. lion of the systematic uncertaintjes a careful calibration
mark the limits of the window covering TAS energies be-with well-known 8 emitters is performed, and the number of
tween 5470 and 5920 keV. By demanding coincidence beevents registered in the spectrum is large enough to allow
tween such TAS events and summeH andE signals from  one to restrict the fit range to the vicinity of the end of the
the telescope, we obtained the positron spectrum displayed spectrum.
Fig. 2. These data will form the basis for determining fhe (2) Another method starts from a theoreticdl shape
endpoint of thes transition from the 9isomer of °Br to the  which is folded with the measured detector response function
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FIG. 3. Response function of thEE—E TAS telescope, result-

ing from a simulation based on 1@vents of 3 MeV electrondull  Such a parametrization was found to be sufficient to calcu-
squares The areas A, B, and C were used for the parametrizatioriate the response functions of the telescope for energies
of the response function. above 1 MeV(see alsd14]).

and fitted to the experiment# spectrum. The latter is de-
rived by selecting g-transition through a coincidence con-
dition with a y-ray recorded in an independent detector. This ] ] .
method(see, e.g.[13,14) may lead to reliable results pro- .In Fig. 2, the experlme_ntal positron-energy spectrum, ob-
vided the decay scheme is well known and a multicomponerfined for the’™"8r decay, is compared with the theoretigl
fit is performed to account fog transitions to higher-lying SPectrum, folded with the response function and fitted to the
states in the daughter nucleus which deexcite to the levétxperimental spectrum. The fit range, indicated in Fig. 2,
emitting the above-mentionegray. covers positron energies from 1500 to 7000 keV, corre-
(3) A third approach is specific to the TAS equipped with sponding to approxmate_ly 75% of. th.e full energy range. In
a B detector. In this case, a coincidence gate on the peak igrder to reduqe systematic uncertainties of t_h.e response func-
the TAS spectrum selects the state to which ghgansition ~ lon parametrization, the lower limit of the fitting range was
proceeds. This method works best when TAS peaks can He'0Sen to be 500 keV above the low-energy lifditMeV)
clearly identified and, hence, an unambiguous coincidenc@f the parametrizatiogsee Figs. 2 and)3The upper limit of
condition on the peak can be defined. The experimegtal the fit range was set to 7 MeV, i.e., above the apparent end
spectrum, resulting from this coincidence procedure, is the®f the experimentals spectrum where only zero-count
fitted by using the theoreticg® shape folded with the re- €vents occursee Fig. 2 The quality of the response func-
sponse function of th@ detector. tion simulation and its parametrization were checked by us-
In this work, the third approach was chosen for deducingnd the fit of the®/Cl and **"Cl on-line calibration sources.
the 8 endpoint energy from the data displayed in Fig. 2.  Figure 4 shows thg energy spectrum used for this check. It
was obtained by gating on a 1022 keV line in TAS spectrum
and represent® decay of3“Cl to the ground state of'Ar.
B. Determination of the response function of The fit yields 4.512) MeV for the g-endpoint of this spec-
the telescope for positrons trum. This value corresponds @-c=5.542) MeV, which is
An important prerequisite for the evaluation procedureapproximately 40 keV above the corresponding literature
chosen here is the knowledge of the response function of théalue of 5492.0015) MeV [10]. A 20 keV higherQgc value
telescope for positrons. We used the Monte Carlo codavas obtained for th&™CI g-end point fit(decay from the 3
GEANT4 to simulate the response functions of thE—E tele-  to 2" with a Q value of 2488.6 keY. Those values served as
scope for monoenergetic positrons between 1 and 8 MeVhe estimates for the correction for systematic errors. The
with 100 keV energy steps. The energy spectrum ofARe linear extrapolation yields a correction of ~0(@gMeV for
—E telescope was obtained by requiring coincidence betweefRec value of "®"Br and this value was applied to the final
positron signals from the telescope and those correspondirigsult of®"Br g-spectrum fit. The uncertainty of this correc-
to the detection of two 511 keV annihilation quanta in thetion, i.e., 40 keV was adopted as a systematic uncertainty of
Nal(Tl) crystals of the TAS. The resulting simulated re- the final "™"Br result.
sponse function of the telescope was then binned to 50 keV The least-squares fit, characterized by?avalue of 0.84,
intervals and parametrized as a sum of three components, iyelded a g-endpoint energy of 6.6Z) MeV. This corre-
a full energy absorption pedl), a rectangular bag@®), and  sponds to aQgc(9%) value of 6.627)-0.064,9+4.605
a triangular par{C). This procedure is illustrated in Fig. 3. +1.022=12.10+t8+4) MeV for the 8 decay of the 9isomer

C. Determination of the Qg value for the 8 decay of &
isomer of "9Br
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TABLE |. Values used for calculating the value for the”Br 10.6230) MeV estimated on the basis of systematic trends

0"—0" decay. and presented in the mass tables of Audi and Wagj$0h
We do not consider this discrepancy to be worrisome since
Symbol Value Reference acceptance of 10.6 MeV asQ@gc(0") value for "°Br would
. o . . \
Ft 3072.28) s [17] ::;Eg/ ?Imost 40% change ikt value, which we find hard to
T 78.5459) s [4] P
b 98.49% [18] VI. RESULTS AND DISCUSSION
OR 0.014411) (17 The Qgc value measured for the*dsomer of "Br to-

dc 0.013%21) [17] gether with that estimated for tH&Br (0*) ground state al-

lows us to determine the excitation energy of the isomer to

be 12.19+7+4)-9.965)=2.23+9+4) MeV. When com-

of "%Br. For the cross check of the fitting results and statispared to data obtained by in-beam spectroscopy, our result

tical uncertainties, the maximum likelihood method was alsg.gnfirms the isomer energy of 2.293 MeV suggest,ed by Jen-

applied. Results of both methods, i.e., least-squares angng et al. [2] but is in striking disagreement with that of

maximum likelihood agree well within their statistical uncer- 1 214 Mev proposed by de Angeli al. [1] as well as sug-

tainties. gestions of Piechaczedt al. [5]. In addition, if one assumes
the excitation energy of the*Qisomer to be 2293 keV

V. ESTIMATES OF THE Qgc VALUE FOR THE B DECAY according to[2] and theQg(9*) of the isomer decay to

OF THE "%Br GROUND-STATE be 12.19+7+4) MeV as measured in this work, th@c of

As mentioned in Sec. I, the knowledge of tkg(0") the O ground—statg Qeqay of ™Br is founq to be
value of the’Br ground-state decay is essential for deter—g'gqﬂﬂ') MeV, which is in good agreement with the pre-

mining the excitation energy of the* 9somer. The experi- vious measuremerﬁtlﬂ.
mental result of 9.977) MeV, obtained for the former The conclusions drawn so far have been based on the

: : : timates given in Sec. V. If one would take tBr ground-
quantity by Davidset al. [15], has a relatively large uncer- €5 . .
tainty, which makes it marginally useful for the presentSt""teQEC value of.10.6?_30) MeV derived from systematic
analysis. Therefore, we preferred to estimate @e(0%) trends[10], both high-resolution results would be excluded

value of the?™Br ground-state decay based on e and with 1o probability, and the excitation energy of thé i8o-
then average both values. mer would be found to be 1(8) MeV.

The Ft values have been gccurately mgasuret_:i fpr a series VIl. SUMMARY
of super-allowed 0— 0* Fermi decays, taking radiatiu@g) ] .
and isospin-symmetry breakings.) corrections into ac- By using a total absorption spectrometer ti@:c

count. The quantity represents the partial half-life, and the \7/51|ue of the beta decayingl=0, J7=9" isomer of
symbol F indicates that, in contrast to the statistical rate B (T1,=2.199) s) has been measured to be
function f, the above-mentioned corrections have been takeh?2:-19+7swit4sy) MeV. This result confirms the value of
into account. Th&gc value of such decays can be estimated2293 keV found in the in-beam work of Jenkiesal. [2] for

by calculatingf and using thef(Qgc) dependence given by th_e excitation energy of the isomer but is in d|sagree_ment
Wilkinson and Macefield16]. We determined thé value by ~ With values proposed by Piechaczetal. [S] and de Angelis
using the relation etal. [1].
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