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Abstract

Total beta~decay energies were meas ed'bq g
beta-gamma coincidence method for (6Rb, (ORb, ' 19cs,
12005 and 1920s. The resulting @ velues and masses
together with experimentel data from the literature
are compared with mass formulae, with particular
emphasis on Kr and Bb isotopes in the N=Z region.

1. Introduction

In studying nuclei far away from stability the
mass excesses of nuclear ground states are of parti-
cular interest, because information on nuclear
binding of an ensemble of nucleons away from the
stable configuration can be obtained. Ancther ob-
vious motivation for mapping the mass surface away
from stebility is that extrapolation into still mere
exotiec regions is facilitated, thus leying the
ground for more detailed experiments on these nucled.

Both the numerous reaction studies1))and the
epplication of on-line mess spectromeiry ° have
vielded the determinstion of precise masses for a
considerable number of far-unstable nuclei. In spite
of being less accurate, the messurement of mass
differences from decay energies, on the other hand,
is & waluasble methed in view of the limitations of
the former ones, which have so far been restricted
to light or not too far unstable nuclei in the one
case, to alksli-element isotopes in the other.

Using mass-sepsrated sources from the ISOILDE
on-line isotope facility several mass and decay-
energy measurements3™8) of moderate precision have
been carried out, most recently for a number of neu-
tron—-deficient Rb and Cs isotopes as well as for
some neutron-rich Fr and Ra isotopes 9:10), The
iscbaric mass differences obtained from beta-end-
point measurements are compared to the corresponding
increment of the mass surface from model calcula~
tions. Alternatively, the ground state masses them—
selves can be compared in case they sre obtainable
from addition of mass differences.
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In a previous work 9,10} we measured § values of
neutron-deficient Rb isotopes and incorporated
them into & mass systematics of Rb and Kr isotopes.
The increased binding towards the N=7 line was
interpreted as being due to the Wigner symmetry
energy. The experimental masses of the odd nuclei
TORL and TBRb fell below the smooth systematics.

In the present paper we give the preliminary
results of & new series of betz—gamms coincidence
experiments Tor TORb, TORb, 118cs, 12C0s ana 122¢s,
thus covering some of the nuclei studied earlier as
well as extending further towards more neutron-de-
ficient {s isotopes. We slso describe the measure-
ment of the response function of the telescope de-
tector used to measure beta-ray spectra. § values
and masses resuiting from preliminary evaluations
of these data are presented and compared with recent
results from direct mass measurements and with pre-—
dietions from mass formulae.

2. Calibration of beta—detectors
Tor G-value measurements

2.1 Beta—-detector telescope.

A telescope was designed for measuring @-velues
up to 15 MeV of short—lived isotopes at an on-line
isotope separator. It consists of an 8 mm ¢ x 0.5 mm
NE 1027 plastic scintillator as energy-loss detec-
tor and & 7.€ cn@dx 7.6 cm NUPLEX plastic scintilla-
tor for energy anslysis. The thiek detector is
cone-shaped at one end in order to fit onto a
5.1 cm ¢ RCA 8850 photomultiplier. For energy analy-—
sis signals from the thick plastie detector are
stored in fast-slow triple coincidence with single-
channel analyzer signals from both plastic detec—
tors and signals from a time~to-pulse height con-
verter measuring the time distribution (usually about
2 nsec FWHM) between the twe detectors. At an ex-
pense of an energy loss of about 100 keV for elec-
trons between 1 and 10 MeV, the energy-loss detec-—
tor serves for gammne rejection and defines the solid
angle for a point source c¢lose to the telescope in
a way that large entrance angles (corresponding to
smaller effective thicknesses of the energy detec-—
tor) are avoided.

Moreover, in order to explore the applicability
of thick Ge(Li) or ultrapure Ce detectors for Q-
value measurements, & 12.5 cm® x 12 mm thick Ge{Li}
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detector was tested in combination with a 32 mm ¢ x
0.5 mm NE 1024 plastic scintillator ae energy loss
detector., The Ge{li) detector was mounted on & cold
finger for liquid nitrogen cooling and was separsa~
ted by & 30 pm aluminium foil from the thin plastic
detector.

2.2 Definition of the response Ffunction.

The response function R{E,E') describes the pro-
bebility of detecting a beta particle of energy E'
in the detector at an energy E, and is connected to
the efficiency c{E') via

J R(E,E')AE = e{E")
o]

(1)

Applied to the meszsurement of a beta spectrum 8 _(E'),
the experimental spectrum S(E) results from folding
SO(E) with the response function.

S(E) = [ R(E,E") SO(E')dE‘ {2)
o

R{E,E'} characterizes & certain detector system in-
cluding the source-detector geometry.

2.3 Measurement of the response function.

Response funetions for the plastic scintillator
telescope as well as for the plastic Ge(li) telesco-
pe were measured using mono-energetic e  beams in
the energy range from 1 to T MeV from the beta
spectrometer on-line %o the FRM reactor at Garching,
and in the energy range from 4% to 15 MeV from the
betatron at the Physikalisches Institut der Uni-
versitdt Wirzburg. The energy spread of the beams
amounted to 1%, in both cases. The results presen—
ted here refer to the betatron measurements exclusive—
1ly. The response of the plastic telescope to et par-
ticles has been measured at the Compton spectrome-—
ter of the LINAC at MPT flir Chemie, Mainz (energy
spread 1.5%).

Fig. 1 shous examples of the pulse height gis-
tributions obtained for 10 MeV e~ and et beams direc-
ted centrally along the telescope axis. Normelizing
these pulse-height spectra to the total number of
potentially contributing beta particles, which were
measured simultaneously by counting the signals from
the energy-loss detector, yields the correspending
response function. Since measurements under inelined
beam directions have not yet been completed, we
assume in the following these "axial" response func-
tions to be approximately representative for a point
source geometry.

2.4 Analysis and discussion of response functions.

The experimental response, functions are fitted
as suggested by Schﬁpferling11) by a ieast-squares
fit yielding besides the total efficiency the
follovwing energy-dependent parameters: center and
width of the full-energy Gaussian peak, ares and
exporential constants of the low energy tail. As
ah example, results from fits to the experimental res-
ponse functions for e~ beams on the plastic teles—
cope are shown in fig. 2. Extension of these in-
vestigations are in progress 12) with the aim of de-
termining the energy~dependent response functicn
R{E,E') for e, e+ point sources with both telesco—
pes, allowing the unfolding of the experimental beta
spectra acceording to eg. (2}.

The simple extrapolation of the high-energy
end of the positron spectra as discussed in section
3) relies on the following results of the calibra-
tion measurementsl12), which were determined for
axial e™ beams and are supposed toc epproximstely
hold for et point-sources slso:

1) The integral nonlinearity between 4 and 15 MeV
amounts to 1%.

2} The high values (94%) of the totel efficiency and
its weak dependence on energy support the assump-
tion that the experimental beta spectra are not
strongly distorted.
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Fig. 1 Examples of the pulse-height distributions
measured for 10 MeV monoenergetic e~ and et besms
impinging axially on & plastic-scintillator tele—
scope or s combined plastic—Ge(Li) telescope.
Top: et beam, 8 mm ¢ x 0.5 mm energy-loss detector
{plastic scintillator, 7.5 ¢m 4 x 7.5 cm energy de-
tector (plastic secintillator).
Migdle: e~ beam, 8 mm ¢ x 0.5 mm energy-loss de—
tector (plastic scintillator), 7.5 mm ¢ x 7.5 em
energy detector (plastic scintillator).
Bottom:e™ beem, 0.5 mm energy-loss detector,12.5 cm? x
12 wm Ge(Li) energy detector.
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Fig. 2 Isomeric plot of the response functions of the
plastic scintillator telescope to moncenergetic axial
e~ beams between 4 and 15 MeV.
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3. Q-value measurements

3.1 Experimental technique.

Isotopes of Rb ?nd Cs were produced at the
ISOLDE-Z facility !3) by bombarding targets of Y and
La, respectively, with 600 MeV protons from the
CERN synchrocyclotron. After surface ionization the
ions were extracted, mass separated and transported
via an ion-optical transfer line to the collector
position of & moving—tape station. Coliection,
vaiting and counting intervals were chosen according
to the isotope (isomer) in question and to source-
strength limitations due to pile-up. At the counting
position of the moving-tape station, a Ge(li) detec-
tor and the plastic scintillator telescope des—
cribed in section 2.1 face the tape (see fig. 3).
The energy calibration of the telescope was based
on the conversion-electron lines of 137Cs ang

2078 sources {taking into account the energy losses
in windows and in the thin detector) and on the
known linearity of the telescope. The 2UTBi cali-
brations interspersed regularly between the data—~
taking runs and a pulser was used to check the
stability of the ecalibration.

The linear signals from the two detectors were
fed intc two ADCs (1024 channels for the beta spec—
tra) connected to an HP 2100 computer where the
coincidence events were buffered as a two-dimensio—
nal matrix. The coincidences as well as the singles
spectra were writiten onto magnetic tape. Digital
windows on prominent gamma—lines (as well as on
background) were set off-line in order toc obtain the
spectre of beta-decay feeding known levels.
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Fig. 3 Beta~gamma detector system. 1) Thick plastic
seintillator. 2) Thin plastic scintillator elose to
the tape. 3) Ge(Lli) detector. 4 a,b) Photomultiplier
5 a,b) Photomultipiier base. 6) Vaecuum cheamber of the
tape station.

3.2 Dats analysis.

In the absence of the complete response func-—
tion for an unfolding procedure, Fermi-Xurie (FK)
plots of the gamma-coincident beta spectra were pre-
iiminarily fitted by hand. The validity of this rough
evaiuation method can be checkgg by investigagéng
the known positron spectra of “YGa and 80Rb. ©0Ga
with 8 Qe value of 5175 * 3 keV decays by 91% to
the 662n ground state with an endpoint energy of
4153 + 3 keV. {For Q values and other decay data
see ref. 10, if not stated cotherwise.} For the end-
point energy of the positron spectrum in coincidence
with annihilaticn redistien (Fig. L) we determine

Fig. 4 Positron spectrum (top) of 66

L4180 + 300 keV froma FK plot in the energy range 3.2
te .2 MeV, in sgreement with the literature value.
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dence with annihilation radiation. The arrov indi-
cates the endpoint energy deduced from the FK analysis
(pottom).

Another comparison with a known @ velue was made
using BORb sources produced on-line at the ISOLDE~2
separator. The positron spectrum in coincidence with
the 617 keV {2++0%) transition in 90UKr iz shown in
Fig. 5. Fitting the FK plot in the energy range
1.4 to 4.1 MeV leads to an endpoint energy of LOLO +
300 keV or a QEC value of 5680 + 300 keV in agree-
ment with the literature value of 5701 + 22 keV.

3.3 The decay of 37 se¢ T6Rb.

0)

In addition to known gamma 1ines1 a new
gamma line of 2573 keV was recently assigned!®) to
the TORbL decay. The positron-coincident intensity
of this line amounts to about 70% of that of the
423 keV{2+t+0t) transition. Since gamma-gamma coinci-
dence measurements 14} show that the 2573 keV line
is accompanied by a few weak gamma rays only we
assume predominant feeding of a 2573 keV level, de-
caying directly to the ground state. In Fig. & the
positron spectrum of TORb in coincidence with the
2573 keV gamme line is shown. The FX analysis of
this spectrum gave an endpoint energy of 4Th0 + h0OO
keV, corresponding to a Qg value of 8340 + LCO kevV.
This result is higher by sbout 1.7 MeV than the
corresponding value found previously 10). This
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difference can be understocd by considering the
weak high-energy tail in the 423 keV-gated spectrum,
which was neglected in the previous evaluation.

Ty
617 keV gate

Counts
Y

o . \ ] . .
2 & 8 8 Ep{Mev)
Fig., 5 Positron spectrum (top) of 8%, 4n coinei-

dence with the 617 keV line. The decay scheme shown
in the inset is from ref. 10. The arrow indicates
the endpoint energy deduced from the FX analysis
{(bottom).

3.4 The decay of 6 min and 17 min 78Rb.

The presence of two beta—decaying states, of
half-lives 6 min for the metastable and 17 min for
the ground state, makes the interpretation of the
T8y beta-gamma coincideng? data @ifficult. From
recent ABMR experiments 10) the spin value X
{metastable state} and O (ground state) have been
determined. We discuss here only' the result of the
beta-gamma measurement timed to emphasize the ge-
cay of the ground-state (waiting time 30 min between
collection and counting). Gates on lov-energy gamma
rays like the 455 keV (27+0F) or the 66L keV { L)
transition may seem to support previous resultsi0),
but there is also an indieation for different compo-
nents in the beta spectra. In spite of the poor
statistics, an endpoint energy of 2200 + L0 keV
has been determined for the beta spectrum in coin-
cidence with the 3438 keV gamma-ray {see Fig. 7),
whose positron-coincident intensity is about 16% of
that of the 424 kev (2*+0%) transition. This puts
& lower limit of 6600 keV on the %Rb Qpy value.
Igentifying the gate transition with the 3436,2 kev
gamma ray, observed by the MeGill group 17) to feed
the 2% level at 455 keV, gives a Qme value of
7100 + LOC keV for T8Rb. This is a%ain about 1.6 MeV
higher than previously reported 10}, the disore-
pancy presumably, as in the TCRb case, being due to

an oversimplified analysis of a composite beta spec~
trum.
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Fig. 6 Positron spectrum (top) of 76Rb in coineci-
dence with the 2573 keV gamme line and the correspon~
ding FK plot (bottom). The decay scheme shown in the
inset is from refs. 10 and 14, the spin value of 1
for T Rb comes from a recent measurement of Fischer
et &l. 15) The arrow indicates the endpoint energies
of 4750 + 400 keV deduced from the FK analysis.

3.5 The decay of 21 sec and 4,2 min 12203.

As with TBRb the decay of 12205 is also cbsuc-
red due to'isomerism. As can be seen from the beta-
coincident gemma spectra, the 21 sec siate (spin 1
{ref. 16), presumably ground state) decays predomi-
nantly via the 331 keV (2%+0%) transition, whereas
the 4.2 min state {spin § (ref. 16)) feeds additio~
nal levels decaying by the 750 keV (8++6%), 639 kev
{6++t) and 497 keV (L™+2%) gamma transitions. Bets
spectra gated with the 331 keV transition in 1223e
have been recorded under different timing conditions
in order to emphasize cne or the other of the
isomers. For the short~lived {ground) state the FX
enalysis shows a predominant component with the end—
point energy 5.7 + 0.4 MeV which gives & Qpc value
of 7.1 + 0.k MeV. On the other hand, the FK analysis
of the long-lived component, gated with the 331 keV
gamma line contains clearly different components.
The most energetic one has and endpoint energy of
6.14 + 0.5 MeV corresponding to & Qg value of
T.5 + 0.5 MeV,

3.6 The decays of 58 sec 12005 and 16.h sec 11808.

Beta spectra for 12005 in coincidence with the
320 keV (2+0%) transition, and for '180s in coinei-
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dence with the 337 keV (2++O+) transition are shown
in Figs., B and 9, respectively. In spite of the
complexity of the gated spectra shown, fits were
attempted to the high-energy end of these spectra,
yielding an endpoint energy of 6.5 + 1.0 MeV and

a Qpe value of 7.8 + 7.0 MeV for 120Cs, and an end~-
point energy of 8.0 + 1.0 MeV and a Q value of

9.3 + 1.0 MeV for 118¢s,

n
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Fig. 7 Positron spectrum {top) of TBRb in eoineci-
dence with the 3438 keV gamma line. The arrow indi-
cates the endpoint energy of 2200 + 400 keV geduced
from the FX analysis (bottom). °

4. Discussion
Table 1 compiles the experimental Qe values

from the present work as well as a compariscn to the
Seeger-Howard mass formulal?),

Table |

Ny~ T1/2 Gro{MeV)
clide Exp. Cale (ref.19)

ey | 37 sec | 8.34+0.40 8.56

s | 17 min | 7.1240.50 7.10

8¢ |16, bsec 9.3 +1.0 8.97

205 | 58 see | 7.8 +1.0 7.84

12205 | 21 sec 7.05+0.40 6.71

g & . 120,
. 120 keV gate

58 2.
E ‘2°CS B
W97~ -~

6%
P 4
7 m
0‘0‘
Xe 7
B .

u;——-“—%'ﬁﬂﬂm&uu. e :

2 A 5 B Ep {Mev}

Fig. 8 Positron spectrum (top) of 12005 in coinci-

dence with 320 keV gamma line. The decay scheme shown
in the inset is from this work and refs. 16, 18. The
arrow indicastes the endpoint energy of 6.5 + 1.0 MeV
deduced from the FK analysis (bottom).

It is tempting to update already now ithe mass
systemstics for Rb isotopes, with respect to the
earlier version 10), inciuding the corrected but
preliminary experimentsl Qpe values of T6Rb end T8Rb
as well as the estimate 21/ for the Qpe value of the
newly discovered N=2Z, T=1, nucleus T4Rp. In Fig., 10
the Rbh masses are plotted as an excess over a smooth
liguid-drop mass 20) containing the usual volume,
surface, quadratic symmetry and Coulomb terms and
the odd-even term but not the shell correction
term. Inclusion of shell correction in the mass for-
mula of Myers and Swiatecki 20) apeounts well for
the N=50 shell effect but not for the increased bin-
ding energy of nuclei in the N=Z region. The recent
liguid-drop model calculabion of Seeger and Hovard | )
ineluding Strutinsky-normelized shell and deformetion
corrections represents well both the shell effect and
the increesed binding around the N=Z line.

As can be seen from Fig. 11, the latter agreement is
coneigerably improved compared to the earlier work!C
by including the new TURb, T6Rb and TORD masses,
which supports form and magnitude of the Wigner
symmetry energy contained in the Seeger-Howard mass
formuls (see alsc refs.9,10). The recent reswlts
from direct mass measurements obtained by the Crsay
group 22? it also nicely into this picture. The dis-
cussion in ref. 10 of the possible reasons for an
inereased binding in TORb and TO8Rb was obviously
based upon erroneous experimental Q values.
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Fig. 9 Positron spectrum of (top) 11805 in coinei-
dence with the 337 keV gamme line. The decay scheme
shown in the inset is from this work and from ref.
18. The arrow indicates the endpoint energy of

§.0 *+ 1.0 MeV deduced from the FX analysis (bottom).
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Fig, 10 Experimental (black dots) snd calculated
masses of Rb isotopes after subtraction of a smoocth
liguid-drop termzog e calculated masses are from
Myers and SWl&tEC
ger and Howard

§ (dashed curve) and from See-
(full“dr&wn curce).

5. Qutlook

For 3Ry and Tth the "experimental" Q values
and masses given above were deduced from systematics
of the Coulomb displacement energy 10,19). Even though
the plastic-scinillator telescope can at present
hardly compete with the estimated precision of the
above systematics, it is challenging to try exten—
sion of endpoint measurement up to energies of the
order of 10 MeV. A determination of such a Qrpe value
with an accuracy of & few hundred keV may in many
situations represent valusble information.

[Er—Y
N
et

21) J.M.

The present work evidently represents o status
report of an experiment in progress, and more de—
tailed spectroscopy is required especisily for high
energy gemma transitions and in the cases of isomerism.
The measurement of Q values, whick has so far been
widely used for mass determination by consecutive addi-
tion starting from known masses near the stability
line may on the other hand even gain in interest in
ceses where precise masses far awasy from stebility are
avaitable from direct {mass spectrometric) measure-
nents.
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