
Vol. 30 (1999) ACTA PHYSICA POLONICA B No 3
BETA STRENGTH DISTRIBUTION IN THE DECAYSOF NEUTRON�DEFICIENT NUCLEI�Z. Janasa, J. Agramuntb, A. Algorab, L. Batist
, B.A. BrowndD. Cano-Ottb, R. Collatze, A. Gadeab, M. GierlikaM. Górskae;a, H. Grawee, A. Gulielmettie, M. HellströmeZ. Hue, M. Karnya, R. Kir
hnere, F. Moroz
, A. Pie
ha
zekfA. Pªo
ho
kia, M. Rejmunde;a, E. Roe
kle, B. RubiobK. Ryka
zewskig;a, M. Shibatae J. Szerypoa, J.L. TainbV. Wittmann
, and A. WöhrfaInst. of Exp. Phys., University of Warsaw, 00-681 Warsaw, PolandbInst. de Físi
a Corp., C.S.I.C.-Univ. Valen
ia, E-46100 Burjassot, Spain
 St. Petersburg Nu
l. Phys. Inst., 188-350 Gat
hina, RussiadNSCL, Dep. of Phys. and Astr., MSU, East Lansing, MI 48824-1321, USAeGesells
haft für S
hwerionenfors
hung mbH, D-64291, Darmstadt, GermanyfInst. voor Kern- en Stralingsfysi
a, Univ. of Leuven, B-3001 Leuven, BelgiumgOak Ridge National Lab., Phys. Div., PO Box 2008, Oak Ridge, TN 37831, USA(Re
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ember 1, 1998)The results of re
ent studies of the Gamow�Teller �-de
ays of nu
lei inthe 100Sn region are presented. Measurements performed with the use ofthe total absorption 
-ray spe
trometer and the Cluster Cube array of ger-manium dete
tors revealed qualitatively new information on the Gamow�Teller strength distribution in the de
ays of 97;98Ag and 103�107In. Theshape of the measured �-strength distribution and the resulting total BGTvalues are 
ompared with the results of shell-model 
al
ulations.PACS numbers: 27.60.+j, 29.30.Kv, 23.40.H
1. Introdu
tionUnderstanding and reliable des
ription of the �-strength distribution isof 
ru
ial importan
e for the 
omplete 
hara
teristi
s of the nu
lear �-de
ay.The �-strength fun
tion determines the gross properties of the de
aying nu-
lei su
h as half-life or probability of �-delayed parti
le emission. Predi
-tions and investigations of these basi
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660 Z. Janas et al.are of primary interest in the de
ay studies far from stability. Data result-ing from these studies provide an important nu
lear physi
s input for theunderstanding of the element synthesis in the universe. The knowledge ofthe weak intera
tion rates in stellar matter evolution, in parti
ular rates ofthe Gamow�Teller (GT) transitions for iron region nu
lei, is 
ru
ial for the
al
ulations of the ele
tron 
apture (EC) rates during the presupernova 
ore
ollapse of the massive stars [1℄. High-pre
ision measurements of superal-lowed 0+ ! 0+ Fermi �-transitions rates allow one to verify the 
onservedve
tor 
urrent (CVC) hypothesis, to test the unitarity of the Kobayashi�Maskawa matrix and �nally to set limits on extensions to the StandardModel [2℄. Very sensitive probes for studying fundamental symmetries ofele
troweak intera
tion and properties of neutrino provide studies of double�-de
ay (2�) [3℄. Reliable 
al
ulation of nu
lear 2�-de
ay matrix elements isprerequisite for dedu
tion of the neutrino mass from 2�-de
ay experiments.Matrix elements of the GT transitions are needed for the determination ofthe neutrino absorption 
ross-se
tion for (solar) neutrino dete
tors [4, 5℄.In this 
ontribution we restri
t our dis
ussion to one of the most intrigu-ing problems related to the �-strength distribution studies whi
h 
on
ernsthe question of the origin of the quen
hing observed for the strength of GTtransitions. As it is shown by the analysis of the GT �-de
ays, the experi-mentally determined strengths appear to be systemati
ally smaller than the
al
ulated GT �-transition rates. Similar regularity was reported for theGT strengths extra
ted from the forward-angle intermediate-energy 
harge-ex
hange rea
tions [6, 7℄.The GT quen
hing 
an be quantitatively des
ribed in terms of the hin-dran
e fa
tor de�ned as the ratio of 
al
ulated and experimentally deter-mined GT strength. The best des
ription of nu
lear wave fun
tions and theGT matrix elements between nu
lear states is provided by large-basis shellmodel 
al
ulations. The most 
omplete 
al
ulations, based on the diago-nalization of the e�e
tive Hamiltonian within the full major os
illator shell,are feasible only for relatively light nu
lei. Su
h 
al
ulations were used todetermine hindran
e fa
tors for nu
lei with A � 50. A 
omparison of theGT de
ay rates measured and 
al
ulated within the full p-shell for A � 18nu
lei revealed the quen
hing of the observed BGT values by a fa
tor of1.49(3) [8℄. The systemati
 analysis of GT strength for A = 17�39 nu
leiyielded the hindran
e fa
tor of 1.68(4) with respe
t to the 
omplete sd-shell
al
ulations [9℄. The re
ent analysis of the GT de
ays in the mass rangeA = 41�50 indi
ated that the agreement between the experimental dataand the full fp-shell 
al
ulations demands the introdu
tion of the averagehindran
e fa
tor h = 1:81(4) [10℄.Two physi
ally di�erent me
hanisms are usually 
onsidered to explain theobserved quen
hing of the GT strength. The �rst one is a higher-order nu-
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lear 
on�guration mixing between nu
leons. The se
ond me
hanism respon-sible for the redu
tion of the observed GT strength is the renormalization ofthe axial-ve
tor 
oupling 
onstant gA in nu
lear matter originating from non-nu
leoni
 e�e
ts mediated mainly by the admixture of the �(1232)-isobarnu
leon-hole 
on�gurations into the GT states. An estimate given by A.Brown [11℄ has shown that two thirds of the amplitude of the GT quen
hingoriginates from higher-order nu
lear 
on�guration mixing and one third from�-isobar admixtures. The re
ent studies of the GT strength of 90Nb basedon the multipole de
omposition analysis of the 90Zr(p; n) rea
tion data in-di
ate, however, that one may not need re
oursing to �-isobar nu
leon-holeadmixtures for an explanation of the quen
hing of the GT strength [12,13℄.The question of the �missing� GT strength 
an be adequately addressedin �-de
ay studies of nu
lei far from stability where the GT strength distri-bution 
an be investigated and 
onfronted with theoreti
al predi
tions overa broad range of ex
itation energies. In this respe
t the 100Sn region is ofparti
ular interest: Sin
e the N = Z = 50 shell 
losure o

urs far from sta-bility, isotopes in this region, espe
ially non even�even ones, have relativelylarge Q�-values. From simple single-parti
le model 
onsiderations one mayexpe
t that a substantial part of the total GT-strength resides within theQEC window and may thus be dete
ted in �-de
ay measurements 
ondu
tedwith the proper experimental te
hnique. As far as theoreti
al 
al
ulationsare 
on
erned, nu
lei 
lose to 100Sn 
an be treated as 
losed-shell systemswith a few valen
e parti
les only, whi
h fa
ilitates the model des
ription.The strength of the GT �-transition to the state at ex
itation energyE in the daughter nu
leus 
an be derived from the measurements of the �feeding of this state I(E), the de
ay energy QEC and the �-de
ay half-lifeT1=2 a

ording to the relation:BGT(E) = D I(E)(gA=gV )2 f(QEC �E)T1=2 ; (1)where D = 6147(7) s is a 
onstant, gA=gV = �1:262(4) is the ratio of axial-ve
tor and ve
tor 
oupling 
onstants for the free-neutron de
ay and f is thestatisti
al rate fun
tion.Most frequently, �-feeding distribution has been derived from the de-tailed de
ay s
heme established in 
onventional measurements employingstandard-size Ge dete
tors. Su
h studies 
an often reveal a wealth of nu-
lear stru
ture data on all individual levels in simple de
ay s
hemes anddis
lose information about the stru
ture of low-lying states in 
omplex de-
ays. For 
omplex de
ay s
hemes with high de
ay energy, however, su
htraditional measurements are generally unable, due to the low e�
ien
y ofdete
tors, to re
ord all of the many weak 
 transitions and hen
e to pla
ethem in the de
ay s
heme. This is parti
ularly true for energeti
 
-rays



662 Z. Janas et al.depopulating states at high ex
itation energy in the de
ay produ
t. As a
onsequen
e, the 
lassi
al high-resolution 
-ray spe
tros
opy studies basedon routinely applied Ge dete
tors usually overestimate the �-feeding inten-sity to low-lying states. Due to the very strong dependen
e of the �-de
ayrate fun
tion on the transition energy (f�(QEC�E)5), the distortion of the�-feeding distribution has severe impa
t on the resulting BGT distributionand 
auses underestimation of the apparent total GT strength.A way to over
ome the limitations of the standard dis
rete, high-resolu-tion, low-e�
ien
y 
-ray spe
tros
opy is a dire
t measurement of the dis-tribution of �-de
ay feeding intensity. The ideal tool for this kind of mea-surements would be a 
-energy 
alorimeter with 100% full-energy peak ef-�
ien
y for all 
-ray energies. In su
h a dete
tor all members of ea
h 

as
ade depopulating an ex
ited state would be summed to yield an outputsignal 
orresponding to the ex
itation energy of this state and provide anunambiguous signature for ea
h �-feeding event to the given level.Today the 
losest approa
h to su
h an ideal spe
trometer represents anarray of large s
intillation dete
tors in a 4� geometry. The total absorptionspe
trometer (TAS) installed at the on-line mass separator at GSI 
onsistsof a large NaI 
rystal (ø 1400 � 1400) for the dete
tion of 
-rays [14℄. A 
ylin-dri
al well along the 
rystal's symmetry axis a

ommodates an assemblyof auxiliary dete
tors. In the standard set-up it 
ontains two Si 
ountersfor � parti
le dete
tion, a high-resolution Ge X-ray dete
tor and a �plug�NaI dete
tor whi
h restores the 4� geometry of the main 
rystal. The tapetransport system is used to position mass separated radioa
tive sour
es inthe 
enter of the main 
rystal, between the two Si 
ounters. By demanding
oin
iden
e with signals from the Si dete
tors, the positron 
omponent ofthe �+/EC de
ay 
an be sele
ted, whereas 
oin
iden
es with 
hara
teristi
X-rays re
orded by the Ge dete
tor 
an be used to sele
t the EC events. Thetotal 
-ray e�
ien
y of TAS for monoenergeti
 photons in the energy rangeof 0.2�4.0 MeV ex
eeds 88%, and its full-energy peak e�
ien
y is above56%. The high e�
ien
y values and their weak dependen
e on photon en-ergy assure the operation of the dete
tor as a satisfa
tory total absorptionspe
trometer. However, due to the apparent 
-e�
ien
y loss e�e
ts, the de-termination of the �-feeding distribution from the experimental TAS spe
trarequires thorough knowledge of the dete
tor response fun
tion and appli
a-tion of sophisti
ated de
onvolution pro
edures. These problems have beenelaborated by Karny et al. [15℄ and Cano-Ott et al. [16℄ who pointed to theimportan
e of the high-resolution studies as a sour
e of ne
essary input datafor extra
ting the �-feeding distribution from the measured TAS spe
tra.The genuine requirement for high-quality dis
rete spe
tros
opy data trig-gered the use of state-of-the-art Ge dete
tors for �-de
ay studies. In theexperiments performed at the GSI on-line mass separator an array of 6 Eu-
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ays : : : 663roball Cluster Ge dete
tors arranged to form a 
ube (Cluster Cube) hasbeen used to 
omplement the TAS measurements. The 42 Ge 
rystals ofthis array 
overed about 65% of the full solid angle with respe
t to a sour
epositioned at the 
enter of Cluster Cube, and allowed registration of 1.33MeV 
-rays with a full-energy peak e�
ien
y of about 19% and typi
al res-olution of about 2.8 keV. The sensitivity of the Cluster Cube ex
eeds byfar the sensitivity of any Ge dete
tor set-up used in previous �-de
ay mea-surements and makes it indeed an ex
ellent tool for spe
tros
opy studies of
ompli
ated de
ays. The usefulness of the Cluster Cube dete
tor has beendemonstrated in the measurements of 97Ag and 150Ho(2�) de
ays performedat GSI on-line mass separator. More than 600 
 transitions (580 new) de-populating 150 levels were pla
ed in the de
ay s
heme of 97Ag [17℄. Aneven more 
omplex de
ay s
heme has been established for 150Ho(2�) [18℄.In both 
ases, the performan
e of the Cluster Cube pushed the measure-ments to the limit of the dis
rete 
-ray spe
tros
opy method, i.e. up to theex
itation energies where deex
itation by statisti
al 
 
as
ades deex
itationdominates. The 
omparison of �-feeding distribution for 150Ho(2�) deter-mined from the Cluster Cube data and from the TAS measurement 
learlyillustrates the limitations of the dis
rete 
-ray spe
tros
opy te
hnique forthe investigation of �-strength fun
tion in 
omplex de
ays. In su
h 
ases,the high-resolution, dis
rete spe
tros
opy should not be 
onsidered as analternative to the total absorption 
-ray studies but rather as a 
omplemen-tary method whi
h, however, is indispensible for the reliable analysis of theTAS spe
tra and also needed to reveal the �ne-stru
ture of the �-strengthdistribution.2. GT strength distribution for nu
lei in the 100Sn regionThe GT de
ays of nu
lei in the vi
inity of 100Sn pro
eeds via transfor-mation of a g9=2 proton into a g7=2 neutron. In the de
ays of even�evenisotopes the pro
ess o

urs between the 0+ ground state and the group oflow-lying 1+(�g�19=2; �g7=2) states in the �nal nu
leus [19℄. The dominant roleof the even�even 
ore de
ays should be also apparent in the �-de
ays of thenon even�even isotopes. For odd�odd isotopes one may expe
t strong pop-ulation of three-quasiparti
le 
on�gurations at an ex
itation energy of 3�4MeV, whereas in the de
ays of odd�even nu
lei one should observe substan-tial feeding of four-quasiparti
le states at ex
itation energies of 5�6 MeV inthe daughter nu
leus. These 
rude predi
tions of simple single-quasiparti
lemodel are 
on�rmed by the measured BGT distributions.Fig. 1 shows the BGT distribution for the de
ay of 97Ag resulting fromthe Cluster Cube measurement [17℄. The global shape of this distribution isdominated by a resonan
e stru
ture extending between 3 and 4.5 MeV, in
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Fig. 1. BGT distribution for the de
ay of 97Ag dedu
ed from the Cluster Cubemeasurement (solid line) and obtained from the shell model 
al
ulations (shadedarea), respe
tively. Both distributions were smoothed by folding with a Gaussiandistribution of 60 keV FWHM. The theoreti
al data were normalized to the totalBGT value derived from the Cluster Cube measurement. The verti
al line indi
atesthe QEC value.general agreement with the results of the preliminary TAS data analysis [17℄.The de
ay 
hara
teristi
s observed 
an be interpreted as the GT de
ay of theeven�even 
ore to three-quasiparti
le 
on�gurations whi
h, due to the resid-ual intera
tions, are spread over many levels of the �nal nu
leus. As shownin Fig. 2, similar stru
ture of the BGT distribution has been obtained fromthe TAS measurements for 103�107In. As expe
ted from the simple single-quasiparti
le model, the experimental BGT distribution is 
on
entrated inresonan
es appearing at an ex
itation energy of about 3.5 and 5.5 MeV forodd-mass and even-mass indium isotopes, respe
tively. The full widths athalf maximum of the distributions amount to about 1�1.5 MeV.Within the extreme single-parti
le shell model the total strength of the�g9=2!�g7=2 GT transition is proportional to the square of the matrix ele-ment of the GT operator, to the number of the protons at the g9=2 orbitaland to the �emptiness� of the neutron g7=2 orbit:BspGT = 169 N�g9=2 (1�N�g7=2=8) : (2)This simple relation is 
learly re�e
ted in a remarkable systemati
 behaviorof the summed experimental BGT strength for nu
lei in the 100Sn region [20℄.As shown in Fig. 3, the total BGT strength is proportional to the numberof protons o

upying the g9=2 orbital and linearly depends on the number ofneutrons �lling orbitals above N = 50 shell gap.


