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Abstract 

In two complementary measurements, a cube-like array of 6 Euroball-Cluster 

germanium detectors and a total-absorption 7-spectrometer were used to in-

vestigate the p decay of 97Ag, a three proton-hole nucleus with respect to the 

looSn core. The half-life and QEC value of the decay of the 9/2+ ground-

state of 97Ag were determined to be 25.9(4) s and 6.98(1 1) ~leV, respectively. 

A total of 603 7 rays (578 new) ¥vas observed, and 151 Ievels (132 new) in 

97Pd have been identified. An Interesting p-delayed 7 cascade was observed, 

which comprises 6 7-transitions with a de-excitatlon pattern involvlng an 

initial increase of the level spln. The Gamow-Teller (GT) p-decay strength 

'This work forms part of the Ph.D. thesis of Z. Hu 

tScholar of the Foundation for Polish Science 
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distributions　rrom　thc　two　measurcmcnts　rcvca1a　largc　GT　resonance　around

4　MeV　with　a　width　of　about　1．8XIcV．1rhc　hindrancc　ractor　ror　the　total

GTstrcngth．summ（三d　rrom　theground－statc　up　to6MeVexcitation　energy

in97Pd，amounts　to4．3（6）with　reference　to　a　sheu－mode1prediction．This

factor　is　discussed　ih　comparison　with　a　core－po1arization　and　a　Monte－Car1o

she11－mode1ca1cu1ation．

23．40．一s，23．50．十z；27．60．十j；29．30．一h
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I．INTRODUCTION

　　　Sincc　the　the　iden洲cation　of　the　doublv　c1osed－she11nucleus100Sn　and　some　of　its

・・ighb・・1・gi・・t・p・・［1，21，th・・t・dy・fth・・・…y…t・㎝一d・汽d・・い・・t・p・・h…tt…t・d

considerab1e　interest．The　experimenta1progress　in　this丘e1d　inc1udes，e．g．，the　measurement

of　the　mass　of　l00Sn　and　looIn［3］，the　in－beam　spectroscopy　of99Cdμ〕and98Cd同，the

observation　of　proton　radioactivity　for105Sb［6］and112Cs［7］，and　theβ一decay　studies　of

94Ag［8】，100‘10刈n［9－11］，and　l01Sn【121．

　　　1・p・・ti・・1・・，th・㎜iq・・…1・…t…t…f・・t・・…f…1・ii・th…g1㎝b・1・wlooS・

makeβdecay　interesting，as　it　is　characterized　by　a　fastπgg／2→μg7／2Gamow－Te11er（GT）

t・…iti・・（h・・…1yth…d・i・it・・t・di・th・‘‘…th一…t”・f1ooS・・…㎝・1d…d）。With1・

the　extreme　single－partic1e　she11mode1，such　transitions　invo1ve　protons　in　the　most1y丘Hed

99／20rb1t，with　the　correspond1ng　GT　partner　she11μg7／2being　most1y　empty・Th1s　mode1

predicts　the　tota1G」T　strength，summed　over　aH　the汽na1states，to　be

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　〃・／・　”・／・

　　　　　　　　　　　　　　　　　　　　　　　Σ3（GT）：　（1一　）3。（GT）　　　　　　　（1）
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　10　　　　8

where　Ng／2denotes　the　numberof　protons刷1ing　the　g9／20rbit，N7／2the　corresponding　value

for　the　g7／20rbit，and　Bo（GT）＝17．78theΣB（GT）va1ue　of1ooSn．However，theΣB（GT）

va1ues　obtained　from　experiments　are　signi丘cant1y　sma11er　than　those　from　theoretica1pre－

dictions．This“hindrance”or“quenching”of　GT　trans1tions　can　be　expressed　as　the　rati0

between　the　theoretica11y　and　experimenta11y　determined　GT　strengths．For　examp1e，a

GT　hindrance　factor　of　the　order　of4has　been　found［13］for　the　N＝50even－even　nuc1ei

96Pd　and98Cd　by　comparing　she11－mode1predictions　with　the　experimenta1B（GT）va1ues

forβ一decay．

　　　In　an　attempt　to　exp1ain　the　observed　GT　hindran㏄，Towner　l14〕has　considered　the

e冊ects　ofpairing　corre1ations，core　po1arization　and　higher－order　con丘guration　mixing・As　we

wi11di・・…b・1・w，th・・…一P・1・・i・・ti・…dhigh・・一・・d…托・・t・…b・th1・・g…dt・g・th・・

can　account　for　most　of　the　observed　hindrance．However，one　probab1y　needs　corre1ations
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b・tw…th・Og．／。・・dOg・／…bit・1・wh1・hg・b・y・・dth・・…一ρ・1・・i・・ti・・m・ddラ…h・・

those　incorporaしcd1n　thc　rccent＼lontc－Carlo　sh（三11－model　calculat1ons［15］，in　order　to　fu11y

account　for　the　observed　hindrance．

　　　The　GT　strength　can　be　cxper1mental1y　determined　by　measuringβ一de1ayed　pa．rticles　and

7rays．The　e1ectromagnetic　radiat1on　is　norma1ly　measured　w1th　high－resolution　germanium

detectors．However，in　the　case・of　odd－even　and　odd－odd　nuclei　with　high　QE0va1ues，it

is　expected　that　a　sign冊cant　part　of　the　tota1β一decay　strength　is　d1stributed　over　many

d・・ght…t・t…t1・・g・…it・ti・・㎝・・gy，wh…th・1…1d…ityi・…yh19h．S1…th・

βfeeding　to　indiv1dual1evels　is　often　very　weak，and　moreover　the7de－cxcitation　might

P・・…dth…gh・・・…1p・・t1yp…11・1・・…d・・，・t・・d・・dhigh・…1・ti・・γ7・p・・t・・…py

is　general1y1nsu冊cient　to　determ1nethe　completeGT－strength　distribution　due　to　its　lim1ted

detection　sensit三vitv．

　　　A1tematively，theβstrength　can　be　obtained　from　tota1－absorption　spectromctry　by

using4πdetectors．A　high1y　adv舳ced　version　of　a　tota1－absorption　spectrometer（TAS）has

been　insta11ed　at　the　mass　separator　on－Hne　to　the　heavy－ion　acce1erator　UNILAC　of　GSI

［161£or　studying　theβdecay　of　nuc1ei　around　the　doub1y　magic　nuc1eus100Sn　and　around

the　semimagic　nuc1eus146Gd．This　instrument　consists　of　a1arge　NaI（7ray）detector，and

inc1udes　a　ge・manium（X　ray）detector　as　we11as　si1icon（β十）detectors．First　TAS　studies

of　theβd㏄ay　of　l03In［11］and150Ho［17］have　recently　been　comp1eted．

　　　Since　the　TAS　technique　is　based　on　recording　cascades　ofβ一de1ayed7rays，and　the

energy　reso1ution　of　NaI　detectors　is　poor　compared　with　germanium　detectors，the　eva1u－

ation　of　TAS　data　depends　strong1y　on　the　know1edge　of　the　response　function　of　the　TAS

spectrometer　for　each　particu1ar　cascade．The　information　required　to　obtain　the　response

function　concems　exc1ted1eve1s　and　their　de－excitation　pattemラwh1ch　can　be　determined

from　high－reso1ution　experiments．Thus，the“double　strategy”of　combining　high－and1ow－

reso1ution　studies　pro、・ides　a　too1to　map　the　GT－strength　d1stribution　to　high　excitation

energies　in　the　daughter　nudeus（see　Ref．［171for　more　detai1s）．

　　　As　part　of　an　ongo1ng　research　program　onβdecays　near　l00Sn，we　investigated97Ag．
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This　nuc1eus1s　characterizcd　by　a　predominant　con6guration　of　three　proton　ho1es　in　the

99／20rb1t　and　a　rul1g9／2ncutron　shell．On　the　basis　of　the　extremc　single－Partic1e　modeI，

one　expects　the　decay　of97Ag　to　be　dominated　by　a　deca－y　which　main1y　popu1ates，after

b…ki・g・πg；／。P・i・，th・3－q…1P・・ti・1・・t・t・・（πg和g・／・）i・g7pd・t・・dt・ti・・・…gi・・

…㎜d4M・V［131．

　　　Wもstudied　the　decay　of97Ag　by　using　both　comp1ementary　spectroscopic　too1s　men－

ti・n・d・b…ラi．・．TAS…　1・w一・…1・ti・・high一・冊・i…yd・・1・…d…b・一1ik・・…y・f6

Euroba11C1uster　germanium　detectors（C1uster　Cube）［18］．The　unique　features　of　the1atter

・rray，i・・1・di・g・…yhighph・t・一P・・k・冊・i…y・・㎝・t・・lati・・1yhighγ・・yene・gi・・，high

・…1・ti・…dhighg・…1・・ity，・肝…d・・㎜p・…d㎝t・d・pP・・t・・ityt・・bt・i・high－q・・1ity

β一decay　data．

　　　In　this　paper，we1ntroduce　the　experimenta1techniques1n　Sec．II　and　then　report　on

the　experimenta1data　obtained　from　the　C1uster　Cube　and　TAS　measurements　in　Sec．HI

and　Sec．IV，respective1y．正n　Sec．V，we　compare　the　results　obtained　from　both　techniques．

A　she1l－mode1ca1cu1ation　is　discussed　in　Sec．VI，in　comparison　with　experimenta1resu1ts．

Fina11y，a　summary　is　given　in　Sec．VII．

II．ExPERIMENTAL　TECHNIQUEs

　　　The　exper1ment　was　performed　at　the　GSI　on－1ine　mass　separator．97Ag　was　produced　in

fusion－evaporat…on　reactions　using4．0and4．3Mev／u　beams　of40ca　of50－80partic1e．nA

intensity　from　the　UNILAc　on　a3mg／cm260Ni　target，enriched　to99．08％．The　reaction

products　were　stopPed　in　a　graphite　catcher1nside　a　FEBIAD－B2C［19］ion　source　which，

due　to　its　moderate　operation　temperature　of1800K，Perfect1y　hand1es　the　vo1ati1e　e1ement

si1ver，but　considerably　supPresses　the　refractory　contaminants　pa11adium　and　rhodium－

After　ionizat1on，acce1eration　to55keV，and　mass　separation　in　a　magnetic　sector丘e1d，the

A＝971ons　were　imp1anted　into　a　moving　tape　co11ector．After　a　pre－se1ected　coH㏄tion

time，the　tape　moved　the　imp1anted　act1vity　through　a　d冊erentia11y－pumped　s1it　system　Out
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of　vacuum　into　the　center　of　the　detector　systems，where1t　was　measured　whi1e　in　vacuum

the　next　source　was　coHected．

　　　For　the　experiment　with　the　cluster　cube　a　col1ection／measurement　c二■e　of40s　was

apphed　to　optim1zc　the97Ag　decay　rate　and　to　suppress　the　longer－lived　contaminants97Pd

and97Rh　even　further．In　this　experiment，for　a　period　of　about54hours，the97Ag　beam

intensity　was　about400atoms／s　at　a－oca　beam　intensity　of65partic1e・nA．The　accumu1a－

tion　ofγsing1es　and7－7coincidence　data　in　the　C1uster　Cube　measurements　was　triggered

by　a　logic　orconditionofa11timingsigna1sofa11capsu1es．Theother　three　kindsoftriggers

described　in　Ref．〔18］were　not　used1n　this　work．Another　type　of　s三ng1es7spectra　were

recorded　by　se1ecting　individua1german1um　detectors　from　theαuster　Cube　and　accumu－

Iating　the　so－ca1led　MR2000spectra（see　Ref．［181for　the　de6nition）．The　corresponding

dead－time　correction　was　neg1igible　since　the　dead－time　invo1ved　in　the　MR2000data　ac－

quis1tion　system　amounted　to　on1y　a　few　microseconds　per　event　in　comparison　to　a　few

hundred　microseconds　in　case　of　the1ist－mode　data．

　　　For　the　TAS　experiment，due　to　its1ow　reso1ution　and　tota1－absorption　feature，the

suppression　of　the　isobaric　contamination　is　more　important　than　for　theαuster　Cube．

Therefore，the　ion　source　was　operated　in　the　so－ca11ed‘‘bunch”mode［20］by　a㏄umu1ating

th・・i1・・…ti・1tyf・・54・i・・…1・dp・・k・ti・・id・th・i・・・・・・・…d・・1…i・g1t…　b…h

of1．6s　FWHM　by　short1y　heating　the　pocket．This“chemica■l　separation”mode　reduces

the　g7Ag　rate，but　on1y　by　a　factor　of2，whi1st　the　contamina．nts　are　attenuated　by　a　factor

of　at1east34．A　co1Iection／measurement　cycle　of56s　was　chosen．After　three　consecutive

co1Iection　periods　in　TAS，the　source　was　directed　for　a56s　interva1to　a　separate　tape

co11ector　which　was　used　for　monitoring　intensity　and　purity　of　the　source　by7－spectroscopy

with　a　standard－size　german1um　detector，whi1e　simu1taneous1y　a　background　measurement

was　performed　at　TAS．This　mode　of　beam　sharing　between　TAS　and　the　monitoring　station

was　continued　for　a　total　counting　time　of　about32hours．
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m．RESULTS　FROM　THE　CLUSTER　CUBE　MEASUREMENT

A・Gamma－ray　sing1es　spectmm

　　　Figure1shows　theγsingles　spectrum　retrieved　from　the　list－mode　data，which　contains

2．7x108events．This　spect川m　is　rather　complex　for　severaI　reasons．Firstly，there　are

sizab1e　contributions　from　isobaric　contaminants　and　room　background．SecondIy，as　can

be　seen　from　the・γ一coinc1dence　ana1ysis　described　in　Sec．III　B，the　occurrence　of　mu1tip1y－

p1aced7rays　is　common　over　the　whole　energy　range　ofinterest．FinaHy，the　summinge冊ect

of　strong7rays　and　the　escape　e任ect　of　high－energy7rays　a■dd　to　the　comp1exity　of　the

spectrum．Because　of　the　comp1exity　of　the　sp㏄trum，on1y　a　few　representative7－rays　from

the97Ag　decay　are1abe1ed　by　their　energies　in　keV．In　addition，contributions　from　isoba．ric

contaminants（97Pd，97Ag），from　room　background（BKG）or　from　escape　e仔ects（ESC）are

marked．

B．Coincidence　spectra

　　　We　obtained1．1x108γ7coincidences　from　theαuster　Cube　measurem㎝t　by　using

the　trigger　mentioned　above．In　Fig．2，a　representative　coincidence　spectrum　gated　on

the686．6keV7－ray　transition　is　shown．Because　of　the　complexity　of　the　spectrum，on1y

a　few　representative7－rays　from　the97Ag　decay　are1abe1ed　by　their　energies　in　keV．In

addition，contributions　from　escape　e冊ects（ESC）and　an　art冊cia1peak（×）are　marked・

The1atter　is　re1ated　to　a1461keV　background7－ray（40K），and　occurs　when　the　gate

comprises　energy　depositions：（i）either　from　the　pr1mary　Compton　scattering　of　thisγray

in　one　of　the　C1uster　Cube　capsu1es，or（ii）from　fu11absorption　of　this　Compton　radiation　in

another　capsu1e．The　cusp－1ike　structures　appearing　in　the　spectrum　originate　from　setting

the　background　gates　in　regions　where　coincidences　with　the686．6keV7－ray　transitiOn

o㏄ur．Figure3shows　the　weakest7ray　identi6ed　in　this　work，which　was　determined　to

ha．ve　an　intensity　va1ue　of0，008％perβdecay　of97Ag．In　the　previous　work　us三ng　standard
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germanium　det㏄tors［21］，the　weakest7ray　placed　in　the　d㏄ay　scheme　was　the637．7

k・V7－l1・・with・n1・t…ity・・1…　H．3％．Thi・f・（lt…f1601nd1・・t・・th・c㎝・id…bl・

1mprovement　of　the　dct㏄tion　sensitiv1ty　obta1ned　in　th1s　work．

C．Ha旧ife　determination

　　　As　can　be　seen　from　Tab1e　I，16γ1ines　were　chosen　for　the　analysis，wh1ch　leads　to　the

weighted　average　of25．9（4）s．This　rcsu1t　is　in　good　agreement　with　the　value　of25．3（3）

・d・t・・m1・・dp…i…1y［211，・…ptf・・th・1Ouk・V7－i・・．Thi・71i・・w・・p…i…ly

assigned121〕to　theβdecay　of　the97Ag　isomer1cstate　beca．use　of　its　shorter　ha1f－1ife（17．4（21）

s）．However，the　present　work　yie1ds　a　ha1f－1ife　va1ue　of22（4）s　for　this7－1ine，which　agrees

with　the　va．1ues　obtained　for　the　other・γ一1ines，indicating　that　it　originates　from　the97Ag

ground－state　decay．Th1s　obser、・at1on　is　consistent　with　the　p1acement　of　this7－transition

in　the　decay　scheme（see　Sec．III　D）．

D．Proposed　decay　scheme

1．　0αη一η一α　‘roη8｛〃oπ8

　　　The　decay　scheme　for97Ag［22］as　obtained　from　this　work　inc1udes6037－11nes　in　tota1

（578new）and151excited　states　of97Pd（132new）．The　intensities　of　the71ines　in　units

of“％perβdecay　of97Ag”were　determined　by　assuming　the　summed　intensities　of　a11

observed7transitions　to　the　g7pd　ground－state　to　represent100％．　The　uncertainty　of

this　norma1ization　was　considered　negligib1e　due　to　the　fact　that　the　intensities　of　such

ground－state　transitions　were　measured　with　an　e冊ciency－re1ated　uncertainty　of　on1y5％

［181，and　that　even　very　weak1ines　were　detected（ε。g．O．025（8）％for　the4618－2keV1ine）

［221．The　decay　scheme　of　g7Ag［221contains　on1y　those7transitions　that　were　found　to　be

in　coincidence　with511keVγquanta　and　for　which　the　respective　initia1and丘nal1evels

were　con汽rmed　by　other7－transitions．、Vhenever　possible，the　coincidence　assignments　were



checked　for　intensity　by　comparison　with　thc　s1nglcs1ntensit1es；however，many7rays　were

observed　unambiguously　only1n　the　co1nci（』cnce　spectra．Due　to　the　conta．minat1on　from

room　background　an－isobars，thc　assignment　of　some7rays　was　additiona1ly　based　on

the　ha1f－life　information．Th1s　procedure　was　implemented　by　sorting　the　events（sing1es　or

matrices）into　four　subsequent　time　subgroups　withinしhe40s　counting　interva1（see　Sec．II）

and　then　comparing　the71ntensities　accumulated　in　the　subgroups．If　a　givenγintensity

value　showed　a　decreas1ng　time－function，the　corresponding7ray　was　ass1gned　to　the97Ag

decay，otherwise　to　thecontaminants．Forweak71ines，the　placementswerealso　checked　by

using　the　matrix　which　was　obta1ned．In　this　mode，the　pu1se　heights　of　directly　neighbor1ng

capsu1es　within　each　C1uster　Cube　detector　are　summed（see　Ref．【18］for　more　deta．i1s）．

　　　Theγ・γcoincidence　matrix　sorted　in　the　add－back　mode　was　not　used　for　determining

the・γ一ray　intensit1es，howeverラdue　to　the　complexity　introduced　by　the　summ1ng　e任ect．

The　intensities　were　detらrmined　by　using　either　the7－singles　spectrum　orγ7coincidence

data［18］．The　summing　peaks　and　sing1e－and　doub1e－escape　peaks　were　exc1uded，but　the

summing　correction　forγray　intensities　was　not　apP1ied　since　the　tota17－detection　e冊ciency

of　an1ndividua1capsu1e　is　so　sma11that　the　summing　e伍ect　can　be　safe1y　neg1ected［181．

　　　The　intensit三es　for7rays　with　energies　below350keV　were　corrected　for　intema1con－

version，whi1e　for　those　with　higher　energies　these　corrections　become　sma11（〈1．5％）and

were　thus　neglected．For　these　corrections，the　transitions　were　assumed　to　be　of　type　M1，

except　for　the305．5kev　transition（from13／2＋to9／2キ）which　was　assigned　to　be　of　pure

E2type［23］．

　　　An　averageγcascade　mu1tipl1city　of2．43（3）、vas　obtained　by　summing　a11γray　intensi－

ti・…dth・・di・idi・gbyth・t・t・1i・t㎝・ity・f7t・…iti…t・th・g・…d・t・t・・fg7pd．lt

is　worth　noting　thatラas　shown　in　Fig．4，the　highestγcascade　mu1tip1icity　observed　in　the

βdecay　of97Ag　amounts　to6．This　cascade　is　further　discussed　in　Sec．III　D2．
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2．Lωε13三ng7p♂

　　　The97Pd　lcvd　cncrgies　wcrc　detcrmincd　from　thc　cncrgics　or　the　depopu1ating7rays　and

theencrgiesofthecorrespond1ng1ower　levels．Th1s　pr（）cedure　relied　heavilyon　theaccurate

energy　ca1ibrat1on〔18］and　on　the　h1gh　quality　of　the　co1ncidence　data．Consequent1y，not

only　the　intensities　of　many　mu1tiply－p1acedγtransitions　were　suitably　distributed，but

a1so　a　few　groups　of　states1n97Pd　have　been　identi6ed　that　each　exhibit　sma111eve1－to－1eve1

distances．The　closest－1ying　leve1s　ident冊cd　in　this　work　have　an　energy　separation　of　onIy

O・8k・V，th・・・・…p㎝d1・gl…1㎝・・gi・・b・i・g2375．8k・V・・d2376．6k・V．Whi1・th・2375．8

keV　state　is　popu1ated　most1y　from　the3740．0keV1eve1through　the1364．1γtransition　and

decays　mainly　to　the1881．6keV1eve1through　the494．2keV7－transition，the2376．6keV

1evel　decays　dominant1y　to　the　ground－state　directly　by　aγtransition　that　is　not　observed

in・・i・・1d・n・・w1thth・1364．1k・Vγ・・yt・…iti㎝．

　　　“’e　were　able　to　ass1gn　spins　and　parit1es　to　states　in97Pd［221from　a　combination　of

arguments．The　spins　and　parities　of　the　ground－state　of97Pd　and　of　excited97Pd　leve1s　at

686．6．1294．7．1881．6and2244．3kev　have　been　previous1y　assigned［24】to　be5／2＋，7／2＋，

g／2＋，13／2＋and17／2＋，respective1y．Basedontheseresu1ts，theproposed　va1uesof9／2＋for

the　g7Ag　ground－state［25］and　of11／2＋，（13／2＋or11／2＋），9／2＋，and13／2＋for　the　excited

97pd1eve1s　at1943．4．2141．1．2176．1，and2481．9keV［231，respectively，were　con丘rmed．In

addition，we　assigned　spins　and　parities　to　g7pd1eve1s　according　to　theβintensities　from

the97Ag　decay　and　the　re1ative7intensities．The　case　of　the1／2＋state　at775．0kev　is

discussed　in　Sec．VIC．This　procedure　was　based　on　the　fo11owing　three　assumptions：

1）Aβdecay　with　a　log∫‘va1ue　sma11er　than6．0represents　an　a11owed　GT　transition，

　　whi・h・㎝行…th・・pi…dp・・it〉・・fth・p・p・1・t・dd・・ght・・1…1t・b・7／2＋，9／2＋，

　　・・11／2＋．

2）The7－transition　does　not　change　the　parity　of　the　connected1eve1s．

3）Competition　of　E2and　M1deexcitation　of　a　given1evel　occurs　on1y　if　the　ratio　of　the
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reduced　E2and　M工trans1t1on　strengths，as　deduced　from　the　respective　Weisskopf

estimates，fu一舳s　the　condition　B（E2）／B（M1）≧1o‘2．

　　　、ve　observed　a　few　high－spin　states　in97Pd，name1y　a17／2＋state　at2244．3kev，con趾m－

i・gth・d・t・gi…i・［241。・・dtw・15／2＋・t・t…t2371．6k・v・・d2500．5k・＼1，…p・・ti・・1y．

This　indicates　an1nteresting7－cascade　decay　pattem　shown　in　Fig．4．The11／2＋state，

whichisstrong1ypopu1atedbyβdecay，de－excitesthroughstateswithhigherspins，and

then　after　severaI　steps　ends　up　with　states　with　lo，ver　sp1ns．The　observation　ofa　high－spin

（17／2．ト）stateinβdecayofalow－sp1n（9／2＋）nucleusshowsagaintheexceHentdetection

sensitivity　of　the　Cluster　Cube．The　cascade　represents　onIy　O．033％out　of　the　tota114．9％

β一feeding　of　the3740keV　state，which　is　far　be1ow　the　detection1imit　for77coincidences

in　a　standard　two－9erman1um　detector　setup［211．From　a　sing1es　spectrum1n　such　a　setup

one　cou1d　at　best　placeラ…n　addition　to　the　intense587and　1295keV　transitionsラthe，veH

known［241363kev　transition．This　would　imp1yan　apParent　d1rectβbranch　to　the17／2＋

state　a．nd　hence1ead　to　erroneous　conc1usions　for　the　spin　assignment　to　the　parent　state．

3．0omμ桃㎝ω舳岬リづoα8ωorκ

　　　The　fo11owing　major　d冊erences　occur　between　the97Ag　decay－scheme　obta三ned　in　this

work　and　that　proposed　previousIy［21］：

1）The7－ray　energies　determined　from　both　works　d冊er　in　some　cases，the　discrepandes

　　・…hi・g・・㎝・・1…b・y㎝d2k・V・・dth・・・…1ti・gi・・i・・b1｝・di冊・…t1…1・…gi…

　　On　the　one　hand，this　d冊erence　can　be　re1ated　to　the　insu冊cient　sensitivity　of　the

　　d・tecti㎝・・t－up・pPliedinth・p・…i…wo・k・ndtoth・…re・ponding・e・t・ictioni・

　　disentang1ing　mu1tip1y－P1acedγtransitions．On　the　other　hand，the　energy　ca1ibration

　　in　the　previous　work　for　the　intermediate　to　high－energy　region　is1ess　a㏄urate　in

　　comparison　with　this　work　in　which　we　performed　the　energy　ca1ibration　by　using

　　various7－sources　with　energies　from　tens　of　keV　up　to6MeV［181．
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2）In　the　previous　work，twoγlines　were　not　correctly　placed　in　the　decay　scheme．The

　　　1880．7k・Vγli・・・・…　tb・…19n・dt・・t…siti・・b・tw・㎝th・1880．7keVst・t・

　　and　the　ground－state　of97Pd，because　a　previous　in－beam　worり24］has　determined

　　the　sp1ns　for　these　two　states　to　be13／2＋and5／2＋，respective1y．Furthermore，the

　　observation　of　an　M3transition，in　competition　to　an　a11owed　E2branch，is　ruled

　　out－The　other7－1ine　interpreted　incomectIy　has　an　energy　of1151．3keV　and　was

　　misassigned　to　connect　the3291．3keV1eve1（such　a　leve1was　found　in　our　work）and

　　the2140．O　keV1eve1（the　energy　of　this1eve1was　determined　to　be2141．1keV　in　our

　　work）．Our　resu1ts　based　on　considerab1y　improved　coincidence　data　show　that　these

　　two7－1ines　actua11y　belong　to　two　groups　of　mu1tiply－p1aced　transitions（see　Ref．［22］

　　f・・d・t・H・）．

3）“セhave　found　that　most　of　the7－lines　are　mu1tiply－p1aced　in　the　decay　scheme（see

　　　R・f－221f・・d・t・i1・），wh・・…th・p…i・・・・…kw・．・㎜・b1・t・id㎝tify・・yd・・b1・t・．

4）There1s　a　misprint　in　the1eve1energy　of3323．4kcV　given　in［211which　corresponds

　　to　a　va1ue　of3353．7keV　in　our　work．

5）Most　important1y，we　have　identi丘ed　numerous　new7rays　from　the97Ag　decay　and

　　　numerous　new97Pd1eve1s．This　is　about　an　order　of　magnitude　more1eve1s　and7

　　　rays　than　were　former1y　observed，commensurating　with　the　improvement　of　obser－

　　　vat1on　sensitivity．In　particu1ar，as　already　mentioned　in　Sec．III　C，the1043．7keV

　　　・γ一transit1on，which　was　tentatively　assigned　to　the　decay　of　the97Ag　isomeric　state

　　　1n　the　previous　work［21】，has　been　placed　unamb1guous1y　in　the　decay　scheme　of　the

　　　97Ag　ground－state，this　assignment　being　con丘rmed　by　rich　coincidence　information．

E．Beta－intensity　distribution

　　　Theβintens1ties　Iβ，which　are　given　in　units　of“％perβdecay　of97Ag’’［221，were

obtained　by　us1ng　theγintensity　ba1ances．Some　very　sma11Iβvalues，which　have　very1arge
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uncertaint三es，…ndicatetheabsenceofaGT　transition　forthecorresponding97Pd1eve1and

are　thus　not1nc1uded　in［22〕．Forexample，the1881．6kev（13／2＋）and2244．3kev（17／2＋）

leve1s　were　determined　to　have　I3va1ues　of　O．098（O．8◎9）％and－0，093（O．036）％，respective1y．

As　the　correspond1ngβ一transit1ons　are　not　or　a11owed　character，this　observa己ion　con丘rms

the　correctness　of　the　intensitv　baIances．

　　　The　Iβdistribution　obtained　from　theαuster　Cube　data　is　shown　in　Fig．5．The1owest

excitedstateing7pd（686．6keV）receives1O．4（9）％oftheβfeedingwithaIog∫‘va1ue

of5．85（6）、Up　to1943．4keV，on1y　very　weakβ’feeding　was　observed．The1943．4keV

Ieve1（11／2＋）is　obvious1y　fed　by　an　aI1owed　GT　decay，as　ind1cated　by　the　rather1arge　Iβ

va1ue　of5・7（6）％and　by　the　rather　sma111og∫‘va1ue　of5．59（7）．The　next　states　strongly

popu1ated　byGT　decays1iea．t2134．7kev（7／2＋，9／2＋）and2176．1kev（9／2＋），whichreceive

2・1（3）％and3．4（8）％oftheβfeedingwithlog∫Zva1uesof5．92（7）and5．69（8），respectively．

Between2176．1keV　and2890．1keV，no　s1zabIeβfeeding　was　observed．The2890．1keV

state（11／2＋）is　again　fed　by　an　aHowed　GT　decay　with　an　IβvaIue　and　a1og∫‘va1ue　of

1・9（2）％・・d5．57（7），…p・・ti・・1y．

　　　One　of　the　most　remarkab1e　resu1ts　of　this　work　is　the　observation　of　a　resonance－1ikeβ

feeding　at97Pd　excitation　energies　between3and4．8MeV．This　represents　a　major　progress

over　the　previous　work［21〕which　on1y　reached　the　tai1of　this　resonance．Receiving　about

67％oftheβfeeding，thisresonanceischaracterizedby行vegroupscenteringat3351．3740．

3983．4286，and4465keV，respective1y．The97Pd　state　that　is　most　strong1y　popu1ated

by　theβdecay　of　g7Ag　is　situated　in　the　midd1e　of　the　resonance：It　is　the3740．0keV

state（11／2＋）with　an　Iβva1ue　of14．9（8）％，corresponding　to　the　sma11est　log∫丘va1ue　of

4．12（8）found　in　this　work．Above5MeV，severa1states　wereobserved　with　a　tota1Iβva1ue

of　about0．4％．The　h1ghest－1ying　state1denti丘ed　in　this　work　has　an　excitation　energy　of

5326・2keV・This　state　has　an　Iβva1ue　as　Iow　as0，015（5）％，but　has　neverthe1ess　a1ogμ

va1ue　of5．98（16），which　represents　weak　evidence　for　a11owed　GT　decay．
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IV．RESULTS　FROM　THE　TAS　MEASUR．EMENTS

A．Experimenta1TAS　spectra

　　　By　demanding　coincidences　between　thc　NaI　signa1s　and　palladium　X－rays　recorded　by

the　TAS　germanium　detector　l161，about2．2x104events　corresponding　to　the　e1ectron－

capture（EC）mode　of　the97Ag　decay　were　selected．The　coincidence　of　the　TAS　signa1s

with　those　from　one　of　the　two　si1icon　detectors，s1tuated　in　the　center　of　TAS［16］，was

used　to　select　theβ十componcnt　of　the97Ag　decay．The　tota1of1．5x106events　were

accumulatcd　for　this　decay　mode．The　spect川m　accumulated　in　coincidencewith　theupper

si1icondetcctorsinc1udedabout7x103events．

　　　97Pd　decay　events　were　not　harmful　to　the　EC－component　spectrum　of　the97Ag　decay，

but　contributed　considerably　to　that　corresponding　to　theβ十coInponent．In　ordertoobtain

aTASspeとtrumcontaining　pure97Agβ一activity，weaddit1ona11ymeasured　thedecayof97Pd

in　a　separate　experiment　and　then　subtracted　it　from　the　tota1TAS　spectrum　forβ十de（’ay．

The　norma1ization　factor　for　this　procedure　was　ca1cu1ated　by　using　the　intensity　of　rhodium

X－rays　recorded　by　the　germanium　detector　of　TAS．The　TAS　spectra　were　corrected　for

the　pi1e－up　e任ect　caused　by　random　summation［261．Due　to　the　registration　of7quanta　in

the　silicon　counters，the　initia1si1icon－gated　spectrum　contained　a　contribution　from　the　EC

decay．In　order　to　remove　this　contribution，we　simu1ated　such　events　by　using　resu1ts　from

the　C1uster　Cube　data　analysisつand　corrected　theβ十一decay　TAS　spectrum　corresponding1y．

Using　the　method　described　in　sec．3．3．4of［111，we　derived　an　overa11Ec／tota1ratio　of

0，276（15）for　theβdecay　of97Ag．

B．Simu1ated　TAS　spectra

　　　As　shown　in　Fig．6，we　have　a1so　ca1cu1ated　TAS　spectra　by　using　the　decay　scheme

estab1ished　from　the　C1uster　Cube　data　and　the　simu1ated　TAS　response　to7rays　and

positronsl　The　method　for　obtaining　the　simulated　TAS　spectra　is　described1n　detai1in〔27】．

u



We　used　the　code　SIGMA　E28〕that　was　or1gina1ly　developed　for　a　simu1at1on　ofγquanta

transport，but　treated　the　positron－transport　under　somc　s1mp1ifying　assumptions　which

limit　the　accuracy　in　ca！clエlating　the　contrib州on　of　pos1trons　to　the　tota1energy　depsition．

A　comparison　w1th　a　simulation　performed　by　using　the　code　Geant3［29〕has　shown　that

these　approximations1ead　to　di旺erences1n　peak　e冊ciencies　of　up　to5％．The　simu1ation　was

performed　by　assuming　a　QE00f6－98（11）Mev　for　the　decay　of　g7Ag（see　Sec．Iv　D）and　by

us1ng　the　decay　scheme　deduced　from　the　C1uster　Cube　data　ana1ysis．F1gure6shows　that

a　good　overal1agreement　between　t｝、e　results　from　the　simu1ation　and　the　TAS　data　has

been　reached．However，it　is　ev1dent　from　this行gure　that　the　h1gh－reso1ution　experiment

missed7rays　em1tted　from　the　high－energy　region　above　about4MeV．In　particu1ar，the

d冊erence　between　the　experimenta1and　simu1ated　TAS　data　becomes　re1ative1y1arge　a．t　the

high－energy　end　of　the　EC　spectra，i－e．above4．7MeV．Some　events　apPear　above5．5MeV

in　the　experimenta1EC－spectmm，where　the　simu1ation　does　not　yield　any．This　inability

of　the　C1uster　Cube　to　detect7rays　emitted　from　high－energy　states　resu1ts　in　an　incorrect

determination　of　Iβva1ues．This1s　due　to　the　fact　that　too　smau　Iβva1ues　are　deduced

for1eve1s　de－excited　by　unobserved7rays，whi1e　excessive　popu1ation　is　obtained　for　those

leve1s　which　are　fed　by　these7－transitions．since　the　Ec／tota1ratio　varies　strong1y　with　the

excitation　energy，this　excess　is　more　apparent　in　theβ十一decay　spectmm，as　can　be　observed

in　Fig．6，in　particu1ar　for　g7pd　excita．tion　energies　between1．7and3MeV（Note　the　energy

shift　of　theβ十spectrum　compared　to　the　EC　one）．

C．De－convo1uted　TAS　spectra

　　　We　used　the　decay　scheme　ofg7Ag，estabhshed　from　the　C1uster　Cube　data，as　a　ba．sis　for

constructing　the　response　matrixofthe　TAS　and　for　ana1yzing　theexperimenta1TAS　spectra

by　means　of　the　pee1－o肝method　discussed　in　Ref．［11］．In　add1tion，the　response　matrix

has　to　assume　theγde－excitation　branching　ratios　for　leve1s　in　the　energy　reg1on　where

excessive　events　occurred　in　the　experimenta1TAS　spectra　compared　to　those　simu1ated　by
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using　the　Clustcr　Cube　data．Because　of　the　poor　cnergy　resolution　of　the　TAS，we　were

unable　to　resolve1ndivi（ユual　levels，and　thcreforc　used　an　averaged　response　matrix，w1th

each　energy　b1n1n　the　deconvo㌧ted　TAS　spcctra　be1ng　treated　as　a　leve1［11】．For　the　region

be1ow4MeV，where　a　re1at1ve1y　good　agreement　between　the　simulated　and　experimenta1

TAS　spectra　was　obtainedラwe　constructed　a．response　matrix　by　using　theγde－excitation

branching　ratios　derived　from　the　Cluster　Cube　data　ana1ysis．In　the　high－energy　region，

severa1assumptions　conceming　theγde－excitation　branching1・atios　had　to　be　made，wh1ch

wiHb・di・・・…di・th・r・ll・wi・g．

　　　As　dipole7－transitions　are　probab1y　dominant　in　theγde－excitation　cascades，we　as－

sumed　that　the　branch1ng　ratio　b‘，たfor　a・γtransition　from　energy　b1nづtoんhas　a　cubic

・…gyd・p・・d・…，b‘、・咲bパ（Ei－E此）3．F・・…h㎝・・gybi・th・b・…hi㎎・・ti・・w…

normalized　to　unity－In　choosing　the　factors　bk，we　assumed　that　the　C1uster　Cube　data

ana1ysis　had　correct1y　detemined　the7intensities　I7（E），i．e．the　summed　intensities　for7

rays　emitted　from　a　leve1w1th　an　exc1tation　energy　E，for　the1eve1s　observed　in　the1ow－

energy　region，since　it　invo1ved　on1y　summing　intensities　of　individua1・アra．ys　but　not　the

’γ一intensity　ba1ance．However，these　va1ues　can　a1so　be　ca1cu1a．ted　during　the　procedure　of

deconvo1uting　the　TAS　spectra　and　ca1cu1ating　the　Iβdistribution．During　this　procedure　it

is　required　that　the　I7（E）distributions　obtained　from　the　C1uster　Cube　data　and　the　TAS

data　shou1d　be　in　agreement，as　the7intensities　that　remained　unobserved　in　the　C1uster

Cube　experiment　are　comparative1y　sma11（see　S㏄．m　D1）．

　　　The　deconvo1ution　of　TAS　spectra　was　achieved　by　performing　a　series　of　iterations．We

started　with　the　assumption　that　the　bk　va1ues　are　the　same　for　a11leve1s　except　the　ground

state　and　the　lowest－1y1ng　leve1s　of97Pd．For　these　states　we　chose　bk　va1ues　by　assuming

that　the　correspondingγbranches　are　c1ose　to　those　observed　in　the　C1uster　Cube　experi－

ment．With　this　assumption，we　ca1cu1ated　the　response　matrix　and　deconvo1uted　the　EC

andβ十spectra　by　app1ying　the　peel－o任method【11］．Then　we　adjusted　the　coe冊cients　bム

to　minimize　the　d冊erence　between　the　I7（E）distributions　obta1ned　from　the　C1uster　Cube

data　and　the　TAS　data，respect1ve1y，whi1e　checking　the　physica1constraints　on　EC－and
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β十一1ntensity　distr1but1ons1川．After　the6rst　iteration　we　found　the　maximum　disagree－

ment　to　occur　in　the　excitation－energy　rcgion2．0〈E＜2．5MeV，where　the　I7（E）values

calcu1ated　during　the　deconvo1ut1on　procedure　tumed　out　to　be　much　sma1ler　than　those

from　the　C1uster　Cube　data　ana1ysis．In　the　next　iterations　we　adjusted　the　coe冊cients

bいn　such　a　manner　that　th1s　d冊erence　disappeared．The　d1stribution　for　I7（E）obtained

from　the　deconvo1ution　of　the　TAS　data1s　shown　in　Fig．7together　with　that　obtained

from　the　Cluster　Cube　data．It　shou1d　be　noted　that　the　total　area　under　each　of　the　I7（E）

d1stributions　disp1ayed　in　Fig．71s　equa1to　the　average　number　of7quanta　per　decay　of

97Ag．

　　　The　Iβd1stribution　obtained　from　the　deconvo1ution　is　shown　in　Fig．8a■s　the　sum　of

EC　andβ十components，norma1ized　by　using　the　EC－branching　ratio　deduced　above．In

the　same丘gure　the　folded　distribution　obtained　from　the　Cluster　Cube　data　ana1ysis　is

disp1ayed．It　is　ev1dent　that　the　di肝erence　between　the　Iβ（E）data　obtained　from　C1uster

Cube　and　TAS　measurements，respective1y，resemb1es　the　features　that　have　a1ready　been

observed　in　Fig．6．

　　　The　uncertainties　of　Iβvalues　from　the　TAS　measurement　are　dominated　by　systematic

uncertainties1111over　statistica1contributions　in　the　region　be1ow4．5MeV，hal・ing　a　re1ative

・・1…f・b・・t10％i・th・・…gy・・gi㎝1．7＜E〈4．5M・V，wh…th・1β・・1・・・…high・

For1ower　energies，the　uncertainties　of　the　deconvo1ution　procedure　accumu1ate，inc1uding

a1so　those　from　the　simu1ation　of　positron　tra．nsport［11l．The　variation　of　the　coe冊cients

bk，under　the　condition　that　the　agreement　remains　satisfactory，1eads　to　systematic　Iβ

uncertainties　be1ow7％．The　width　of　the　bins　was　chosen　to　be　about34keV．The　resu1ting

non－Physica1sma11Iβva1ues（about1％in　tota1）in　the　region　around1MeV　are　due　to　the

mcertainties　from　both　the　s1mu1a．tion　of　TAS　response　and　the　pee1－o任method．Therefore，

we㏄sumed　additiona1uncertainties　of　at1east　about2％Per　MeV　for　the　Iβva1ues　in　the

energy　region　where　the　Iβvalues　are1arge．The　statistica1uncertaint1es　of　the　Iβva1ue

become　important　for　the　region　E＞4．5MeV，being　about10％for　a100keV　bin　at5

MeV　and　about50％for　a100keV　b1n　at　E〉6NIeV．
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D．Determination　of　the　QE0value

　　　In　o・der　to　dcducc　the　Qεc　vallle　of　g7．へ9we　dcte・mincd　the　experimenta1Ec！θキrat1os

within　the　excitation－energy　intervaI3．0くε＜5．3MeV，where　both　EC　andβ十intens1ties

are　su冊ciently　strong．　The　theoret1ca1relation　between　the　Ec／β斗ratio　and　the　decay

energy　for　a1lowedβdecay　was　taken　from［301．For　this　procedure　we　se1ected　two　strong

peaks　of　the　Iβdistribution　at3．3MeV　and3．8MeV　as　wel1as34keV　bins　within　the　tail

of　this　distribution　above4．0MeV（see　Fig．8）．The　low－energy　range　wasπo‘considered

as　it　is　character1zed　by　small　EC　contributions．The　indiv1dua1QE0values　a・we11as　the

we…9hted　average　of6．98（11）MeV　are　given　in　Fig．8．The　uncertainties　invo1ved…n　this

procedure　take　into　account　contributions　from　the　determination　of　EC　andβ十intensities，

the　energy　caIibration　inc1uding　the　e肝ect　o〔ts　dependence　on7－ray　mu1tip1icity［11，271，

and　the　EC　andβ十detection　e冊ciencies（see　Sec．3．3．4of　Ref．［11l）．To　our　know1edge，

this　is　the行rst　measurement　of　the　QE0va，1ue　of　g7Ag，which　so　far　has　on1y　been　estimated

from　systematic　trends　to　be7010（400）keV［311．A　comparison　with　she11－mode1predictions

wm　be　given　in　Sec．VIA．

V．COMPAR．ISON　OF　CLUSTER　CUBE　AND　TAS　RESULTS

A．Gamma－intensity　distributions

　　　As　shown　in　Fig．7，the7－1ntensity　distributions　I7（E）obtained　from　the　C1uster　Cube

and　TAS　measurements　are　in　very　good　agreement．In　particu1ar，there　is1itt1e　di肝erence

for　g7pd　excitation　energies　be1ow4MeV，if　the　statistica1uncertainties　a－re　taken　into

account．As　shown　in　Table　H，the　di肝erenc♀of　the　tota1γintensity　va1ues　determined　by

the　two　methods　amounts　to8．4（37）％（Perβ一decay　of　g7Ag）which，if　norma1ized　to　the

tota17intensities　measured　by　TAS，corresponds　to　a　fraction　of　on1y3．0（15）％of　the　tota1

βintensity．As　far　as　the　average7mu1tip1icity　is　concemed，the　TAS　measurement　yie1ds

a　value　of2．52（5）wh1ch　is　in　ver〉・9ood　agreement　with　the　va1ue　of2．43（3）obtained　from
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the　Cluster　Cube　data．、Ve　note　that　this　d岨ercnce　main1v1ies　above　the　g7pd　excitation

energy　of4MeV，where　the　Cluster　Cube　measurement　has　missed　a　tota17intensity　of

8．9（3）％（perβ一decay　of97Ag）in　comparison　to　the　TAS　data．

B．Beta－intensity　distributions

　　　The　Iβdistribution　obtained　from　deconvo1uting　the　TAS　spectra　is　presented　in　Fig．

8，together　with　theαuster　Cube　resu1t．Except　for　some　smaHer　structures，the　resu1ts

from　both　methods　are　g1oba11y　sim11ar，especially　for　the　major　peaks1nc1uding　the1arge

resonance　between3NIeV’and4．8，IeV．It　is　aIso　worth　not三ng　that　within　the　uncertainties，

weobtained　the　same　Iβva1ue　for　the　g7／2state（686．6keV）ofg7pd　from　both　measurements・

This　indica－tes　that　theγray　transitions　feeding　this　state　are　evident1y　so　intense　that　they

are　quantitative1y　recorded　by　the　C1uster　Cube．However，the　CIuster　Cube　data　show　a

1itt1e　moreβ1ntensity　than　the　TAS　data　in　the　region　below4MeV，whi1e　missing　some

1ntens1ty　above　th挑energy．As　shown　in　Tab1e　H，the　two　methods　yie1d　an　Iβd冊erence

of9．0（3）％（Perβ一decay　of　g7Ag）above　g7pd　excitation　energy　of4MeV．This　resu1t　can　be

interpreted　as　being　due　to　the7－intensity　of8．9（3）％（Perβ一decay　of　g7Ag）that　the　C1uster

Cube　measurement　has　missed．This　de行ciency　can　be　re1ated　to　the　sensitivity1im1t　of

the　detector　in　genera1and，in　particular，to7rays　emitted　from　high－Iying1eve1s　above4

NIeV　to　states　in　the　range1．7－3MeV，as　discussed　in　Sec．V　A．The　high1eve1density　in

the　re1evant　range　of　g7pd　excitation　energies　and　the　corresponding　fragmentation　of　the

97Agβ一intensity　indeed　represent　a　serious　cha11enge　even　for　such　an　e冊cient　array　as　the

C1uster　Cube．

C．GT－s㍍ength　distributions

For　a　pure　a11owed　GT　transition，theβstrength　B（GT）can　be　ca1cu1ated　according　to

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　D・1β（E）

　　　　　　　　　　　　　　　　　　　　　8（GT）＝　　　　　　　　　　　　　　（2）
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　∫（Q・・一E）・T1／・・100
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whereD＝3860（18）sdenotestheconstantcorrespondingtothevalueoftheaxia1vector

weak　interaction　coupling　c（）nstant　g，4for　the　decay（）f　the　free　neutron［32，33］，Iβtheβ一

i・t…ity・・1・・i・％P・・θd…y，Eth・…it・ti・・㎝・・gy・fth・d・・ght・・…1…，∫th・

phase－space　ractor，QE0the　tota1energy　re1eased　in　elect・on－capture（EC）decay　to　the

ground－state　ofthe　daughter　nuc1eus，and　T1／2theβ一（lecay　half－life．

　　　Using　the　QEc　value　obtained　from　the　TAS　data，the　ha1f－1ife　of25．3s　determined

previous1y［211，and　the　Iβva1ues　deduced　in　this　work，we　calculated　the97Ag　GTstrength

shown　in　Fig．9．The　globa1shapes　of　theβ一strength　distributions　from　Cluster　Cube　and

TAS　data　are1n　good　agreemcnt，showing　a　resonance　around4MeV　w1th　a　width　of

approximate1y1．8MeV．If　summing　the　GT　strength　in　the　range　from3MeV　to4．8MeV

which　rough1y　covers　the　resonance，the　di肝erence　between　the　resu1ts　from　the　C1uster　Cube

and　TAS　data．is　only　about21％．

　　　Asshown　inTab1eII，weobtainedaΣB（GT）va1ueof2．02（40）（theuncertaintyorig1nates

main1y　from　the　cont・ibution　of　the　QE0va1ue）from　the　C1uster　Cube　data　in　comparison

to　a　va1ue　of3．00（40）from　the　TAS　data　up　t097Pd　excitation　energy　of6MeV．This　dis－

crepancy　main1y　stems　from　excitation　energies　above4MeV．Above6MeV，the　TAS　has

ident冊ed　some　B（GT）strength　as　can　be　seen　from　Fig．9；however，the　reIa．ted　statistica1

㎜certainties　are　so1arge　that　these　data　are　neg1ected．We　c㎝c1ude　that，up　to6MeV

excitation　energy　of97Pd，the　C1uster　Cube　data　have　missed33（8）％ofΣB（GT）in　com－

parison　with　the　TAS　resu1ts，which　main1y　corresponds　to　the　missingβ一feeding　intensit1es

of9．O（3）％（perβ一decay　of97Ag）for　states　above　a97Pd　excitation　energy　of4MeV．Note

that　missing　even　a　comparative1y　smal1amount　ofβfeeding　to　high－lying　states1eads　to

a　large　discrepancy　of　theΣB（GT）va1ue，due　to　the　strong　dependence　ofthe　phase－space

factor∫on　the　decay　energy（see　Eq．（2））．

　　　On　the　one　hand，the　fact　that　theΣB（GT）va1ue　observed　by　the　Cluster　Cube　in　this

work（2．02）is　much1arger　than　that　obtained　in　the　previous　work（O．44），which　was　based

on　standard　germanium　detectors〔21］，indeed　represents　a　cons1derab1e　progress．As　shown

in　Fig．1O，the　previous　work［21］only　reached　the　tail　of　the　GT　resonance．However，the
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ΣB（GT）va1ue　deduced　from　thc　Cluster　Cube　data　ind1cates　that　even　this　exceptiona11y

good　high－resolution　device　has　not　fully　met　the　cha1lenge　of　investigat1ng　such　a　comp1ex

βdecay．On　the　other　hand，due　to　the1ow　energy－resolut1on，TAS　can　not　provide　the

6ne－structure　of　theβ1ntensity　in　contrast　to　the　Cluster　Cube．For　examp1e，the　TAS　data

do　not　reso1ve　the　entire　peak　structure　of　the　GT－strength　distribution　in　the　resonance，

as　shown　in　Fig．11．This　advantage　of　the　C1uster　Cube　data　wi1I　be　further　discussed　in

Sec．VI　together　with　a　she11－mode1ca1cu1ation．Moreover，the　deconvo1ution　of　the　TAS

spectra　depends　strong1y　on　knowing　the　response　function　of　the　TAS　for　each　decay　under

investigation．To　obtain　the　response　function，the　decay　scheme　is　desirable，which　can

on1y　be　provided　by　high－reso1ution　stud1es．The　more　comp1ete　the　obtained　decay　scheme

is，the1ess　assumptions　one　has　to　make　in　unfo1ding　TAS　spec〔ra　and　thus　the　more　re1iab1e

are　the　Iβand　the　GT－strength　distributions　determined　by　means　of　TAS．

VI．DISCUSSION

A．Gmss　stmctu肥of　GT－s紅ength　distribution　and　GT　quemhing

　　　The　theoretica1interpretation　ofthe　GT　strength　is　based　on　sta．rting　with　a　c1osed－she11

・㎝ig…ti・・f・・’ooS・wh…th…bit・1・0・，Op，Od1・，Of1p・・dOg。／。f・・b・thp・・t㎝…d

neutrons　are舳ed．The　simp1est　mode1for　the　g7Ag　ground－state　has　three　proton　ho1es　in

the　Og9／20rbita1．Then　Eq．（1）with〃9／2＝7a．nd　W7／2＝O　gives　a　tota1GT　strength　of

12．45．

　　　The　ana1ysis　of　the　strength　distribution　was　performed　by　using　the　SNB　basis　and

hamiltonian　discussed　in　l131．The3！V8modε18ρα㏄consists　of　the1p1／2，Og9／2，Og7／2，1d5／2，

1d3／2，2s1／2and　Oh11／20rbitals．The3〃B6α8ゐcons1sts　of　a1imited　set　of　con丘gurations

within　the　SNB　mode1space　in　which　the　active　protons　are　restricted　to　the1p1／2and　Og9／2

・・bit・1・，th・1p1／…dOg・／…bit・1・f・・…t・・・・・…1w・y・舳・d・・dth…ti・・…t・…

are　restricted　to　the　Og7／2，1d5／2，1d3！2，2sl／2and　Ohl1／20rb…ta1s・（The　resu1ts　obtained　in
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the　calculations　within　the　SNB　basis　with　the　SNB　hamiltonian　w1ll　be　referred　to　simply

as　the5／V8results．）　Due　to　these　restr1ctions，Eq．1is　sti1l　val1d，even　though　the　SNB

basis　goes　beyond　the　extreme　sing1e－partic1e　shel1mode1by　includ1ng　prot）＾holes　in　the

1p1／20rb1tal・The　va1ue　ohVg／21ncreases　from7to7．24and　the　tota1GT　strength　from　Eq・

1becomes12－88，ゴ．ε．s1ight1y　larger　than　that　derived　from　the　simplest　mode1mentioned

above．In　the　fo11owing　discussion，we　consider　the　SNB　value　as　a　reference，which，when

compared　w1th　the　experimenta1strength　of3．0（4），9ives　a　hindrance　factor　of4．3（6）．

　　　The　GT－strength　distribution　obtained｛vith　the　SNB　basis　and　hamHtonian　are　com－

pared　with　experiment　in　Fig．9，The　position　and　width　are　in　qua1itative　agreement　with

exper1ment，but　quantitative1y　the　position　of　the　peak1s　a　few　hundred　keV　low　compared

to　experiment・The　pos1t1on　of　the　peak　is　determined　by　the　spacing　between　the　Og9／2

P・・t㎝・・dOg・／・…tm・i・gl・一P・・ti・1・㎝・・9i・…dbyth・p・・ti・1・一h・1・（…t…一P・・t㎝）

interaction　strength．For　the　SNB　hami1tonian　the　partic1e－ho1e　interact1on　was　that　ob－

tained　from　a　bare　G　matrix　and　then　reduced　by　a　factor　o〕V岬二〇．7in　order　to　improve

th・Zd・p・・d・・…fth・・p1itti・gb・tw…th・1d・／…dOg・／・…t・…i・g1・一P・・ti・1…一

ergies（as　determined　by　the　position　of　the1owest5／2＋and7／2＋states　in　the　odd－even

mc1ei　with　N＝51）．Better　agreement　with　the　centroid　of　the　GT－strength　distribution　can

be　achieved　by　increasing　the　particle－ho1e　norma1ization　to〃岬：0．77．This10％increase

wou1d　give　a　Z　dependence　for　the1d5／2－097／2sp1itting　which　is　sti11acceptab1e・The　GT－

strength　distribution　obtained　with　th三s　new　interaction，which　we　wi11caH　SNC，is　shown

in　Fig．12．Since　the　pa．rticle－hoIe　interaction　does　not　change　the　g7Ag　ground－state，the

tota1GT　strength　is　the　same　for　SNB　and　SNC　hamHton1ansラthe　on1y　d冊erence　is　in　the

detai1s　of　the　strength　distribution．In　this　section　we　discuss　the　tota1GT　strength　and　in

the　next　section　we　discuss　some　of　the　detai1s　of　the　decav　scheme．

　　　The　present　experiment　is　sensitive　up　to　a　region　of　excitation　energy（6MeV）which　is

b・y・・dth・p・・k・fth・th・…ti・・1di・t・ib・ti・…dwhi・h・㏄・㎜t・f・・98％・fth・t・t・1th・・一

ret…ca1strength．It　is　possib1ethat　con丘guration　mixingbeyond　theSNB　basis　wou1d　resu1t　in

more　GT　strength　above6MeV，but　such　ca1cu1a．tions　for　this　mass　region　have　not　yet　been
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carried　out．For　the　Of1p　shell1いs　possib1e　to　compa．re　the　results　obtained　with　restricted

con丘guration－mixing（eguiva1ent　to　the　SNB　basis）and　unrestricted　con行guration－mix1ng

（Monte－Carlo）calcula之1ons（equiva1ent　toし！。e　the　full　SNB　model　space）．This　c0L二parison

suggests　that　going　to　the　unrestricted　con局guration　mixing　does　not　signi丘cant1y　change

the　shape　of　the　d1stribution，but　it　does　rεん㏄the　tota1β十strength（compare，for　examp1e，

Figs．10and11in〔341to　Fig．4in［35〕）．

　　　～Ve　now　tum　to　a　discussion　of　the　tota1GT　strength　by　using　resu1ts　from　core　po－

1arization　and　Monte　Car1o　ca1cuIations　for　N＝50isotones　between　looSn　and　g6pd，and

by　confronting　them　with　the　experimenta1data　avai1ab1e　for98Cd，97Ag，and96Pd．The

GT　hindrance　factorsんdeduced　from　this　comparison，which　are　shown　in　Tab1e　m，are

restricted　to　the　GT　strength　within　the　respective　QE0va1ue．In　the　case　of　g7Ag，we

be1ieve　that　the　va1ue　ofん＝4．3（6）is　indeed　re1iable，since　most　of　the　GT　strength　pre－

dicted　by　the　SNB　ca1cu1at1on1ies　within　the　experimenta1Iy　accessib1e　range　of　exc1tation

energy，as　ment1oned　above，and　since　the　statistica1and　systematica1uncertainties　invo1ved

in　the　TAS　measurement　have　been　thorough1y　investigated（see　Sec．IV　C）．The　situa．tion

is　d岨erent　for　g8Cd　and　g6pd．The　measurement　of　the　g8Cd　decay［361is　hampered　by

insu冊cient　experimenta1sensitivity．The　va1ue　ofん＝3．8（7）9iven　in　Tab1e　m　refers　to　the

SNB　strength　within　the　sensitivity1imit［131．However，a　systematica1uncertainty　fOr　this

procedure　has　not　been　inc1uded．The　prob1em　with　the96Pd　decay1371are　part1y　re1ated

to　the　experimental　sensitivity1imit　again，but　a1so　to　the　sma11QE0va1ue　of3450（150）

keV．The1atter　restriction　is　serious　as　the　SNB　ca1culation　predicts　a　substantia1part　of

the　GT　strength　to　popu1ate　a　g6R．h　state　at　an　excitation　energy　of2．6MeV［13］．If　one

considers　the　eπヱかe　SNB　strength　or　its　fraction　up　t096Rh　excitation　energies　of2．6or

2．0MeV，one　gets　tota1GT　strength　of11．39，1O．56or8．95andんva1ues　of4．9（2），4．5（2）

or3．9（2），respective1y，In　a　somewhat　tentative　eva1uation　of　this　e冊ect　we　estimate　theん

va1ue　of96Pd　to　be4．2（5）as　indicated　in　Tab1e　III．

　　　The　hindrance　factor　can　be　broken　down　into　two　factors：伽。㎜，which　invo1ves　going

from　the　restricted　SNB　bas1s　to　the　unrestricted（fu11）basis　within　the　SNB　mode1space，
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and，伽ψ，wh1ch　comes　rrom　highe卜order　e庁ects　beyond　the　SNB　mode1space．Spec冊caHy，

ん’。ωis　de6ned　as　the　ratio　or　the　total　strength　obtained　in　the　SNB　basis　d…vided　by

that　obta1ncd　in　the　unrestri（・led　SNB　mode1space．ん＾ψis　thc　rat1o　of　thc　tota1strength

obtained　in　the　unrestricted　SNB　model　space　divided　by　that　obtained　in　an　exact　mode1

which　inc1udesal1poss1ble　baryon　and　meson　conhgurations（main1y　nucleon　and△partic1e）．

For　practicaI　reasons，the　total　strength　is　de6ned　as　that　associated　with　the　excitation－

energy　range　expected　for　the　GT行na1states　within　the　SNB　mode1space．By　de行nition，

ん’。w　and伽ψare　mu1tip1icative，and　the　tota1hindrance　factorんis　gi、・en　byん二ん’㎝・伽ψ．

　　　Thee汗ects　associatcd　with伽ψhave　been　stud1ed　in11ghter　nuc1ei，where　it　is　possible　to

exp1icit1y　include　the　unrestricted　con汽guration　mixing　related　toん’。ωin　the　wave　functions，

and　then　to　compare　with　experiment　to　obtain伽ψ．The　resulting　average　va1ue　ofん＾‘gパs

1．68for　the　sd　she11［381and1．81for　the　fp　she11［391．As伽ψapPears　to　be　apProximate1y

independent　of　state　and　nucleus，it　is　thus　referred　to　as　a　“91obal”　hindrance　factor．For

th・di・・…i㎝b・1・ww・wi11t・k・th・・・…g・ん舳＝1．75．

　　　、Ve　wi11discuss　two　ca1culations　for伽ow，the　core－po1arization　ca1cu1ations　of　Towner

［14］and　the　Monte－Car1o　ca1cu1ations　of　Koonin　et　al．［15】．Towner　ca1cu1ated　the　e冊ects

due　to　pairing　correlations　and　core－po1arization．The　pairing　part　of　Towner，s　ca1cu1ation

was　subsequent1y　found　to　be　too1arge［40］a．nd　wi11thus　not　be　inc1uded［41］．The　pairing

interaction　is　included　in　the　SNB　and　SNC　hami1tonians．Of　the　three　interactions　consid－

ered　in［141，theπ十ρinteraction　of［421is　the　mbst　rea1ist1c　one［411and　wil1thus　be　used　for

the　fo11owing　discussion．W－e　note　that　Towner　used　an　extreme　sing1e－partic1e　she11－mode1

with　a　pure　g7／2Proton　con行guration　as　a　reference・The　smal1d岨erence　between　this　and

our　SNB　reference1s　neg1ected．The　hindra■nce　factorsん’。㎜from　the　core－po1arization　ca1cu－

1ations　of　Towner　are　given　in　Tab1e　IH．They　are　not　constant　but　have　a　Z　dependence　as

well　as　an　odd－even　staggering．The　sma11est　hindrance　is　obtained　for100Sn　and　becomes

larger　as　one　goes　away　from1ooSn．The　e任ect　of　the　increa．se　away　from100Sn　was　discussed

in［11l．The　e任ect　of　the　odd－even　staggering1s　to　make　the　resu1t　for　Z＾proton　ho1es　in

100Sn　simi1ar　to　that　of　Z＾十1proton　holes，where　Zぺs　even．When　combined　with　the　g1oba1
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hindrance　ractor　to　obtainん：ん1。パん～9＾，the　results　of　Towner　are　about30％sma11er　than

the　exper1menta1results　ava11able　for　g8Cd，97Ag　and　g6pd，as　can　be　seen　from　Tab1e　IH．

　　　The　Monte－Carlo　calcu1ations　inc1ude　correlations　which　go　beyond　the　core－poiarization

mode1．The　Monte－Car1o　hindrance　factors　a1so　show　a　Z　dependence　simi1ar　to　that　of

the　core－polarization　ca1culations，but　were　not　ca1cu，ated　for　the　odd－even　nuc1ei．The

Monte－Car1o　resu1ts　g1ven　in　brackets　in　Tab1e　HI　are　interpo1ated　assuming　the　trend　as

suggested　by　Towner’s　core－polarization　resu1ts．The　hindrance　factors　from　the　Monte－Car1o

caIcuIation　are1arger　than　the　core－po1arization　results　and　are　in　better　agreement　with　the

experimenta1data　given　in　Tab1e　III．This　comparison　suggests　that　the　core－po1arization

approximation　takes　into　account　most　but　not　a11of　the　GT　hindrance．However，such

comparisons　with　a　consistent　set　of　e肝ective　interactions　tested　against　other　experimenta1

observab1es　rema1n　to　be　carried　out．

　　　The　SNB　hami1tonian　gives　a　QE0value　of7，024Mev　and　a　GTβdecay　half－1ife　of3．15

s．The　sNC　hami1tonian　gives6，937Mev　and4．64s，respective1y．These　QE0va1ues，as

we11as　those　of6．76and7．03MeV　obtained　from　d冊erent　she11－mode1ca1cu1ations121，431，

are　in　good　agreement　with　the　experimenta1resu1t　of6．98（11）MeV　presented　in　Sec・IV　D・

From　a　comparison　of　the　SNC　and　experimenta1ha1Hives　a　hindrance　factor　of5．6wou1d

be　obtained．　However，this　is　weighted　strong1y　by　transitions　to1ow－lying　states　that

have　sma11GT　strengths　but　highβintensities．Therefore，the　comparison　of　the　tota1GT

strength　provides　a　much　better　measure　of　the　hindrance．

B．酬ne　structure　of　GT　resonance

　　　In　Fig．12，the　GT－strength　distribution　from　the　SNC　ca1cu1ation1s　compared　with

the　experimenta1results　from　theαuster　Cube　and　TAS　measurements．As　discussed

above，both　experimenta1resu1ts　are　very　we11reproduced　in　shape　by　the　SNC　ca1cu1ation，

especia11y　for　the　centroid　and　width　of　the　GT　resonance．There　are，however，many　details

of　the　ca1cu1ation　which　do　not　agree　with　experiment．In　terms　of　theβ一decay　branching
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ratios，the　most　s1gni行cant　one　of　these　is　that　the　SNC　ca1cu1ation　pred1cts　too　much

strength　for　thc　decay　to　the　lo、、・est7／2＋state　in　comparison　to　the　experimenta1results．

The　SNC　structurc　or　this　sしate　is　dom1nated　by　that　of　a　Og7／2neutron　coupled　to　the

ground　state　of96Pd．lts　B（GT）value　is　reduced　from　the　sing1e－particle　she1l－model　va1ue

1．78down　to0．07dueto　mixingwith　the　three－quas1particlecon行guration　and　then　further

down　to〇一〇17due　to　the伽。ωandん＾ψcorrelations．The　further　mixing　needed　to　bring　it

down　to　the　expedmental　va1ue　of0．O08cou1d　come　from　a　variety　of　sources．

　　　The　doub1et　structure　around2MeV　obtained　from　the　experiment　does　not　occur　in　the

ca1cu1ation　which，however，shows　a　s1ng1e　smaH　B（GT）maximum　around2．5MeV．The

丘ne－structure　of　the　GT　resonance　in　the　experimenta1and　theoretica1distributions　a1so

di任ers　to　some　extent．In　the　high－energy　tail，we　observed　about　twice　as　much　strength

from　the　TAS　data　in　comparison　w1th　the　she11－mode1ca1culation（from　the　TAS　data　we

obtained　about24％ofthetotal　GT　strength　above4．7MeV）．

　　　Due　to　the　poor　energy　reso1ution，it　is　di冊cu1t　to　measure　the局ne－structure　of　the

GT　resonance　by　using　the　TAS　spectrometer．The　C1uster　Cube　resu1t，however，o任ers　an

exceHent　opportmity　for　comparing　the丘ne－structure　of　the　GT－strength　distribution　with

the　she11－mode1ca1cu1ation．In　Fig．11，the　B（GT）distributions　from　the　C1uster　Cube　data

and　the　sNc　ca1cu1ation　a．re　shown1eve1by1eve1．The　experimenta14465kev（912＋）state

can　be　related　to　the　theoretica19／2＋1eve1at4424kev．whereas　the　experiment　gives　the

most　strong1y　popu1ated1eve1to　be　at3740kev（11／2＋），the　sNc　ca1cu1ation　predicts　severaI

1・・d・・m・d3895k・v，b・t㎝1yth・3916k・v1…1h・…　pi・・f11／2＋．lt1・di冊・・1tt・

Hnd　other　correspond1ng1evels，which　means　that，although　the　she11－mode1ca1culation　very

we11reproduces　the　g506α1structure1n　the　GT　resonance　of97Ag，the　detaHed　microscopic

structure　for　this　deca〉・can　not　be　determ1ned　from　a　comparison　between　exper1ment　and

theory．、Ve　regard　this　part1y　as　being　sensitive　to　more　detai1ed　aspects　of　the　interaction

as　wel1as　being　part　of　a“statistica1”aspect　of　the　mixing　between　the　hnal　states．

　　　Taking　into　account　the　fact　that　the1eve1energies　predicted　by　the　ca1cu1ation　may

have　uncertainties　we　have　smoothed　the　distributions　from　both　SNC　ca1cu1ation　and
　　　　　　　　　　　　　　　，
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Cluster　Cube　data　by　using　a　Gaussian　function　with　a　F＼VHM　of100keV，as　shown　in

F1g．13．The　GT　strength　from　the　SNC　ca1culation　is　scparated　in　th1s　Hgure　according

t・th・・pi…　1・…f7／2＋，9／2＋，・・d11／∠」，…p・・ti・・1y，・fth・1…1・p・p・1・t・Jby・1－

lowed　GT　decay　of97Ag．Among　the　three　components　of　the　resonance　I）redicted　by　the

ca1cu1ation，that　w1th　the　highest　excita．tion　energy（centroid　at4424keV）consists　a1most

entire1y　of9／2＋states．In　this　case，the　nuc1eon－nuc1eon　residua1interaction　raises　most1y

the　energies　of　the1eve1s　with　the　intermediate　spin　resu1ting　from　the　angu1ar－momentum

…pli・g（πgシ1、μg・／・）1＋⑧πg・／・f・11…i・gth・πg・／・→μg・／・GTt・…iti…F・・th・m…l

the　experimenta1B（GT）distribution　contains　two　high－energy　peaks　with　centroids　at4286

keV　and4465keV，respective1y．The　peak　centered　at4286keV　main1y　consists　of　three

states，whose　experimenta11y　deduced　spins　are7／2＋or9／2＋，whereas　the　peak　at4465kev

is　dominated　by　one9／2＋state．The　c1ear　correspondence　between　the　experimenta1and

th・th・…ti・・1・…1t・・bt・i・・df・・th・9／2＋・t・t・・…，h・w・…，・・tb…t・・d・dt・・t・t・・

with　other　spins．None　of　the　other　two　peaks　of　the　ca1cu1ated　GT　resonance　is　pure，but

contains　contributions　from　states　with　d冊erent　spins．Despite　the　mixture　of　spins，these

two　peaks　predicted　by　the　sheH－mode1ca1cuIation　have　been　con丘rmed　by　the　experimenta1

measurement，as　shown　in　Fig．13．

c．The丘rst　excited1／2＋state　ofg7pd

　　　As　shown　in　Fig．14，the　SNC　ca1cu1ation　reproduces　the　energies　of　the1owest－1ying

states　of　g7pd　from7／2＋to17／2＋with　an　a㏄uracy　of　better　than1o0kev．As　the775kev

l…ld・一・・dt・・by・・i・g1・7・・yt・th・g・・㎜d一・t・t・（5／2＋），it・・pi・i・…t・i・t・dt…1…

between1／2＋and9／2＋．From　the　point　of　view　of　the　she11－mode1ca1cu1ation，on1y　a1／2＋

state　at1036keV　is　reasonably　c1ose　to　this　state　with　a　d冊erence　of261keV（Predicted

states　with　other　spins　are　at　least464kev（for9／2＋）further　away）．Therefore　we　assume

aspin　of1／2＋for　this　state・checking　the　neutron　s1／2sing1e－1）artic1estates　in　N＝51nuc1ei

be1ow　g7pd（no　corresponding　exper1menta1data　are　avai1able　above　g7pd），we行nd　that
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the　energy　of　the1／2＋state　decreases　systematicaHy　when　adding　Proton　pairs　to　the　g9／2

・・bit・1・F・・gIZ・，w1t川p・・t…mli㎎・ll（・舳・b・1・wg。／。・・dwithth・g．／。・舳b・i・g

empty　in　the　dominating　con后guration，the阯st1／2＋state　is　situated　at120こkev［44】、with

tw…df…p・・t…i・th・g．／。・・bit，93M…dg5R・h…th・i・H・・t1／2＋・t・t・・t943・・d

788kev，respectively［441．Therefore，the　above－mentioned　assignment　of1／2＋to　the775

keV　state　in　g7pd，which　has　an　extra　pair　of　protons　in　the　g9／20rb1ta1in　comparison　with

95Ru，is　in　good　agreement　with　this　systematic　trend，which　from　she11－mode1ca1cu1ations

is　expected　to　reverse　towards99Cd　and101Sn［43］．Incidenta11y，the　SNC　prediction　ofthe

1eve1energy　for　this97Pd　state　agrees　with　resu1ts　from　another　shel1－mode1calculation1431，

which　predicts　a1so　the1／2＋states　of　N＝51nuc1ei　to　be1oo－200kev　higher　than　found

experimenta11y．

　　　The　sNc　ca1cu1at1on　predicts　the1owest1／2＋Ievel　in　g7pd　to　have　about40％of　the

s1／2single－Particle　component・The　s1／2single－Particle　energy　assumed　for　the　SNB　and

SNC　hami1tonians　wou1d　have　to　be1owered　by　about500keV　in　order　to　bring　this　leve1

down　to775keV・Thus，with　this丘rst　evidence　for　a・s1／2quasi－particle　state　in　N＝51

isotones　beyond　theπg9／2midshe11，the　position　of　the　s1／2sing1e－Partic1e　state　in　l01Sn　can

be　estimated　to　be1・2－L6MeV　above　the　d5／29round－state．

　　　The1／2＋1eve1of97Pd　is　popu1ated　by7cascades　from　higher－ly1ng　leve1s，but　may　a1so

be　fed　direct1y　byβdecay　of　g7Ag．These　cascades　originate　from1eve1s　with　re1ative1y　high

spins．we　ha．ve　ca1cu1ated　in　the　sNB　mode1the7feeding　of　the1／2＋1eve1from　the　higher－

spinleve1spopu1atedintheβdecay，and丘nda7intensityof0．30（outof100βdecays）

for　the1／2＋to　the　ground－state　transition．The　agreement　with　the　experimenta1va1ue　of

0．43（3）is　good　considering　the　comp1exityof　theγcascades　feeding　the1／2＋state．Iいs　this

complexity　which　introduces　ambiguities　in　the　interpretation　of　the　d1rectβpopu1ation　of

this　leve1：Theβintensity　of0．14（3）％Per1o0decays［221was　deduced　for　the1／2＋state

from　the7－intensity　ba1ance　invo1ving　exc1usive1y　weak　transitions，and　represents　rather　a．n

upper1imit　if　unobserved7feeding　is　considered．Correspondingly，the1ogμva1ue　of7，70

［221for　theg7Agβ一decay　to　this1／2＋level　represents　a1ower1imit．This　resu1t　does　not　a11ow
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us　to　draw　a　de行nite　conclusion　concem1ng　a　directβfeeding　to　this1／2＋state　from　a　so

far　unobserved1／2「someric　state　of97Ag．The　unambiguous　detection　or97mAg（1／2一）→

97pd（1／2＋）βdecay，which1s　of　the行rst　rorbidden　type，wou1d　require　improved　statistics

for　the　determination　of　the　ha1f－1ife　of　the775keV7ray，Preferab1y　accompanied　by　a

stronger　suppression　of　the97Pd　contamination　and　the　room　background　An　a1temative

wou1d　be　the　choice　of　another　react1on　mechanism　for　the　production　of　the1／2■isomer，

inc㎝tr・sttohea・y－i㎝ind・・edf・sion一…p・rat1onwhichr・the・sele・t・high一・pin・t・tes．

Vn．SUMMARY

　　　This　work　describes　the行rst　successful　attempt　to　app1y　two　powerfu1comp1ementary

setups，C1uster　Cube　and　TAS，to　invest1gate亡heβdecay　of　a　very　neutron－de丹c1ent　isotope

nea■ooSn．Good　agreement　between　the　results　from　both　measurements　has　been　reached

f・・th・wh・1・…g・・f…it・ti・・・…gi・・i・th・d・・ght・・…1…．

　　　VVith　the　high－reso1ution　spectrometer（αuster　Cube），we　observed6037rays（578new）

in　the　decay　ofg7Ag，de－exciting15197pd　leve1s（132new）．Using　theγintensity　baIances，we

obtained　the　GT－strength　distribution，revea1ing　a1arge　resonance　around　a97Pd　exc1tation

energy　of4MeV　with　a　width　of　about1．8MeV．Additiona1detai1ed　information　on　the

βdecay　of　g7Ag　has　been　gained．In　particu1ar，we　have…denti丘ed7－feeding　of　a　high－spin

state（2244kev，17／2＋）and　a　possib1e1ow－spin　state（775kev，1／2＋），both　of　which　have

spins　very　d冊erent　from　that　of　the97Ag　ground－state．

　　　The　resu1t　from　the　high－e冊ciency　device’TAS　not　on1y　con丘rms　the　existence　of　the

GT　resonance，but　a1so　agrees　in　terms　of　its　globa1shape．Comparing　the　resu1ts　obtained

from　both　techniques，the　C1uster　Cube　measurement　fai1ed　to　observe　a　tota1β…ntensity

of9．0（3）％（perβ一decay　of97Ag）above4MeV　excitation　energy　of97Pd，which　corresponds

to　a　deicit　value　of8．9（3）％（Perβ一decay　of　g7Ag）of　theβ一de1ayed7intensity　in　the

same　energy　region．If　norma1ized　to　the　tota17intensity　obtained　by　TAS，however，on1y

3．O（15）％of7intensities　remained　unobserved　in　theαuster　Cube　measurement　for　the
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who1e　energy　region　up　to6MeV，showing　the　exce11ent　detect1on　sensit…vity　of　the　C1uster

Cube．However，we　are　st1l1unable　to　der1ve　a　quant1tative　experimental　sens1t1vity　l1mit　for

th・β1・t…ity…　r…ti…fg7pd…it・ti㎝・…gy，・・thi・d・p㎝d…　th一…1d㎝・iti・・

of　the　excited　states　and　their　de－excitation　pattem，which　are　unknown．　As　far　as　the

summed　GT　strength　is　concemed，the　C1uster　Cube　data　have　missed33（8）％of　the　tota1

strength　up　to6MeV　whicいs　mainly　accounted　for　by　the　de行cit　va1ue　of9．O（3）％（per

β一decay　of97Ag）in　Iβto　the　states　above4MeV．

　　　Shell－mode1caIcu1ations　w1thin　the　restricted　SNB　basis　reproduce　the　excitat1on　energy

and　overal1shape　of　the　GT－strength　distribution　despite　the　discrepancy　inΣB（GT）．The

GT－hindrance　factor　with　respect　to　the　TAS　resu1t　amounts　to4．3（6），which　agrees　with

the　value　of3．7expected　from　further　con行guration　mixing　within　the　SNB　model　space

and　from　the　higher－order　con行guration　mixing　beyond　the　SNB　model　space．This1arge

hindrance　factor　is　a　direct　ind1cat1on　about　the　comp1ex1ty　of　the　actua1nuclear　wave

functions　compared　to　what　one　expects　from　the　simplest　sing1e－partic1e　she1l　mode1．By

using　a　comb1nation　of　high－resolution　and　low－reso1ution　spectroscopy　on　nuc1ei　that　are

c1ose　enough　to　the100Sn　core　to　app1y1arge　sca1e　she11－mode1ca1cu1ations，progress　has

thus　been　made　in　understanding　the　phenomenon　of　GT　quenching．
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　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　FIGURES

　　　FIG．1．Gamma－ray　sing1es　spectrum　obtaincd　by　using　the・一2capsules　of　the　Cluster　Cube

for　the　meas岨ement　of　mass－97samp1es．See　text　for　detai1s．

　　　FIG．2．Background－subtracted　coincidence　spectmm　from　the　C1uster　Cube　data，gated　on

the686．6keV7－raytransiti㎝．Seetextfordetai1s．

　　　FIG．3．Part　ofthe　background－subtracted　coinddence　spectrum　from　the　C1uster　Cube　data，

9・t・d㎝th・1537．7keV7一・・yt・…ition，・h・wi・gthe2817．1k・V7一・・yt・…iti・・whichi・the

weakest7－line　from　the97Ag　decay　identi6ed　in　this，vork．The一γ一ra．y　intensity　va1ues　in％perβ

decay　of97Ag　are　given　within　brackets　fo11owing　the　transition　energies　in　keV．

　　　FIG．4．High－mu1tip1icity・γ一ray　ca．scade　observed　from　the　CIuster　Cube　data，with　a　high－spin

・t・t・（17／2＋）i・g7pdb・i・gP・p・1・t・d．F・・th・d・一…it・ti㎝・fth・3740k・v・t・t・i・g7pd，㎝1yth・

cascade　invo1ving　the　high－spin　state（17／2＋）is　shown，other　de－excitation　casca．des　are　omitted・

　　　FIG．5．Beta－intensity　distribution　for　the97Ag　decay　obtaine（1from　the　C1uster　Cube　measure－

ment－The　upper　pane1shows　the　resu1t1eve1by1eve1in　histogram　form，where　some　representative

leve1s　are　labe1ed　with　energies1n　keV．The1ower　pane1presents　the　resu1t　smoothed　by　using　a

Gaussian　function　with　a　FwHM　of1o0kev．The　experimenta1QE0va1ue　is　indicated　by　amows．

　　　FIG・6．Experimenta1TAS　spectra　re1ated　to　the　EC　component（upPer　pane1，dashed　line）

and　theβ十component（1ower　pane1，dashe（11ine）ofthe　g7Ag　decay，in　comparison　with　the　spectra

simu1ated　by　using　the　decay　scheme　estab1ished　from　the　C1uster　Cube　data（solid1ines）・The

normahza．tion　between　experiment　and　simu1ation　was　achieve（1on　the　basis　of　the’o’ol　mmber

of　EC　andβ十events，with　the　experimenta1e冊ciency　for　EC　andβ十detection　being　ta－ken

into　a㏄ount．Note　that　peaks　in　theβ十spectmm　occur1，022MeV　above　the　positions　of　the

corresponding　peaks　in　the　EC　spectrum．
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　　　FIG．7．Intensities　ofβ一de1aycd7rays　from　the97Ag　decay　as　a　function　or97Pd　excitation

energy．Thc　TAS　res111ts（dashcd　linc），deduccd　b｝・us1ng　the　peel－oπmethod，arc　compared　to　the

results　from　the　C1uster　Cubc　measurement（。Uiid1ine）．The1atter　distribution　iias　bcU＾folded

with　the　T一へS　resolution．Note　that　thc　intensity　values　be1ow　O．86MeV　have　been　reduced　by　a．

faCtOr　Or　tW0．

　　　FIG．8．Lower　pane1：Beta－intensity　distributions　for　the97Ag（1ecay　obtained　from　the　TAS

data（dashed1ine）and　from　the　C1uster　Cube早ata（so1id　line）．The1atter　resu1ts　wcre　adapted　to

the　TAS　reso1ution　by　a　smoothing　procedure．The　uncertainty　shown　for　the　TAS　resu1t　at4．2

Mev　represents　the　uncertainty　for　a　bin　size　of1o0kev．The　experimenta1QE0va1ue1s　indicated

by　an　arrow．UpPer　panel：Qεo　va1ues　deduced　from　the　experimenta1Ec／β十ratios　for　se1ected

97pd　excitation　energies．The　uncertainties　of　the　QE0determina－tion　are　exemp1med　for　the3．3

and3・8Mev　data．The　weighted　avcrageof6．98（11）Mev　obtained£or　the　QE0value　is　indicatcd

by・h・・i・㎝t・11i・・（…t・・t）．

　　　FIG．9．GT－strength　distributions　for　the　d㏄ay　of97Ag　obtained　from　theαuster　Cube　mea－

surement（so1id1ine），the　TAS　measurement（dashed1ine）and　the　SNB－ba．sis　ca1cu1ation（dotted

1ine）．The　resu1ts　from　theαuster　Cube　measurement　and　the　SNB　sheu－model　ca1cu1ation　were

adapted　to　the　TAS　reso1ution　by　a　smoothing　procedure．The　theoretica1GT　strength　has　been

reduced　by　a　hindrance　factor　of4．3（see　text）．The　uncertainties　shown　for　the　high－energy　tai1

of　the　TAS　data　represent　the　statistica1uncertainties．The　experimenta1QE0va1ue　is　indicated

by　an　arrow．

　　　FIG．1O．GT－strength　distributions　for　the　d㏄ay　of97Ag　deduced　from　the　Cluster　Cube

measurement（so1jd　histogram）and　rrom　a　previous　work〔21］（dashed　histogram）．
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FIG. Il. GT-strength distributions for the decay of 97Ag deduced from the Cluster Cube 

measurement and the S¥C shell-model calculation. The theoretical GT strength has been reduced 

by a hindrance factor of i.3 (see text). (a) B(C; r) histogram from the Cluster Cube me~.urement. 

(b) B(GT) histogram from the S¥C calculation. (c) B(GT) distributions from both Cluster Cube 

measurement (solid line) and S¥C calculation (dotted line), smoothed by using a Gaussian function 

with a F~VH~,1 of 100 keV. The energies of some representative levels are given in keV. The 

experimental QEC value rs Indlcated b¥ arro¥~s 

FIG. 12. GT-strength dlstributlons for the decay of 97Ag obtained from the Cluster Cube 

measurement (solid 1lne), the TAS measurement (dashed line) and the SNC shell-model calculation 

(dotted line). The results from the Cluster Cube measurement and the SlNC calculation were 

adapted to the TAS resolutlon by a smoothing procedure. The theoretical GT strength has been 

reduced by a hindrance factor of ~.3 (see text). The uncertainties shown for the high-energy ta,il 

of the TAS data represent the statistical uncertaintles. The experimental QEC value is indicated 

by an arrow. 

FIG. 13. Part of the GT-strength distrlbutions for the p decay of 97Ag, showing the GT reso-

nance obtained from the Cluster Cube measurement (upper panel) and from the SNC shell-model 

calculation (lower panel). The theoretical GT strength has been reduced by a hindrance factor of 

4.3 (see text). Both distributions are smoothed by using a Gaussian function ¥vith a FWHlvl of 

100 keV. The results from the SNC calculation are separated according to the spins of 97Pd states 

(dashed line for 7/2+ solid line for 9/2+ and dotted line for 11/2+) populated by allowed GT 

decays of 97Ag. The numbers given on the top of the peaks a,re the energles in keV of the states 

populated ¥vith the largest GT strength among all states within each peak. 

FIG. I~. Energies of lowest-lying states of 97Pd for various spins, based on the Cluster Cube 

measurement and previous in-beam works [2~,25,23] in comparison with those from the SNC shell-

model calculation. 
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TA B L ES 

'f.¥ BI.E I. G a m ma - ray transitions usGd for the determination of the half-life of 97Ag. 

Ery (~le¥') 

~46.4 

586.9 

686.6 

846.3 

l O~3 . 7 

121 1 .O 

1256.8 

129~.7 

1448.0 

1489.5 

1537.7 

1563.7 

1658.l 

2666.8 

3053.2 

3296.6 

T112 (s) 

24(5) 

29.4(13) 

25.9(45) 

3~(6) 

22(~) 

22(･4 ) 

22.6(21) 

27.3(12) 

36( 1 1 ) 

25.3( 10) 

25.5(18) 

27(6) 

21.0(27) 

22(3) 

25(5) 

26(5) 

ave rage 25.9(~) 

~o 



TABLE II. Comparlson of the results from the Cluster Cube measurement and from the TAS 

measurement in several reglons of 97Pd excitation energles. 

97Pd Excltatlon 

Energy (~'1eV) 

7-intensity ' 

Cluster Cube TAS 

p-Intensity a 

Cluster Cube TAS 

B(GT) 

Cluster Cube TAS 

0.0 - 4.0 

4.0 - 5.4 

5.4 - 6.0 

0.0 - 6.0 

222.1(3~) 

21.2(3) 

o 

243.2(3~) 

220.7(50) 

30.1(30) 

0.80(15) 

251.6(50) 

79.1(30) 

20.9(3) 

O 

100 

69.6(30) 

29.1(30) 

0.80(15) 

99.8 

0.93(18) 

1.09(22) 

O 

2.02(40) 

0.88(11) 

1.79(23) 

0.33(9) 

3.00(40) 

aAbsolute intensity in % per p decay of 97Ag. 

TABLE 111. GT-hindrance factors for N = 50 isotones near rooSn deduced, with reference to the 

SNB prediction, from experlments and from a theoretical calculatlon [14,40,15]. The experimental 

data for 96Pd and 98Cd originate from Ref. [13], ¥vhereas those for 97Ag stem from this work. See 

text for details, in partlcular concerning the uncertainties of the results for 96Pd a,nd 98Cd. 

Isotope rooSn 99ln 98Cd 97Ag 96 P d 

hl ow 

h 

Core- polarization 

Monte-Carlo 

hhigh X Core-polarization 

hhigh X lvlonte-Carlo 

Experiment 

1 .29 

1.7 

2.3 

3.0 

1.36 

(1.8) 

2.4 

(3.1) 

1.59 

2.0 

2.8 

3.5 

3.8(7) 

1.65 

(2.1) 

2.9 

(3.7) 

4.3(6) 

2.00 

2.5 

3.5 

4.4 

4.2(5) 
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1- Experimental results d- SNC calculation 
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