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Hal f -L i fe and the Nuclear M atr i x Element of

W U Ef ½Fazzg H U ANG T ao

( bta itute oÌ fish Enwgy Ph3etcs, Tb Á tnew AcadØ,q qN cm mz, h zyoÆ 1́ ô " , Á ma)

Ab· , ct We appty the sbelLm ² l wave fm cm zs d 76Ge b d c1date tk nuclear mam d m Ä " and

the M f-life d tbe h £ d my d 76Ge. Á lr rm llt ² omp arable m the mcau oh a vd 2¸ demy half-

lih of 76Ge. Ftz ttè Äu e it pTOvidÔ É e uppe limdt d the d fed ive na m m mm is about 0 .4eV with

the zm nt e3× e m Ä ã l ² u d the O̧ dew half-life.

doubte p de² y , tmi f - lif e, shel l-nu deiKey WOE²

1 I ntroduct ion

× Ee tWEH Eeut m£ « Ebte beu ( 2¸ ) d ½ õ ² aIEow d m the SU M szd tbm y d tbe el ect zow Í
inter actia z azd has beô £Õ w d m tk labora® [ 1] . A IILm b® of expm zm ts have Ë por td th

dim et otä w attÞ d the 2¸ modÊ . For im tanch Ellb tt 81À Þ Habom tom f im oh E vd the 2¸
dem y of ms e[2] m 1986 . Ej ai d d and A M or1¤Gar Û° t et d have oh E Ê d the b tm de² y

d 1Ö 4013] . A nd the 2¸ dm y d 76Ge have bem obem d by t im e g o ups : Rm m n [4] , û 1¤

Ä ü n[5] and Hd delbez¬ -M B Þ wI 6] g q õ ¤ I E e fut1Ee d ² lbLe beta expm m m ts w iH h dÞ É 1atd

w th e m e d 8 1rk hed detä tms . h IU Iû thg n ,76Ge plays a par d m lar favorable m le. × Ieored« Hy ,

« Ee can predict the decay half- li fe w Ãh the Á lculated nud Ä r maÀ ix d a n a I¥ , g Em it ¹ param etE -

f ree f rom the pE d ele physiÊ side. Ò Ee expE m m t for the h ì ö Á y w ill test the thm mt ical pmdie-

t ion of the nuclear mat k ela Ilex1Ê .
How ever the situat ion h dif fem t for the neut iM m double beta ( O¸ ) dm y , w tzm Þ ne11¤

tr im is m it td m d lepton nm 1ber is violated . 11m e pm cm Ä ¹ 1 ozdy om ur , æ there is m ex-

chan ge d Maj orm a neut in0 . Cozmequm t ly the OLì decay half- li fe depg z² nd only Þ the nud eE

mat ix eim EÄ ¥ , but also Þ unh u w n pemmetØ$ 05 the deÁ y mä hanm z1.

Fur them om , boö modes m Eülated Ø Ê ch otlze W the nud m matd x elm Ä ts . T hus one
can me tbe sm e w ave hmcd om of nuclei m calculate the m d ear mam d m É ² b r the h ì - and

O»ð - decays . 11Ee available eE× erhnentd data d the h t m deÁ y w i ll tÊ t b op nuclear mm tx ele-

mm Ê and tell m how mtiabJle the w ave fm ct iÞ s m . W i th a mom accurate w ave funct ions m e cm
g t act the neut ino mm iEd om ation fm n the exp£ m Ä tai hal f - lite l im iÊ of the OL¿ demy - Ò 2e

inSOm at ion about the neut im mam and neut h o m bdI1g att acts the most att ¥ tion due to the m ¤
" 1 [7]CÊ1t exper mm 1 ± pmgre¿

I n th is pepö ' b ilow ing the shell-model w ave fuzzc6Þ s of 76Ge m d 76Se w hich w « ü disctmmd

m the prm ots pubtim tb Ä iss ] , w e evd uam the h lf -l ife and the mx M r mat r ix ele nentg d t he 2¸
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d× ay d 76Ge . Ç Ee iatÊ t H eidelbezÙ-M ¹ Þ W IZEeasum ng 1t for the 2Í ì ö Á y of 76Ge pm vidÑ a tegt

for tlm m ve fm d om . 1E is m n pm m Þ nfmm m nuclear w ave fund iom that apply to tbe O¸
decay of 76Ge . Á zr EÄ 1lt slm vs that t he ttmoredeal pzð ct ion fzm 1 our w ave funct ions is o© 1perable

w iÉ the e × er img ttal data d the b é dem y d ?6Ge m d the tp per h i t of the neut r ino mam is lm

than 0 . 4eV w Ãh th e meastIm nm t of OÍ OO decay of 76Gt

2 C a l c u l a ted M a t r i x E l em en t o f 2 À ' D eca y o f 76Ge

T he 2¸ mode has tw o d eem m m d tw o andneut iIm in the f ind stam m d is m× ected to ap

pear m the stm dard Em i el m the seÞ IEd od er PEOÕ s of w m lt in tg act ion , such m
76Ge + 76Se + 2e- + 2Le ( 1)

Ç ze dem y m pli tude a¦ ociated m h this pm ce s taIm the form[10]

F J J T ´ ei e2Í 1ù Ö | H a | e1Í 1È µ´ e1Í d m | Ff a l W AJb- 1 i - Ei - E¢- EÖ- Em T
´ e I ez " 1 Í 2 É | H e l e2 Í 2 þ µ´ e2 Í 2 é m | H g | # i µ 1

E i -- R - ½ - E m - M  Ð , ( 2 )

where H , is the Eç nilm m n ot the wvÄ k in¥ ô ö è ,

FHÐfùF = ấÓÑ j§Ì JÉö®

Tthh1Øe ×ði , ém aIEd ×f in h . (2) m the h itial , inta md ate M fm l m te ÷ ve fuzz m zs, m pee-

twely ; E i and E m m the initial and inte med ate  Ñ Ô1a ¸ ¿ ¤ G , L Faa d L a h Eq. (3) aId em i

Þ tp iØ Þ mtarIL the leptonic and had m c cu m m rem cdvely . L Ì M JÌ m h m prÄ ´ Ê
L,e= t YÌ ( 1 - ys) Í (4)

and
J®= FJŸ F v - FAh h + N , (5)

with Fv = 1.0 812d F A = 1.25 .

Empb yiù tbe ta - l clë m approm mtm m dö inm nd m staÕ , the hal f - life T i b mg v-

en bT

1?h = h 2 , - (6)
f g l M Òr |2

where

Mq =´ Ð ZrAOh (jMddjµj² µ J L;£)
- t´ j '

and r j mFG4f m (m J J? 71:iT × ÓZ Ti TZ1 -
GT252Í7 ¸ 7 1Et- ER- TUû ð (8 )

H em T o = T OM e w ith T o bd IIg the totd k inetic m zz y of the out gd ng elem ons an d m e beiù tbe

electmn mass- Fcz ÇGh T o = 2 . 045M eV - E m is the avemge en ergy of the in termediate nuclear

st at Ä . A cÞ M ina m the stadstiÊ study of the O decay , t he average inm m ediate ÊErgy is choem
rÊ m nably a11d E m - E t = 7 . 88 M eV in the Á se of 76Ge[10] . F m ( Z ) is the nom elat ivist ic Coulom b

C½ " ct ion factod loi ± ² Ä pm m analyÀc w aiÊ m d dEe phase m Ê intí mIS aFpm r iEª in

Eq . ( 8 ) . C2Í in Eq( 8 ) m m m ts the di f fa m ce k tw m this approximation an d m m ct inÖ rals of
the phase ¶ @Å ¤ For the a Ã dem y of 76Gh Q Í = 1. 65 [10] .

W e have d culated the w ave f und i« Ø of 76Ge and 76Se w tming a ¸ npte shel l - modd s®uct ,
11re[8¤9] . N i% is adopt ed è m ina t Þ m for 76Ge and 76Se. T he sizeH - Im del spece for these nuclei
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includeg four single pardele £ø its 11P¾ ,oh l2, 1P 1l2, Oh l2 i . We anplovd the mod fid stzfa¹
delta interaction (MSDI )l 11] m th two body rØjdual mt® act ion- 2 3e sizª Je - pan icle mergm azMi
first set oi parameters of MS M m the Table l were talm fm 1Fa¿ ler d d [12] . Ç Ee seÞ nd set of
pem metm of MS I was Øed to the 2¸ decay of 82Se m o½ pmvious paper l13j .

'Eä Se L Th nEähE nEUt x elé Ø ts aM th M r - ub d ² 2½ dmá' ô %Ge

conÊ Fmdkª  the din eØESEa- - zZLEB@f Úã DE.

| m I | mjMeV L | Tfh| A i A | B | C | 1psn | ofm| ¯ Ä | ogwzl tmm| Ð61lms
i | 0.Ø | 0.35j a¹ Ê Ø | oØ | E75 | 2.mÍ " Mm | 5.17
2 | e-M i o-m L OJ° | 0.Þ | 0.oo i L í 4 2 ´ i ¥ -m ai a,m | 2.m

3 Compar ison between

T he Eä m t expeztm m td ² u for b ý - ± O̧ - ² Ê y rzp dÄ d 76Ge m give u

T ?li ( exp ) = ( 1 77 133 i t t iP Á 1021 ym M] ( 9 )

and
T?h ( m p ) µ 5 7 µ́ 1² yÄ rs[7] . ( 10 )

T h d cd at d rm lt ( m T able 1) is Á m pm ble m the obä rvd h t m dmay half - life d 76Ge

and the hd f - lh w i th seÞ nd set d parm et Ä ( last m ) is clØ e to the oh ew d vaim M Eq . (9 ) -
TTE d om , Þ e cm kd ® that our w ave ftmd im s of 76Ge m d 76Se znay have mom saHd ied m Ä m -

t ion ÷ × the EØ SOM Me PE gm eter ch040Ê . W ith the same w ave fm ct iom one ü 110btmn tlmt th e d -

feetM nÙ ö p maó is lm th an 0 . 4eV by ua zØ th e latÄ t g ² rhzm 1tal low er lkn i t ( Eq . ( 10 ) ) ¤
the OÍRR deÁ y half- li fe of 76Ge.

A s w e h ow , the m ul t d neut iEU ¹ d lladon eµ m nm B Þ th e d feedve nmzu t m mam[14]
givs the upper lm i t may be am md 10 - 2eV . h order m app mach É ã l im i t fm n the nuclm O¸

decay we a ª gÄ Ø impm ve th e exist iÛ Ô× ezt mental lim i t of the OBð - deÁ y half - life by m irª

the enri ched 76Gt M m d om to KEEpm ve the theomt id caic1486on Þ the EEtzelÄ - m m elm ea t

of 76Ge am aim necÄ sazÃ .
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76Ge Ä 2vö ¥ ä Ù ü Í Ø ó £

â Û¼ Æ Î

ª ª û Ã '®Ge Ä Ç £ Í ¨ ¯ ý Æã « Ge Ä 2¢¿ ¾ ä Ø ó ª Í Ù ü . á û É

Ô ë î ü Û ì ½ Ä 76Ge Ä a tm ¥ ä Ù ü à È â , ø ø Ó î ü Ä 0Íé ¥ ä Ä µ

é Ù ü É Ô ã ö Ð § Ð Õ Ó Ê ¿ Ï Þ Ç 0 .4ev .
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