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'Y-Ray I ntensity Calculat ions for I somer ic T r ansit ion Decays

( CHm- Nmel- - E Da a Ce± ' ®,

Abetm d How to cd culate É e Ã- ray em m om pmbabili ty ( ú ,olute intensity) iE isomm e »è , ih n decay is bd eny inm duced . TEe

examples m e ven M il lusm te ´ ,eir ø l ica60ï . Ä " physm I COØ ú ent checking and some diseussiom m also e ven .

Key WOE² isomed c tram iu£" ' mtensity calculation , mteEEBity b¤lance - m elee decay

1 Introduction

h m isomertc transition ( IT ) decay, a Á Enzna-my is 2 Calculation methods

emitted in the tmEmi t ions d the nucleus fmm a hi d dy ex-

cited state to a lower state or ø mmd state , and m atomic

radi at ion may be emi tted a8 m al ternative to the gamma-

my emissi on in the transi t ion of the nucleus thmud 1 the

intemd eonvemion electmn pmeess . h geneEÀ , the IT

decay gamma- mys cm k di vi ded into three kinds ó fol -

l ows: ( a ) pd BUry gamma-mys fmm the hi d Eest excited

state ( i somed c state ) ; ( b ) secondaE7 Á mma- rays f rom

other excited states below the i someric state ; ( c ) gamma-

mys of di metl y decaying to i ts ground state ( someti me in -

cluding pri maÇ and seconda27 gamma- mys) .

Fmm these gamma- my measummenu , the nuclear

decay scheme cm be imom , and the decay Á mma ç i -

vation and ysis cm also be done .

In the experimental measummenu , relati ve decay

ø mma-ray intensit ies ×ü meaSEEmd . In practi cal appl i ca-

tions , the decay gamma-ray abeolute intensit i es ( eEEdeeion

pmbabi l i ti es) should be knom E¤ h general , the decay

gamma-my emi ssion pmbabi li ti es per 100 Ð decays must

be e ven for pmeticaI applm u ons .

U e cal culation methods d the normal i zaHon factor d

the gam ma-my intensi t i es × ' IT decay8 and thei r practical

appl ications am intmduced bd d 1y . m e physical consis-

tent checking and mm di8cussions are also e ven in thi s
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Mai n and geneml methods of the gamma- my i ntensi ty

cal culation for IT decays am summar ized as foll ows .

2 . 1 Cal mEM Uon f m m d n ct gam m a- m y decays Ø

h m Ð decay , the nucl eus decays into iu gmund

state by emitt i ng a y -my , as shown i n Fig . 1 . H them am

m gamma- rays in nuclear tmEmitions decays to the F und

state , É is the mlative intensity for the k - th gamma- ray ,

Ä is i ts intem al £onvemion coefEd ent , the equati on cm

h wzttten Ø follows ,

NEA(h ah) =1Þ ,

here N is a normali zation

Sion pmbé ö ty ,

factor for the Á mmb ray emis¤

N = Ð ¥ É ( 1 + Ê ) Ø

For l ight nucl i deh the internal convem on coa -

d ents Ê are qu i te smaII m d cm be negleeted . Ú 1erefore ,

N z Ð ¥ É £ )

FEWEn Eq . ( 2 ) or ( 3 ) , the normal im tion factor N ,

and then , the absolute gamma-my

for ® decays cm k calculated .

eEIUSSion pmbabi li t ies
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Fig . 1. Skeleton scheme d gamma-rays M

the F und state h m high emitd on au te- -

m e relauve gamma- my data[IJ for the lh A u ( Tm =

30 . 5 s ) Ç decays am e ven in Tab le l m d iu decay

scheme i s shown in Fig . 2 . In Table L the gamma- my

eneÞ ü , thei r M auve m ensiHes m d levels m e ven .

Fmm Table l and by using Eq . ( 2 ) , one Ends N =

0 . 680 Á 0 .Þ 6 , and the absolute gamma-my deeay inten-

siHes cm al so k cal culated . 111e total intensi ti es of the

gamma emi ssi ons and inteETEal conversions aIü shown in

Fig .2 .

Fig.2 . Decay scheme and the Á mmb ray

h temity tbr wh AU E deeaysl1] .

TaMe2. Gamma-my data bÊn E" - n (4.02 d)IT dec¤" [I] .

Eyfh V Er- -¤Äì v - zJ Md -H az gÞ lTJ e
19.8 " ' -2, [M4] J 6.,, XItp
n .1 239.5 0.0114Å' ®" 7 fm ] ½ 21¤ ¤̈ ¢zr y' 51.4 ¤ J

30.¤9 9 1́ .79o m-0 13 M1+E2 - ² ² E 4 393 3
" ¤" 2 õ .£" 1Þ 5 Ml +² - 01̧ ,$ 1 11

1́ .5 2 ´ , .29 0.74 4 M4 1179
129.79 2 129.790 24.8 13 n 1."

v 140.6 29.5 0.ª 3 13 M1+ª , 0.17 4 237 2
211.35 25 211.35 0." 1 8 17 M1+Ô +@.38 3 0Ja 10

MuI ttpolg i ty and i ts m xtum rati o for p ¤ m¤- my .
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Table 1. Gamma-ray data for m-Au IT decayFIU

n Ø

1 123 3

0.$77

1 0.429 2

12.05

o .0435

0 .M6

2 41

24

12

9

E3

M1 + E

E2

M1 + E2

M4

0.4S

1Þ

0 .¸ 3

MuIUpolariä and iu mixtum ra Ao for p mm -my.

2. 2 from primary decays

f EÒ,n t he IT sta te

h m Ð decay , the nucl ide is deexci ted fmm i ts Ð

state by means d primary gamma-my decays , Ã shmm i n

Fig . 3 . Suppose that them am n pri maI7 gamma- rays , J t

i s the EªElati ve i ntensity d the i - th pri mary gamma-my and

Át m i¥ i ntemal conversion coeaI d ent , then ,

+ Á, ) = 100 , ( 4 )NZ L(1
o r

Ð ¥ Ø ´S}

And for lieu nuclides, Ê . (5) becomes

Ð ¥ Jt ´@)

' ®rF IØ

~

Fig .3 . Skeleton scheme of pdmaÉ p mmb ray

h m the ® state .
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u e p d m a Ç g m n m - m y d a t a [ 1 ] f o r t h e m n ( T 1 12 = g a m m a - m y c a n b e c a l c u l a t e d , Ø s h o m i n T a b l e 3 .

4 . 0 2 d ) Ð d e c a y a m l i s t e d m T a b l e 2 , a n d t h e i r d e c a y - M h l G a m - p m M ù  ' " " ¤ " E r n a ± " I Z ] -

s c h e m e i s g i v e n i n F i g . 4 . F m m T a b l e 2 , t h e EB o r n 1 d i m - E J k e V E ( l e v - I ) / k e V I ; M u t t - H S H a

t i o n f a c t o r N = 0 . 1 1 4 Á 0 . Þ 6 i 8 c a l c u l a t e d . a n d t h e

9 . é 6 1 8 9 . 4 0 8 1 5 . 3 3 M h E 0 . 0 1 2 9 3 1 7 . 0 9 5

Á m m a - m y a b e o l u t e d e c a y i n t e m i t i e g f o r e a c h g a m m a - m y

3 2 . 1 4 9 @ 8 4 1 . " 4 9 0 . £ " 3 Ä " , £

c a n b e a l s o c a l c u l a t e d . Ç 1 e t o t d i n t e n s i t i e s o f t h e g a m m a

Ç é . . a " - i æ æ , ® . H M u l z i p o t a t t y a n d i t - ó E a u - r - 6 0 6 0 r , . .

a n d i n t e r n a l c o n v e m i o n d e e t m n g Ã s h o w n i n F i g . 4 .

, . ¤ r a y -

e¢÷ s
¢ 4 L E d y ' ® ¢ » 1 0 0

¤ ¤ É ÷ S S õ ² , ± ± 3 P h y s i c a l c o n d s t e n t c h e c M n g

- f ç ð Á4® ·É-F mt µ
þ Å || 1222 þJ ¹ ÷ ¨ mport mdEea×ysMÐ MeEEt¤ kof

M Z - i ® Å E ? ã " t h e i n t e n s i t y b a l a n c e f o r e a c h l e v e l s .

t p i i l » M a h h F o r g a m m a - m y d e c a y s  t h e F o u n d s t a t e , E q . ( 1 )

1p t m

b e c o m e s

FÊ tØò g8 . 4 . Dh ë e¶ë a® 7 -± ed thh °"¦ Ü°m Tmm nm Û m d g m Ø Ø . nç W th öØ½ tù Ü mm iÎ 6¤ e± ¸ h Ø

µ̈ : É (Ô 1 + ÁÈ k ) = 1 Þ /̈ N . ( 7 )

t h e 1 h p 1 ( 4 . 0 2 d ) Ð d e c a y - [ 1 l .

F o r t h e M E M E 7 g a m m a - m y f m m t h e I T s t a t e , E q -

2 . 3 G a m m a - r a y i n 1 e m i t y c d c u I a u o n h º o m a b o v e

( 4 ) b e c o m e s Ø f o l l o w s ,

t w o m e t h £ d s c o m b t n a a o n

µ : J ( 1 + Á ) = 1 0 0 / N . ( 8 )

W h e n a d e c a y s c h e m e f o r i s o m e r i c t r a n s i t i o n i s v e Ç t f

s i m p l e a n d t h e m m ½ v e m l g a m m a - m y c a s c a d e t m n M ¤ F m m E q s . ( 7 ) m d ( 8 ) , £ " S EEd s ,

t immo¶́ n

m a d e o n t h e b a 8Ò i 8 o f i n± t e n sÊ i t®y b a l a n c e a n d b y c o m b iÊEnmEnmE"mEn1 g 4M . l

t h e t w o m e t h o d s d e s c r i b e d a b o v e . A s m e x a m p l e , t h e E q . ( 9 ) i s Þ m c t w i t h i n t h e i r u n e e Et a i n t y r a n g Ê ¤

Á m m a - m y i n t e n s i t y c a l c u l a t i o n d t b e Ð d e e a y f o r S 3 I Q i s F o r o t h e r l e v e l s b e s i d e s t h e I T s t a t e a n d F u n d s t a t e , t h e

m a d e . I n F i g . 5 , t h e d e c a y s c h e m e f o r U K r i s s h o w n - h i n t e n s i t i e s c o m n g i n t o a n d g o i n g o u t l e v e l j a m É e s a m e

t h i s c a s e , w e a s s u m e t h e g a m m a - m y n o r m a l i z a t i o n f a c t o r w i t h i n t h e i r u n c e d a i n t y r a n g e , " S h o w n i n F i g . 6 .

N = 1 , f m m E q s . ( 1 ) a n d ( 4 ) , t h e i n t e n s i t y f o r e a c h | . . I T

l l t t , ç

s e i L J - l

U  FJþÂ j l i l iLSj
l a - z Y º Ø m .  | 1 , z f k I f t : 4 .

7 / Û , , m 1 ¤ ¤ É " | | i ' É

- - » ¸ i ª£ 1 5 4 4 m l l '

9 ² + ® ¤ . ¤ - 0 . ¤ A h l e

ç 4 7  " ' o

F ç . 6 . S k e i e t o a , e b e m e o f t h e M t e m i t y b a l a n c e

F i g . 5 . D e e ® , e h e n - e m z d F m m a - r a y i n t e n s i t i e s

c a b m h " £ " f o r e x c i t a t i o n l e v e l s .
f o r ´ 1 4 r Ð d e c a y - l 2 ] .
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ü ë ´1+ç ) - Z M 1Ç ' -F ¤ ¤ ¡ ' « ¤̈ ¢- W F ú '  - , , fund om d atom c number Z J -my em EW E 7 . and iu

h fom ula ( 10 ) , ð , ì , 4æ æ d u m the mla¤ m ¢ polE i ty E 1 , E2 , ¼ , M and M 1 , M2 . M3 , ç ,

t ive intensit ies M d their intem - l eonvemion eoe· d ents m ped ively ) . Ä e £onvemi¶ eoefnd ents for a sped f lc y -

for eomi ne i nto and gomg out level j , respec¤ el y . my eneEW are determi ned by a tt ing th data ÷ × cubic

h Tab le 4 . the calculation and checki ng mSEElts of spl ine func6 om and a eet d att i ng coem cients for a g v -

the inu nsiw balance for each level s h m 1,, . Pt ( 4 .02 d ) m , Z , E y and mt»lt iPolazt ty cm be obtai ned , and then

Ð decays am e ven . Fmm Table 4 it ean be seen that the the i ntem al convemioa cod h ie-zts can be cal culated by

intensi t ies are com i stent wtthin thei r m een ainties . using the coeé d ents .

4 . 2 Decay schem e
4 D isc u s i on

In F Er mi . the present calcu lú £n is based m the

Ð decay scheme . But it is noted É a the IT decay
4 . 1 EEter nal conver ston coem d ent cal culd on

scheme is not conüCt somet imes . A8 we know , it is not

As desc ribed above , the internal conversi on eoeé ¤ po- - ible to measure the weak - intem i® Á mma- rays experi -

d ente for gamma tmnsi ti ons must be known . mental ly . Besides , the measumd uneenai ntie- fmm the

A ssume the eneE15y d the i ¤É Ã- my for a radi oZEta- backe mmd deduction and the gamma-spectm pnal ysis

el ide Ê E vt , the intemal convem £" £" é d ents eonF lead to the Á nuna- ray intem iw unceEt ai nti e¤ . std ctl y

spond ng to the i ¤É Y-my for k ¤, L , M- azzd N-Shells speak ing , i ntensi t ies d comi ng into aEEd F i ne out a level

are Áu J U J Mt and Áô , mspecu vely . Ú Ø total intem al am not exactl y same , m d they am only consistent wi thi n

thei r uncedaunti es . ì Ee normal izat ion factom detent1i ned
converstoa eod Ed ent i s then a d,

ÉÉ fmm pzt mazy p mam- mys fmm the Ð state and the Á m¤
Á. = a u + ÁÌ + ÁMd + Áô = µ :Áç ¤ ( 11)

Ã m - my decays to the g m nd state cm k diEem t . h the

m e intem al eonvemi on cod -EcieZEts h , ÁLt , ÁMt , data eval uati on , nom ali zati on factor i n the Ð decay is

h . m d a e cm be calculated by usi ng calculati on £ode usuall y calcul ated fmm the ø nm m-my decays Ø the

HSICC:3³ . It i s based m the themð eal internal Þ nver» F und esa e .
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- ion eod Ed ents ( the data tables and euEVÊ are e ven u ¤
(10)+ Ám) . 0.
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