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L ifet ime of I somer in Hi gh Char ge States

( ImuttÒte d Modem physic- , Chim e Academy d Schm ¤- , Laú £" 73Þ Þ , China)

AM ®, d Nud e-z li fet ime shih d eha ged aÌ£É , due to lack d iMetTEal oom em o-z ( isomer ) a eleem zz cµ ô ü »m si60n ( R de-

cay ) , ² m d yzed - 111eomucal predict is e ven , ² aa d eem n density d mzzer shel l at nud ez m daee deereé Ø and energy level ah o

decrease- ÷ × incream g of chmF state , EEtzele® Hfetime mcmasa slighdy wi ² pE¡ i om reasom but hzemases with a j tó p whm ener-

g level ² ÉPS M a cr i ti cal val ue - 1TEe slzih d MIM e m eompm d ô inte nd £om em o-z ì ú dtgm zzt nuclear decay em rg and

diEeTent wpe d t ansMom - A £omEBOn used cm putØ code d this calculation created by our-elves , a zd the calculation m ul ts u e

compamd with expe iment m e.

l i fetime d iso× Û , high cha F State , elecuun

E I ntr oducti on

TTm en vi ronmen t vad at ion d outs id e nuc lei ag eets

the n ucl ear zü ac t ion an d dec ay . T Il e Á dec ay rate an d fu -

Sion d as tm - m zc l ear m acti ons am p @atl y sensi Hve to the

d im etd ty of penetm t ion thm u d 1 th e cou l om b ban t er . U i s

b E r ier i s sl i e u l y d iEem nt f or nu cl ei SEErm IEn ded b y elee -

tm n cl oud fm m for bare nuc lei . Ò 1e eEEvi m nm enta l eRect

of t he el ec tm n c l ou d c m sl i gh t l y d i stu r b the ban t er an d
thus ag eet the decay m te by the OM er d 1 . 5 x 10 - 7 t0

4 .o x 1O J for m Ra[ l l h l ow energy nuc l ear m ac t ions ,

t he eg ee ts of envi ronmen t are ob vt ou t zJ , such as tr and er

react ion MAJ an d th e f usi on m acti ons lsU pazt i CEl l ar i y i n ó -

tm -nuc l ear reac ti on s .

Ú 1e nuc l ear p m ess , i n wh i ch no el ect ron par h i -

pa m d i m tl y , i s d eeted by env iEm m ent th m d 1 th e

ch an ge of sc m ni ng for ej M d or pmj ed i l e pazt id es ,

such Ä the r , F dec ay .

Ò 1e rad i oacHve d ec ay PEWee è , i n whi c h atom elec -

tm n s part i c i pate d i m etl y , aE eeted by th e el ect ron c l oud

densi t y ou t si de n uc lear sUEf ace , l i k e the weak i ntem CHon

i nvol ved i n el ectron cap tum ( E C ) , azzd l evel t ransi t i on

i nvol ved i n the in teETEal eonveE° on ( I C ) . 1T1oee tran si t i on
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l evel , el ee· £n densit y

mtes am essential ly pmpon ional to the electmn densi ty at

the nuclear sUEf ace wheEü electm ns aI¬ avai labl e , the

most dimet way to change the mtes i s thus to chm ge the

tot al electmn densi ty at nucl ear suEf ace . In fbw case , it i8

thmt16 1 the shift of atom level that shel l energy val ue near

the transi ti on thEüshold energy .

TTze change of electd c envi mnment ageets the el ec-

tric potential Seld , thus aEects the el ectron wave func-

tion . However , the Coulomb tl el d near nucleus is ve®

, tmnp the shape d the eleetm n wave fund ion is inde-

pendent wi É envi mnmeat but di stuÉ ed by envi ronment -

111e i onizat ion pmcess only sl ightly aEect the d istd M Uon

mg on of electmn wave h mCHon and pertu rbations the lev-

el eneEÃy of electmn shell . × Ee electmn eaptum and the

internal eonvemion az· sensi ti ve to the electmn densi ty

near the nuclear sUEf aee , speci al for the inner sub-shel l .

For hi d E ehaE¬e state , the densi ty mag zHEEde tends to ze-

m , the l ifet ime of unstable nucl ear shih rapidl y , to the

forbidden el ecÇ£n capture and i nternal eonvemion , the 6 .

nal val ue of l ifeti me onl y determine by r , Ã ¥ aEmiti on ,

Óspecti vely . U is is usd EI in study d hid E Spin isomer

beam in R IKEN and CSR exped ment i n m p
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2 Principles and method

i n a d d t i o h f o r a p ï e

Á,(ML) =mwf (2j, +1)(´ +1µ(h+h Y x
² J L ( L + 1 )

A n u c l e u s i n m e x c i t e d s t a t e c m d e c a y Ø a l o w l e v - I h j L 1 2 l l

¨ F u n d Ø W 10 t o ­ i s s ¡ ¨ l t e m a u v e l y , b y i m - m o j | R hho ( M L ) | 2 , ( 3 )

i n t e m d c o n v e m i o n ( a l l t r a n s i t i o n e n e r g y d i m e t l y t r a n s f e r
h e m l zo k , d e @c r i b e t h e a n g u l a r q u m M m d i n i t i a l s t a t e d

Ø i n n e r s h e l l e l e c t m n , e m i t t e d e l e c t m n , t h e n , t h e a t o m

b o u n d e l e c t r o n a n d t h a t d a n a l s t a t e o f t h e c o n t i n u u m

d e c a y b y s p e c i a l X m y o r A u g e r e l e c t m n ) . h s o m e c a s e

e l e c t m n , Á i s t h e a n e s t m c t u m c o n s t a n t J / Ü , W i s t h e

l i k e h i d l s p i n b o u n d F u n d s t a t e , a n d n e a r c l o e u m s h e l l .

n u c l e a r t r a n s i t i o n e n e w , i n d e x Ò i s a t o m i c s u b - s h e l l o r

o f n u c l i d e w i t h SEn d t m m u o n e n Ø Â y a n d m t h l a r F m ¤
t h e e -e c t e d e l e c t m n . × 1e t o t a l c o n v e m i o n c o e g l d e n t i 8

gu l a r m o m e n t u m c h a n g e , t h e n u c l i d e h a v e l o n g l i f e t i m e '

t h e s u m I C C o f d p o e s i b l e s u b -- s h e l l .
f o r t h e Ã t m n s i t i o n f o r b i d d e n , f o m e d m c a l l " i so m e r .

T h e t r a n s i t i o n R ES t d x e l e m e n t s R , o n l y i n c l u d i n g t h e

h s o m e i s o m e r s t a t e s , t h e i n t e m a l c o n v e r s i o n t a k e s m

s t a t i c e l e c t d c c o n t d b u t i o n , i s d e a n e d b y
i m P O Et m t m l e w h e n t h e a t o m i s a h i d E c h a r g e s t a t e , l i f e - . . .

t i m e c m k i n c m m g t o Ø % d n e u M a t Ð 5] i n R ht o ( E L ) = | £ d r i w Ð ) ( W r ) [ g A - M ~ ] x

w h i c h t h e i n t e r n a l c o n v e ȨSi o n p o e s i b i l i t y b e e o m e s m m . º .
A cÞ o mmm EnmmInmôEmômÐoß¶ En1 ô »Ó¢ od f tÉth1o Ð rm£ eß e sØ@Çé s iÊs sïmµe¥ï nm 8 i t÷ y tØo [ êU r hÈWÇ ;?Ã̈1ÔÉ)ø ( røÌÐwÎÐ )¶ l [ g hdg h~

0

t h e ed l é c t ImmØØ En E d e n s i t y nÎ e a® r t h e 8ô tu2uEdf a× c e o f n u c l e u s . O n e c m a n d b y

eve the mlationship d intemal convemion coemcient fR a§ ( M L ) = | d r [ g J L - j i g h ] h Y } ( W r ) , ( 5 )

( I c e ) b e t w e e n t h e v a l u e Á ( Q} u c h a r g e s t a t e Q a n d t h e o J

v a l u e d Á (0 ) a t n e u t r a l a t o m - w h e m h ; 1} ( W r ) i s a s p h e r i c a l H a n k e l h BEECH o n o f a m t o r ¤

Á ( Q) = Á (0 ) ! ! g ( p ( Q) ( r b É É ) h d e r , · , ù m h D i m e M i d w a v e f u ¨ o n s f o r p Ð ÷ ¤

t i l e e l e c t r o n , g §, , j i o a m t h e D i m e r a d i a l w a v e f u n c t i o n s

f o r i n i t i a l o c c u p i e d b o u n d o r b a . C a l c u l a U o n d t h e q u a n t i -

t y g h ( Z , W , r ) , j i ( Z , W , r ) m q u i m s D i m e e q u a t i o n -

F o r t h e c e n t r a l p o t e n H a l V ( r ) , t h e r a d i c a l Ø m p o n e n t s

a m a s e t o f c o u p l e d d i e h m z t i a l e q u a t i o m M ]

(1)

heEÉ , the p is el ectmn di std bution density . Any change

of the conBguration of out electronic shel ls wil l modify the

SCEÔening and the inner electmni c wave funct ions . 131e

electmnic densi ty of ne× the nucleus , m d the I CC wil l

h di scussed at next section .

131e intem al convemion mte and gamm a- my emi ssi on

rate azü propon i onal to the squam of the same nuclear ma-

ut element . Ò 1emfoÓ , the i nternal convem on coem -

cient , the ratio of those two kinds rate , i s independent

wi th nuclear matr ix el ement , and cm k calcuI a ed am u-

mtely . Internal conversion is al so foEbidden for the transi -

tion RIl e i n isomer states , however , a iow el ecuon density

near the nuclear suEf ace or even no electmn outside cm

forbid the internal COZEvemion . It mSUI ts i n a l ife dig er-

ence for the nuclei at the chaz¬e states and at neutral a -

Om . In the lowest , non- tri vial Od er of pen uE43ati on theory

the internal conversion coem cient for transi ti on of pum

electd c mult iple Od er L i s e ven by

m ( 2j g + 1µä + 1}
Á, ( E L ) = m W È̈ J L(IJ 1)

ß Ü ï í ë Ë ï í (EEP& NP) Ú Ð í

(Ú ä :)
|RU EL)|2

multiple ozder L by

(2)

- fA ]) , (4)

i L f½Öç ish- (W+1+ V(r))A =0,

Ñ ä½ ?41i k +ö - 1+ ¨ )gh=0,
(6)

whem

k = l for j = l - 1/ 2 ,

k = - l - 1 for j = l + 1/ 2 ,

l is angul ar qum tum number of the ej ´ ed £É it electmE1.

As m appl icati on for intem al conversion , V ( r ) shoul d

include the d ects d nuclear chaEÅe di std buti on and of

the sc reeni ng by the oÉ ital electmE1¤ Bambynek m m -

vi ewed the soluti on in the semeni ng potential and in the

eleeu£n exchange potenti al . For geneml purpose , the in -

teÒ £lati on £onvenientl y g ves the vd ues of neutml atom

ICC fmm Hager m d Sel tzerM] table and DragounM] tabl e .
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Isomer states am formed by foÉ iddi ng of nuclear transi -

tion , but the ICC is detenni ned by the static el ectd c en-

vi ronment , the I CC val ue of i somer state i8 the same "

th± of other eneEÅ7 states .

2 .2 W ave h zmcd om m d I C C of char ged atom

Ò 2e W KB semening appmxi EElation is the best de-

scribing the sCI· eni ng etreet of the electmn cloud on nu-

clear coulomb field in p decay and the internal conver -

sim . Ò 1e method suggested by Roee[10] using el ectma

wave × EECHon mplacements[11] . For our pmpoee , the

function EÉplaced from the screening to no screeni ng by

, P' W ÷
gh( Z, w, r ) ú » ¸ g: ( Z, W, r) ,

w r
p ' w a

A (Z, w, r) ú v p f h(Z, w, r) ,

w hem W' = W - Ô , hem V; is the di g erm ce between

the coul omb potential energy and the exact poted al m er-

gy of the continuum eleetmn a the nuclear radi us R . p

is the momentum of i ntemal £OEEversion electmn P =

ü Ó T and P ' is the momentum d Þ cted el ect ron ,

respeetively . ¡ = c = me = 1 . I n our case , the wave

function is neutral atom of self -consi stent potenti al Om in

which the semening i s included , the cORection is a m-

vem pm ¹ of Ref . [ 11 ] and ¸ mplace by v ; which is

the change of potential screening at nuclear sUEf ace for

EonEZatIon .

1E e study on the WK B semeni ng appma maHon

shows É ± W KB screening method shouI d be com et for
f µ Wv j 12] , and ratio d A ( semened ) / A ( m -

screened ) of R decay , here Ë Ê tzanMUon pmbabi l ity ,

shows ú ¿ É e W K B i s ovemsti mates the semeni ng Þ ETee-

tion for veÉ low energy d R decay and fbr hid E nuclear

charge Z [131 . Using unscreened Coul omb potent ial ,

semeni ng self -consistent potenHal incl uding the exchange

eEect of el ectmn and WK B screeni ng appmxirnati on ,
Matese' s calcul ati£n [14] shows that the W K B is m good

ae eement wiÉ the self -consi stent potent ial i n a large

range of R transi ti on eneE¬y and a large range of nucl ear

charge number Z .

× 1e potential ena w d ×h m atom is wri tten i n V; =

" z z Ä according to 'ITIOEM S- Fem i model , between m

screeni ng eEect and neutml atom . The 1310mab Fermi pt

mmeter a equal to 1 .96 to l . 8 1 for Me lt to heavy nuclei .

6Øâ Í Ö È :ß ç É ¬ ¬ Ä Ù ü¬ Ê ì Ü

But a is also a functi on of Z , Á values aEøe taken from

GazzØ t [15] and thei r i nterp olati on in thi s wOEt . For the low

em EW , we uà P dependent semening potenti al of fo-

m [ò ,

v;(h p(- Ö- ¶ ,v; ( Z ,P) = (8)

whem P i s a momentum d the ecmened el ectmn , the pb

m eter a . and k am
a = - 0 . 102 + 0 .238 Á 10 - 2Z + 0 . 10 1 Á 10 ¤4Z 2 -

0 . 111 Á l o - - z ' ,

b. = 0 .0 156 - 0 .360 x 10 ¤4 z - 0 3 83 x 16 ¤¤ f +

0 .242 Á 10 - TZ 3 .

Ò 1e i ntem al convemi on coefrIcierIt Á is a sum over

al l sub -shel l , and the rel ationship between the mdial

electmn densi ty and the el ectm n wave hmct i on i s

p(r) =­ ç ¨ r) +gk r)], Ý)
whem the index 6 of f and g i ndi cate@ó ,b- shel l d wave

hmctioEh the wave h nCHon dependent ÷ × eneEÃy m d

momentum . We cm deduce equation ( 1) Ø

{Q) - ? iÁ(EZ ) (î :)1. (Ø)- ê l eÉP W' 16 1 N eppp Å '

where N Y ) and N ? } m the number of the ¤ tmm in d

sub-shel l for charged and neutrd atom , Eespecti vel y . H

the shape and space distr ibuti on of electmn in sub- shell

cannot be changed , the eEFEati on ( 10 ) appmxi mately is

wzztten Into
, , ÒF{Q} É'¨ = ü |É!Ö l | 64f 017

2 . 3 Shel l energEF

¾( ; Fµ

shin and ICC

From neutral to chaØ ed atom , the change of semen-

ing m d exchang ng potenHal modi fy the electron wave

hEEECHon aecOEd ing to equat ion ( 6 ) , and e ve the shel l en-

erg a pen tErbation . Formula ( 8 ) gi ves us the static elec-

t ic potenti al change a the nuclear sUEf ace before un-

semeni ng Ø semening , and v ; is the sum of the shell po¤

L shell po¤tenti al change , but i t i s domi nated by the k ,

tenti al changes . In some case ,

Ò 1e nuclear Coul omb potential i s descri bed Ã

v ; appmxi Enately equal to

AEz ¤

¼j¨
(ZYZ U(¨ "
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heÓ th e i l m t ter m i s nuc lear elect d e poten t ial , th e seeon d

i s el ec tm n - sc reen i ng t em 1, an d th e th i d i s exchangi ng

tem ah er m p l ac i ng by t h e Sl ater ' s average v al ue . h i on -

i zat ion pm ess , th e pot en t i al change i s cont r ibu ted by

sem en i ng an d exch an gi ng d ej ec ted outer elect ron

Z JW )¼Ú ¤¤(­ ¿ É )US¸ (Z,Q) -

-

( 13 )

Ú ï ü im er and outer sub shell d chz ged atom -

U e v ; ( Z ) of neutral mCa is di b m t fm m the diEer -

ence between the val ue so SEEm+ and neutrzd mSn . 111e Vo

of 20Ca20+ i s digerent from tha of m Cats+ - h equati on

( 8 ) , the P dependent pan i s tiny modi fl cation only act -

ing ± veEÃ l ow momentum . Another part is pmpon ional to
z 4n , Z is the nuclear ehaE¬e ZEtan² er or the number of

el ectEWEs for neutral atom . We assume the Vo for a atom

m É charged number Q and nuclear chaEF nuú er Z is

Vo( Z , Q ) = ¸ ( Z ) - ¸ ( Z - Q ) for P i ndependent

pa Û, m d eneEÅy level shih ve appmxi mately am mt tten "

¸ = ( 14 )

e a, ,

Á , ( r )
l i m v d z , Q , P µ þ

Õ Ñ, ( r )

Energy level shih of atom i s in× OEt ant for some case

of intem al convem oE1. InteETEal conveM on occum a the

electm n whi ch has small est bound energy . In some case ,

the transi ti on changes fmm poesible for neutml atom to

i mpossibl e for charged atom , the nuclear hal f- l i fe hm

suddenly changed in i onization pEm ess . A s nuclear tmn-

sition energy E is less than ² , the i nteEYEd COZEveESion is

foEß idden for the eubshell Ò .

Unì IW EEi ng energy level of atom obeys the Bohr

formula for hydrogen-l ike level . h thi e woº , eveÇ shell

and sub-shel l energy use a well known table of bound en-

eEEY of atom , and formul a ( 13 ) , ( 14 ) .

El ectmn eaptum pm ¹ ( Å) for pê £n rich heavy

nuclei , l i ke the inteITEal conveIª ion , involves the bound

electron . For l acking electmn i n chm-Bed atom , ham ite

ti me i s i ncEºeased compad ng ÷ × the neutral atom . E the

Q val ue of the e pm m is Q , M Ind eneE¬y of the elec-

Ã n is E , the neubt no enew ( ned ecti ng the atomi c

recoil energy ) is qz M = Q - E , ) , l i near momentum of

the bound elecuwn i s p z , m d the electron density nem-

ß Ü ï í ë Ë ï í (EEP& NP) Ú r yí

the nuclear sUEf ace i s p and the factor associ ated electmn

exchange and overiapping is B Z, the capMm pmbabi Hty

become
(2L - 2 ) ! ! m FBsp i tø ~ ? " J IW Z

A = M , è !É (2L - 1) ! ! ê ( Ì , - 1) ! [ ( 2( L - ks ) + 1) ! ] '

( l5)
when L is the angul ar momentum d electmn captum

transiti on , M L is transit ion math element .

On one hmzd , the semeni ng mducti on changes the

potential fl eld , al so changes the electmn wave hmCHon

and Eeduces the densi ty p of the electmn near nuclear

SEnf ace m d the mtes of the el ect mn captum for the same

sub-shel l . On the other hand , deemasing electm n number

FEz in shell z EüSUIts in propon ional ly reducing the contd -

buti on or the mb -shell . Deemasing the occupation number

m d1e shell causes mducing the tem s of sum . H no elee-

k on outside nucleus , of eourse , Ë = 0 , al l nuclear half .

li fe m detem ined onl y by r .

2.5 Ã transiHon brunch ra6os

Many isomer decays have several brunch¸ , and

bm nch mt ioe have to be e ven by experi mental data or by

calcul ation . h our eode , ¤ there i s no experi mental data

of the mtioe , the theomti cal mtm of electmmaÁ etic tran -

si ti on are e ven by the ' h i sskopf Sind e paEt i ck esti -

matü , the decay width for mul t iple md m on ÷ × energy
E [17] am

m ­ Ð ÷22) (÷ )2X

[ (J 7µ! ?]z(¾ ª )¨
(16)

F ( E L )F ( M L ) = 6 . 69 ¡ ' » -

In tern al COZEvem i on coeé d ent ( ICe ) i s th e h MECUm

d tm Ø i ti on m mw , the type d tm m i t i on , and chaIF

a atm . h Fig . 1 ( a ) , the rel at i onshi p d half - l i f e shi t ¤ to

the chaEF gta Ê is sh om for d iE em nt t ransi t i on enm¬ y tbr

th e ø D y nu c leus ÷ × × type tran si t i on . E the t ransi t ion

en eEü y i s SEm i1 , the hal f - l if e shi f t i 8 l arge ; i EBem asi ng th e

tEï m u on en eEü , the hal f - l i f e shi f t i s deem si ng m pi dl y .

111e F i g . 1 ( b ) i s sh om th e Ö D y ó t ran si t i on Ø -
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sumed a 5OkeV energy level , for dig erent transi t ion
types . 'ITm half - li fe shi f t is l arge at a hi d ler mul t i -F Im -

ty , and the map mtic tmnsit ions ( Mä pe ) m of stronger

egect than the el ectri c transit i on ( E-type ) a near bare

¢

£
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E
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46

Fig.1. Relationship d th half- life ú ´ with charge ª Ø of 1¤' IW ¤ a Eem t eEØ Ü ( © ) ( a) and ibr

Tdú ±. Caº - n ¤Ô' - K-Mh zé Grzyw-a a aezÄÄm and expe MaEt MØú e.
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nuclei . FREe l i feti me of excited nucl eus Ma es in MO ly

charged atoms is incráased to the maxi mum , when i t i s

bmÉ , thM l i fetime determi ne only by the Ã transit i on and

inteREal convemion is forbidden .
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Ê 0.´ 1 0.1" ¤. EõJE,Ôbt4ÙØæµ , é ÉUES L;þiuú ¸ 1± L ,1¤a j 6- Te m s¤.ã ­ - w ES 1." 4 113 11.m u Jm

®3 2.33 2." 9 2.þ·

41 1.30 1.505 1.4 ð
" Ru Ì Õ - 146 .2 E 2.150 44 2.9 2.¤78 2.WS

43 1 54 2." ' 2.528
'4Ru ª ù 146 .1 E2 71 44 " ' 4.õ 1 " -9¤1

43 84 Ê .6as m -4µ

« 75 74 .6Ê 74.396
" Pd 2531 1" -4 n 22 ! 46 : 1 4$1 ¤ 4.6, 4.647

4S 33 J 1 2 8 3.ZE

44 2.5 2 .507 2.4?o
m Rh 112 112 m 0.130 4s a 25 0.M2 0.242

1" cd g 17 126.4 n 4.5 48 7.4 7." ® 7.376

In t em al con vem on oc cu rs for th e el ec tm n at th e su r -

f ace of n uc l eu s , an d th e pm bé ö ty Ê p m p on ion al to th e

el ec tron densi ty a su d ace of nuc lei . IEECIü asi ng t he nu m -

ber of the ch arge state , th e con t ri bu t i ons of m d tICi ng th e

densi ty aEü ter mi nat i on of ou ter orb i t m d shi f t of i nner or -

b i ts , b u t t he densi t y i s domi nated by i nner orb i ts . u e

sh i f t s of l i f eti me am mai nl y eonu ² u ted by l s an d 2 8 or -

b i t s .

ö 1e hal f - l i f e t i me of G n ywac z[1¤] ca l cu lau on ( row

a ) , ou r si mp l e cal cul at i on wi th eq uati on ( 11 ) ( m w b ) ,

÷ × wave " nCHon shi h eEpzaHon ( 10 ) ( m w c ) an d ex -

ped mental one ( m w e ) show n i n tab l e 1 . Æm exp eri men -

tal hd - l i fe t i me , poesib le t ransi u on typ es , exc i ted enew

an d othe r pam metem tak e fm m [ 18] an d i ts m fem mees , or

fm m N N D C n uc lear database . h i s d om th at al l ou r m -

ß Ü ï í ë Ë ï í (EfEP& NP) Ú 27í

Tabie 1. ( eoatintled)

SUIts ag w M É GEZywacz calculati on veÇ wel l , and our

si nê le way cm e ve the rather com et val ue .

h table 2 , the Erst excited state of mTe i s m i somer

wiÉ a hal f - l i fe of 1 .49 m fbr neut rd atom , the excited

eneE¬y of the isomer i8 35 .49 keV , the tmnsi t ion type i s

E2 and M l nÉ Etu m , which mfer h£m NNDC , E2 is about

88 % and M l i s 12 % . Comp® ing the cal cul ated half -

l ife of charged atom h m equati on ( 16 ) usi ng di Eezent

poesible transi tion types ÷ × exped mental vaI ue , we End

É ± the calcul ati on in Rd . [ 5 ] could not g ves a hal f - l ife

ti me j ump at charge state 47 , our calcul ations ( row a and

mw b ) e ve a masonabl e j ump at charge state 48 , here we

use the mi xtu re tmnsi t ion in mw a , m d pum M 1 transi -

t ion in mw h the values of hd - li fe ti me stlu est É a the

transiUon should be pure M 1 transit ion . Only the ICC l i ¤
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fet ime for pum M 1 transiti on is 13 . 91i s , the same as the states for a special tmEmition type may have a long
experimental val ue[19] for charge su te 49 . Ä is is good l ifet ime[' ] . At beam eneEW lower than 1OMeV/ nucleon or

example d avai lable in neutrd but blocking in the hid 1 a tmna ti on m th hid zer enew than 4Þ keV , the shih of

chaE¬e state for k -shell of intem al convemion , " the l i fe- the isomer l ifet ime is EÉElativel y SEnd L it is the same for

ti me has a j ump when chaí e number gmater than 46 . I t EC decay pm ¹ . Al thou d I the shih s d nuclear l i fetime

is veÇ sensi t ive to the shel l ener87/ or the threshold of in¤ cannot be meastm d i n nom al experi ments , tim eg ect ì 11

ternal convemion . become very impor tant for the beam stomge in the CSR

For m i somer beam wi th enmw e ¢eater thm 1OMeV/ ¶ th long Hme or the nucl ear pan i cle is i n the plasma

nucleon , wizen th e atom az· nearly bam , some isomer states in envi ronment of astm- nuclear macti ons .
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