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Ah ¥, ct 111e his tÍ @in ś tÄ d § At have beÄ studied m tbe WFAu ( 12C,3n) mAt m-
action at 12C ene g e fm n 60 t0 80 MeV miIû technique of b b¹ n F my , ecuw Þ PY-

Memurgna Ets of Ã-ray ØEd tation ftmct iom , õ õ t Þ mcidgm¦ , UEd F my a Í ular diSEi -
but iq Ø W° performd . A level d ane for § A t , inchd izzg a 10 - im nE WiÉ a mm-

ô ed half-life d 908 Á 4Þ ª , wØ Øtablished for the f im m e. h dEaZBCÕ istiÊ of
the 10 - isg 21em m ² ubly odd mAt nuclei wen stmØd .

isomer , half - li fe , t WZµbody intg 2ctiÁ 1Key woEÊs

IsÁEEa s with F = 10 - wg ªE oh ï ved system ti² lly m th Z = 83 , 85 doubly odd m eld [13 .4] .
Coû m m d [ TEhM Mih ] 10 - , im lvh g tk i m m m inM er state, m a½ Ê ted Ø

theä imEEï ' ¤ T he p i d dEe pzØ Ø t izzvÄ dgm on h m sm ch for the m TØ é À iù igm er
m mAt . Bd om the pm m u work , m e Ed ted statÄ m mAt were lumwI1¤

Ç ze u cited statÊ in mAt wa É " pulated via the EØ CÀÞ 1" Au ( 1æ , 3n)mAt . I I Ee 12C bü m

wm delivm d fm 1 the 13 M V taM m acmld ata at the Á m a Inst itute of A ta nic Em z y m B6 ¤
j iZIg- h ozdg m deta miEE the op² n1m bean a EZÃy ad m idm tify the t mÄ m m m mAU the ex-
d adon ftar tmÄ fa ¤pmdudrª Ã mys wØªE EZEa a n¨ d m ttBe e2e gy ra ª e 60 - 80 MeV Ä ù a
1 Eù /Þ 12197ALI target - Ç Eg 1the bm n azï Ey d 63 Ø V , at whid the yield d mAt was a nØ½-
mu u wÄ d m Ä m popuiate the hì Fµ izz su m h mAt . In th lat® ma muÄ Eaz¥ , the
1 md m 2 õ ô tazz et was m lacd by a 1Omd m 2 mh I Urgd m mcm se the pmdEm Þ of ´ 6At .

ÃÓ t Þ indé Ø mØò Ø m t was pd m Eed at tlØ µ m m bem z gze gy wÃh w ï ¿ O (AC)
EP Ge detectom and Þ e h u izØ c-Ge piazzar detector , the iatm -d which was med m detect low a 1¤

×¬y photom . Hem , t rd e s m the mlative tm e diHezÄm betwm m y two Þ m´ m t Ã rays de-
tected within À 470 m . A total of 78 Á 106 0omddm m evm Ê were reÞ zded evg u by evÄ t for off.

line 811Edygs. After acagate p in matching , the F Y Þ md dÄ a dau wem mrtd of f-line aÁmd zû
m tk enag Ê d the two Ã mys inm tim e 4096 Á 4096 maEiEm with a pEUBpt ( - 51ns ´ t ´
51IES ) , a prior--prompt ( - 470EZS ´ t < - 51ns ) , aZMf a poet-pzu npt ( 51m ´ t ´ 470EB )

thme Þ ndit ion , Ä¿ ä t iveiy . In od e m obtain infom1aGÞ Þ the m zØ 6Þ muidpolariti¥ , the Ã.
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Ftg 1 ExdtatiÞ hmcÃ£m for Ãmys hq zz
the pmducts d tbe zØ ction 1æ+ 1'TAu-

ahmdAt , - 2"At , , Ì ­At , - mh t-

of mh t , some weak Ã rays Þ uld aim be

FUg-2 Ã-ray oomddmceê ecm Á td Þ the 686 keV mZIS6Þ (U d the y mys m m ncidmce ÷ ×

the 686 1EeV ¡ ÔØtmz, (b) the Ã mys pmeed zª the 686 keV »±Ø· on by at least 51ns

T Im e gated spect a wg e obtained for è ch d the Ã mys studied , 1uÈ er pzumpt , pr ior-

í ë Ë ï Ú 24íß Ü ï .

zu m lab ed ptp topØk azÄ s.
Asggmneat of the £beÄv ed y rays to mA t

was based on the Ã- my exci tat ion fLEEr t iom and on

the obeer vation of y- X and y- Ã Þ incidem Ê . ÓTEe

exci tat ion functions for sg ne of the obemv ed y

mys mÉ shown in F ig . 1. 131e exci tat ion fund iom
for the 616 az1d 686 keV Ã mys showa maximum
at about 63 M eV lZC beam energy , shif thIg sigmf -

m n tly fmm the pd ts for the y mys d mA t [31

Ç 1is along wi th the fact that the 616 m d 686 kev
y rays were in ooincidence with A t K X mys mea-
sun d w ith the planar detector , al lows unambigu-
ots as ignmenu of thm tmEmit ions to mAt . Basd

on Þ iEm dencÄ wÃh thÊ e intm sive Ã rays
as igned to mA L

ETº eV
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pzum pt , and poet -pm n p t Þ in cidence ti m e cond i t ion , EÄ pect iveiy . T h¹ e spec t m g Ä t l y
helped to ident i fy an d locat e t he isom er of 206A t , and Ø plaÁ t r am it ion s in to a level scha m

for mA t . I n F ig . 2 , coi ncidm ce spect m an show n Ø typ ia l exm zph usefu l m t he Þ n sm lc-

t i011 of t he mh t lev el scha m - F i g . 2 ( a) sim w s the spä t n m for Ã rays w i t h i n ¿ 470 m d the

gat ing 686 iteV Ã-ray , w h i le F ² 2 ( b ) show s th e spect m m for Ã m ys pm eed iù t il e 686 lt ev

m El a tion by at least 5 1 m . T he t un e del ay betw m z t he y m ys in F ig . 2 ( b ) and t he 686 lteV
tm na t io n i ndicated t he pzØ Ø ce of m im m t c level . A level sclm m for § A t , incl ud in g m

im n er at 80 7 lt eV , is pm poeed m show n in F ig . 3 .

7:
1µ 3

T he half-l ife d the 807 lteV im ner was ex tracted fmm the Ã. Ã- t data- FØ .4 stp ws d3e
t ime dist r ibut ion between the two Ã-my groups , w hich l ie above m d below the isÁ22® , " -
speed vely . A hal f-l ife of 908 ¿ 400 m wm obtained f02¤the im neT at 807 keV fmm m m× Õ

ne 16ai fi t to the curv e in FHz. 4 .
T wo quasipar t icle exci tat ions am expected at low -lyizzg statÊ in ÑA t , nmnely thoee aris-

ing from the Þ nf igurat ions of M m Í f J , 'Thw2Í i J 2 and so on . T K [ ð Ä Í i J 2] 10 - iso-

me ic su tes wØÉ £beew ed systaBatically in the oddÛ dd Bi and A t nucid UA] . Fzum the sys-
tg m tim of the 10 - im nÄ in doubly-odd A t nuclei , the isomer at 807 itev m ¢ A t is m¶ t

pzubably of the Ðhwzvt iÚ Þ nfigurat ion - Assm 1ing m elect ric dipole char acter for the 121

lteV m m it ion depopd ating the 807 lteV im ner , a mduced transit ion pm babi li ty B ( E 1) of
1.22 Á 10 - 7 W eig h pf uni ts ( W . u . ) Þ uid k obta ned for the 121 le v m nSidon fmm the

nm SLEn d hal f-l ife of 908 ns, indicat ing a hindm m d 8 . 19 Á 106 over the W eimkopf ´ i -

mate for the 121 14eV transi t ion . T his hindrazzÊ is very cl´ e Ø that for the Þ r rÄ ponding
m m na t ion in mA t , and is t ypid for m transi t ions m th lead Ö ion - T he above argu¤

ë £ ¼È :m At Ä [ ,Eh mMil A] 10- ¬ Ê ç Ü ¬ Ð ¿
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m t su o ù l y sµ pm ts t h e m g nm ea t o f t h e Ðh m Í i J 2 £Þorn×E
×mEÀd satØ g eÊgè tdih1ûe sp i n an d par i t y v 2ddu eÊs o f 9 + tØ£ t h e s ta t e aÙt 68 6 k ev - I n R d . [ 1 ] , i t w m

­ ½ est d t h at t tm 9 + s ta t e i n m A t m m f r om t h e Þ n f ig u r a t i o n d ( Ý Ä Í f J ) 8 2 + o r

( Ðh L Í P UJ ) ý + , m t h e 9 + m t e h mh t m g h t od g n a t e f zo m t h e m e Þ nf ig u m t b n . F r om

t h e m u l t o f t h e Ã -m y an g u la r d i st r i b u t ion m ¹ Ø Ø Ø Å , a q u ad r u p o le ch ar act er i s o b ta in ed

fo r t h e 68 6 lt eV t r an s i t io n w h i c h f eeds t h e lo w Ä t en Ø Â y lev e l m th e lev el sc h g m . C £ÁIn3Äs­ i d e®r .

iÖØ tí }hh IÑe lbWOmö¢w³³v­Ç..Ã,

sgigg InZØed tØO th e lbOw Ê t l ev el , t o w h i ch a m m ï ø g y w m set ¿ a m f Ø Ø 1ce m t h e p r Ê en t w o r k .
Ç Ee sp in an d pu i t y v alu e o f 5 + w as assig n ed m t h e g m u n d sta te in mh t M] . M ay b e , t h e t ra n -

si t io n ener g y l in k i 11g t h e Ã su t e m d t h e g m u zzd su t e is m low Ø b e ob @® v ed in t h e p m en t

w or k .

F° . 4 T K thzze disut bm Þ betw Ø E th e tw o Ã-m y g mtõ in 206A t ,

w hich l ie above and bd o , , ² e isg ner , EØ ped i vely

I n each £ f t h e o d d -od d m ,ï ,210 A t m el d t h e b w ¤l y i El g i som er i c 10 - s ta t e h as a sp i n

m m t k h i gh Ê t i n t h e b rh J̈ Ú ] r m u l t i p l d 13 1 . A l l d t h e su m i n t h is m u l t i p let m

t w o q uasi p ar t i c le a a±t Ê wÅ i tdÉlh 1 t h e i r Ế 2×e r gg i Ê an d en er g y µ @äcd imEnù1Øg s de t er m i n ed b y t h e i n t er ac -

Þô Enm 1±s b etnôÉ
n uc lei h av e t h e sµp im n an d par i t y 9 /Ñ2 - d et er m i ne d b y t h e hh 9l2 p m÷ tÞ . Ç 1e d egg 1er acy m a w

E o d t k k h l2 Í i a jA r m u l t i p le t i n t h e o d d d d A t n u d et m ( A A O m t h a í w r i t t en in

t Ä n s o f t h e b i n d in g en ezg Ê o f t h e od d £ d d A t n uc leu s ( A A t ) , o d d --ev en A t n u c l eu s

( ¨ A t h v g 1¤ev g E P £ n u d e± A p o ) , an d t k ex c i t a t io n m e g y E [ Í i AA ] o f t h e i m m -

t EÄ 1 h o l e st a t e i n th e ev m Û d d P o n ud e tB ( A - 1P o ) w i t h b i n d in g Ä × ¬ y B [ A - l p o ] in t h e

g zu m d [7]
s tat e as

E o = B [ A A t ] + B [ A p o ] - B [ A +1A t ] - B [ A - I p o h E M ii h ] , ( 1 )

iní a¤bÕsmeInô1
Êm2× g y o f t h e pô8®rñt ikc1uÐ2dla× r n u cl eu s d Ê ®́ i bñ ed m tdih2×e b r a ck et . T h e t w b ­ dy in t ® ac t io n t h en

b m k s t h e degen er acy m th e m u l t ip let g i v iEI g a f in al en e gy E ; t o m c h en g gy lev el i n t h e

m u l t ip let t h a t d ep m d s o n i ts sp i n J . Ç Ee m a w d i f f erØ zm E I = E J - E o is t h g z a m m a m

d t h e in t er ac t ion st m ¨ t h b en v e× × ,ð " an d Í i J 2 ¤
S uc h d eg Ê w a cy a m r g i Ê E o m d i n t er act io n en ezz i Ê E J f o r t h e 10 - sta t Ê i n t w o o d d -

od d n u cl ei m .210A t [ 13 ] h av e b een d et ® m i n ed an d ta b u la t ed in T ab le 1 . T h e av er ag e o f t h Ê e

i n t ® act ion en e g iÄ E J Ov er t h e -t w o A t im t op Ä W ¿ asstun ed t o b e t h e ap p m Pr i am ¼ m g y fo r
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t h e 1 0 - i m m e r i n n h t T h e en ezg Ê f o r m A t g i v g z i n t h e r i g h t Þ l m m o i T a b le 1 t h en m -

s u l t e d i n m Ä t im a t e d m EEi t a t i o n e n e r g y o f 8 1 7 k e V f o r t k 1 0 - s t a t e i n mh L T h i s Ê t iE l a t e d

e x c i t a t io n m ï g y f o r t h e 1 0 - i m m e r i n m A t is i n g o o d ag m g 11Ê 1t w i t h t h a t m e a s u r e d m t h e

p r Ä en t w o r k - Ò e ag m m e n t s m n g i y s u p p o n s t h e m i g m en t d t h e c o r d i g m u o n d Ð FZW2
Í i J2to the 10- isomer bô1ÖAtÉ

.

,ZI M Ò 1L . Óh É '

@· @" 2"E"' .2ºÉ ®MtL . I hh e e@dEôï m h §æ h d bä y Ë A t c0­ " ô ðÉ .e ¹ ÛÊÊ P± × ôÊ « eÊ'ÇØ Ø Ê r ¹ . BÛ" A t

210A t 288A t 206A t

E o 1 6 5 1 1 0 3 5 7 7 0

~

Ç ze authors tuish Ø thanh the staH s of the A cu terator D iv ision of CIA E f or pw uid i ,,g
læ beam -
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m A t Ä [ Ð h Ø v i J J 10 - ¬ Ê ì Ü ¬ Ð ¿ Ç

ë £ ¼ 1 ù ¦ é 1 Ü ¡ ì 1 × é ú 1 Æ Ä § 1

Î ¨ ü 1 ì Ù É 1 õ Ò 1 Å ñ ¢ 1

Þ à ¢ 1 Â é Í 2 ¬ Û ¡ 2 â þ â 2

1(Ðú Æ§ º ü ú ï í Ð¿ ù ¼Ý 73Þ 00)
2(Ðú ­ Ó² Æ§ Ð¿ º ± © 102413)

û Ã Ü ¿ ª 60 - 80MeV Ä 12C ø ÷ , ¨ ý mAu(12C,311) èAt ´ ¦ Ð ¿
ª ª
Ë 206At Ë Ä ß Ôý Ü ¶ á ¹ .
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Ü ¶ Ù ¼ . · ¨ Ë » ö ë Ù ü ª ( 908 À 4Þ ) m ¢Ôý Í Ö Æª 10- Ä ¬ Ê ì Ü

¬ . ù Ú Ï Ø Ä « à Ë m.210At Ü ¶ á ¹ Ä µ ³ Ô , Ô § At Ä 10- ¬ Ê ì Ü ¬
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