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Ab­ , d A gm z zd fü rmi Ê 1 is g ven fcx the Þ UecUve modem m a systmI With sm z al mulupolz -

defomza6÷ ¿ , whid is Esated Ø vibrations m body-fixed Ëg EEe and ro¥ 6m d wtmie systa E about

tk axes d LAb sy° è , ò wd l Ä Ä 00µ ling betweÄ vibraM zs and rotatm . 18 vaztots body-h Eed

frm es m ² º Ä fd octµ ote dd m Ed sm mz, É ich sh ws they @n k put h to 9 wr iots clead m

and the deta uunants d meEic m t ix M the body-axed fm m defuzed w the variabb a " ' a31,

an , b31 azd a£ , a31, ä , h m 9añ ± 9bL , wtzid z e tk sknp16 t .

K® wo,² Þ lleetive m060n , body-b ed h znh m dtiPolazt tiee dd om atmu

1 I nt roduct ion

I t Ê w e11lemwn th at , h spi t e of the fact that the atom ic 1111cld am Þ t rw d bodi es - the Þ nü pt
of m i11t rim ic or ®body - fbEed ' f ram e d m fz m ce is m eful in the dÊ cd pt ion of dd ozm ed m eld - I n

the Á se d qLM EW le ð £rm m on the izm i na e f ram e of züf em ee is linked Ø the pr im pd axÄ of the

nuclear sur face. T h quack 1p le shapes an ftdly d× cr ibed m ter ms of tw o indä ÔÀ m t intr insic om 1¤

POEm Ê d th e Þ ÚØ pondi IÂ quad 11ple ta m r , w hich Á n be parmnet er in d by mÄ zu d the w o Bb
hr ' s defom muon p® mnet× ¬ p m d y . 111e fm mm Bohr H m 1il tonim had bem der ived w Ãh a É nple

quan dn d pm cd tz d EJ. W 138 1 sg m other mul t ipolar i t iÊ × ü involvd , om has addit iond dd onna-

t ion pu m E t m , wtzich an m meetd wi th the in t im e Þ mPOEm m of the Þ r rÄ ponding dd on na-

t ion tezm m . T he q1m don m m d how to m n d om Bohr H m il tOm an m the laborator y systm b m
body-k ed fram e so ó m derive the qtland m d H am i ltonian and study the Þ 1lective mot ion of the sys-

t611 ÷ × mul tipole dd om u dons- h mcÔ1t yØ IS , the Þ lied ve ® ect a of pun oct upole dd om Eed

systÄ Ehave bem p² d m at t e ztion - 112e Þ lk d ve bm ds of oct 1p ole def£rznation have bem ne Þ e d
the most heatizª bu ndg topic ( Refs. [ 2 , 3 ] for sevm d e EEEpl÷ ) . Ç Ee obeÊv aUon d the A I 2 4
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stagger ms of supg d d onn adon M ² M sm Ee m eld [4.5] has azu s ed Á at m th tS iam l fof study d

hexadecapole defom donMJ ] . s o , it is ng m aw m gm eral im the quad ruple dd om ed tbm r y m the

gg mrai muldpolari tm dd om ed thm riÊ ¤ h the foUow iù , w e f irst give out a gð ð al formalim d

the collect ive mot ion h systm w ith gè m l m ddpolar -deform adÞ s. T IE¥ , w e apply the gÊ Em l

forn181is n to octupole-defor med syst e zz and gt ve Þ t 18 var iu s dd in i6Þ s of body-fix ed frames so Ê

to f ind the sku plÊ t body-f ixed f ra me of octupole defom1ed sySte n -

2 G en er a l F o m Ed i a n o f C o n ec t tve M o t to n t n Sy sta m w i t h G en er a l M u l t i p o l a r -

D ef o m Ea t i o n s

For a systg m wi t h gm erd mul t ipolar --defom1at ions , its sur face, h polar ooordinates , cm be ex -

pmØed m temzs d the nucl ear rad ë ó

R ( 0 ) = R o [ 1 + Õ ÁbA m ( 0 ) ] , ( 1 )
tm

w h re R o is the radi ts d the nucl eus m b spher i ´ l equi libr iLEB shape and atm m tiE Þ lleet ive Þ -

ordm ates dm d× × ibe def om adom of the nuclear a z face- W e IBe for the Yt'" the µ hd eal har -
IBoniÊ sat isfy ing the CÊ ´ m an d s tmr tley Þ nvÊ16 011, i . e. , Y J - m = ( - ) " Y L. . A s th e rad m

has Ø ñ Ó al , it b um, s that ® , - m = ( - ) '" ÁL. .

I t is m tuned that thÄ VE iablÙ ö m g e slow ly w Ãh m e, 812d tha Ê ore it is tmual to e´ res

tha r k inet ic m ezÙY ² a quadrad c h mct iÞ d the velocitiÊ Ê

T = Â Z B t | dht |2 , ( 2 )

w here Áô Ê the t ime de ivat ive of aô ¤ I t ¹ w ell lumw n th at the Þ d f id m ² aô Wr i ttm m lab sys -

t m and th ee w r itt Ä in the int rM c systm ( that w e w iH da mte by Öm b avoid m If usions) m m -

lated by

ab,, = ( 3 )

A s tm Bal the U " '" , ( ¶ ) funct iOI± , w hich m mlat -

ed to the mat ix ela na u of th e m tadÞ operator , an def med by
U " 'Ô' ( ñ ) = ´ l m | e¤¤iOJ si iRI ze- ieJ s | l m ' µ , ( 4 )

w ha ü J 1 , J 2 , J 3 am aIÛ 1dar zna zÄ EUBEI ¡ xl g the Þ oM iElate axÊ m lab sySte n -

I n OM er Ø evai uate the Î net i c a EE gy , the m e dd vadve of Áh m m t k w r itt a z dow n ü plie-

it ly :

~ . = 2 J [ U ê ' ( ¶ ) É , + D µ , ( ¶ ) · , ] . ( ´

¯ e m e dd vadve d the EYê ' ( ai ) hmd Á E m k e EPZÄ d V S]

t yç ' ( ¶ ) = - i Z D L« ( ¶ ) ´ ih | a - J 1 1" " µ , ( 6 )

w h® e

Ø1 = 81SE1 83 - 82SZ1 81tm 83 ,

Ø2 = 810ce 83 + 02­ 11 01É 1 03 ' ( 7 }

Ø3 = 83 + 82ÁES 81 ,

an the az1ª ular velod t iÄ 810Ä Md the axÊ m the h dy¤× ed fr am e- Now the h eÀc a ze gy can k m -

pms ed Ø

T = T ú + T m t + T Cë ä , ( 8 )

w hm the vibradonal g m z y ¹ zw mm rm d

ù ¨ Ñ È : à « Î ä µ ³ Ä ¯ å Ë ¯ 781
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w hile the m taHoned p® t is

with the inz da tgm r dd h ed m

A = Â ßp ñ ´ M | | JL t , L |Ç | lhö #ömFn z µ ¬&·Ø b¤ôd ,"J'J¬

Ç̄ 1Ee Þ uµ p lkikr Ø b eñ t wì e ÊØ 1 td }h3Øe iôEnm1Çt ÛÙm In1®ad l a n d Im£ tôa ×Éô £Á fnØ1×Ðad l d· eÞ g ØË Ê d fh r Ä × En 1 InmImØ imzn1tu8 hm Ø a Þm EnmImë1×ÆÌ Pd¬ lHi ×́ t d sm®m 1ï B×c .

t u zÛüE , 1 . e . ,

T O¡ é = 2 Ø â , ( 1 2 )

w h e n t h e K t m g i v Ä b y

Ê = - h Z B I ´ ö ' | J i | l m µ Ó Ï , . ( 1 3 )

b.." '

W i t h a b o v e f o m a i i m , t h o o i l e d i v e m o d o n h s y s t g E W i t h g Ø Ee r d m u l t i p o l a r - d d o n n a t i o m m k

e Õ r e s e d i n t o t h r e e p e r × : v i b r a t i o n s m b o d y - f i x e d f r m r a n d I O t a d o n d w i d e s y S t e n a b o u t É e a x ¤

Ê o t l a b s y s t Ä nh m w e l l m t h e Þ u p l i r ª b e h « Ô 1 v i b r a t i o m a n d m t a t i o n - H e m , t h e i n t ï 2 a l v a r i -

a b l e s j í m m p l t z a i F o r m p l i c i t y , a s e t o f m a I v a r i a b b a b n m d b i n - i s t s e d m Þ Ê f g d t h e

a t " ' » i b t m

v a i a b i Ê · , ÷ × t h e m l a d o n s F I O = a t o , A m = d - m m w e m p m e n t p o t m t i a l m Ô g y Ø

V = V ( a t ¢ , b b ,, ) , t h e Þ l i e c t i v e H a m i l t o n i a n o f d z e m u l d p o l a r l y d e f O m e d s y s t m I h a s b e e n t a m -

f o m e d m m b o d y - f i x e d f m Z Ee - F O m 11 1l m ( 8 ) » ( 1 3 ) h a v e g i v e n a g m m l f o r m d i g 1 d d × × i b i n g

o o i l e d v e n m t b n o f m u l d p o l d y d d o zy n d s y s t e z 1 ¤ I t Ø z h u s d t o d ´ À i b e Þ t o n l y p t m g z û Le

m u 1 6 p o l a r i y ² f o r m e d s y s ô 1 , b u t a i m t h e m u l d p l e E11 14 6 p o l a r l y ² f o m e d s y s t a m w h i c h m a y i n v o l v e

b o d E q u a d n p l e a n d o c t t p o t e d e f o m 1a t i o m a n d m o n a t t h e s m í É n e .

H o w e v e r , t b e a b , , 8 1 1d b t m a m zm i zz d e p m d m t o n e o d ® ¤ T h r e e d t h a n h a v e a b e a d y b m m -

p l a c d b y t b e t h e h k m ÷ × ( O t ) . 1 1 1 a U ­ w m c h o o s e t h e d d o n n a 6 o n p e m m e t m h t h e k e y

t o d d i n e t l z e m ¹ t p m p e b o d y - º Ä d f r E n e . T o a p u m q 118 ó 1 I p l e d d o r n 1 e d s y s t m 1 , Ð hm l a 2 0 a n d

a n a n c h o e m Ø d d i n e t h e » d y - f i x e d f r m n e d q u a d r µ l e d d o r zn a t i o n , t h e T GO¡ Ê d s a p p µ Ä ¤ B 0 ¤

h r H m 1 i l t o d a n c a n b e o b t a i n d Þ n v ´ g l t l y w i t h a a m p ile q u a n d m d p m m a z e - T o a p u n o c t u é Le

d e f o r m e d s y s t m , t 11Ä m 3 5 Í f Ø Ø I t w a y s m d d i n e t h e b o d y - f b m d Ë m e . W h i c h c h 0 4« d p a -

r a zz ze t E m a k Ä d Ee d d m u o n d b o d y - b e d f m n e i s t h e m e t Þ n v g 1 i a z t ? I n Å d e r m a zm à ® t M s

q u Ê t b I E E l e t , s a n d y z e t h e b o d y - f b m d f r a n e m e a c h c h o i c e G i p a m a r t e n -

3 Body-Fixed Frame of Octupole Defonned System

ConsidÔing the a30 Ê a sym nem eal pazm et® d octupole dd ormm on , it stmuld be h voivd h
body-f ixed frame of oct1Î le dd onnaM 1¤ 111en , them an 2O various ways for m m ctm± thrÄ

ô ametm fzu B the m t siX pezm eteM a31, a32, a33, b31, b32, b33) . h th foUowÖ , ì dis-

clm every etu iÄ d mm netÔs mÀ dd inim -10f body-º Eed fram -
( 1) Ç 1e a30, a31, a32, b31 body-fixed fm m

The kinetic amzy d octupole deformed systaB

T3= ÂB3(û +¼31+A2+ bL) +B3ç Øtkt + Â B3Å ØM u,

M1 4 (ä ob¨ ½b31) +J Z (Ø ¨ ¹ b31)

hem

ß Ü ï í ë Ë ï í £÷P & NP) Ú 24í

=Â Z Bt 1È }2
Î )

´ 10 )

( 11)

¨ Å Ø,Ð Ë

(14)
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4 (­ -M 30)+JZ(­ -Ø 31),
ò =a31b31- 431b31,
f 11=Ä +24 +23 Ø n+Ð +Å½,
h =Ð 4 4 - 2õ Ø ¹ +4a33+ù 31,

a31+4aL+bi1,
=- 6a31b31,

' 2

f s
f u

f 13 =4 J 6 aØ 3 1 + 3Ì Jd ZL aØ 3

h = ··ððØ ääØ 3̧̈×ð @dðò bää 3ô 1 - 3Ì áÉ aäØÈ
¹Äð bäé 3é1

As for the Mnd c me gy cm be writtØ Ü

È = Â B3Å GU( ð · , ( " )

where qt = (É £, ä , × , ä , Ø1, Ö , Ø3) ,the met ic mam Gu h ve bê obtained Ä fd ¤

lows
G=(i k)

K J /
I is idmtity ma»ix of 4Á4, J = V e) , K ä uds mizeEü ,

K

( 19)
W ith the » me pzucd un m above, the idnedc m ez¬y d the Þ llä tive motion , met ic maz ix

and its detenIm am can dm h obtained m the m t of body-b ed fEm m d octµ ole deformd sys-
te n . A11 d det® minatm m listed in the foliowing -

(2 ) Ç Ee a30, a31, b31, b33 body--fixd frm ze
Ç Ee determinant of meu ic man-ix

g = det G = 9bi 2¤ (20 )

( 3) ¶ 1e a30, a31, a32, bä3¹2 b­ odÕyF.² E±ed d h 1nmZn1e

The detemª Ønt of mez ic mat k

g = dØ = Å ai 1( aL + ü )2 (21)

(4) Ç Ee a¸ , a32¤ b31, b÷z body-f in d frane

T he ² terminazzt of me± c maz ix

g = × G 2 3 bi 1ý + bU Ø

(5) TTEe aÌ , aó , aÜ , bn h dy-f ixd fm ne

ÓTEe determinant of meM CB× Eix

ù ¨ Ñ È : à « Î ä µ ³ Ä ¯ å Ë ¯ 783
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(6 ) Ò 1e a¶ , aÜ , ½ ,
TEEe deü m1inant d meut c mat ix

( 7 ) 1E e a 30 , a 32 , a ¹ , b n body - º Ed fma ze

Ç Ee deta m inan t d m eE i c m at ix

g =× G=Å(- Ð +Ð +ù )24
( 8 ) Ú 1e a 30 , a z2 , ½ , b 33 body - f b zd f m Ee

T h e det em 1in an t d m eu t c m at ix

g = ¤ G 2 3 ( - Ð + Ð + ëÐÐ 3ªØV2ÑJ )¦³ 2

(Ý9 ) ÇÒ Ee a µ , a 31 , a 33 , b 33 body ² ed f zm e

Ç 1e dete m in m t d m et ic m at ix

g = × G = Â (û - Ð + ù + 3Ý÷½bÙÈØ3LØV3ÑJ )ÏÊ2

(u10́ ) T thh 1×e a ¶ç , aä ¾ , b 31 , h body - f bd fm m e

T he d et× ¬ 1i m zzt d m et ic m at k

g = d M = ¿ ( - ½ 1 + ù + ù ) 2 È

( 1 1 ) U e a 30 , a 31 , a Ü , b 31 h dy - f bEed f r am e

I TEe det a m in a11t d m et zt c m an -ix

g = Ä G = 2 Ð - Ð + ª 31Ê 3

( 12 ) Ç Ie a 30 , a 31 , b 31 , b 33 body - f in d f r a n e

Ó12e deta m izm zt d m et r i c m au t x

g = dØ = Å ( ä : 1 - 3 bù 33 + ÝÍÐ 3L1 ) 2 Ù

(u13Ã ) T h e a 3ç0Ç, a 3¹3 , b 31 , b n b ody - Rx d f r am e

ÓE e det m-m in an t d m et ic m at ix

g = ¤ G= Ó(Ê ä b31+Ó33bn +´ é - 2bL)2

(14) 13E a¶ , ä ,
The detg m inant of mem e mat ix

g = « G= Óô ä b33'¤3b33b32- d h +´ ² )2

( 15) ¶ ze a30, a31, a n , b32 h dy-fmed fm ne

T11e det®mm811t d zzzeEic mat ix
g þ det G =

ý £(15414 - 6J Ba31aL +94 +4A 3as1agbL - 12aLbL +4aL). (½
( 16 ) 1Ee a¶ , b31, b32, bn h dy-fk d fmme

× 1e detm nizzszzt d metr ic mat tx
g = det G =

9aL(15b31bL +6JB b31Ë +9þ - 4J B bmbiabn - 12bU L +4Äz). (34)
( 17) Ç Ee a½ , an , a33, b31 body-fixed frmm

The determinant d meut c matrk
g = det G =

(23)

´24)g = ² t G = (124 - 5aL )ZbÇ.

(25)

(2J6)

(27)

(28)

(29)

(30 µ

(31)
bg , bÊ body-fbmd frmr

(32)
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? (Ð ² -¤16 S Ø ÷ + Ð - 14Ð

Ø a± a3L3 + 10Ø8a÷ ad:3 - 3%6 J B a´ ag ad:3 + 4" 5a± a& + 8 J B a¶ a¿ bëù3L1 -

2od 2b31¤12 J B a¶ aé aL bL + 3OaL ai d i I + 5aid ;1) . (35)

( 18) Th " ' ä , ® , h k Ç × ± frEZEe

13Ee det× ××nmzt d nE E ic m aE ix
s = d ò G =

? (4Ð ü + W 13Ø ² + Ð - Ê Ø ç 33 - 48 J B Ø ª ® -

6od 2bi3 + 108aç :3 + 36 J B a30an b;3 + 45ai2bi3 - 8 J B amah i1 -

2od24 +12JBamagabb² +3041» Ý +54 41) . (36)
For tk body-× d fm Ü ² SrM by dE vaztath am,a31¤ä ,as cz a£ ' ä , b31¤ b33, tk

determinmt d meEic mam m body-fbEd fmme ú Ç ual m mustu . So tim e w o dd nitions of the
body-fbd frm e m zm proper - In Refs. [ û ¤¤11] , the body× d frmE WÄ dd md by settizzg
b31= b32= b33= Oard kØpizIg a30, a" , an azÀ an Ê zut Þ 'Ted -

. .

4 Conclusions

FEU n th above d m m mÔ, we m Î , with the gEE d fom d m eJ× EE d h fomÐ ae
(8)» ( 13) , the k d y-fix± frmm d oct1p ole dd ÊTEEd sysØ n @n h ² SzM Ámvem¥ dy . 18 var-

ious body-fixed franm of octuPOLe dd ormd w Sten Á n k partd inm 9 variots clam . Ò 2e deta -

minm ts oi metric matr ieÄ M h dyJ ixd fmme dd ind by the vu iablÊ a30, a31, a32, b31and a30,

ä , b31. bn m the g nd ¢ , í ö is dd E×M zd th ô OMz izØ c frama mayh th zzm t m zve

m zu when the invm e d m t ic matrix m k d a datd ÷ ly , the qtmm M h nilmnian m h
derived Þ t .

The Ø thors an avuteÂ d Ø Pmh m r E M O EFzGuaFEg f or helpÂd d tsmsstOFES.
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