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INTROVUCTION

The time. ¿nteAvat coveAed by th¿6 fizpont hcu, b&en pcuUícutaAly pAot¿¿.¿c. 

Above. euíAytfUng dU,z iX. iMilt Aemun I yi oua míndi cu, thz tm t In itíhcch tke. 

new 20 Heavij Ion Tandm AcceJLeAatüA. Mcu, puAjdhaóed.

Tk¿¿> ¿¿gn^^-ícant ¿tep, o¿ utmo-ót ^poAXancí ^OA thz ¿utuAe phiji>¿CÁ 

-ín AAgmtína, occupxed a ¿ub¿tant¿aZ {¡ACLcZíon tke toW L (¿Hont coAAied out 

by tíiz VepoAúmnt. NzvíAtheXu^, tke. /leóeoAch actívZtiíLÁ and 6e.A\)¿ae  ̂ u)&Ae 

neÁXhzA ^ntíA^Lumpted no a  weafeened. On tht contAoAy, it  íá even po¿¿¿ble to ol- 

ppAecícUe an -¿ncAeoie ¿n tke Ao^toAch a.cXi\)iXÁ.<¿Á undeAXakan uxCtívín tkz Icut 

iiÁ)o ytoÁÁ.

VuAÁ.ng tíÚÁ po.AÁ.od o¿ tinte the poAticUpation o{¡ -i,(i¿ent¿6tí> Âorn otheA 

tn&t¿tutíon¿> ¿n ouA otvn pAogAonii, gAeu) con^tdeAabty, ció uiett oó ouA. tnteAactíon 

uiíth otheA laboACLtoAteÁ thAoagkout tke MJAtd and tkAJ, kaÁ mdoubtedty had a. 

\3ÍÁlbLe eiiec;t ¿n tke oveAwüL oiUput.

It  ^  at&o noteiWAtÁy tkat tke mo-it ambttUoiu ptan o{¡ tncoApoAotíon 

0  ̂ young pky^¿c¿iti> eveA to take place ¿n tke VepaAtanent ivoi conaeíved duAing 

/976, wttk a vteu) toMUAdi, an adequate u¿>e o¡5 tke 20 MI/ Tándem ÁcceíeAatoA ¿ací- 

ÍÁJty, In ÁM> (¡tAi,t î tjxge, coAAX.ed oiit ,¿n 1977 etgkt gAaduate -ótudenti t̂ eAe 

¿elected a¿ {¡eLíomhx.p koldeAÁ, and kav-íng Aotu^actoAÁJLy lüZlUUCed aXX. te¿tÁ 

a^teA a ^utí yeoji o^ couAAeá and taboAotoAy tAjOA.nX.ng, tkey weAe Aecentíy 

appotnted oó junÁ.oA membeAó o¿ tke ¿ta¿^. We AegaAd tkíó pAogAom .íncoApoAa- 

tíng new Metí ¿elected and tAoÁ.ned young people o6 cAncÁaJL ^oA tke {¡utuAe.

The pAogAam M¿tl continué vxLth anotheA gAoup o¿ ¿tudentó to be ¿ncoApoAoted 

in 197S.

In 1976 tke pAopoi,aJL (̂ OA a Heavy Tandm AcceteAatoA wa¿ appAovedby tke 

autkoActiíiÁ o i CUBA and pAeliminaAy d¿icu6SÍon4> imíM i High Voltage Co. and 

National ElectAo¿tatÁ.CÁ Co. took place, In 1977, a^teA bidi kad been Aecetved 

^Aom botk companXe¿, tke dec^óion of¡ puAcko^ing a 20 UV PelletAon AcceleAatoA 

^Aom National. ElecXAoitatÁ.c¿ Co. um  taken. Such a dediion  woi boAed on a 

tkoAough technical analyói.^ to uihtck iX concuAAed tke extAmely valuable con- 

tAÁ.bution o{¡ colZeagueó abAoad, expeAti in  thij> {¡ield, to whom we aAe deeply 

indebted ^oA tkieA advice and geneAoaó kelp.

Tke po.!)6i.biZity to meet oua oAiginal ^chedule o^ ¿ignA.ng tke contAact 

uiitJi National ElectAo6tati.cA Co. duAing 1977 becxüve a AeatCty. ConótAuctcon
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oi tkt a.c.c.2JLQ.haXjofL ÁtaAtíd VzcmbeiM. 1, 1977 and iX  áá ¿ckzdatzd to iake. 32

montkó, alloiM¿ng thz {¡acÁZcty to become opzfuxtíonaX. du/Ung 1982. Thz

envolved weAe c.oluu>í , not {¡mz {¡nom aU, fUndá pn.obtmÁ,¿e.víAüt quCtz

mzxp&cXzd and ¿orne euen ammÁng. HomvzA m  do be.aA ¿n mind that the Átnuggtz

ka¿ ju M  ¿toAtíd and that tkzh.z íá a tot o i m nk to do be.̂ oh.e. m  h.o,ac.k oua

goat. We vzA.y muck hopz that we ia)WL be ablz to {¡ottow o un. ÁÓizdult a¿, to aXZoM

a ■óucce.&^ut comple.tton thz pAoject.

M  ¿oA. thz HQ^zanck pfiogham o¿ the NucZeaA. Phy^ta BAjxnch thz VípoA-

tínvínt, tk¿í¡ Aípont gtv(U a KzoÁonably comp/iehettó^ue account o¿ ivhaX hoÁ bzzn

adU ívtd . In ahdaK to Ájnpfwva the. ptupíctíve. tfie. m nk  dd^cnÁbtd híAí, m

mmíd tíke to polnt oiut 6ome. o{̂  tkz moh.0, Xjmpohtant fieJnxlt¿>.

The ótudy doubly odd nucleX, ¿toAtíd ¿ouA ij&oaj, ago, yteJLdíd neu) in-
11

te .A¿6t¿ng A e ^ u Z t i .  The  ¿ n v f U t ig a t ío n  o¿ Rb, uikíah c o n ^ A m td  th e  h y p o t f ie i t i  

0(J th e  e x y U te n c e  o^ a band i,tA u c tu A e  ¿ X n illa A  to  t h a t  p A e v to u M y  ob^eAK/ed I n  

m u  c o A A le d  o u t  lÁiXMi th e  {¡m U t^ u Z  c o lX .a b o n a tío n  o i  th e  I n s t i t u t o  de f t -  

■itca de 3ao FauZo, A¿> a bypA od u ct p n e tim in a n y  data on u m  aJUo o bta cn e d  

Ánom t k t i  t n v e ¿ t íg a t ¿ o n .  The e íu c U d a tío n  o(¡ th e  natxxAe o{¡ tuio ¿óomenA t n  ^^Ga
/ O

and Ga thnvugh -the meoMinenient ot¡ tkevi rmgnetCc dípole momentó m u  done tn

cotíabonatíon MiXh B/wokhaven National Habonatony. kíÁo a magnet, biUtt togethex

wttk the Ponto Alegne Gnoup, m-i tnátatted ¿n the (a,xn) beam Line 0 ($ tke

SyncknoeydCotAjon, enabtíng cu to meaáune tke g-¿actoA o¡í an tóomAíc ¿tote Jji

Fotíototng the tiñe co^tXabonatíon Mith oti'ien tabonatoniei, the high

¿pin ¿tnaatuAe o{¡ ^‘̂ ‘̂ Gd (^ínalZy emenged a^toJi a long and cane^ut evaluation

the data uu.th the JuLíah Gnoup and tíie Cyctotnon hiótCtute the Texai A S

198
M Untven^ity. Likeiolie a veny intene^tíng ¿tudy o{, Te ¿toAted in CNEA woó 

completed in both JuZich and Manich.

In tke {¡namemnk o{¡ the necentZy ^omnaZated NacZean FieZd Theony (MTT) 

a neu) 6tep m u  achXeved in  eótabtcifiing the natune o^ one the iouA nuZe¿> 

léiich con^tttute the baAic toolÁ {¡on. the appZic.ati.on the theony, who¿e ¿ig- 

nt^cance had netnaíned ob¿cun.e untíZ noto. An appticatíon o(¡ the MFT to nucZean. 

neactíom ¿hom the need a HiXhento neglected conAec-tion which in tuA.n 

a{j{̂ ecitA the deduced vaZueó the niuZti.poZe de^onivat¿on¿. In additíon, the 

wonk on a pentun.bative deócniptíon ¿upenconductivity yieZded evidence that 

■the NFT can be extended to dej^onmed ¿yótemi. Wonk that ii now in pnvgneió tí> 

concenned with the dmon^tnatíon that tíie lUe conventionaZ pne¿>c.n,íptíonÁ {¡on 

tke de^i-nítion o ¡5 genenaZízed aoondínateó in Time Vependent Hant^ee-fock (TPHF)
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tíadÁ to ajnb^go¿t¿fc4.

TTie Te.ckn¿caZ SuppoñX. GAOup c.ont¿nue.d to pAov¿dz the. fizquÁ-OAtá o44^- 

tanz2. nuik¿ng po6ó¿blz tht cont¿nuatíon the. A&ótoA.ah aatívttceió bcu>&d on 

the. SynchAocyctotAon and Ca&aade. acceZznjoutohÁ, aZthough oiotng to the. age. 

theA& machínen the d¿¿^tcult¿e^ oAt tncAeoAcng e.veAy yea/i, both ¿n magnttu- 

dz and ^AAquznay.

It m i tn ouA loÁt PA.og^e^6 RepoAt that m  exp/te¿4&cí oua. hope that 

EdgaAdo i/e.ntuAa woutd be once mo^t tkz edÁXon.. Tk¿i h£U> veAy (¡ontuyuxtety 

be.en the caie and we ¿houJLd Mvutvíy aknouiíe.dge kÍA e{¡{¡ofit and abtXÁXij to 

put the. niate.A.íal tn adtquate. {¡ohm. Many thanki ane. otóo gtve.n to Mm C/Ua- 

tcna Cebatío¿ {¡oA. hen. patíence tn typlng and cohAecXtng the nianu6cA.ípt 

and to Ma. Btnda ôA. ht& heJLp tn pfiinting th¿6 nepont.

June, 1978 MaAÁo A. J.  HaAticottl

* ChaÁJvman

VepoAtnient o^ Phy¿tc6
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1 . 1 .  H i qh S p í n  S t a t e s  ín ‘̂ ^ T i  and

E.  V e n t u r a ,  M. Be h a r ' - ,  A.  F i i e v i c h ,  G. G a r c T a  Bermúdez and M . A . J .  

Mari  s c o t t  i .

As p a r t  o f  o u r  c u r r e n t  programnie t o  s t u d y  ( a , x n y )  r e a c t i o n s  we have ¡n 

v e s t i g a t e d  t he  r e a c t i o n s  ^ ^ C a ( a , 2 n )  and ‘*^Ca{ ( x , 3n)  w i t h  the aim o f  e x c i t i n g  

h i g h  s p i n  s t a t e s  in the r e s i d u a l  n u c l e i  ^ ‘̂ Ti  and ‘+^T¡  , r e s p e c t  i vel  y.
Q

A 5 mg/cni “̂ ^Ca t a r g e t  (96.8Í2 e n r i c h e d  in ‘‘ ^Ca)  was bombarded w i t h  a -  

p a r t i c l e s  f r om the Buenos A i r e s  S y n c h r o e  i e l o t r o n  in the e n e r g y  r anga E^ = 3 0 -  

55 MeV.  Gamma r ays  wer e d e t e e t e d  by nieans o f  two G e ( L i )  d e t e c t o r s  p l a c e d  a t  

op p o s i  te s i  des o f  the beam l i n e .  The I d e n t i f i c a t i o n  o f  the t r a n s í t i o n s  c o r r e s -  

p o n d i n g  t o  the o b s e r v e d  gamma r ays  was o b t a i n e d  f rom measur ements o f  e x c i t a -  

t i o n  f u n c t i o n s ,  y “ Y c o i n e i d e n c e s  and wher e  p o s s i b l e  f rom t he p r e v i o u s l y  known 

s p e c t r a  i n  the l i t e r a t u r e .

E x c i t a t i o n  f u n c t i o n s  f o r  the o b s e r v e d  y - r a y s  we r e  measured in the e n e r ­

gy range E = 3 ^ - 5 5  MeV i n 5 MeV i n t e r v a l s .  F i g .  1 . 1 . 1  shows the r e s u l t s  o f  
a

t hese me a s u r e n e n t s  f o r  the “ Ca (ex, 2ny )  , ^Ca (a , 3ny)  and ‘^^^Ca ( «  J í n y )  r e a c t i o n s .  

I t  i s  r e a d i l y  a p p a r e n t  f rom t h i s  f i g u r e  t h a t  r e a c t i o n s  i n v o l v i n g  t wo,  t h r e e  

and f o u r  n e u t r o n s  ar e e a s i l /  d i s t i n g u i s h e d  f rom each o t h e r .

Gamma-Gamma c o i n c i d e n e e  measur ement s  were p e r f o r m e d  in b o t h  r e s i d u a l  

n u c l e i  ^ ‘-^Ti and ^'^Ti  . Gates wer e s e t  a t  t he 229 , ^05 and 52^ keV t r a n s i t i o n s  

¡ n "'‘̂ T i  and a t  the 785 and 963  keV t r a n s i t i o n s  i n ‘‘’ ‘̂ T i  . The c o r  r e spond i ng 

e o i n c i d e n c e  s p e c t r a  o b t a i n e d  ar e  shown in F i g . 1 . 1 . 2 .

A n g u l a r  d i s t r i b u t i o n s  were measur ed in the a n g u l a r  r ange 65° < 6 5 1^5° 

w i t h  r e s p e c t  t o  the beam d i r e e t i o n .  The n o r m a l i z e d  peak a r e a s  wer e  f i t t e d  to 

the e x p r e s s i o n

W ( 0 ) =  {1 + E A ^ P ^ ( c o s e ) ]

£even

F i t s  i n c l u d i n q  an 2, = A t e r m y i e l d e d  a c o e f f i c i e n t  Â  ̂ c o n s i s t e n t  w i t h  

z e r o .  T h e r e f o r e  f i t s  o n l y  i n c l u d i n g  t er ms up t o  í, = 2 were made.  The  r e s u l t s  

o f  t h e s e  measurement s a r e  shown in F i g . 1 . 1 . 3  and t he  c o r r e s p o n d i n g  v a l ú e s  

o f  the c o e f f i c i e n t s  U s t e d  in T a b l e  1 . 1 . 1 .

The measur ement s  d e s c r i b e d  i n the p r e c e d i n g  p a r a g r p h s  a l l o w e d  us t o  

c o n s t r u c t  the e n e r g y  l e v e l  d i a g r a ms  shown i n F i g .  1 . 1 . ^ .  No low s p í n  s t a t e s

I . GAMMA RAY SPECTRQSCQPY FRÜM ( a , x n )  AND S I M I L A R  REACTIONS
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a r e  e x c i t e d  in the ( a ,  3n)  r e a c t i o n  w i t h  o b s e r v a b l e  ¡ n t e n s í t y .  I n s -  

t e a d  we have o b t a i n e d  r e a s o n a b l e  e v i d e n c e  f o r  a s t r e c h e d  E2 c a scada ¡ n v o l -  

v i n g  t he  15^5 k e \l, = 11/2 and t h e  2508 k e V ,  = 15/2 s t a t e s .  Those  

s t a t e s  have been p r e v i o u s l y  o b s e r v e d  t h r o u g h  c h a r g e d  p a r t i ó l e  r e a c t i o n s ,  e s ­

p e c i a l  l y  in the ^ ( d , a ) “̂ ^ T i  r e a c t i o n  , b u t  the i r  assi gnments c o u l d  n o t  be 

d e t e r m i n e d  . In a d d i t i o n  we p r o p o s e  a s t a t e  a t  3293 ke\¡, = ( 1 7/ 2  ) w h i c h  

decays  to the = 15/2 s t a t e  t h r o u g h  the 785 keV t r a n s í t i o n .  Owi ng t o  the 

f a c t  t h a t  the 785  keV U n e  a p p e ar s  as p a r t  o f  a v e r y  c i ó s e  d o u b l e t ,  i ts 

c h a r a c t e r  c o u l d  n o t  be d e f i n i t i v e l y  e s t a b l i s h e d .

In the case o f  ^ ° T í ,  we have o b s e r v e d  t h r e e  new t r a n s  i t i o n s  w h i c h  we 

i n t e r p r e t e d  as d e e x c i t i n g  the s t a t e s  at  3 6 0 5 , 38 3 ^ and ^ 6 ^̂ * keV in a d d i t i o n  

t o  t h o s e  d e e x c i t i n g  t he  p r e v i o u s l y  known = 2'*', k* and 6 '*‘ s t a t e s  at  

155^,  2676  and 3200 k e V ,  r e s p e c t i v e l .  From a n g u l a r  d i s t r i b u t i o n  ni easurements 

t e n t a t i v e  s p i n  a s s i g n m e n t s  o f  ( 7 ) and ( 8 ) can be made f o r  the 3^05 and 3 8 3 ^ 

keV s t a t e s ,  r e s p e c t i  v e l y .

The c i ó s e  a gr e e me n t  bet ween the e n e r g i e s  o f  the = 2+ and s t a t e s

in ^®Ti  and the e n e r g i e s  o f  the = 1 1 / 2  and 1 5 / 2  s t a t e s  in ‘*^Ti  r esem-

b l e s  the tnos t p r o m i n e t  f e a t u r e  o f  the r o t a t  i o n - a  1 i gned c o u p l i n g  scheme o f  
2

St e p h e n s  e t  a l .  Si nce t h i s  scherre a p p l i e s  f o r  n u c l e i  w i t h  s ma l l  de f o r m a t  i o n s , 

i t  may be d i f f i c u l t  i n sonie cases t o  e x p e r i m e n t a  1 1 y d i s t i n g u i s h  i t  f r o m the 

weak c o u p l i n g  mode1. In the p r e s e n t  case howev e r  t h e r e  i s  p r e v i o u s  i n f o r m a -  

t i o n  w h i c h  i n d i c a t e s  t h a t  t he  1 1 / 2  s t a t e  i s a member o f  t he | f y / 2  ^  

m u l t í p l e t  and t h e r e f o r e  the v a l  i d  d e s c r i p t i o n  in t h i s  case i s t h a t  g i v e n  by 

the weak c o u p l i n g  mode l .

Not e  added in p r o o f : Re c e nt  wor k  by B. Haas e t  a l ^  i n ^*^Ti shows an a d d i t i o n a l  

t r a n s i t i o n  o f  2937 keV g i v i n g  r i s e  t o  an e x c i t e d  7 s t a t e  a t  6135 MeV e x c i t a t i o n  

i n ^ ^ T i . On t op  o f  t h i s  l e v e l  t h e s e  a u t h o r s  p l a c e  t he ^ 0 5 ,  229 and 810 keV t r a n ­

s i t i o n  o b s e r v e d  in t he  p r e s e n t  w o r k w i t h s p i n  and p a r i t i e s  a s s i g m e n t s  o f  J  = 8 , 

9^  and 10 ^  r e s p e c t i v e l y .

S i n c e  we we r e  u n a b l e  t o  o b s e r v e  y r a y s  above 2 MeV,  the 2937 keV t r a n s i t i o n  was 

m i s s e d .

* P r e s e n t  A d r e s s :  De p a r t me n t  o f  P h y s i c s ,  U n i v e r s i t y  o f  Ri o  Gr ande do S u l ,  B r a s i l

 ̂ S . A .  A n d e r s e n ,  0 .  H a n s e n ,  L.  V i s t i s e n ,  R. Chapman and S.  H i n d s ,  N u c í .  Ph y s .  
A125 ( 1 9 6 9 ) 6 5 .

C.  Pomar ,  M. C.  Si món and M . A . J .  M a r i s c o t t i ,  5 5 a .  Reuni ón de l a  A s o c i a c i ó n  
F í s i c a  A r g e n t i n a ,  San L u i s ,  1971.

^ B.  Haas e t  al  P h y s .  Rev.  L e t t e r s ,  hO ( 1 9 7 8 )  1313



TABLE 1 , 1 . 1 .

A n g u l a r  d i s t r i b u t i o n  c o e f f i c i e n t s

N u c l e u s ( keV) A2

SOj i 229 0 . 3 ^ ± 0 . 0 7

bÜT¡ i(05 0. i )5 ± 0 . 1 7

50t ¡ 52k 0. 31 ± 0 . 0 5

50 t ¡ 1 122 0 . 2 k ± O.Oit

50 t ¡ 1554 0 . 1 7 ± O.OÍ*

M^t í 785 0 . 3 8 ± o . o k

>.9t í 963 0 . 3 9 ± 0 . 0 8

15^5 0 . 2 5 ± 0 . 0 5
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E o < ( M e V )

F í g . 1 . 1 . 1 .  E x c i t a t i o n  f u n c t i o n s  o f  gamma r a y s  f o H o w i n g  t h e  ** *̂ Ca ( a , 2 n y )  , 

‘̂ ® C a ( a , 3 n Y )  and ' ^ ®C a ( a , An y )  r e a c t i o n s .
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•O (deq)

F i g . 1 . 1 . 3  ( a )  Gamma ray  a n g u l a r  d i s t r i b u t i o n s  f o l l o w i n g  

t he ' ' ® C a ( a , 2 n Y ) ' ^ ^ T Í  r e a c t i o n .



-0- (deg)

F í g . 1 . 1 . 3  ( b ) Gamma r a y  a n g u l a r  d i s t r i  b u t ¡ o n s  f o l l o w i n g  the 

( a ,  3 ny )  i r e a c t i o n .
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1 . 2 .  T he F i r s t  9/2 S t a t e  ín '^^Br and E v i den ce f o r  Max, i mum D e f o r m a t í o n  

a i  N 'u ti2.

M. b e h a f " ,  A.  F i l e v i c h ,  G. G a r c í a  Berniúdez and M . A . J .  M a r i s c o t t i .

C o n t r a r y  t o  what  one c o u l d  e x p e c t  f r om a s i m p l e  s h e 11 model  p i c t u r e ,  the 

e x c i t a t i o n  e n e r g y  o f  the 9 / 2 ^  s t a t e s  in odd Z n u c l e i  in the p f  s h e l l  v a r i e s  

c o n s i d e r a b l y  as a f u n c t i o n  o f  N.  In the 7 7 . 7 9 . u 1 í3  ̂ i s o t o p e s  the e n e r y y  o f  t hese 

S t a t e s  d e c r e a s e s  w i t h  N f r om 0 . 5  to 0 . 1  MeV. On t h i s  b a s i s  i t  was s u s p e c t e d  

t h a t  t h e  9 / 2  s t a t e s  i n  ^ ^ B r  a n d  ^ “̂ Br s h o u l d  l i e  a t  v e r y  l o w  e n e r y i -  

es ( E ^  100 kt;V) b u t  p r e v i o u s  i n ves t  i ga t i ons have f a i l e d  to f i n d  t h e m ' .

We have s e a r c h e d  f o r  t h i s  s t a t e  in ^ ^ B r  u s i n g  the As ( a , ^tn) r e a c t i o n  at  

j S MeV. Meas u refitín ts o f  y~Y c o i n c i d e n c e ,  t i m i n g  and y - r a y  a n g u l a r  d i s L r i b u t  i ons 

have l ed tu the l e v e l  scheine in F i g .  1 . 2 . 1 .  The 9/2*'  s t a t e  i s seen to l i e  at  

GSk.S  keV i n d i c a t i n g  the e x i s t e n c e  o f  a s h a r p  b r e a k  in the above nient i oned 

t r e n d .  F i g .  1 . 2 ,2  shows the s i s tema t i es o f  the 9/ 2 "̂  s t a t e s  i n t h i s  r e g i ó n  o f  the 

n u c l e a r  c h a r t .  I t  can be o b s e r v e d  t h a t  t he upwa^d change in the s y s t e m a t i c s  f o r  

the Br i s o t o p e s  is s i m i l a r  t o  t h a t  f ound in the As i s o t o p e s .  In b o t h  cases the 

mí ni mum is r e j c h e d  f o r  N % k 2 . In the i raniework o f  t he C o r i o l i s  c a l c u l a t i o n s  o f  

S c h o l z  and Ma1 ik the p r e s e n t  r e s u l t s  show t h a t  ( a )  máximum o f  d e f o r m a t i o n  f o r  

the Br i s o t o p e s  is f ound a t  N = h 2 . N o t i n g  in t h i s  c o n n e c t i o n  t h a t  r o t a t i o n a l  

bands have been f ound in n e i g h b o u r i n g  i s o t o p e s  1 i ke ^'^Se,  "''^Se, B r , ''B r , '^^Rb 

3nd Rb , atid ( b )  the e x i s t e n c e  o f  a c i ó s e  ( 5 / 2  , 9 / 2  ) d o u b l e t  ín the mes t 

d e f o r n e d  i s o t o p e  ' " ' Br  shcíws t h a t  the d e f or t i i a t i on  in t h i s  r e g i ó n  is p o s i t í v e .

P r e s e n t  Ad t es s : Oepa r trnen t o f  P h y s i c s ,  Un i ve rs i t y  o f  R i o  Gr ande do S u l ,  B r a s i l ,

 ̂ G.  M u r r a y  e t  a l .  N u c í .  P h y s . A1¿<2 ( 1 9 7 0 )  21.

W. S c h o l z  and F . B  Ma1 i k , P h y s .  Rev.  1/6 ( I 96 8 ) 1335
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9/2'F i g . 1 , 2 . 2 .  S y s t e m a t i c s  o f  t he  e n e r g y  o f  t he  f i r s t  

S t a t e  i n  o d d - Z  i s o t o p e s .  T he so l  i d  d ot  c o r r e s p o n d s  to 

the p r e s e n t  r e s u l t .
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1 . 3 .  L e v e )  S t r u c t u r e  o f  f rom t he  ^ ^ A s ( a . 3 n Y )  r e a c t i o n .

M. B e h a r * ,  A.  F i l e v i c h ,  G.  G a r c T a  Bermúdez and M . A . J .  M a r í s c o t t i .

U n l i k e  and ®° Br ,  the iso to p e  ^ ^ B r  has a g r o u n d  S t a t e  w i t h  s p í n -

p a r í t y  1“ ( í n s t e a d  o f  1"^).  The n e g a t í v e  p a r i t y  i m p l i e s  t h a t  t he odd n e u t r ó n  

l i e s  i n  a d e f o r me d  N i l s s o n  o r b i t  w i t h  9g / 2  p a r e n t a g e .  A c t u a l l y  i t  has been 

s u g g e s t e d ^  t h a t  t he  n e u t r ó n  c o n f  i g u r a t  ion i s  w e l l  r e p r e s e n t e d  by t he  S/Z"*" 

g r o u n d s t a t e  o f  ^ ^ S e .  T h u s  the c o u p l i n g  o f  t h i s  S t a t e  w i t h  a P 2 / 2  ^5/2 

p r o t o n  w o u l d  g i v e  r i s e  t o  the ^®Br  g r o u n d  S t a t e .  S i n c e  t h i s  h y p o t h e s i s  i n -  

v o l v e s  the a s s u m p t i o n  o f  n o n - s p h e r í c a i  s t a t e s ,  one may e x p e c t  t o  o b s e r v e  some 

k i n d  o f  band s t r u c t u r e  i n  ^ ^ B r .  T o  i n v e s t i g a t e  t h i s  p o s s i b i l  i t y  we have used 

t he  ^ ^ A s ( a , 3nY)  r e a c t i o n  t h a t  f a v o r s  the p o p u l a t i o n  o f  h i g h - s p i n  s t a t e s .

From t he s t u d y  o f  e x c i t a t i o n  f u n c t i o n s ,  Y " Y  c o i n c i d e n c e s  and Y ~ r a y  a n g u ­

l a r  d i s t r i b u t i o n s  we o b t a i n  the l e v e l  scheme shown i n F i g . 1 . 3 . 1 .  T h e  o b s e r v e d  

le veis a r e  d i f f e r e n t  f r o m t h o s e  o b t a i n e d  f r o m the r a d i o a c t i v e  d e c a y ,  T h e  s p i n -  

s equence I = 1 , 2 , . , . , 6 , e n e r g y  s p a c i n g s  and decay p a t t e r n  s u g g e s t  a r o t a t i o n a l

s t r u c t u r e .  From the c o m p a r i s o n  o f  t h i s  band w i t h  the p r e d i c t í o n s  o f  t he l ( í  + 1)
2 1

1 aw a f a i  r l y  good f i  t i s o b t a i n e d  w i t h  a moment o f  i n e r t i a  0 /fi = O . O H  k e V -  

w h i c h  i s  q u i t e  s i m i l a r  t o  t h a t  f ound ín n e i g h b o u r i n g  n u c l e í .  However  d e v i a t i o n s  

f r om t he  p u r é  l ( l  + 1 ) r u l e ,  t y p i c a l  o f  C o r i o l i s  mi x e d  band a r e  a p p a r e n t .  These

d e v i a t i o n s  a r e  s h o w n i n  F i g  1 . 3 . 2  and a r e  compar ed w i t h  t hose f r o m t he  e x c i t e d  s t a -
2.

tes p r o p o s e d  by N o l t e  e t  a l .  f o r  ^ ^ K r  . T h e  p a r a l  l e í i s m  bet ween t he  b r o k e n  1 i ” 

nes i s r e m a r k a b l e ,  s u g g e s t i n g  t h a t  r e mo v i n g  a P j / 2  f r o m the “ c o r e "

does n o t  i n f l u e n c e  s i g n i f i  c a n 1 1y the C o r i o l i s  i n t e r a c t i o n .

The i de a  t h a t  ^ ^ K r  may p 1 ay the r o l e  o f  an odd A " c o r e "  i s s t r e n g t h e n e d  

by the f a c t  t h a t  t he f i r s t  two e x c i t e d  s t a t e s  i n ^ ^ B r  and ^ ^ K r  l i e  a t  v e r y  s i ­

m i l a r  ene rg Í e s .

Such a h y p o t h e s i s  has been f u r t h e r  e x p l o r e d  by s t u d y  i ng  ^^®Rb ( s e e  n e x t  

p a p e r  in t h i s  r e p o r t ) .

* P r e s e n t  A d r e s s : D e p a r t m e n t  o f  P h y s i c s ,  U n i v e r s i t y  o f  R i o  Gr a nde  do S u l , B r a s i l .

 ̂ D.  L o d e ,  W. P e s s a r a ,  H.  A h l s s o n  and E,  R o e c k l ,  Z,  Phys 260 ( 1 9 7 3 )  2 5 3 .

^ E.  N o l t e ,  P.  Vo gt  and H.  M o r i n a g a ,  F i z i c a  7_ ( 1975)  1^^«
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F í g . 1 . 3 . 2 . The q u a n t i t y  (E| -  E j _ j ) / 2 I ,  w h i c h  f o r  a good r o t a t o r  e q u a l s  

the c o n s t a n t  h ^ / 2 6 ,  is p l o t t e d  f o r  the d i f f e r e n t  members o f  t he  g r o u n d  S t a ­

te bands o b s e r v e d  i n b o t h  and ^ ^ K r .  T h e  c o r r e s p o n d i n g  d a t a  f o r  t he  

f i r s t  two p o s í t i  ve p a r i t y  s t a t e s  i n ^^5e a r e  a l s o  í n c l u d e d .  The p l o t  shows 

a r e ma r k a b l e  p a r a l  l e í i s m  bet ween and ^ ^ K r  w i t h  r e s p e c t  t o  t he  C o r í o l í s  

d e v í a t í o n s  f r om t he  1(1 + 1) l aw.

- 1/* -



I . í*. T h e  Gr ound S t a t e  Band in ^^Rb.

G. G a r c í a  Be r mú de z ,  M . A . J .  M a r i s c o t t i ,  J . C .  A c q u a d r o * ,  A . L é p i n e *  

M. N.  Rao* j n d  W, S e a l e * .

The p r e s e n t  s t u d y  was p r o mp t e d  by the r e c e n t  o b s e r v a t i o n  o f  an u nexpec"  

t ed p a r a l  l e í i s m  bet ween the band b u i l t  on t he 1 g r o u n d  S t a t e  o f  the d o u b l y  

odd n u c l e u s  ^ ^ B r  and t h a t  b u i l t  on the 5/2 g r o u n d  S t a t e  o f  t he  or f d- A n e x t  

n e i g h b o u r  ^ ^ K r .  P a r t i c u l a r l y  the e n e r g i e s  o f  the two f i r s t  e x c i t e d  s t a t e s  in 

b o t h  bands a r e  q u i t e  s i m i l a r  and t he l e v e l  s t a g g e r i n g  stemmi ng f r om t he  Co-  

r i o l i s  i n t e r a c t i o n  f o l l o w s  the same p a t t e r n .  F o r  t h i s  reason i t  was o f  i n t e -  

r e s t  t o  i n v e s t í g a t e  t he  p o s s i b i l i t y  t h a t  such r e g u l a r i t i e s  a l s o  t ook  p l a c e  

i n the n e x t  i s o t o n e  ^®Rb.  U n t i  1 now o n l y  a 6 m i somer  o f  ^*^Rb was known to 

l i e  a t  1 0 3 . ^  keV above the 17- 5  M g r o u n d  s t a t e .

In t h i s  w o r k  l e v e l s  i n ^ “ Rb wer e  e x c i  t e d  t h r o u g h  t h e ^ ‘*Zn( ^ ^ 0 , n p )  r e a c t l o n  

bet ween and 50 MeV. U s i n g  two s i m i l a r  G e ( L i )  c o u n t e r s  s i n g l e  y r a y  s p e c t r a  

wer e  s imul  t a n e o u s l y  taken a t  0°and 90°v/i th t he p u r p o s e  o f  o b t a i n i n g  i n f o r m a ” 

t i o n  on e x c i t a t i o n  f u n c t i o n s ,  l i f e t i m e s  and t r a n s i t i o n  m u í t i p o l a r i t i e s . In 

3 d d i t i o n  102^ X 102^ c h a n nel  c o i n c i d e n c e s  wer e r e c o r d e d .  The i s o t o p i c  I d e n ­

t i f i c a t i o n  was c he c k e d  by maki ng a d e t a i l e d  b a l a n c e  between t he pr ompt  peak and 

t he i n t e n s i t y  o f  y - r a y s  o b s e r v e d  f r om the r a d i a c t i v e  decay t o  t he  known ^®Kr 

d a ug h ' t e r .  The  l e v e l  scheme p r o p o s e d  f o r  ^®Rb i s shown i n F i g . 1 . ^ . 1 .  T he e n e r ­

g i e s  f o l l o w  a p p r o x i m a t e  1 y the i ( l  + 1) r u l e  a l t h o u g h  the s t a g g e r i n g  e f f e c t  

is a p p a r e n t .  The band in ^®Rb i s f ound t o  be q u i t e  s i m i l a r  t o  t h a t  in ^ ^ B r  

so t h a t  t he p r e v i o u s l y  n o t e d  p a r a l  l e í i s m  between t he l a t e r  and the 5^2 band 

in ^ ^ K r ,  a l s o  a p p l i e s  t o  t he  case o f  ^®Rb.  A c o mp a r i s o n  o f  the r e l e v a n t  d a t a  

f o r  t h e s e  t h r e e  n u c l e i  is shown in F i g . 1 . ^ . 2 .  I t  i s  seen t h a t  the f i r s t  e x c i ­

t e d  s t a t e s  l i e  at  v e r y  s i m i l a r  e n e r g i e s .  T h i s  r e s u l t  i m p l i e s  d i f f e r e n t  moments 

o f  i n e r t i a .  The  u p p e r  l e v e l s  o f  t he o d d - A  n u c l e u s  ^ ^ K r  l i e  h i g h e r  t h a t  t h ose  

i n t he d o u b l y  odd i s o t o n e s .  F o r  t h es e  s t a t e s  the moments o f  i n e r t i a  t end t o  

be the same.  C a l c u l a t i o n s  d i r e c t e d  t o  i n c r e a s e  o u r  u n d e r s t a n d i n g  o f  t h i s  

phenomenon a r e  p r e s e n t l y  b e i n g  c a r r i e d  o u t .

* I n s t i t u t o  de F T s i c a , U n i v e r s i d a d e  de Sao P a u l o ,  Sao P a u l o ,  B r a s i l .

 ̂ M. Be ha r  e t  a l .  N u c í .  P h y s . A282 ( 1 9 7 7 )  331.

^ E .  N o l t e  e t  a l .  F i z i k a  7 ( 1 9 7 5 )  1 ^ ^ .
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g . 1 . ^ . 1 .  O b s e r v e d  l e v e l  scheme o f  ^®Rb.  The s p i n s  o f  the

1 5 2 . 6 , 3 0 8 . 0 , 5 5 2 . 4 , 7 3 7 - 8  and 1136. 1 keV l e v e l s  f or m a sequence 

1 + 1 ,  1 + 2 ,  . . .  wher e  I is the s p í n  o f  the band h e a d .  T he  a m b i -  

g u i t y  r e ma i n s  as t o  w h e t h e r  t h e  band head c o r r e s p o n d s  to t h e  h í g h  

s p i n  6 m i s o me r  o r  t he low s p i n  17. 5  m i s o me r .

-  16 -
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I . 5 L e v e )  S t r u c t u r e  o f  QORb S t u d í e d  w í t h  t he  ^ ^ B r ( g , 3 n )  R e a c t i o n .

M. B e h a r y  A .  F i l e v i c h ,  G. G a r c T a  Bermúdez and M . A . J .  M a r i s c o t t I .

Th e  p r e s e n t  s t u d y  o f  l e v e l s  o f  80Rb p o p u l a t e d  through t he ( a , 3 n y )  r e a c t i o n  

on 7aBr  has been u n d e r t a k e n  as p a r t  o f  a p r o g r a m  t o  i n v e s t í g a t e  d o u b l y  odd n e u -  

t r o n - d e f  i c i e n t  n u c l e i  in t h e  28 -  N , Z -  50 r e g i ó n .  I t  is knovyn t h a t  i n t e r m e d í a ­

te v a l ú e s  o f  d e f o r m a t i o n  a r e  f ound  i n t h i s  r e g i ó n  o f  t he p e r í o d í c  t a b l e .  T h í s  

i s  f o r  i n s t a n c e ,  r e f l e c t e d  i n the mar ked v a r i a t i o n  o f  the 9 / 2 ^  S t a t e  e n e r g í e s  

w í t h  n e u t r ó n  number  in the o d d - Z  Rb i s o t o p e s .  I t  is t h e r e f o r e  a t t r a c t í v e  t o  e x ­

p l o r e  w h e t h e r  t h i s  c i r c u n s t a n c e  i s r e f l e c t e d  i n the s t r u c t u r e  o f  ®*^Rb. Our  know-  

l e dg e  o f  t h i s  n u c l e u s  was u n t i l  now l i m i t e d  t o  t he r e s u l t s  o b t a i n e d  f r o m  the 

r a d i o a c t i v e  decay  o f  8 0 S r \  From t he s t u d y  o f  e x c i t a t i o n  f u n c t i o n s ,  y - y  c o i n c í -  

dences and a n g u l a r  d i s t r i b u t i o n , we o b t a í n  the l e v e i  scheme shown i n F i g . l . 5 - 1 *  

Co mp a r i n g  o u r  r e s u l t s  w i t h  t h ose  f r om the decay w o r k ,  o n l y  t he  l e v e l  a t  1 75- 6  

keV i s common t o  b o t h  s t u d i e s .  An i n t e r e s t i n g  f e a t u r e  o f  the p r e s e n t  l e v e l  s c h e ­

me i s g i v e n  by the s p i n  s e qu e n c e  I = 1 , 2 , 3  and e n e r g y  s p a c i n g  and decay  p a -  

t t e r n s  o f  t he  l e v e l s  s i t u a t e d  at  0 , 1 7 5 . 6 ,  3 7 5 - 9  and h l l . S  k eV.  A s s u mi n g  t h a t

the 175- 6  and ^ 7 2 . 5  keV l e v e l s  have pos i t i  ve p s r i t y ,  t h i s  s e que nc e  can be com-
2

p a r e d  w i t h  the p r e d i c t i o n s  o f  t he  1(1 + 1) 1 aw w i t h  a moment o f  i n e r t i a  Jo/ti

0 . 0 1 6  ± 0 . 0 3  K e v . \  I t  is n o t e w o r t h y  t h a t  s i m i l a r  moments o f  i n e r t i a  a r e  f ound 

i n the o d d - A  n e i g h b o r i n g  n u c l e i .  S e a r c h i n g  f o r  s i m i l a r  p a t t e r n s  i n  t h í s  r e g i ó n  

o f  the p e r í o d í c  t a b l e  i t  is s t r i k i n g  t o  o b s e r v e  t h a t  p a r t  o f  the l e v e l  scheme 

o f  ^®Ga and ^ ‘*Cu ^ a r e  a l m o s t  i den t i  cal  w i t h  the band f ound i n ®°Rb. A compa-  

r i s o n  o f  t h e s e  d a t a  i s shown i n F i g . l . 5 . 2 .

The  s h e l l - m o d e l  con f  i g u r a  t i on |t i p 3 / 2 , v  f 5/2  1^ = 1 ^ , . , . , ^ ^  c o u l d  p r o v i d e  

a b a s í s  on w h i c h  a d e s c r í p t í o n  o f  t h í s  band s t r u c t u r e  c o u l d  be a t t e m p t e d  f o r  

*̂ ‘*Cu and ^®Ga,  b u t  n o t  f o r  t he h e a v i e r  i s o t o p e s  ®°Rb. A 1 t e  r na t i ve 1 y , i n v i e w  

o f  t he  s i m i l a r  s t r u c t u r e s  i n the t h r e e  i s o t o p e s  one can t r y  a common d e s c r í p -  

t i o n  i n  t er ms o f  a r o t a t i o n a l  scheme.  As i n t he  case o f  ®®Rb, such an i n t e r p r e -  

t a t i o n  í s  a l s o  s u p p o r t e d  by the o b s e r v e d  r o t a t i o n a l  bands i n t he o d d - A  n e i g h -  

b o u r s  o f  ^*^Cu and ^®Ga,  the i s o t o p e s  ® ^ u  and ^^Ga,  r e s p e c t  i ve 1 y . The  d e f o r m a -  

t i o n s  and c o n f  i g u r a t  i ons ass umed f o r  the K ** = 1^ bands a r e :

NUCLE CONFI GÜRATI ON

8 ° R b 0 . 2 [ 3 0 1 ]  , V 1  [ 3 0 1 ]

6 8Ga 0 . 2
'  í

) i o ] , V I  ( 3 0 1 ]

G' ^Cu O . l h > 2 1 ]  , V 1  ( 3 0 1 ]
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I t  i s  i n t e r e s t i n g  t o  f i n d  t h a t  i t  i s  p o s s i b l e  t o  o b t a i n  = 1 wave f u n c t í o n s  

w i t h  s i m i l a r  d e f o r m a t i o n s  f o r  t he t h r e e  n u c l e i ,  in s p i t e  o f  t h e i r  d i f f e r e n t  

n u c l e ó n  number .  The val  i d i t y  o f  t h e s e  p r o p o s e d  N i l s s o n  c o n f i g u r a t í o n s  can be 

t e s t e d  by c o mp a r i n g  the p r e d i c t e d  m i x i n g  r a t i o s  <S f o r  d i f f e r e n t s  t r a n s í  t i o n s  

o f  the cascade w i t h  those deduced f rom t h e  a n g u l a r  d i s t r i b u t i o n  d a t a .  The r e -  

s u l t s  ar e  shown in F i g . 1 . 5 . 3 .  A l t h o u g h  t he  e r r o r  b a r s  ar e  l a r g e ,  t h e . r e s u l t s  

seen t o  y i e l d  a f a i r  i n d i c a t i o n  t h a t  t he p r o p o s e d  d e s c r i p t i o n  i s  b a s i c a l l y  c o -  

r r e c t .

P r e s e n t  A d r e s s :  De p a r t me n t  o f  Physi  es , U n i v e r s i t y  o f  Ri o  Grande do S u l , B r a s i l

 ̂ R. B r o d a ,  A . Z .  H r y n k i e w i c z ,  J .  S t y c z e n  and W. W a l u s ,  N u c í .  Phys.  A 2 l 6  ( 1973)

^ C.  Pomar ,  P.  K l e i n h e i n g ,  R.M.  L i e d e r ,  M . A . J .  M a r i s c o t t i ,  O.W.  S c h u l t ,  t o  be 
p u b I ( s h e d .
C.  Pomar ,  T h e s i s ,  U n i v e r s i t y  o f  C uy o,  A r g e n t i n a ,  1976,  ( u n p u b l i s h e d ) .
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F i g . 1 . 5 . 3 .  P r e d i c t e d  and e x p e r i m e n t a l  m i x i n g  r a t í o s  f o r  I ( l - l )  

t r a n s i t i o n s  o f  t h e  quas i r o t i a t i o n a l  bands i n ®®Ga and ®*^Rb.
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I . 6 .  S t u d y  o f

M. B e h a r * ,  A.  F i l e v i c h ,  G. G a r c T a  Be r mú dez ,  M . A . J .  M a r i s c o t t I  and L ,  

S z y b i  sz**.

F o l l o w i n g  p r e v i o u s  ¡ n v e s t i g a t i o n ^ i n  and ®°Rb, we have s t u d l e d  the

‘̂ ^ B r ( a , 3 n y )  r e a c t i o n  t o  o b s e r v e  e x c i t e d  l e v e l s  i n ®^Rb.

Up to now o n i y  the 1 ^ ( 1 . 2 5  m) ground S t a t e  and a 5 ( 6 . 2  h) isonier were 

known ín ®^Rb.

T a b l a  1 . 6 . 1 .  l í s t s  the e n e r g i e s ,  i n t e n s i t i e s  and a n g u l a r  d i s t r i b u t i o n  c o e -  

f f i c i e n t s  o f  the y r a y s  i d e n t i f i e d  w i t h  ®^Rb. The  i den t i f  i ca t  i on was a c h i e v e d  

by s t u d y i n g  t h e  e x c i t a t i o n  f u n c t i o n s  i n the 30 < E ^ < 5 5  MeV i n t e r v a l ,  and was 

comp l eniented by the y - y  c o i n c i d e n c e  d a t a  ( T a b l e  1 . 6 . 2 . ) ,

T h e  c o i n c i d e n c e  r e s u l t s  i n d í c a t e  the e x i s t e n c e  o f  a s i n g l e  y - r a y  cascade 

t h r o u g h  w h i c h  t he r e s i d u a l  n u c l e u s  d e c a y s ,  c o r n p r i s i n g  the 1 2 3 . 2 ,  6 ^ . 5 ,  ^ 5 . 9 ,  

5 6 2 . 7  and 6 2 1 , ^  keV y  t r a n s i t i o n s  ( i n  o r d e r  o f  d e c r e a s i n g  i n t e n s i t y ) .  The a n ­

g u l a r  d i s t r i b u t i o n  c o e f f i c i e n t s  o f  t h e s e  l i n e s  a r e  t y p i c a l  o f  Al = 1 t r a n s i t i o n s  

Hene e ,  the y - r a y  ca s c ade  is l i k e l y  t o  c o r r e s p o n d  t o  a band w i t h  a s p i n  sequence 

o f  1 , 1 + 1 ,  1 + 2 , . . .  as f ound in ^®Rb and ®^Rb.  However  the s p i n - p a r i t y  1^ o f  the 

band head remai ns  t o  be e l u c i d a t e d .

F u r t h e r  e x p e r i m e n t s  on t h i s  n u c l e u s  a r e  now in p r o g r e s s .

* P r e s e n t  a d r e s s :  De p a r t me n t  o f  P h y s i c s ,  U n i v e r s i t y  o f  Ri o  Grande do S u l ,  B r a s i  
■'-* D e p a r t a m e n t o  de F T s i c a ,  FCEN,  U n i v e r s i d a d  N a c i o n a l  de Buenos A i r e s .

 ̂ M. B e h a r ,  A.  F i l e v i c h ,  G. G a r c f a  Bermudez and M . A . J ,  M a r i s c o t t i ,  N u c í .  Phys .  
A283 ( 1 9 7 7 ) 12.

2
M . A . J .  M a r i s c o t t i ,  G. G a r c f a  Bermudez. ,  J . C .  A c q u a d r o ,  A.  L e p i n e ,  M. N.  Rao,
W. S e a l e ,  E.  d e r  M a t e o s i a n  and P.  T h i e b e r g e r  ( 1 9 7 8 ) .  t o  be p u b l u s h e d .

^ T a b l e  o f  i s o t o p e s  7 t h  E d i t i o n .  C. M.  L e d e r e r ,  V . S .  S h i r l e y ,  E.  Br owner  J .
D a i r i k i ,  R. D o e b l e r ,  A.  S h i h a b - E 1d i n , L . J .  J a r d i n e ,  J .  T u l i ,  A . B .  Bu y r n  ( 1978 
J o h n  W i l e y  Sons I n c .
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T ABLE 1 . 6 . 1 .

Summary o f  r e s u l t s  o f  t he  p r e s e n t  e x p e r i m e n t

E n e r g y I n t e n s  i t y

(ke v) ( ± 10%)

( ± 0 . 2 )

^ 5 . 9 100 ( 2 0 5 ) ^ - 0 . 6 2  ± 0 . 2 0

6^4.5. 190 ( 2 6 6 ) ^ - O. Í42 ± 0.0^4

9 1 . 0 1Í4 - 0 . 1 3  ± 0 . 0 2

1 2 3 . 2 3̂ 40 - 0 . ^ 1  ± o . o k

M 5 . 7 5^

¿417.8 11

5 6 2 . 7 123 - O . h Q  ± 0 . 0 3

621.^4 30

9 8 0 . 5 13

a)  T he se  v a l ú e s  c o r r e s p o n d  
c o e f f i  c i e n t s .

t o  t o t a  1 i n t e n s  i t í es by a s s u mi n g  d i p o l e  c o n v e r s i ó n

TABLE 1 . 6 . 2 .

The y -  Y c o i n c i  dence i n t e n s  i t i es f r om the
a)

p r e s e n t  e x p e r i m e n t

Gate 

E^ ( ke V )
¿45.9 6Í4.5 9 1 . 0 1 2 3 . 2 5 6 2 . 7 6 2 1  .Í4

^ 5 . 3 - 1 1 0 W 12̂ 4 91 20

6Í4.5 100 - W 250 200 58

1 2 3 . 2 Í40 105 W - 60 15

5 6 2 . 7 98 100 W 12̂ 4 — 60

a)  I n t e n s i t i e s  c o r r e s c t e d  w i t h  the d e t e c t o r  e f f i c í e n c y  a r e  g i v e n  i n a r b i t r a -  
r y  u n í t s .  T h e  l e t t e r  W d e n o t e s  weak c o i n c i d e n c e .

-  2 4  -



1 . 7 .  Hí g h  S p i n  S t a t e s  i n

M. D a v i d s o n * ,  J .  D a v i d s o n * ,  M. B e h a r * * ,  G. G a r c f a  Bermúdez and 

M . A . J .  M a r i s c o t t i .

S t a t e s  i n we r e  s t u d i e d  by means o f  t he ® ^ R b ( a , 2 n )  r e a c t i o n w i t h  bom-  

b a r d i n g  e n e r g i e s  bet ween 30 and 55 MeV. S i n g l e  y - r a y  s p e c t r a  up t o  3 . 5  MeV, 

e x c i t a t i o n f u n c t i o n s , y - r a y  a n g u l a r  d i s t r i b u t i o n s  and y “ Y c o i n c i d e n c e  we r e  mea-  

s u r e d  u s i n g  ~7% e f f i c i e n c y  G e ( L i )  d e t e c t o r s .  S e v e r a l  s t r o n g  low e n e r g y  y r a y s  

wer e  o b s e r v e d ,  w h i c h  c o u l d  n o t  be f i t t e d  i n t o  the l e v e l  scheme bel ow 3*2 MeV. 

C o i n c i d e n c e  measur ement s w i t h  the h í g h  e n e r g y  l i n e s  w h i c h  d e p o p u l a t e  t he f i r s t  

s t a t e s  show t h a t  t h es e  new y T a y s  c o r r e s p o n d  t o  t r a n s í  t i o n s  bet ween s t a t e s  

above MeV. The  l e v e l  schenne o f  ®̂ ^Y i s  shown in F í g .  I . 7 - 1 -  The 

i n d i c a t e d  p r o p e r t í e s  o f  l e v e l s  be l ow 3 - 2  MeV wer e  known f rom p r e v i o u s  w o r k \  

Ou r  a n g u l a r  d í s t r i b u t í o n  measurement s a gr ee w í t h  the p r e v í o u s l y  a s s í g n e d  s p i n s  

and p a r i t í e s  f o r  t hese l e v e l s  e x c e p t  f o r  t he ene a t  2 8 9 ^ . 1  keV.  T h í s  S t a t e  

d e ca y s  v í a  the s t r o n g  1985 keV y - r a y  w h i c h  shows p o s i t í v e  a n y s o t r o p y .  We thus 

t e n t a t i v e l y  a s s i g n  1^ = ( 1 3 / 2 + )  t o  t h í s  l e v e l .  W i t h  t h í s  e x c e p t i o n  and t h a t  

o f  t he 1 1 0 7 . 0  keV 1 i n e , w h i c h  have p o s i t í v e ,  a l l  o t h e r  l i n e s  show di  p o l a r  

c h a r a c t e r .  These t o g e t h e r  w i t h  t he n o n - o b s e r v a t í o n  o f  c r o s s o v e r  t r a n s í t i o n s  

l e a d  US to p r o p o s e  t e n t a t i v e l y  the s p i n s  and p a r i t í e s  i n d i c a t e d  f o r  the upper  

l e v e l s .  T h e r e  í s no s i m p l e  s h e l l  model  c o n f i g u r a t i o n  c a p a b l e  o f  e x p l a i n i n g  

t h e s e  h í g h  s p i n  v a l ú e s .  On the o t h e r  h a n d ,  the f i r s t  s t a t e s  o f  can be i n -  

t e r p r e t e d  as a r í s i n g  f rom the c o u p l í n g  o f  a g9/2 p r o t o n  w i t h  9 ^ S r  c o r e .  I n d e e d ,  

above the f i r s t  t h r e e  l e v e l s ,  w h i c h  can be a s s í g n e d  t o  the p 1 / 2 ,  g9/2 and p3/2 

o r b i t s ,  t h e r e  i s a m u l t i p l e t  o f  l e v e l s  l y í n g  c i ó s e  t o  the e n e r g y  ó f  the 

( l l g9/2 ^f’ S r »  ) and ( j I g9/2 ^ ^ S r  ) s t a t e s .  L í k e w i s e  t h e  l e v e l s  o b s e r v e d  above 

MeV can be a s s o c i a t e d  w i t h  the ( 5 ) ” , , ( 6 ) "  and ( 7 ) ” s t a t e s  f ound i n ®®Sr . 

Inasmuch as t h i s  a s s u mp t i o n  i s  c o r r e c t ,  the s p e c t r u m  o f  h í g h  s p i n  s t a t e s  in 

88y s h o u l d  be s i m i l a r  t o  t h a t  in ®^Sr  as i n the l a t t e r  case t he s p e c t r u m  s h o u l d  

a r i s e  f r om the c o u p l í n g  o f  a g9/2 n e u t r ó n  h o l e  ( i n s t e a d  o f  a g9/2 p r o t o n )  

w i t h  t he ®9Sr  c o r e .  T h i s  a p p e a r s  t o  be t he  case as shown in F i g .  1. 7*2 wher e 

the l e v e l  schemes o f  t h e  t h r e e  i s o t o p e s  ar e  c ompar ed.

* De p a r t me n t  o f  P h y s i c s ,  U n i v e r s i t y  o f  Buenos A i r e s ,  A r g e n t i n a .  
**Depa r tmen t o f  P h y s i c s ,  U n i v e r s i t y  o f  Ri o  Grande do Sul  , B r a s i l .

 ̂ N u c l e a r  Data S h e e t s ,  ( 1 9 7 5 )  ^ ^ 5 .

^ S . E .  A r n e l l  e t  a l . ,  N u c í .  P h y s .  A241 ( 1 9 7 5 )  1 0 9 .
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I . ü S t u d y  o f  t h r o u g h  the ^‘̂ ‘* S m( a , ^ n )  R e a c t í o n .

M . A . J .  M a r i s c o t t i ,  H.  B e u s c h e r * ,  W . F .  D a v i d s o n * * ,  Y.  Gono* *,  H . M.  

J a g e r * * ,  R.M.  L i e d e r * * ,  M. MÜ l 1 e r  V e g g i a n * * ,  A.  N e s k a k i s * *  and 

O. R,  Z o i n o w s k í

T he  p r e s e n t  s t u d y  o f  was u n d e r t a k e n  w i t h  the p u r p o s e  q í  o b t a l n i n g

i n f o r m a t i o n  on t he  t r a n s í t i o n a l  p r o p e r t i e s o f  t he  N = 80 i s o t o n e s  wh er e  c o n s i ­

d e r a b l e  a d m i x t u r e  o f  s i n g l e  p a r t i ó l e  and c o l l e c t i v e  d e g r e e s  o f  f r e e d o m i s 

e x p e c t e d  t o  o c c u r .  In f a c t  ^“̂ ^Gd,  t h e  h e a v i e s t  N = 8ü i s o t o n e  so f a r  s t u d i e d ,  

e x h i b i t s  t he  l a r g e s t  r a t i o .  On the o t h e r  h a n d ,  h i g h  s p i n - t w o  n e u t r ó n  h o l e

s t a t e s ,  i n v o l v i n g  t h e  o r b i t  s h o u l d  p r e d o m i n a t e  in t he s i n g l e  p a r t i ó l e

s t a t e s .

P r i o r  to t h i s  i n v e s t i g a t i o n  o n l y  two t r a n s i t i o n s  o f  7^3 and 1001 keV wer e

known f r om a s t u d y  by Habs e t  a l ^ .  T he se  t r a n s i t i o n s  wer e i d e n t i f i e d  as d e e x c i -

t i n g  t he  l o we s t  2 ^ and s t a t e s .

E x c i t a t i o n  f u n c t i o n s ,  y r a y  a n g u l a r  d i s t r  i b u t  i ons , f o u r  d i m e n s i o n a l  c o i n -

c i d e n c e  s p e c t r a  i n v o l v i n q  E , ,  E t , „ and t  - beam wer e measur ed by b omb a r -
^ y 1 y2 YI  y 2

d i n g  w i t h  the beam o f  the J U L I C  C y c l o t r o n .  C o n v e r s i ó n  c o e f f i c i e n t s  f o r

t he d e l a y e d  t r a n s i t i o n s  we r e  o b t a i n e d  f rom i n - b e a m measur ement s  o f  d e l a y e d  c o n ­

v e r s i ó n  e l e c t r ó n  s p e c t r a  c a r r i e d  o u t  a t  the T e x a s  A S M  C y c l o t r o n  w i t h  a s p e c -
2

t r o m e t e r  c o n s i s t i n g  o f  a s t e e r i n g  magnet  and a c o o i e d  S i ( L i )  d e t e c t o r  . T he  

maxi mun c r o s s  s e c t i o n  f o r  t he ^'^‘* S m( a , ^ n )  r e a c t i o n  was f ound a t  E ^  = 67

MeV.

T h e  l e v e l  scheme r e s u l t i n g  f r om t h i s  s t u d y  i s shown in F i g .  1 . 8 . 1 ,  Be-  

low s p i n  1 0 ^  o n l y  two e x c i t e d  s t a t e s  have p o s i t i v e  p a r i t y ;  i . e ,  t he  2 and h 

s t a t e s .  T h e s e  two s t a t e s  a r e  i n a gr e e me n t  w i t h  the r e s u l t s  o f  Habs e t  a l .  . 

Members o f  t h e  q u a s i  g r o u n d  band w i t h  l a r g e r  s p i n s  a r e  n o t  o b s e r v e d .  A p l o t  

o f  t he  a v a i l a b i e  d a t a  on 6^  s t a t e s  in t he v i c i n i t y  o f  ^^^Gd y í e l d s  an e x t r a p o -  

l a t e d  v a l u é  o f  E ^ +  ~ 2 . 3 7  MeV o r  a p p r o x i m a t e  1 y 100 keV b e l o w t he 7 i s o m e r i o  

S t a t e .  T h i s  e s t i m a t e d  v a l u é  is in a gr e e me n t  w i t h  t he e x p e r i m e n t a l  o b s e r v a t i o n  

i f  the 7 to 6^  El  t r a n s i t i o n  i s  h i n d e r e d  a b o u t  10^ t i m e s .  A s i m i l a r  h i n d r a n c e  

is f ound f o r  the 8 7 . ^ .  keV El  t r a n s i t i o n  d e p o p u l a t i n g  t he  10 i s o me r  a t  3 ^ 3 3 - 0  

keV.

Between the and 10^ s t a t e s ,  n e g a t i v e  p a r i t y  s t a t e s  a r e  t he  y r a s t  s t a ­

t es  i n ^ ^ ^ G d .  The  7 i somer  has a l s o  been f ound in t he l i g h t e r  i s o t o n e s  ^**^Sm

( r e f . 3 ) ,  ^"^^Nd ( r e f . A )  and ^-^^Ce ( r e f . h )  and has been i n t e r p r e t e d  as a
“ 1 ^

í two n e u t r ó n  h o l e  s t a t e  . T h e  same c o n f i g u r a t i o n  as w e l l  as the
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^ ^ ^ 1 1 / 2  ^ ^ 1 / 2  p r o b a b l y  predomínate in the wave f u n c t i o n  o f  the 5 State 

a t  2 3 0 2 . However  the l i f e t i m e  is up t o  ten t i mes  s h o r t e r  t h a t  the c a l c u l a t e d  

v a l u e .

The 10^ i s o m e r i c  S t a t e  at  3^33 keV has a s i m i l a r  e x c i t a t i o n  e n e r g y  as

t he p r o p o s e d  10^ i s ome r  in gj- 3538  keV^ and can be i n t e r p r e t e d  as a
- 2

v h ^ ^ / 2  two n e u t r ó n  h o l e  s t a t e .

The 11^ and 12^ s t a t e s  above t he  10^ i s ome r  a r e  f ound  t o  be p o p u l a t e d  

in t he  r e a c t i o n  w i t h  an unu su al  h i g h  d e g r e e  o f  a l i g n m e n t  ( a ^  = O .96  ± 0 . 0 ^ ) .  

T h i s  a l i g n m e n t  is n o t  p r e s e r v e d  be l ow t he i somer  wh er e  - 0 . 2  -  0 . 3 .  The  

7 1 1 . 3  keV l i n e  shows an a d m i x t u r e  o f  the o r d e r  o f  2 0 ÍS.

I K P - K F A -  J u l i c h - W e s t  Germany and T e x a s  ASM U n i v e r s i t y ,  C o l l e g e  S t a t i o n  U . S . A .
A A

I K P - K F A - J u 1 i c h - W e s t  Ger many,
?'cV; *

T e x a s  A¿M U n i v e r s i t y ,  C o l l e g e  S t a t i o n ,  U . S . A .

 ̂ D.  H a b s , H.  K 1 e w e - N e b e n i u s , R. L o h k e n ,  S.  G o r i n g ,  l . v a n  K l i n k e n ,  H.  Rebel  
and G.  S c h a t z ,  Z .  P h y s i k  250 ( 1 9 7 2 )  179-

2
Y.  Gomo,  R . L .  Wa t s o n ,  T . T .  S u g i h a r a  and R . A .  K u e b b i n g ,  N u c í .  I n s t r .  Me t h.  127

^ G . G .  Ke n ne dy ,  S . G .  G u j r a z z i  and S . K .  Ma r k ,  Phys.  Rev.  C 12 ( 1 9 7 5 )  553.

^ J .  L u d z i e j e w s k i  and H.  A r n o l d ,  Z .  P h y s i k  A277 ( ' 9 7 5 )  357.

^ M. Mu 1 I e r - V e g g i a n , Y.  Gono,  R. N.  L i e d e r ,  A.  N e s k a k i s  and C.  M a y e r - B o r i c k e  
t o be p u b 1 i s h e d .

-  29 -



12

10
9 '

8 "

r
r
5 '

k
3 '

711.3

K 5  + 3 0  n s

1017.8

L - 8 7 .4 -----

i  327.7415.2 1

1 231.3 i

i  I 6 ± 3 n s

168.9

4A50.8

UM.U.'i

546.4

500.3 ®  558.1

959.3 S  '00'-^

3433.0
3345.5

3017.8

2786.4

2471.4

2302.5

1744.4
1702.3

743.0

O

743.0

\uu
Gd

Fi  g . I . 8 . 1 .  L e v e l  scheme o f

-  30 -



1 . 9  S t u d y  o f  ^^811

A . J .  K r e i n e r * ,  M. F e n z l * * ,  S.  L u n a r d i * * * ,  M . A . J .  M a r i s c o t t i .

D o u b l y  odd t h a l l i u m  i s o t o p e s  have been i n v e s t i g a t e d  i n t he  p a s t  m a i n l y

t h r o u g h  the e l e c t r ó n  c a p t u r e  decay  o f  t h e  g r o u n d  s t a t e s  o f  t he c o r r e s p o n d í n g
1 2

l e a d  i s o t o p e s  * . In t h i s  p r o c e s s  o n l y  t he  low e n e r g y ,  low s p i n  par» -  o f  t he

s p e c t r a  i s r e a c h e d .  A l s o  some s t u d i e s  c o n c e r n i n g  h í g h - s p i n  l o n g - l i v e d  i somer s
3 ^have been c a r r i e d  o u t  t h r o u g h  ( p ,  n)  a n d ( H . I . , x n )  r e a c t i o n s .  From t h i s

w o r k  the y ' d e c a y  o f  t h es e  7^ s t a t e s  t o  the g r o u n d  s t a t e  i s  known.  U n t i 1 now

no ¡ n - b e a m  measur ement s  o f  t he  p r omt  y - r a y s  f o l l o w i n g  t he p r o d u c t i o n s  o f  t h e s e

n u c l e i d e s  have been made.  On t he c o n t r a r y ,  t he  s i t u a t i o n  i s  v e r y  d i f f e r e n t

i n t he  odd- ma ss  t h a l l i u m ' s .

Many o f  them have been s t u d i e d  w i t h  h e a v y - i o n  r e a c t i o n s ^ '  We l l  e s t a b l i -

shed e v i d e n c e  now e x i s t s  f o r  t he  o c c u r e n c e  o f  r o t a t i o n a l  bands based on t he

9 / 2 - [ 5 0 5 ] p r o t o n  N i l s s o n  s t a t e  w i t h  ó b l a t e  d e f o r m a t i o n . T h e s e  s t a t e s  d i s p l a y

t h a  r i g h t  f e a t u r e s  as t o  a l l o w  an i n t e r p r e t a t i o n  i n t er ms o f  a so c a l l e d  s t r o n -

g l y  c o u p l e d  b a nd ,  T h i s  i s  t he  t y p i c a l  s i t u a t i o n  f o r  a p a r t i c l e  w e l l  above t he

Fermi  s u r f a c e  c o u p l e d  t o  an ó b l a t e  c o r e ^ .

A v e r y  i n t e r e s t i n g  phenomenon t akes p l a c e  he r e ,  w h i c h  can be u n d e r s t o o d

as a shape t r a n s i t i o n .  T h a 11 ium |s s p h e r i c a 1 i n t he g r o u n d  s t a t e ;  i t  i s  j u s t

one s i n g l e  h o ) e  i n a l e ad  c o r e .  When t he  o d d - p r o t o n  j umps t o  t he n e x t  h i g h e r -

l y i n g  m a j o r  s h e l l  we a r e  l e f t  o v e r  w i t h  a Hg c o r e  and t he  p o l a r i z i n g  e f f e c t s

o f  t he p a r t i c l e  i n the h i g h - s i n g l e  j  e q u a t o r i a l  o r b i t a l  ( J ^  = 9 / 2 , ííp = 9/ 2 ) .

In t h i s  s i t u a t i o n  i t  i s e n e r g e t i c a 11 y more f a v o u r a b l e  f o r  t he s y s t e m t o  a d o p t

a c e r t a i n  p e r ma n e n t  ó b l a t e  d e f o r m a t i o n , a l t h o u g h  i t  is n o t  c l e a r  up t o  now t o
8

wh at  e x t e n t  t he  wave f u n c t i o n  i s  s p r e a d  o u t  i n the 6- y  p l a ñ e  . We b e l i e v e  now 

t h a t  i t  i s  v e r y  l i k e l y  t h a t  such a b e h a v i o u r  i s a l s o  r e a l i z e d  i n e v e n - ma s s  

t h a 11  i um n u c l e  i .

The  e x p e r i m e n t a l  I n f o r m a t i o n  o b t a i n e d  i n t h i s  wor k  i s  t he  r e s u l t  o f  mea­

s u r e me n t s  done i n t h r e © d i f f e r e n t  1 a b o r a t o r i e s .

T he  f i r s t  s e t  o f  e x p e r i m e n t s  we r e  p e r f o r m e d  w i t h  t h e  a - p a r t i c l e  beam 

f r o m the Buenos A i r e s  s y n c h r o c y c l o t r o n  a t  t h e  AEC o f  A r g e n t i n a .  T h i s  wor k  

c o m p r i s e s  t he  measur ement s  o f  y - r a y  e x c i t a t i o n  f u n c t i o n s ,  a c t i v i t y  s p e c t r a ,  a 

p r e l i m i n a r y  r un o f  y - y  c o i n c i d e n c e s  and t h e  s e a r c h  f o r  i s o m e r i s m  i n t he  y s e c  

r e g i ó n ,  ma k i n g  use o f  the n a t u r a l  t i me  s t r u c t u r e  o f  t he  beam.  The  se cond  one 

was done w i t h  a s i m i l a r  beam f r o m t he  J u l i c h  i s o c h r o n o u s  c y c l o t r o n ,  w i t h  w h i c h  

Y ~ r a y  a n g u l a r  d i s t r i b u t i o n s , y “ Y c o i n c i d e n c e s  and t i me  d i s t r i b u t i o n s  i n the 

n s e c  r e g i ó n  we r e  o b t a i n e d .  C o n v e r s i ó n  e l e c t r ó n  s p e c t r a  we r e  measur ed a t  t he 

Bonn U n i v e r s i t y ' s  v a r i a b l e  e n e r g y  c y c l o t r o n  ma k i n g  use o f  t h e  o r a n g e  3 - s p e c -

-  31 -



t r o m e t e r  f a c í  1 ¡ t y .

Two " r o t a t i o n a l  l i k e "  s t r u c t u r e s  we r e  f ound based on ¡ s o m e r í c  s t a t e s  

a t  9 3 ^ , 3  keV = 8 " ,  T 1 / 2  = 1 2 . 3  ± 0 . 3  n s )  and 6871 keV ( J ^  = T 1 / 2  

= 150 ± AO n s ) . The  l e v e l  scheme i s  shown i n  F i g  1 . 9 . 1 *  The í n t r í n s í c  s t r u c -  

t u r e  o f  the band on t he  8" ¡ s ome r  i s  i n t e r p r e t e d  as t he  c o u p l i n g  o f  a h g / 2  

p r o t o n  q u a s i p a r t i c l e  s t r o n g i y  c o u p l e d  t o  t he  n u c l e a r  sy mme t r y  a x i s  o f  t he  

ó b l a t e  c o r e  and a r o t a t i o n - a l  I gned <iuas i n e u t r ó n .  A c c o r d i n g  t o  t h e  p o -

s l t i o n s  o f  t hese o r b i t a l s  r e l a t i v e  t o  t he  Fermi  l e v e l s  o f  b o t h  t y p e s  o f  n u -  

c l e o n s  i n o u r  c a s e ,  t he c o u p l i n g  a t  a r i g h t  a n g l e  o f  t he  c o r r e s p o n d í n g  a n g u ­

l a r  momenta becomes t he  e n e r g e t i c a l l y  most  f a v o u r a b l e  o n e . A v e c t o r  model  

d i a g r a m  o f  the b a n d - h e a d - s t a t e  s t r u c t u r e  and t he  a p p r o x i m a t e  good q u a n t u m 

numbers o f  t he s y s t e m  a r e  shown i n F i g .  1 . 9 . 2 .  e,  d e no t e s  a u n i t  v e c t o r  

p o i n t i n g  i n t he d i r e c t i o n  o f  t h e  component  o f  1 p e r p e n d i c u l a r  t o  t he  symmet r y  

a x i s .  Thus , e'j^ . j  measur es  the n e u t r ó n  a l i g r t i e n t .  The d i agona 1 i z a t  i on o f
Q

t he p a r t  i e l e - r o t a t  i on c o u p l i n g  H a m i l t o n i a n  w i t h i n  the ' ^ ' l 3 / 2 ^  c o n f l -

g u r a t i o n  space and a l s o  the s u b s e q u e n t  c a l c u l a t i o n  o f  e 1e c t r o m a g n e t i c  p r o p e r -  

t i e s  l e nds  s u p p o r t  t o  t h i s  d e s c r i p t i o n .

* P r e s e n t  A d r e s s  ; Fach be re I ch P h y s i k  d e r  T l J - Mü n c h e n ,  West  Ger many.
** F a c h b e r e i c h  P h y s i k  d e r  T U - M ü n c h e n i W e s t  Ger many.
* * * i n s t i t u t  f u r  K e r n p h y s i k ,  K F A - J u l i c h - W e s t  Germany.

 ̂ B. J u n g  and G . A n d e r s o n ,  Nucí. P h y s . ( l9É>0)  108,

^ I^.E.  D o e b l e r ,  Wm. C.  M a c H a r r i s  and W. H.  K e l l y  P h y s . R e v  ( 1 9 7 0 )  2 ^ 2 2 .

^ e.  J u n g ,  N u c í .  P h y s .  J[0 ( 1 9 5 9 )  ^^0  .

R. M.  Di amond and F . S .  S t e p h e n s ,  N u c í .  P h y s .  ^  ( 1 9 6 3 )  632 .

^ J . O .  N e w t o n ,  S . D .  C i r i l o v ,  F . S .  St e p h e n s  and R. M.  Di amond.  N u c í .  P h y s .  A1^8 

5 9 3 .

^ J . O .  N e w t o n ,  F . S .  S t e p h e n s  and R. M.  Di amond.  N u c í .  P h y s .  A 2 36 ( 1 9 7 ^ )  225 .

^ F . S .  S t e p h e n s ,  Rev.  Mod.  P h y s .  ^  ( 1 9 7 5 )  ^3 and r e f e r e n c e s  t h e r e i n .

^ J .  M e y e r - t e r  V e h n ,  F . S .  S t e p h e n s  and R. M.  Di a mond ,  P h y s .  Rev .  L e t t .  32_ ( ^ 9 7 ^ )
383 .

^ J . P .  D a v i d s o n ,  C o l l e c t i v e  Modei s  o f  t he  N u c l e u s  A c a d e mi c  P r e s s ,  New Y o r k  
( 1968 ) 186 .
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f e h g / 2 ®  V Í - |3/2

F i g . I . 9 . 2 .  A v e c t o r  model  r e p r e s e n t a t i o n  o f  t he  s t r u c t u r e  o f  t he  r o t a t l o n a l  

band ba s ed  on t he  8 i s o m e r ! c  s t a t e .
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I I . 1 . L i f e t i m e s  and g - f a c t o r s  o f  t he 6 and 7 i somer s  ¡n and

fe^Ga.

A,  F i l e v i c h ,  A .  C e b a l l o s ,  M . A . J . Mar i s c o t t i , P.  T h i e b e r g e r *  and 

E .  d e r  Mateos i an * .

The e x c i t e d  s t a t e s  o f  t he o d d - o d d  n u c l e i  ^ ^ ü a ^ ^ a n d  ^^Ga^y  wer e s t u d i e d  

by Pomar e t  a l ^ .  I s o m e r i c  s t a t e s  o f  s p i n  6 ¡n ^^Ga ( l ^ ^ 0 . 9  k eV ,  T j ^2 

and 7" i n  ^^Ga ( 1 2 2 9 . 6  keV,  T ^ ^ ^  n s )  we r e  f ound T h e s e  s t a t e s  a r e  e x -

p e c t e d  t o  s h a r e  c o n f i g u r a t i o n s  i n w h i c h  the odd n e u t r ó n  is in the 9 ^ / 2  

As shown in F i g .  1 1 . 1 . 1  a p l o t  o f  the e n e r g y  o f  t he  f i r s t  6 S t a t e  in t he  do u -  

b l y  odd n u c l e i  ^ ^ C u ,  ^ ‘*Cu,  ^^Ga and ^^Ga as a f u n c t i o n  o f  N,  e x h i b i t s  a t e nden-  

cy s i m i l a r  t o  t h a t  o f  t he  9 / 2 ^  f i r s t  e x c i t e d  s t a t e s  o f  t he  n e i g h b o r i n g  o d d - Z n  

i s o t o p e s .  S i n c e  t h e s e  9 / 2 ^  s t a t e s  a r e  known t o  be r a t h e r  p u r é  9^/2 

s h e l l - m o d e l  s t a t e s ,  t he i n d i c a t e d  s i m i l a r i t y  seems t o  c o n f i r m  t h a t  the l o w e s t  

n e g a t i v e  p a r i t y  S t a t e  i n ^^Ga and ^®Ga i n v o l v e  t he ^ 9 ^ / 2  c o n f i g u r a t i o n .

in the p r e s e n t  wor k  t he  g - f a c t o r s  o f  t he  6 and 7 s t a t e s  in ^^Ga and 

^®Ga have been measur ed in o r d e r  t o  i n v e s t i g a t e  t he  above m e n t i o n e d  a s s u mp t i o n .  

In o r d e r  t o  have t he p r o d u c t  n u c l e u s  in a f e r r o m a g n e t i c e n v i r o n m e n t  the ^^Fe 

( ^ ^ 2 n p ) ^ ^ G a  and ^ ^ F e { , n 2 p ) ^ ® G a  r e a c t i o n s  we r e  used A t a r g e t  o f  n a t u r a l  

Fe ( n a t u r a l  a bundance 9 1 ^ ) w a s  bombar ded w i t h  and beams f r om the B r o o k -  

haven N a t i o n a l  L a b o r a t o r y  MP Tándem A c c e l e r a t o r .  The t a r g e t  was a 0 . 1  mi l  

t h i c k  n a t u r a l  i ron s t r i p ,  p l a c e d  a c r o s s  the p e l e  p i e c e s  o f  a s mal l  ( - 1 0 0 0  G) 

p e r mane nt  magnet  used t o  s a t ú r a t e  t he i n t e r n a )  h y p e r f i n e  f i e l d .  T h e  i n t e r a c -  

t i o n  bet ween t h i s  f i e l d  and t he  m a g n e t i c  moment o f  the p r o d u c t  n u c l e i  causes 

t h e i r  p r e c e s s i o n ,  w h i c h  was o b s e r v e d  e x t e r n a l l y  t h r o u g h  t he r o t a t i o n  o f  the 

a n g u l a r  d i s t r i b u t i o n  o f  the e m i t t e d  Y “ r ays  by the T i me O i f f e r e n t i a l  P e r t u r -  

bed A n g u l a r  D i s t r i b u t i o n  ( TDPAD)  me t h od.  S e v e r a l  i n d e p e n d e n t  runs wer e p e r -  

f or med w i t h  ^ a n d  beams u s i n g  a s i n g l e ,  10^ e f f i c i e n c y ,  G e ( L i )  d e t e c t o r ,  

r e p e a t e d l y  p l a c e d  in sequence a t  + ^ 5 ° and -  ^5° w i t h  r e s p e c t  t o  the beam 

d i r e c t  i o n .

T he  h a l f  l i v e s  o f  t he  = 6 and = 7 l e v e l s  i n ®^Ga and ®*^Ga wer e
] f2

r e me a s u r e d  t o  i mpr ove t he  a c c u r a c y  o f  t he  p r e v i o u s l y  r e p o r t e d  v a l ú e s  ’ . The 

t i me d i s t r i b u t i o n  measur ement s  we r e  p e r f o r m e d  u s i n g  the p u l s e  beam f a c i l í t y  

o f  t he tándem a c c e l e r a t o r .  T h e  w i d t h  o f  t he  beam p u l s e s  was a b o u t  7 ns and 

t h e  r e p e t í t i o n  r a t e  was k MHz.  The  t i  m e - t o - a m p 1 i t u d e  c o n v e r t e r  was c a l i b r a t e d  

by means o f  a model  T C 85O T e n n e l e c  t i m e  c a l i b r a t o r ^ .  The  r e s u l t s  y i e l d  t he 

va 1 ues

I I . HA GN ET IC  MOMENTS OF E X C I T E D  STATES
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T i / 2 ( J ^  = 6 " , S ® G a )  = 5 7 . 3  ± 1.^* ns and 

= 7 " / ® G a )  = 6¿» ± 2 ns

F i g . l l . 1 . 2  show t he  e x p e r i m e n t a l  r e s u l t s  f o r  b o t h  n u c l e i .  T h e ' s o U d  U n e s  

a r e  the b e s t  f i t  t o  t he e x p e r i m e n t a l  p o i n t s  and c o r r e s p o n d  t o  t he  f u n c t i o n

R ( t )  = K | s i n  2to^t e x p ( - X T )  s i n  2a) j^( t+T)

wh e r e  T  Is t he  t i me e l a p s e d  bet ween two s u c e s s i v e  beam b u r s t s  and t he c o n t r i -  

b u t i o n  f r o m t he  p r e v i o u s  beam b u r s t  ( a p r o x i m a t e  i y 7%) i s a c c o u n t e d  f o r  by the 

se c ond t e r m.  T a b i e  I I .  1.1 shows the r e s u l t i n g  v a l ú e s  o f  ^nd  c o e -

f f i c i e n t s .

T he g - f a c t o r s  a r e  o b t a i n e d  f r o m t he  r e l a t i o n

wh e r e  B i s t he m a g n e t i c  f í e l d  a t  t h e  s i t e  o f  the n u c l e u s .  U s i n g  t he s p i n - e c h o -  

t e c h n i q u e ,  K o n t a n i  and I t o h ^  have measur ed t he a b s o l u t e  v a l u é  o f  the h y p e r f i n e  

m a g n e t i c  f i e  I d  o f  Ga en Fe a t  k . 2 °  K t o  be | B ( G a / F e ,  T  = 4̂. 2 °K) = 110 ± 3 kG.  

By t a k i n g  i n t e  a c c o u n t  the Fe m a g n e t i z a t i o n  c u r v e  a c o r r e c t i o n  o f  -2.6Z must  

be a p p l i e d  t o  o b t a i n  the m a g n e t i c  f i e i d  a t  room t e m p e r a t u r e .  T h i s  y i e l d s  

¡ B ( G a / F e ,  room T ) ] = 107 ± 3kG.  K r ó l a s ^  used the g - f a c t o r  o f  the known ^ 3 - 7  

keV i s o m e r i c  s t a t e  in ^•’ Ga to d e t e r m i n e  the s i g n  and a m p l i t u d e  o f  t h e  same 

q u a n t i t y ,  o b t a i n i n g  a somewhat d i f f e r e n t  v a l u é  B ( G a / F e ,  room T )  = - ( 9 ^  ± 5 ) k G .  

w i t h  t h e s e  v a l ú e s  o f  t he  m a g n e t i c  f i e l d  and o u r  r e s u l t s  f o r  t he  L ar mor  p r e c e -  

s s i o n  f r e q u e n c y  we o b t a i n  t he g - f a c t o r s  shown in T a b l e  1 1 . 1 . 2 .

W i t h i n  t he f r a me wo r k  o f  t he  s h e l l  model  t h e r e  i s  o n l y  one p o s s i b l e  c o n -  

f i g u r a t i o n  t o  e x p l a i n  a low l y i n g  7 State such as t h a t  f ound in ®®Ga, namel y  

{ TTf^ / 2  , v 9g ^2  J 7 " two c o n f  i g u r a t  i ons f o r  a 6 s t a t e  i n ®^Ga,  wh i ch a r e  

{ ^ f 5 / 2 . v g g / 2 l 6 -  and Í ^ P 3/ 2 . ^ g g / 2

Fo r  t h e  p r o t o n  and n e u t r ó n  g - f a c t o r s  we can use t he S c h m i d t  v a l ú e s  com-  

p u t e d  f o r  t h e  c o r r e s p o n d i n g  assumed s i n g l e  p a r t i c l e  c o n f i g u r a t f o n s . Howe v e r ,  

t h e  s y s t e m a t i c s  show t h a t ,  í n g e n e r a l ,  t he e x p e r i m e n t a l  v a l ú e s  d e p a r t  c o n s l d e -  

r a b l y  f r o m t h o s e  p r e d i c t e d  by the S c h m i d t  f o r m u l a .

-  36 -



I t  has l ong  been r e c o g n i z e d  t h a t  such d e v i a t i o n s  a r e  m a i n l y  due t o  c o r e
7 8 9

p o l a r i z a t í o n  e f f e c t s  ’ * . By t a k i n g  t h es e  I n t o  a c c o u n t  t he agr e e me nt  w i t h

t he measur ed g - f a c t o r s  o f  o d d - n u c l e í  i s  c o n s í d e r a b l y  ¡ mp r ov ed .

In o u r  case o f  o d d - o d d  n u c l e i  t h es e  e f f e c t s  a r e  b e s t  taken i n t o  a c c o u n t

by u s i n g  t he  g^ and v a l ú e s  e x p e r ¡ m e n t a l l y  d e t e r m i n e d  f o r  t he  c o r r e s p o n d í n g

s t a t e s  in t he o d d - A  n e i g h b o r s .

In T a b l e  1 1 . 1 . 3  t h e  g - f a c t o r s  measur ed in the p r e s e n t  wor k  a r e  compar ed

t o  t h o s e  o b t a í n e d  by a ssumi ng g^ and g^ as g i v e n  by e i t h e r  t he p ur é  s i n g l e

p a r t i c l e  model  ( u n d e r  col umn l a b e l l e d  " S c h m i d t " ) ,  o r  the e x p e r i m e n t a l  v a l ú e s

o b t a í n e d  f r om n e i g h b o r i n g  n u c l e i  ( c o l u mn  l a b e l l e d  “ E m p " ) .  I t  i s seen t h a t  a

r easonabl e agreement is o b t a i n e d  w i t h  the e m p i r i c a l  g^ and g^ f o r  the 7 S t a t e

i n ^®Ga a ssumi ng t he  { i r f r / o  » v g » /« c o n f  i g u r a t  ion w h i l e  the S c h mi d t  p r e d i  c t i o n
'^11 ¿  I

y i e l d s  t he o p p o s i t e  s i g n .  The  measur ed g - f a c t o r  f o r  the 6 S t a t e  in ^^Ga is 

c i ó s e  to the c a l c u l a t e d  v a l u é  a ssumi ng the í ^ p 3 / 2  » ’̂ 9g/2 f i g u r a  t ion and

t he e m p i r i c a l  f i g u r e s  f o r  g and g ^ .  However  a smal 1 m i x i n g  o f  the 

v g ^ / j } ^ "  t er m can n o t  be r u l e d  o u t .  In f a c t  i f  one assumes t h a t  t he wave 

f u n c t i o n s  is

the p r e s e n t  measurement  y i e l d s  = 0 . 2 0

* D e p a r t me n t  o f  P h y s i c s ,  Br ookhaven N a t i o n a l  L a b o r a t o r y ,  U p t o n ,  New Y o r k .

 ̂ C.  Pomar ,  T h e s i s  ( 1 9 7 6 ) .  U n i v e r s i t y  o f  C uy o,  A r g e n t i n a  ( u n p u b l i s h e d ) ;
C.  Pomar ,  Y.  Gono,  H. M.  J a g e r ,  P. K l e i h e i n z ,  R.M.  L i e d e r ,  M . A . J .  M a r i s c o t t i
M. MUI 1e r - V e g g i a n  and A.  N e s k a k i s ,  t o  be p u b l i s h e d .

2
L.  Harms R i n g d a h l ,  J .  S z t a r k i e r  and Z . P .  Zawa,  Phys.  S c r i p .  ^  ( 197^0 15*

^ P.  T h i e h e r g e r ,  Ark.  F i s .  2 ^  ( 1 9 6 2 )  127.

^ M, K o n t a n i  and J .  I t o h ,  J .  Ph y s ,  Soc.  J a p a n  ^  ( 1 96 5 )  1737,  J_9 (196^».

^ R . S .  P r e s t o n ,  S . S .  Hanna and J .  H e b e r i e ,  P h y s .  Rev.  128 ( 1 9 6 2 )  2207.

^ K.  K r ó l a s ,  I n t e r n a t i o n a l  C o n f e r e n c e  on H y p e r f i n e  I n t e r a c t i o n s S t u d i e d  ín Nu­
c l e a r  R e a c t i o n s  and Oecay.  U p p s a l a .  Sweden ( 1 9 7 ^ ) -  E.  K a r i s s o n  and R. Wa-  
p p l i n g ,  Edi  t o r s , p 151.

^ H.  N oy a ,  A.  Ar i ma  and H.  H o r i e ,  P r o g r .  T h e o r .  Phys.  ( K y o t o )  S u p p l .  8 ( 1 95 8 )  
33.

® R . J .  B l i n - S t o y l e ,  P r o c .  Phys.  Soc .  A66 ( 1 9 5 3 )  1158.
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T ABLE 1 1 . 1 . 1

L a r m o r  f r e q u e n c y  and r e l a t e d  d a t a  f o r  t he  i s o m e r i c  

6 "  and 7” s t a t e s  i n ®^Ga and ®®Ga

N u c l e u s Li  ne 

( keV)

P e r i o d

( n s )
■^1/2
( n s )

" 2 “ l

( Mhz)

933 ¿ < 8 . 9 ( . 7 ) 5 7 . 6 ( 1 . 6 ) - 0 . 0 3 5 ( . 0 0 6 ) 6^4.2 ( . 9)

83^ k S . 8 { . 8 ) 5 6 . 5 ( 2 . 7 ) - 0 . 0 3 1 ( . 0 0 6 ) 6 3 . 1 ( 1 . 0 )

600 ^ 5 . 7 ( 1 . 6 ) 5 A . 6 ( 2 . 7 ) 0 . 0 1 7 ( . 0 0 7 ) 6 8 . 7 ( 2 . i ( )

^ 8 . 5 ( ; 5 ) 6 0 . 2 ( 2 . 8 ) - 0 . 0 5 6 ( . 0 0 8 ) 6 4 . 8 ( . 6 )

ave rage A 8 . 7 ( . A ) 5 7 . 3 ( 1 . 2 ) 6 A . 5 ( . 1 )

^®Ga 607 5 9 ( 1 ) 6 M 2 ) - 0 .  l O ( . O l ) 5 3 . 2 ( . 1)
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TABLE 1 1 . 1 . 2

g - f a c t o r s  f o r  the 6~ and 7" i s o m e r i c  s t a t e s  o f

66  6 8
Ga and Ga,  o b t a i n e d  ¡n the p r e s e n t  w o r k .

N u c l e u s J'ir

1

g - f a c t o r  d e t e r m i n e d  by u s i n g  
m a g n e t i c  f i e  Id B f rom

we i g h t e d  
a v e r a g e

Ref./i Ref  . 6

^^Ga 6" 0 . 1 2 5 ( 0 . OA) 0.  li*3 ( . 00 8 ) 0.  1 2 9 ( . 0 0 3 )

^^Ga
i

------------------------1
7~ \ 0 . 1 0 3 ( . 0 0 3 )1 ;1 1

0 . 1 l 8 ( . 0 0 7 ) 0 . 1 0 5 ( . 0 0 3 )
1

TABLE i i . 1 . 3

g -  f a c t o r s  o f  the 6 “ and 7~ i s o m e r i c  s t a t e s  

in the o d d - o d d  and ®®Ga.

N u c l e u s Conf  i g u r a t  i on Schmi  d t ^ ^ Emp.*^^ ¡
E x p .

i

69Ca -0. 150 +0.087 0 . 105(.003)

^^Ga
”V 2 > 6 -

-0.187 +0.046 20^'

0. 129(.003)^^

66ca
‘ ' ' ’ 3 / 2 ’ ' ' V 2 * 6 -

------------i

+0.31^

L ____  ,

+0.150

........ ...  J

80^_

a)  v a l u é  o b t a i n e d  u s i n g  t h e  r e s u l t  o f  t he  p u r é  s i n g l e  p a r t i ó l e  model  
( see  T a b l e  3) f o r  g and g

P n

b) v a l u é  o b t a i n e d  u s i n g  t he  e m p í r i c a !  d a t a  f o r  g and g f r o m n e i g h b o r i n g  
o d d - A  n u c l e i  ( s e e  T a b l e  3) P

c )  see t e x t .

-  /*0 -
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Fí  g . M . 1 . 1 .  E n e r g i e s  o f  t he  f i r s t  6 s t a t e  i n d o u b l y - o d d  

n u c l e i  66>68Qa as a f u n c t i o n  o f  N.  The e x c i t a -

t i o n  e n e r g i e s  o f  t he  f i r s t  9/2 s t a t e s  in t he o d d - A  Zn i so-  

t opes  ar e  shown f o r  c o m p a r i s o n .
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t (nsec)

F í g . I I . 1 . 2 .  ( a ) L a r m o r  p r e c e s s í o n  o f  t he  6 i s o n i e r í c  S t a t e  í n  

®®Ga o b s e r v e d  t h r o u g h  t he  r o t a t i o n  o f  t he  a n g u l a r  d i s t r i b u t i o n  

o f  t h e  ^ ^ 8  keV Y " r a y .

t (nsec)

F i g . I  1 . 1 . 2 .  ( b )  L a r m o r  p r e c e s s í o n  o f  t h e  7 i s o m e r i c  S t a t e  í n 

o b s e r v e d  t h r o u g h  t h e  r o t a t i o n  o f  t h e  a n g u l a r  d i s t r i b u t i o n  o f  t he 

6 0 7 . 3  keV Y ~ ra y  .

-  h l  -



1 1 . 2 .  H a g n e t i c  Moment o f  t he  8 8 7 - 9  keV S t a t e  in

M. B e h a r * ,  A.  F i l e v i c h ,  G.  G a r c í a  B e r mú d e z ,  E .  V e n t u r a  and

F.  Z a w i s l a k * * .

P r e l i m i n a r y  measur ement s  of  t h e  m a g n e t i c  moment o f  t he  8 8 7 - 9  keV 

n s e c )  S t a t e  i n ( s e e  F i g . l 1 . 2 . 1 . )  w e r e  c a r r i e d  o u t  by means o f  t h e  i n t e ­

g r a l  p e r t u r b e d  a n g u l a r  c o r r e l a t i o n  met hod.

T h e  ^°As 8 8 7 . 9  keV S t a t e  was e x c i t e d  t h r o u g h  t he  ^ ^ G a ( a , 3 n )  ^*^As r e a c  

t i o n  by means o f  t h e  a - b e a m f r o m t h e  Buenos A i r e s  S y n c h r o c y c l o t r o n  a t  an I n -  

c i d e n t  e n e r g y  = hS MeV.  The t a r g e t  c o n s i s t e d  o f  5 mg/cm G a l i u m  O x i d e  e n -  

r i c h e d  t o  33.7% i n  ^ ^ Ga .  Two G e ( L i )  d e t e c t o r s  p l a c e d  a t  o p p o s i t e  s i d e s  o f  t h e  

t a r g e t  we r e  used t o  d e t e c t  t h e  d e - e x c i t i n g  y - r a y s .

The u n p e r t u r b e d  a n g u l a r  d i s t r í b u t i o n  o f  t he  y r a y s  d e - e x c i t i n g  t h e  8 8 7 . 9  

keV S ta te  wer e me a sur e d  i n d e p e n d e n t 1 y w i t h  e a c h  d e t e c t o r  a t  a d i s t a n c e  o f  10 

cm f r o m the t a r g e t  i n  t he  a n g u l a r  r ang e ^0° " 1^5°.  T he  a v e r a g e d  measu

red d i s t r i b u t i o n  wa? f i t t e d  t o  t h e  e x p r e s s i o n

W( 6)  = 1 + a 2 Q 2 p 2 ^ ‘^°^®) ( c o s 0 )

wh er e  t he c o e f f i c i e n t s  aj^ depend on t he p o p u l a t i o n  p a r a m e t e r s ,  and t h e  c o e f f i  

c i e n t s  a r e  a t t e n u a t i o n  f a c t o r s  a r i s i n g  f r o m t he  f i n i t e  d e t e c t o r  s o l  i d  a n g l e s .  

The  r e s u l t  we  o b t a i n e d  was

W(e) = 1 -  (0.22Í» ± 0 . 0 3 2 ) P 2  + (0 .0 2 0  ± 0.0i<0)P¿^

T he  measur ement  o f  t he  m a g n e t i c  moment was c a r r i e d  o u t  w i t h  t he d e t e c t o r  

p í a c e d  ¿jt t h e  op t i mu m s l o p e  a n g l e  i n an e x t a r n a l  m a g n e t i c  f i e l d  o f  6 . 2 5  k Ga u s s .  

Th e  d i r e c t i o n  o f  t h e  m a g n e t i c  f i e l d  was p e r i o d i c a l l y  r e v e r s e d  and s p e c t r a  wer e 

s e p a r a t e l y  s t o r e d  f o r  e ach f i e l d  d i r e c t i o n .  T he peak sums f r o m the t r a n s l t i o n s  

d e - e x c i t i n g  t he  8 8 7 . 9  keV S ta te  we r e  t hen for med i n t o  t h e  u s u a l  d o u b l e  r a t i o

s o  as t o  m i n i m i z e  s y s t e m a t i c  e r r o r s .

T he p r e l i m i n a r y  v a l u é  o b t a i n e d  f o r  t h e  g - f a c t o r  o f  t he  8 8 7 . 9  keV S ta te  

i s g = + 0 . 6 ^  1  0 . 0 8 . More w o r k  i s  c u r r e n t l y  b e i n g  done t o  r e du c e  t he e x p e r i m e n ­

t a l  e r r o r .

* P r e s e n t  A d r e s s :  D e p a r t me n t  o f  P h y s i c s ,  U n i v e r s i t y  o f  R i o  Gr a nde  do S u l , B r a s i l
** Depart i r i ent  o f  P h y s i c s ,  U n i v e r s i t y  o f  R i o  Gr ande do S u l ,  B r a s i l .

’ A .  F i l e v i c h ,  M. B e h a r ,  G.  G a r c f a  Be r mÚ d ez ,  M. M a r i s c o t t i ,  E . D e r  Ma t e o s l a n  and 
P. T h i e b e r g e r ,  N u c í .  P h y s . ( t o  be p u b l i s h e d ) .

-  'O  -
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i I 1■ R A D I O A C T I V I T Y

I I I  . 1 . Levfcl S p i n  and M u l t l p o l e  m í x í n g  R a l i o s  o f  the T r a n s i t i o n s  in 

H o .

M. B e h a r ,  A.  F i l e v i c h ,  G. G a r c í i i  Berniúdez and C.  A l o n s o  A r i a s ,

The decay  o f  to l e v e i s  o f  ' ‘̂‘ Mo has been e x t e n s i v e l y  s t u d i e d  but

d e s p i t e  the r a t h e r  nui nerous i nv e s  t i ( jal  i ons t h r o u y h  e l e c t . o n  c a p t u r e  decay 

and r e a c t i o n  e x p e r i m e n t a  such as ( u , x n )  , ( ^ H e , d ) ^ ,  ( u , u ‘ ) , 

and ( p , p ) ^ ,  t h e r e  s t i l i  e x i b t  u n c e r t a  i n L i es  a b o u t  s p i n  and p a r i t y  ass i ynntents.

P r e v i o u s  i nves t i ga t i ons  o f  the decay  schenie o f  I ed to the p a r t í a )

l e v e l  scheme shown i n F i g .  I I I .  1 . 1 .  P r i o r  t o  t he p r e s e n t  e x p e r i n i e n t  t he  2 8 7 2 . 5  

keV and the 3 3 3 9 - 5  keV l e v e i s  had no d e f i n i t e  s p i n  a s s i g n m e n t s  and the m i x i n g  

r a t i o  o f  the t r a n s i t i o n s  we r e  n o t  k n o w n .

T he p r es e n*  e x p e r i i n e n t  was u n d e r t a k e n  in o r d e r  t o  d e t e r m i n e  two l e v e l  

s p i n s  i n  p o p u l a t e d  f rom t he de ca y  o f  *̂ **Tc and to f i n d  the mu 11 i po I a r  i t ies

o f  s e v e r a l  y t ran s i t i ons , y~Y d i r e c t i o n a l  c o r r e l a N o n  measur ement s  and p o l a r i -  

z a t  i o n - d  I re.ct i ona  I c o r r e l a t i o n  measuremen ts wer e  p e r f o r m e d  w i t h  the r e s u l t  o f  

a u n i q o e  i n t e r p t e ( a t i o n  o f  the d a t a .

The ^ ' ' T c  a c t i v i t y  e mp l o y e d  in t h i s  i nve.s t i qa t i on was p r o d u c e d  t h r o u g h

t he ' ^ 3 N b ( a , 3 n )  ^ ‘‘ T c  r e a c t i o n  at E = 'i5 MeV. Tl ie y - y  c o i n c i d e n c e  spec t rome te r
(í

c o n s í s t e d  o f  a n e ( l í )  d e t e c t o r  ; ind a N a l ( T l )  se i n t i ! I a t i on c o u n t e r  In the o t h e  

channe 1 . The Y ” Y ( 9 0 ° L . P . )  spec  ( ronie te r c o n s i s t e d  of  a p l a n a r  sqi i ar e ( l e ( L i )  

d e t e c t o r  used as a p o l a r i m e t e r  and a N a i ( T l )  se i n t i  11 a t o r . The e x p e r i m e n t a l  

a r r a n q n m c n t  used in the p r e s e n t  wor k  has heen d n s c r i l > e d  in R e f . 8 .  The e x p e r i ­

me n t a l  l y  d e t e r m i n e d  p a r a m e t e r  was the assyn*>tr y  r a t i o  i>. ~ N/N whe re N and N 

a r e  t he  c o u n t i n q  r a t e s  w i t h  the l o n q  a x i s  o f  I he d e t e c t o r  p a r a l  l e !  and p e r p e n ­

d i c u l a r  r c s p e c t i v e l y  to the p o l a r i z a t i o n  p i a r e .  The t e s u l l s  o b t a i n e d  f rom 

b o t h  me a sur e me nt s  a r e  s u mma r i z e d  en T a b l e  I I  1 . 1 . 1 .

P r e v i o u s  r ad i a c t i v e  wor k s ^   ̂ wer e unai)!e'  to i tni f j i i el y  a s s i q n  s p i n s  to

t he 2 87 2  and 3339 keV l e v e l s .  From (<x,xn)  r e a c t i o n s ,  I '' -  í> was a s s i q n e d

t o  t he l e v e !  o f  28/2 keV b u t  f rom ( ^ f l e , d )  expe r i metí I s ' ^ , a l "  = ( 8 )  l e v e l

a t  2 87 5  keV was r e p o r t e d .  Ou r  r e s u l t  a s s i q n s  I -  6 in aqr ee me nt  w i t h  the
7. 3 +

wor k  o f  Ref.^4.  From the de ca y  wo r k s  ’ I -  6 v>ms t e n t a t i v e l y  a s s i q n e d  to 

t h e  3 3 3 9 . 5  keV l e v e l .  T he p r e s e n t  w o r k  c o n f i r m s  w i t h o u t  d oubt  such a s s i g n e -  

ment  r e s u l t i n g  a p u r é  MI c h a r a c t e r  f o r  the 9lf> l<eV t r a n s í  t i o n .

-  >‘5 -



J . H .  H a m i l t o n ,  K . E . G .  L o b n e r ,  A . R .  S a t t l e r  and R. Van L i e s h o u t ,  P h y s i c a  
30 I 8ü2 ( 1 9 6 ^ ) .

N . K ,  A r a s ,  E.  E í c h i e r  and G . G .  C h i l o s i ,  N u c í .  Phys .  Al  12 609 ( 1 9 6 8 ) .

^ J .  B a r r e t t e ,  A.  B o u t a r d  and S.  Mon a r o ,  Can.  J .  Phys.  ^ 9 9 5  ( 1 9 6 9 ) -

C . M.  L e d e r e r ,  J . M .  J a k i e v i c  and J . M .  H o M a n d e r ,  N u c í .  P h y s .  A l 69 ^ ^ 9  (1971

^ M. R.  C a t e s ,  J . B .  Bal  1 and E .  Newman, P h y , Rev.  187 1682 ( 1 9 6 9 ) •

S . G .  B u r g e r a n d  G. Heymann,  N u c í .  Ph y s .  A 2^3 ^61 ( 1 9 7 5 ) .

^ H . F .  L u t z ,  D.W.  H e i k k i n e n  and W. B a r t o l i n i ,  Ph y s .  Rev.  C^ 93^  ( 1 9 7 1 )
8

A.  F i l e v i c h ,  M. B e h a r  and G.  G a r c í a  Be r mú de z .  N u c í .  I n s t .  and Meth 1^1
52 1  ( 1 9 7 7 ) .
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9 A .

4 2 ^^5 2

Fi  r) • I I I ■ 1 . 1 . Oecay scheme o f  ^ * ' T c .  Ou r  s p i n  p a r i t y  ass i gnemen t f o r  

t h e  2 8 7 2 . 5  and 3 3 9 . 5  keV l e v e l s  a r e  b o t h  = 6 ^ .

-  1,8 -



I I I . 2 .  On a R e e v a l u a t i o n  o f  t he  k M  keV Gamma-Ray E n e r g y S t a n d a r d ^

E.  A c h t e r b e r g .

In the c o u r s e  o f  a r e v i s i ó n  o f  t he l i t e r a t u r e  on the b e s t  r e c e n t  v a l ú e s  

a v a i l a b l e  f o r  p r e c i s i ó n  gamma- r ay  e n e r g y  c a l i b r a t i o n s  i t  was c o n c l u d e d  t h a t  

i t  i s  now p o s s i b l e  t o  p r o v i d e  an i mpr oved e s t i m a t e  f o r  t he e n e r g y  o f  t h e  412 

keV t r a n s i t i o n  f o l l o w i n g  ^ ‘̂ ®Au b e t a  d e c a y ,  l ong  used as a s t a n d a r d  r e f e r e n c e .  

The v a l u é  4 1 1 . 7 9 4  ( 7 )  keV p r e s e n t l y  in use is based e s s e n t i a l l y  on t he r e s u l t s  

o f  t he 1963  M u r r a y  e t  a i .  e x p e r i m e n t  in w h i c h  t h e y  compar ed the e n e r g y  o f  

t h i s  gamma r e y  w i t h  t h a t  o f  a n n i h i l a t i o n  r a d i a t i o n ,  u s i n g  an i r o n - f r e e  magne-  

t i c  s p e c t r o m e t e r  and a s u i t a b l e  e l e c t r ó n  c o n v e r t e r .  The  r e s u l t  o f  t h i s  measu-  

r ement  has been u p d a t e d ,  once by M u r r a y  e t  a l .  t h e m s e l v e s ^  , and once by 

Ker n  , b u t  no new e x p e r i m e n t a l  e v i d e n c e  was a d v a n c e d  by e i t h e r  o f  them t o  

c o n t r i b u t e  t o  an i mp r ov ed  f o u n d a t i o n  o f  t h i s  q u a n t i t y .  In the me a n t i me ,  many 

i mp r ov ement s  i n  t he c u r v e d - c r y s t a 1 d i f f r a c t i o n  s p e c t r o m e t e r  t e c h n i q u e ,  p r o v i -  

d i n g  s i g n i f i  c a n 1 1 y l o we r  e r r o r  e s t i m a t e s ,  have made t he m a g n e t i c  s p e c t r o m e t e r  

p r a c t i c a ! l y  o b s o l e t e  as r e g a r d s  p r e c i s i ó n  measur ement s  i n t h i s  e n e r g y  range 

In t he p r e s e n t  wor k  we d i s c u s s  some s e l e c t e d  c r y s t a l  s p e c t r o m e t e r  measur ement s  

o f  the l a s t  10 y e a r s ,  w h i c h  i mp l y  a d e t e r m i n a t i o n  o f  the r a t i o  o f  the e n e r g y  

o f  t he  412 keV t r a n s i t i o n  t o  t h a t  o f  t he X r a y s .  A good c o n s i s t e n t  s e t

f r om s e v e r a ]  g r o u p s  i s f o u n d , a 11o w i n g  t h e  e x t r a c t i o n  o f  a r e l i a b l e  mean v a l u é .

On the o t h e r  h a n d ,  t he l a t e s t  a d j u s t m e n t  o f  t h e  f u n da me nt al  p h y s i c a l  c o n s t a n t s
5 2

by Cohén and T a y l o r  p r o v i d e s  v a l ú e s  f o r  m^c and f o r  t he  X - r a y  e n e r g y  s c a l e

o f  s a t i s f a c t o r y  c o n s i s t e n c y .  T h i s  f a c t  a l l o w s  us t o  o b t a i n  a v a l u é  f o r  the

^^^Au r e f e r e n c e  e n e r g y  u s i n g  t he mean v a l u é  o f  6 . 9 4 2 1 5 2  ( 1 4 )  f ound h e r e  f o r

the E ( 1 9 8 A u ) / E ( v y K  , )  r a t i o ,  and compare i t  t o  o u r  r e c a 1 cu 1 a t i o n  o f  t he  Mu r r a y
a  I ■

e t  a l .  r e s u l t .  T he e x c e l l e n t  a g r e e me n t  bet ween t h e s e  two d i f f e r e n t  c a l c u l a t i o n s  

l e a d s  US t o  p r o p o s e  the a d o p t i o n  o f  the v a l u é

E ( 1 9 8 a u ) = 4 1 1 . 8 0 1 6  ( 2 2 )  keV ( 5 . 4 p p m

as the new e n e r g y  r e f e r e n c e  s t a n d a r d ,  based on t he 1973  s e t  o f  f un d a me n t a l  c o n s ­

t a n t s .

T he  q u e s t i o n  o f  t h e  a g r e e me n t  o r  d i s a g r e e m e n t  o f  t h i s  v a l u é  w i t h  some 

o t h e r  t e n t a t i v e  p r o p o s a l s  p u b l i s h e d  e a r l i e r  i s d i s c u s s e d .  Be e r  and Ker n s u -  

g g e s t  a r e e v a l u a t i o n  o f  t h e  M u r r a y  e t  a l .  e x p e r i m e n t ,  based on a p r o p o s e d  mo-  

d i f i c a t i ó n  in t he X - r a y  e n e r g y  i n v o l v e d  i n t he  c a l c u l a t i o n s  o f  t h a t  mea-
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s u r e m e n t ,  w h i t h o u t  a c t u a l l y  u s i n g  the r e s u l t i n g  v a l u é  t h e m s e l v e s  i n t h e i r  

f o l l ü w i n g  w o r k .  B o r c h e r t  comnients on the f a c t  t h a t  h i s  r emeasur ement  o f  the 

E ( l y ^ A u ) / E ( W K ^ j ) r a t i o .  t o g e t h e r  w i t h  the r e s u l t  ü f  t h e  1973 a d j u s t m e n t  o f

the f u n d a me n t a l  c o n s t a n t s ,  i m p l i e s  a new v a l u é  f o r  t h e  Au s t a n d a r d ,  w i t h o u t
8 3

e i t h e r  a d o p t i n g  t h i s  new s c a l e  i n h i s  own l a t e r  w o r k  . Van A s s c h e  e t  a l .

made a new a t t e n i p t  t o  r e l a t e  the k \ 2  keV e n e r g y  to t h a t  o f  a n n i h i l a f e i o n  r a d i a -

t i o n ,  as i n t he M u r r a y  e t  a l .  e x p e r i m e n t ,  t h i s  t i me based on c r y s t a l  d i f f r a c -

t i o n  t e c h n i q u e s .  W h i l e  t h e i r  r e s u l t  is c o n s i s t e n t  w i t h  o u r  p r o p o s e d  v a l u é ,  we

b e l i e v e  t h a t  i t  s h o u l d  be r e v i  sed downward by a bout  5 e V ,  m a i n l y  b e ca u s e  o f

new e s t i m a t e s  f o r  the p o s i t r o n  wor k  f u n c t i o n  in Cu,  w h i c h  l ead t o  a l o w e r  a n n i h i -

í a t i o n  r a d i a t i o n  e n e r g y ^ ^ .  Such a " r e v i s e d "  r e s u l t  is in s t i l l  b e t t e r  a g r e e -

ment  w i t h  o u r  p r o p o s a l .  The  case o f  t he measur ement s  o f  D e s l a t t e s  e t  a P ^  is

more d i f f i c u l t  t o  e x p l a i n .  T h e i r  r e s u l t  o f  ^ 1 1 . 8 0 6 2  ( 1 ^ )  keV d i s a g r e e s  s t r o n -

g l y  w i t h  o u r  p r o p o s e d  v a l u é .  W h i l e  t h e y  s t r e s s  the f a c t  t h a t  t h e i r  r e s u l t

s h o u l d  be a c c o r d e d  o n l y  a p r e l i m i n a r y  c h a r a c t e r ,  i t  w o u l d  be d e s i r a b l e  t o  be

a b l e  to p o i n t  o u t  some s p e c i f i c  cause f o r  t he d i s a g r e e m e n t . T h e i r  v a l u é  f o r

the ^58A u e n e r g y  i m p l i e s  a E ( ^ ^ ^ A u ) / E ( W K ^ I ) r a t i o  w h i c h  is s i g n i f i  c a n 1 1 y h i g h e r

t han t he a v e r a g e  o b t a i n e d  in o u r  w o r k ,  and in f a c t  is h i g h e r  t han the b i g g e s t

i n d i v i d u a l  e x p e r i m e n t a l  v a l u é  w h i c h  e n t e r s  t h a t  a v e r a g e .  T h i s  a p p e a r s  t o  p o i n t

t o some s o u r c e  o f  s y s t e m a t i c  e r r o r  e i t h e r  in t h e i r  s e r i e s  o f  me a sur e me nt s  o r

in a l l  t he o t h e r  c r y s t a l  s p e c t r o m e t e r  measur ement s  used by u s . p e r f o r m e d  w i t h

d i f f e r e n t  I n s t r u m e n t s  in s e v e r a l  1a b o r a t o r i  e s .

In a p a p e r  t o  be submi  t t e d  f o r  p u b l i c a t i o n  on t h i s  wor k  we i n d u d e  a 

f u l l e r  a c c o u n t  o f  a l l  the p o i n t s  m e n t i o n e d  a b o v e ,  as w e 11 as a s h o r t  d i s c u s s i o n  

o f  the p r e s e n t  S t a t e  r e g a r d i n g  the c o n s i s t e n c y  o f  the e n e r g y  s c a l e s  i n  use 

f o r  gamma - r ay  c a 1 i b r a t i o n s .

to be p u b 1 i s h e d ,
2
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I I I . 3 .  F a c t i b M í t y  o f  P r o d u c i n g  f o r  R a d i o p h a r m a c e u t l c a l  use

A .  C e b a l l o s ,  A.  F i l e v i c h ,  N.  F a z z i n i ,  J . C .  R o d r í g u e z ,  H.  A l b a n í *

C.  A r c i p r e t e * ,  V.  P e c o r i n í  and A . E . A .  M i t t a * .

T h e  f e a s i b i l í t y  o f  p r o d u c i n g  and o t h e r  s h o r t  l í v e d  i s o t o p e s  f o r  p h a r -  

m a c e u t i c a l  use i s p r e s e n t l y  b e i n g  i n v e s t i g a t e d  t h r o u g h  a j o i n t  c o l l a b o r a t i o n  

bet ween t h e  De p a r t me n t  o f  P h y s i c s  and t he L a b o r a t o r y  t he L a b e l l e d  M o l e c u l e s .  T h í s  

p r o j e c t  is p a r t i a l l y  s u p p o r t e d  by t he  l AEA C o n t r a c t  RB 1?45.

In o r d e r  t o  become f a m i l i a r  w i t h  t h i s  t e c h n o l o g y  we a r e  u s i n g  t h e  Buenos 

Ai  res S y n c h r o c y c l o t r o n  i n t e r n a l  d e u t e r o n  beam t o  p r o d u c e  the r e a c t i o n  ^ ° B ( d , n ) ^ ^ C .  

We d e s i g n e d  and c o n s t r u c t e d  a sma l l  r e a c t i o n  chamber  t o  be p l a c e d  i n t he  a c c e l e -  

r a t i o n  chamber  o f  t he  s y n c h r o c y c l o t r o n  ( s e e  F i g . I I I . 3 . 1 ) •  T h i s  chamber  has a 

t h i n  0 . 0 5  mm e n t r a n c e  wi ndow made o f  b r a s s  and i s s u p p o r t e d  by a s p e c i a l l y  d e ­

s i g n e d  t e l e s c o p i o  stem w h i c h  a l l o w s  i r r a d i a t i o n  o f  t he  b or on  t a r g e t  a t  any de u ­

t e r o n  e n e r g y  bet ween 5 and 27 MeV,  and henee t o  s e a r c h  f o r  t he  máximum o v e r a l l  

p r o d u c t i o n  e f f i c i e n c y .  In o r d e r  t o  o b t a i n  i n f or m o f  ^^CO^ i t  i s  c o n v e n i e n t  

t o  h e a t  up t he t a r g e t  m a t e r i a l  t o  a t e m p e r a t u r e  o f  a b o u t  ^00° C.  In p r e l i m i n a r y  

t e s t s t h i s  has been e a s i l y  a c h i e v e d  u s i n g  t h e  e n e r g y  r e l e a s e d  by t he  beam in 

t he t a r g e t  h o l d e r ,  w h i c h  has been p r o v i d e d  w i t h  t h er mal  and e l e c t r i c a l  i n s u l a -  

t i o n  f r o m t he  c o o l e d  chamber  w a l l s .

T he  s h o r t  l i v e d ,  c y c l o t r o n  p r o d u c e d  g+ e m i t t e r s  a r e  s p e c i a l l y  a t r a c t i v e  f o r  

n u c l e a r  m e d i c i n e  b ecause o f  t he  f o l l o w i n g  r e a s o n s :

a)  P o s s i b i l i t y  o f  s p a t i a l  l o c a l i z a t i o n  o f  e m i t t e r  t h r o u g h  t he  c o i n c i d e n c e  

o b s e r v a t i o n  o f  t h e  two 511 keV y - r a y s  e m i t t e d  i n t he a n n i h i l a t i o n  p r o c e s s .

b)  H i g h  a t t a i n a b l e  s p e c i f i c  a c t i v i t y ,  w h i c h  p e r m i t s  t o  e mp l oy  l a b e l l e d  c h e -  

mi c a l  s w h i c h  c a n n o t  be used w i t h  c o n v e n t i o n a l  t r a c e r s  because o f  t h e i r  h i g h  

t o x i c  i t y .

c)  T h e  r e l a t i v e l y  s h o r t  1 i f e t i  me w h i c h  a l l o w s  t o  v i s u a l  i z e  i n t e r n a l  o r g a n s  

a v o i d i n g  t h e  a p p l ¡ c a t i ó n  o f  h i g h  dose t o  the p a t i e n t s .

d)  I s o t o p e s  i n t h e  l i g h t  r e g i ó n  o f  t h e  p e r i o d i c  t a b l e  p r o d u c e d  by t h i s  

t e c h n i q u e  a r e  a b l e  t o  be i n t r o d u c e d  as ma r k e r s  in hu n d r e d s  o f  o r g a n i c  compounds 

o f  b i o l o g i c a l  i n t e  r e s t .

In o r d e r  t o  e x t r a c t  t h e  l a b e l l e d  ^^CO^ w e ' l l  f o l l o w  t he t e c h n i q u e  o f  C l a r k ^  

w i t h  a c a r r i e r  gas f l o w i n g  d u r i n g  i r r a d i a t i o n .  The l a b e l l e d  gas w i l l  e i t h e r  

be t r a p p e d  i n m o l e c u l a r  s i e v e  co l u mns o r  c on den s e d  in c r y o g e n i c  b a f f l e s  t o  be 

c o n f o r t a b l y  t r a n s p o r t e d  and r e l e a s e d  i n t he  moment o f  ú t i l i z a t i o n .
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We e x p e c t  t h a t  t h es e  p r e l i m í n a r y  wor k  w M  1 g l v e  us a c o n v e n i e n t  b a c k g r o u n d  

t o  s u p p o r t  a d e d i c a t e d  g r o u p  in the case a compact  c y c l o t r o n  f o r  i s o t o p e  p r o d u c -  

t i o n  is p u r c h a s e d  by CNEA.

D i r e c c i ó n  de O p e r a c i o n e s ,  G e r e n c i a  de R a d i o i s ó t o p o s  y R a d i a c i o n e s .

J . C .  C l a r k  and P . D .  B u c k i n g h a m,  I n t .  J o u r n a l  o f  A p p l .  R a d i a t i o n  and I s o t o p e s  
22 ( 1 9 7 1 )  639.
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F i g . I I I . 3 . 1 .  S m a l 1 r e a c t i o n  chamber  t o  be p l a c e d  in t he 

a c c e l e r a t í o n  chamber  o f  t he  S y n c h r o c y c l o t r o n .
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IV. HYPERFINE INTERACUON

IV . 1. Quadrupole Nuclear Interact íon ín produced by the

^ ^ G e ( g , 3 n ) r e a c t í o n .

M. B e h a r ,  G.  G a r c í a  B e r mú d e z ,  A .  F i l e v i c h ,  R . P .  L i v i *  and F . C .

Zaw¡slak**.

The present work reports for the f i r s t  time TDPAC (Tlme-Díf ferentia l  

Perturbed Angular Correlation) measurements ¡n a semiconductor cubic l a t t i ce  

damaged by a -p a r t i c le  i r rad ía t ion .  The experiment cons is ts  in bombardíng poly 

c r y s ta l l i n e  Ge powder at the temperatures of  77“ and 3 0 0 “ K with ^5 MeV a-par-  

t i c l e s ,  thus producing 73se ¡n Ge l a t t i ce.  The ions a fter  coming to rest

somewhere in the cubic l a t t i ce ,  decay to '^̂ As which has a 7 nsec isomer with

I = 5 / 2 .  This level is exposed to hyperfine interact ions which can be accu- 

rate ly  measured by the TDPAC technique. The angular corre lat ion  attenuation 

co e f f ic ien t  can be expressed by:

G k k ( t )  = S cos( nu) ( j t )  e x p ( - 6 / 2  n u ^ t )

wh er e  t h e  a m p l i t u d e s  and t he  f r e q u e n c y  üj^ a r e  r e l a t e d  t o  t he  n u c l e a r  q u a -

d r u p o l e  f r e q u e n c y  T h e  t e r m e x p ( - ó / 2  n u ^ t )  g i v e s  the L o r e n t z i a n  d i s t r í b u -  

t i o n  o f  f r e q u e n c i e s  w i t h  a w i d t h  6.  T a b l e  I V . 1.1 and F i g .  I V . 1.1 show t h e  re 

s u l t s  o f  t h e  measur ement s  done a t  b o t h  t e m p e r a t u r e s .  C o n s i d e r i n g  t he da t a  a t  

3 0 0 “ K,  we n o t e  t h a t  i n i t i a l l y  t he  i n t e r a c t i o n  is c h a r a c t e r i z e d  by a s h a r p  

f r e q u e n c y  ( s e e  F i g .  V I . 1 . 1 . ( a ) .  An e s t i m a t e  o f  t h e  e l e c t r i c  f i e i d  g r a d i e n t  

( E F G )  g i v e s  a v a l u é  o f  I Q l B  V/cm^ in q u a l i t a t i v e  a gr e e me nt  w i t h  t he  a s s u m p t i o n  

t h a t  t h e  i n t e r a c t í o n  i s  c a us e d  by s i n g l e  v a c a n c i e s  n e a r e s t  n e i g h b o u r s  n . n  

t o  t he  d e c a y i n g  i o n s .  T h e  3 0 0 “ K d a t a  a l s o  show a f a s t  d e c r e a s e  o f  t h e  q u a d r u -  

p o l e  i n t e r a c t i o n  s t r e n g t h , w i t h  i n c r e a s i n g  t i m e  t^j^ and an i n c r e a s e  o f  t h e  f r e ­

q u e n c y  d i s t r i b u t i o n  6.  As s umi ng  t h a t  t h e  h e a l i n g  e f f e c t  i s  caused by m i g r a t i o n  

o f  v a c a n c i e s  t o  some s i n k ,  one o b t a i n s  an a c t i v a t i o n  e n e r g y  o f  E ^  = 1 . 0 5  ev  

w h i c h  i s in a g r e e me n t  w i t h  t he  one o b t a i n e d  by H i r a t a  f o r  t h e  second a n n e a l i n g  

s t a g e  a t  room t e m p e r a t u r e  o f  a n - t y p e  g er mani um bombarded by e l e c t r o n s .  A f t e r  

36 h s ,  we a l s o  o b s e r v e  an a l m o s t  c o m p l e t e  r e c o v e r y  o f  t h e  s a mp l e ,  F i g . I V . 1 . 1 ( b )  

T he  r e s u l t s  o b t a i n e d  a t  7 7 ” K show v e r y  i n t e r e s t i n g  f e a t u r e s ,  I n i t i a l l y ,  two 

d i f f e r e n t  q u a d r u p o l e  i n t e r a c t i o n s  w i t h  e q u a l  w e i g h t  a r e  o b s e r v e d  F i g . I V . 1 . 1 . ( c )
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a n d ,  a f t e r  t = 36 h s , t he  h i g h e r  f r e q u e n c y  component  c o m p l e t e l y  d í s a p p e a r s  
ab

and a s u b s t a n t i a l  d e c r e a s e  i n t h e  l o w e r  f r e q u e n c y  d i s t r i b u t i o n  is n o t e d .  T h e -  

se f a c t s  show t h a t  a t  the b e g i n n í n g  two k i n d s  o f  d e f e c t s  a r e  f o r me d ,  and t h e y  

anneal  a t  d i f f e r e n t  r a t e s ,  r e m a i n i n g  o n l y  one a f t e r  36 h o u r s .  S e v e r a !  c o n c l u -  

s i o n s  can be drawn f r om t h e  p r e s e n t  e x p e r i m e n t :

a)  T h e  r a d i a t i o n  damage c aused by a - p a r t i c l e  i r r a d i a t i o n  i n G e j ' s  s i m i l a r  

t o  t h e  one p r o d u c e d  by e l e c t r o n s .

b)  The  v e r y  h í g h  f r e q u e n c y  measur ed a t  77° K c o r r e s p o n d s  t o  an EFG o f

a b o u t  10^^  V/cm w h i c h  is one o r d e r  o f  ma g n i t u d e  l a r g e r  t h a t  the f i e l d  o b s e r -

ved i n Ge a t  3 0 0 “ K and a l s o  one o r d e r  o f  m a g n i t u d e  l a r g e r  t h a t  t he  h i g h  f i e l d  
2

i n Ag me t a l  . T h i s  r e s u l t  s u g g e s t s  t h a t  t he d e f e c t s  l a y  c l o s e r  t o  t h e  p r o be  

n u c l e i  t h a t  t he normal  l a t t i c e  n . n p o s i t i o n s .  C o n s e q u e n t i y , such a l a r g e  f i e l d  

can be i n t e r p r e t e d  as caused by i n t e r s t i t i  a l s  a n d / o r  c l o s e - p a i r s  for med d u r i n g  

t h e  p r o c e s s  o f  a - i r r a d i a t i o n .

c)  T he  p r e s e n c e  o f  so s t r o n g " i n d u c e d "  q u a d r u p o l e  i n t e r a c t i o n s  p r o d u c e d  by 

r a d i a t i o n  damage must be c o n s i d e r a d  in any a n g u l a r  d i s t r i b u t i o n  o r  g - f a c t o r  mea-  

s u r e m e n t .  I f  the l i f e t i m e  o f  Che e x c i t a d  S ta te  is in che nsec  r e g i o n , c o n s i  de r a ­

b i e  a t t e n u a t i o n  in the r e s u l t s  i s to be e x p e c t e d  due t o  t he  p r o d u c e d  h i g h  

q u a d r u p o l e  i n t e r a c t i o n s .

I n s t i t u t o  de F í s i c a ,  U n i v e r s i d a d e  F e d e r a l  do Rí o  Gr ande do S u l , P o r t o  A l e g r e ,  
Br as  i 1.

 ̂ Hi  r a t a  , J a p a ne s e  J o u r n a l  o f  A p p l .  P h y s i c s  j_2_ ( 1 9 7 3 )  577 

^ M. Be ha r  and R. M,  S t e f f e n ,  P h y s i c a l  Rev.  L e t t e r s  ^  ( 1 97 2 )  116.
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TABLE 1

Pa r a me t e r s  f r om the a n a l y s i s  o f  t h e  G2 2 ( t )  c u r v e s

Tempera t u r e  

o f  the f o M  

(•’ K)

T i me t . a f t e r  
ab

í r r a d i a t i o n  

( h s )

(MHz)

u>2

(MHz)
^2

300 3 117 ± .06  ± . 03 - -

6 3̂ * ± 10 . 23 ± . 10
1

- -

9 25 ± 15 . kO ± . 15
1

- -

36 3 . 5  ± 6 : .í*5 ± . 15
1

i;

-

77 3 1320 ± 30

i

. 02 ± . 02 780 ± 30 . 26  ± . 10

36 -
1

800 ± 30 . 02 ± .Oí»
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and ( b )  a t  300° K f o r  3 and 36 hs a f t e r  i r r a d i a t i o n ;  ( c )  and ( d )  a t  77° K,  

a l s o  f o r  3 and 36 hs a f t e r  i r r a d i a t i o n .
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I V . 2 .  T r a p p í n g  o f  Vacanci ’ es in Quenched S í l v e r .

C.  A l o n s o  A r i a s ,  J .  F e r n a n d e z  N i e l  l o ,  M. B e h a r * ,  A.  F i l e v i c h  and

G.  G a r c í a  Be r mú d ez .

In t h e  l a s t  y e a r s ,  t he T i m e - D i f f e r e n c i a l  P e r t u r b e d  A n g u l a r  C o r r e l a t i o n  

t e c h n i q u e  has been w i d e l y  used in o r d e r  t o  o b s e r v e  E l e c t r i c  F i e l d  G r ^ d i e n t s  ( EFG)  

g e n e r a t e d  by i m p u r i t i e s  o r  v a c a n c i e s  i n  c u b i c  m e t á i s .

In t he  w o r k  o f  B e h a r  e t  a l \  c u b i c  s i l v e r  me t a l  was i r r a d i a t e d  w i t h  a p a r ­

t i ó l e s  and two d i f f e r e n t  q u a d r u p o l e  i n t e r a c t i o n s  we r e  o b s e r v e d  w i t h  t h e  p r o b e  

^ ^ M n .  T h e  f i r s t  one was c h a r a c t e r  i z ed by a low and b r o a d  f r e q u e n c y  uij = 1 . 5 7  

MHz and 6 = 0 . 3 5  and t h e  second by a h i g h  and s h a r p  f r e q u e n c y  -  160 MHz 

w i t h  6 = 0 . 0 1 .  3 o t h  i n t e r a c t i o n s  wer e  a t t r i b u t e d  t o  v a c a n c i e s  g e n e r a t e d  by t he  

A g ( a , 2 n ) ^ ^ ^ I n  r e a c t i o n .  The  f o r m e r  due t o  v a c a n c i e s  s i t u a t e d  a t  v a r i o u s  a t o m i c  

d i s t a n c e s  f r o m t h e  p r o b é  and t he  l a t t e r  due t o  v a c a n c i e s  s i t u a t e d  a t  t he  n e a r e s t  

n e i g h b o u r  s i t e s .  T h e  c o n c l u s i o n s  t h a t  t h e  v a c a n c i e s  a r e  r e s p o n s i b l e  f o r  the 

g e n e r a t i o n  o f  EFG,  was r e a c h e d  a f t e r  s t u d y i n g t h e  dy n a mi c s  o f  b o t h  q u a d r u p o l e  

i n t e r a c t i o n s  o r ,  ¡n o t h e r  w o r d s ,  a f t e r  t he e v a l u a t i o n  o f  t h e  a c t i v a t i o n  e n e r g y  

o f  t he d e f e c t s .

In the p r e s e n t  w o r k  we r e p o r t  on t he  q u a d r u p o l e  i n t e r a c t i o n  o b s e r v e d  a f t e r  

t r a p p i n g  o f  a t h e r m a l l y  p r o d u c e d  d e f e c t .

T h e  e x p e r i m e n t  c o n s í s t e d  i n b o mb a r d i n g  s i l v e r  met al  f o i l s  o f  0 . 0 5  nini t h i c k  

w i t h  ^5 MeV r t - p a r t i c l e s  p r o d u c i n g  ^ ^ ^ I n  i n the Ag l a t t i c e .  T h e  f o i l s  we r e  t hen 

qu enc h ed  f r om s e v e r a l  t e m p e r a t u r e s  T^^ to 250°K and q u i c k l y  t r a n s f e r r e d  i n t o  l i "  

q u i d  ni  t r o g e n .

F i g .  I V . 2 . 1 ( b )  shows t h e  ^22 a n n e a l e d  sampl e  w i t h  s l o w

c o o l i n g .  F i g . I V . 2 . 1 ( a ) i n s t e a d ,  shows t h e  r e s u l t  f o r  a t y p i c a l  qu enched s a mp l e .  

The  t h e o r e t i c a l  p a r a m e t e r s  w h i c h  f i t t e d  t he  e x p e r i m e n t a l  c u r v e  wer e  oi = ( 1 9 0  ± 5 )  

MHz,  6 = 0 . 3 0  and n = 0 . 0 1 .  A b o u t  89?; o f  t h e  p r o b e  n u c l e i  f e l t  t h i s  h i g h  and 

u n i q u e  q u a d r u p o l e  i n t e r a c t i o n  w h i l e  t h e  r e m a i n i n g  11^ d i d  n o t  f e e l  any EFG.

Th e  a n n e a l i n g  t e m p e r a t u r e  T ^  was v a r i e d  bet ween 1073°K and 673°K w i t h  no s i g n i -  

f i c a n t  v a r i a t i o n  o f  t he  p a r a m e t e r s  (jú, ó and n-

S i n c e  i n t he  t e m p e r a t u r e  r ang e o f  a b o u t  7 20 ° K,  mon o v a c a n ci  es a r e  t h e  o n l y  

t h e r m a l l y  a c t i v a t e d  d e f e c t s ,  we can c o n c l u d e  t h a t  t he  o b s e r v e d  EFG i s  g e n e r a t e d  

by monovacanc Í es  s i t u a t e d  a t  t h e  n e a r e s t  n e i g h b o u r  s i t e s  o f  t he  ^ ^ M n  p r o b e .  

T h e r e f o r e  we a r r i v e  a t  t he  same c o n c l u s i ó n  as B e h a r  e t  a l . .  M o r e o v e r ,  t h e  p r e s e n t  

measur ed f r e q u e n c y  i s  o f  t h e  same o r d e r  o f  m a g n i t u d e  as t he  one t h e y  me a s u r e d .
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T he  s ma l l  v a r i a t i o n  and d i s p e r s i ó n  i n t h e  f r e q u e n c y  c o u l d  be a t t r i b u t e d  t o  l a t t i c e  

d í s t o r t í o n  p r o d u c e d  d u r i n g  t h e  q u e n c h i n g  p r o c e s s .

* i n s t i t u t o  de F T s i c a ,  U n i v e r s i d a d e  F e d e r a l  do Rí o  Gr ande Do S u l ,  P o r t o  A l e g r e ,  

Br as  i 1.

 ̂ M. B e h a r  and R. M.  S t e f f e n ,  P h y s i c a l  Rev.  C7 ( 1 9 7 3 )  788.
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Fí  g . I V . 2 . 1 .  (a )  R e s u lt  f o r  a t y p i c a )  quenched sample (b )  Annealed 

sample w it h  slow c o o l i n g .
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V.  NUCLEAR STRUCTURE

V . 1. T r e a t m e n t  o f  S p u r í o u s  S t a t e s  ín N u c l e a r  F í e l d  T h e o r y  ( N F T )

D. R.  Be s ,  R . A .  B r o g l i a * * ,  R. L i o t t a ,  B . R .  M o t t e l s o n *  and H. M.

Sof  i a .

I t  ¡s shown t h a t  s p u r i o u s  s t a t e s  a r e  i s o l a t e d  in an e x p l i c i t  way w i t h i n  

the f r a mewor k  o f  the NFT .  For  t h i s  p u r p o s e ,  t he f o l l o w i n o  modal  H a m i l t o n i a n  is

u sed;

"  ■ %  "  " i n t  

«5p ■ Í l  ""T*

a

In the g r o u n d  S t a t e ,  the s i n g l e  p a r t i c l e  s t a t e s  (m,í) a r e  o c c u p i e d  and the 

( m , l )  emp t y .  The RPA( TOA)  ís used to d e t e r m i n e  t he  ü phonon e n e r g i e s  w. and 

c o u p l i n g  v e r t i c e s  A . .  In the odd n u c l e u s ,  t h e r e  a r e  ü " p r o p e r "  p a r t i c l e  p ho­

non s t a t e s  In.  = 1. m,1 > .  H o we v e r ,  t h e r e  a r e  o n i y  [ Ü - ] )  t w o - p a r t i c l e  o n e - h o l e  

s t a t e s  in w h i c h  the o d d - p a r t i c l e  i s i n the S t a t e  ( m , l ) .  T h e r e f o r e ,  a s p u r i o u s  

S t a t e  r e mai ns  in t he s p e c t r u m  o f  t he e l e m e n t a r y  modes o f  e x c i t a t i o n .

T he l o we r  o r d e r  c o r r e c t i o n s  t o  t he e n e r g y  w h i c h  do n ot  c o n t a i n  b u b b l e s  

a r e  drawn in Fi  g . V. 1 . 1 . I t e r a t  i ng t h es e  p r o c e s s e s  t o  i n f i n i t e  o r d e r  we o b t a m  

the f o l l o w i n g  s e c u l a r  e q u a t i o n  ( w i t h i n  B 1o c h - H o r w i t z  p e r t u r b a t l o n  t h e o r y ) ,

1 (u) -  E )  ¿  +  X .  . , ( E )  I =  O

The d e t e r m i n a n t  y i e l d s :

e -  e -  V =, í  , a :  / ( o ) . - E )  = F ( E )  
m 1 = 1 1  »

asthe dispers ión re la t icn  f i x i ng  the energies of  the s ta tes  in the odd-
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Sy s t e m.  The r e l a t i o n  can be g r a p h i c a l l y  shown in F i g . V . 1 . 2 .  The  e n e r g y  

E = is a l w a y s  a d o u b l e  r o o t  s i n c e

d F ( E )
dE E=e i i

m

/ ( w.  -

and t h e  l í n e  E - e ^ - V  i s  at  ^ 5 ° .  The r e m a i n i n g  i n t e r s e c t i o n s  o f  t h i s  1 i ne and 

the f u n c t i o n  F ( E )  g i v e s  r i s e  t o  the ( Í M ) r o o t s  w h i c h  c o ’ n c i d e  w i t h  the e x a c t  

p h y s i c a l  e i g e n v a l u e s  o b t a i n e d  f r om t he  e x a c t  s o l u t i o n  o f  the mo d e l .  T he n o r ­

mal i z a t i o n  N o f  t he e i g e n v e c t o r s :

a ;
|n > = N ? p— '■—  
' n I E -u).

n I

n .
I

1 ; m,1

is d e t e r m i n e d  f r o m t he o v e r l a p s

< n n > =  A
n ‘ 1 —

.2
-  1

F o r  E^ = t h e  f a c t o r  m u l t i p l y i n g  z e r o .  T h u s , t h e r e  a r e  o n l y  ( í í - l )  s t a t e s

w h i c h  can be n o r m a l i z e d .  The f u l l  s p u r i o s i t y  o f  t h e  b a s i s  has been c o n c e n t r e d  

i n t o  a s i n g l e  S t a t e .  F o r  more d e t a i I s  see .

N o r d i t a ,  C o p e n h a g e n .
I*
T he  N i e l s  Bowr  I n s t .  U n i v e r .  o f  Copenhagen and P h y s . O e p t .  SUNY a t  S t o n y  B r o o k .

R . A .  B r o g l i a ,  B . R .  M o t t e l s o n ,  D . R .  Be s ,  R. L i o t t a  and H . M.  S o f i a ,  P h y s i c s  
L e t t e r s ,  69B ( 1 9 7 6 )  29.
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m

Oü

m

m

Aa

A = - A ,  A , '

E  -  G m
I ( o ) , - E ) 5 ( ¡ , í ’ ) -  X , i = o

E  -  £ m X,,' (  E  )  = - A I a "  = - A ,  A , ’ 

E  - e „ - V

Fí  g . V . 1 . 1 .  L ower  o r d e r  c o n t r i b u t í o n s  t o  t he e n e r g y  m a t r i x  e l e m e n t s  

bet ween t he  b a s i s  s t a t e s  n , = 1 ; m , 1 > .  The d o t t e d  U n e  s t a n d s  f o r  t he  

modeI  b a r e  í n t e r a c t i o n .  The q u a n t i t y  X . . , ( E )  i s  the m a t r i x  e l e m e n t  

i t e r a t e d  t o  a l l  o r d e r s  i n 1/Q.  T he  f r amed e q u a t i o n  is the s e c u l a r  

e q u a t i o n  o f  the p r o b l e m .
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^ T he Renorma 1 í z a t í o n  o f  F e r mi on  and Boson S t a t e s  ín NFT  and the 

P r o p e r  I n i t í a l  o r  F i n a l  S t a t e s .

D . R .  Be s ,  G . G .  D u s s e l , R . P . d .  P e r a z z o  and H. M,  S o f í a .

S i n g l e  P a r t i ó l e  S t a t e s

The s i n g 1e - p a r t i  e l e  s t a t e s  a r e  r enor ma 1 i z e d  by t a k i n g  i n t o  a c c o u n t  t he 

e m i s s i o n  and s u b s e q u e n t  a b s o r t i o n  o f  a phonon t o a l l  o r d e r s  o f  p e r t u r b a t i o n  

t h e o r y .  T h i s  is a g e n e r a  1 i z a t i o n  o f  the u sua l  H a r t r e e - F o c k  s u mma t i o n ,  w i t h  

t he a i m o f  i n c l u d i n g  more c o m p l i c a t e d  k e r n e l s  in the Dyson e q u a t i o n  f o r  F e r ­

mi on s .

The  Ward i d e n t i t y  p r o v i d e s  a u s e f u l  norma 1 i z a t i o n  c o n d i t i o n  t o  t h e s e  

d r e s s e d  e x c i  t a t  i o n s ,

I t  is a 1 so shown how t o  use the new e x c i t a t i o n s  w i t h i n  the f r a m e w o r k  o f  

t he  N F T  by d e f i n i n g  c o u p l i n g  c o n s t a n t s  in t er ms o f  t he  a m p l i t u d e s  o f  t h e  d r e ­

ssed s t a t e s  in the b a r e  o n e s ,  t h e  RPA a m p l i t u d e s  and the f e r m i o n  i n t e r a c t i o n s .

T h e  p r o b l e m s  a r i s i n g  f r o m  t h e  o v e r c o m p l e t e n e s s  o f  t h e  b a -  

s i s  have to be t r e a t e d  as in the u sua l  N F T ;  i m p r o p e r  i n i t i a l  o r  f i n a l  

S t a t e s  ( i n  the p r e s e n t  c a s e ,  t he p a r t i c 1e - p h o n o n  s t a t e s )  have t h e i r  p e r t u r b e d  

e n e r g y  e qua l  to the u n p e r t u r b e d  v a l u é ,  and c a n n o t  be p o p u l a t e d  in any  p h y s i c a l  

p r o c e s s .

The two l e v e l  model  w i t h  monopol e  i n t e r a c t i o n s  is t r a t e d  as an e x a m p l e .  

F o r  more d e t a i í s  see r e f e r e n c e  1.

Boson S t a t e s

A r e n o r m a l i z e d  boson p r o p a g a t o r  is o b t a i n e d  by i n s e r t i n g  h i g h e r  o r d e r  

p r o c e s s e s  i n t he Dyson e q u a t i o n .  The Ward i d e n t i t y  i s t r i v i a l l y  j u s t i f i e d  f o r  

p a r t i  e l e - h o l e  bosons and t h e r e f o r e  i t  is n e c e s s a r y  t o  t a k e  i n t o  a c c o u n t  e x p e ­

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

boson d r e s s e d  p r o p a g a t o r s .  T h e  p r o b l e m  may be c a s t  i n t o  t h e  f o r m o f  a l i n e a r  

a l g é b r a l e  m a t r i x  e q u a t i o n  t h a t  a l l o w s  a s i m p l e  t r e a t m e n t  o f  t h e  n o r m a l i z a t i o n  

c o n d i t i o n . T h e  e q u a t i o n  so o b t a i n e d  r e du c e s  t o  t h e  Ward i d e n t i t y  f o r  p a r t i c l e -  

p a r t i c l e - b o s o n s .

The many body f o u n d a t i o n  o f  t he  N F T ^ ' ^  has been e x p l i c i t l y  c a r r i e d  o u t  

f o r  i n t e r m e d í a t e  s t a t e s .  The r u l e  c o n c e r n i n g  t he  p r o p e r  i n i t i a l  o r  f i n a l  s t a t e s  

has o n l y  been p r o v e d  in a h e u r i s t i c  w a y ^ ' ^ .  In t he  p r e s e n t  w o r k  we p r o v i d e  a 

g e n e r a l  f o u n d a t i o n  f o r  t h i s  r u l e .

 ̂ D . R .  B e s ,  G . G .  D u s s e l ,  R . P . J .  P e r a z z o  and H . M.  S o f f a ,  N u c í .  P h y s . A293 ( 1 9 7 7 )

2
H.  R e í n h a r t ,  N u c í .  P h y s .  A251 ( 1 9 7 5 )  317 .
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^ D . R .  B e s ,  R . A .  B r o g l i a ,  G . G .  D u s s e l , R . J .  L i o t t a  and R . P . J .  P e r a z z o ,  Nucí  

Ph y s .  A260 ( 1 9 7 6 )  17.

^ R . A .  B r o g l i a ,  B . R .  M o t t e l s o n ,  D . R.  B e s ,  R . J .  L i o t t a  and H. M.  S o f í a ,  Phys .  

L e t t e r s  6hB ( 1 9 7 6 )  29.

-  6 7  -



V , 3.  H i q h - L y í n q  Pal  r i n g  Resonances 

R . A .  B r o g l i a *  and D . R .  Bes.

P a i r i n g  v i b r a t i o n s  based on t h e  e x c i t a t i o n  o f  p a i r s  o f  p a r t i c l e s  and 

h e l e s  a c r o s s  m a j o r  s h e l l s  a r e  p r e d i c t e d  a t  an e x c i t a t i o n  e n e r g y  o f  a b o u t  70/ 

a ' ^ 3  and c a r r y i n g  a c r o s s - s e c t ¡on w h i c h  ¡s 2 0 * - 1 0 0 í  o f  t h e  g r o . n d  S ta te

c r o s s  s e c t i o n .
T h e  l o w - l y i n g  p a i r  a d d i t i o n  and s u b s t r a c t i o n  modes have been e x t e n s i v e -  

l y  s t u d i e d .  I t  is a l s o  p o s s i b l e  to c r e a t e  p a i r i n g  phonons in l o w e r  and h i g h e r  

s h e l l s .  T he  g i a n t  p a i r i n g  modes i mp l y  t he  c o h e r e n t  e x c i t a t i o n o f  a b o u t  Q 

c o n f i g u r a t i o n s  o f  e n e r g y  2hw.  The  c o u p l i n g  o f  the p a r t i c l e s  t o  t h e s e  modes 

r e n o r m a l i z e  t he  two n u c l e a r  t r a n s f e r  c r o s s  s e c t i o n s  a s s o c i a t e d  w i t h  t h e  l o w -  

l y i n g  p a i r i n g  modes.  As a c on s e q u e n c e  the d i f f e r e n c e  bet ween t he  c r o s s  s e c ­

t i o n s  a s s o c i a t e d  w i t h  p u r é  t w o - p a r t i c l e  c o n f i g u r a t i o n s  is s t r o n g l y  r e d u c e d .  

T h i s  e f f e c t  a g r e e s  w i t h  t he  e x p e r i m e n t a l  f a c t  t h a t  no J -  O e x c i t e d  S t a t e

has been o b s e r v e d  on the ^ ° ® P b ( t  , p )  r e a c t i o n .

T h e  d i s t i n c t i o n  bet ween p a r t i c l e s  and h o l e s  i s  a l s o  a c n i e v e d  i n s u p e r -  

f l u i d  n u c l e i  f o r  the case o f  t w o - p a r t i  el  e s - two h o l e  e x c i t a t i o n s  a c r o s s  a ma­

j o r  S h e l l .  T h e  e x c i t a t i o n  e n e r g y  and t he number  o f  c o n f i g u r a t i o n s  a r e  s i m i l a r  

t o  the nor mal  c a s e .  H o w e v e r ,  i n the s u p e r f l u i d  n u c l e i ,  t he p o p u l a t i o n  o f  t he 

g r o u n d  S t a t e  c o n s i d e r a b l y  i n c r e a s e s .

T h e r e  is an i m p o r t a n t  d i f f e r e n c e  bet ween g i a n t  s u r f a c e  and p a i r i n g  mo­

des ;  t he gap in t he  2 p - 2 h  e x c i t a t i o n  s p e c t r u m  is d e c r e a s e d  by t he  p r e s e n c e  

o f  s u r f a c e  modes and i t  e v e n t u a l l y  d i s a p p e a r s  f o r  s u r f a c e  d e f o r me d  n u c l e i .

In such c a s e ,  t he  c o n c e n t r a t i o n  o f  t w o - p a r t i c l e  t r a n s f e r  s t r e n g t h  in a s i n g l  

S t a t e  c a n n o t  be e x p e c t e d .  T hu s  the g i a n t  p a i r i n g  modes a r e  e x p e c t e d  t o  be 

l e s s  s t a b l e  than the g i a n t s u r f a c e  modes as a f u n c t i o n  o f  a mass nu mb e r .  F or -  

more d e t a i l s ,  see r e f  1)

T h e  N i e l s  Bohr  I n s t i t u t e ,  U n i v e r s i t y  o f  Copenhagen and P h y s i c s  D e p t . S t a t e  
U n i v e r s i t y  o f  New Y o r k  a t  St ony  Br ook ,

 ̂ R . A .  B r o g l i a  and D . R .  B e s ,  P h y s i c s  L e t t e r s  618 ( 1 9 7 7 )  129.

e
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\ l . h.  The  P e r t u r b a t í v e  T r e a t m e n t  o f  R o t a t i o n a ]  S y s t e m s

D . R .  Be s ,  R . A .  B r o g l i a * ,  G . G .  Dussel  and H . M.  S o f í a .

R o t a t i o n s  a p p e a r  wh e n e v e r  t h e  s i n g l e - p a r t i c l e  f i e l d  v i ó l a l e s  a symmet r y  

c h a r a c t e r í s t i c  o f  t he ¡ n i t i a l  H a m i 1 ton i a n . In n u c l e a r  p h y s i c s  t he  s i m p l e s t  p r o -  

b l e m o f  t h i s  k i n d  a r i s e s  in c o n n e c t i o n  w i t h  t he p a r i n g  d e gr e e  o f  f r e e d o m.  S t a ­

t es  w i t h  t he  sarnesen i o r  i t y  can be g r o u p e d  in a r o t a t i o n a l  band.  In the case o f  

2Q d e g e n e r a t e  l e v e l s  and s e n i o r i t y  z e r o  t he e i g e n v a l u e s  o f  t he  p a i r i n g  H a m i l -  

t o n i a n  a r e ^ :

E ( n )  = -  I  GQ(fi+2)  + GIl^

wh er e  IT = 1/2 ( N - í í )  is t he  number  o f  p a i r s  o f  p a r t i ó l e s  measur ed f r om t he m i d d l e  

o f  t he s h e l I .

The  p r o b l e m  may a i s o  be s o l v e d  u s i n g  t he def or med p o t e n t i a l  

h :  -  -  G<0 P 0 > ( p V  P)  ; p"- .  1 , 0  a* a i
P

The new b a s i s  i s d e f i n e d  t h r o u g h  the B o g o l i u b o v - V a l a t i n  t r a n s f o r m a t i o n .  

E x p r e s s i n g  t h e  o r i g i n a l  p a i r i n g  H a m i l t o n i a n  in terms o f  q u a s i - p a r t i c i e s , we 

a r e  l e f t  w i t h  a c o n s t a n t  t e r m ,  a ( d i a g o n a I ) t er m p r o p o r t i o n a l  t o  t h e  number  

o f  quas i - p a r t  i d e s  and a r e s i d u a l  i n t e r a c t i o n  w h i c h  we wou l d  l i k e  t o  t r e a t  in 

p e r t u r b a t i o n  t h e o r y .  T h e r e f o r e ,  we have i n t r o d u c e d  t he sma l l  p a r a m e t e r  . P e r -  

t u r b a t i o n  t h e o r y  i m p l i e s  and e x p a n s i ó n  a r o u n d  X = 0 ) .  H e r e  we have t h e  r e q u i -  

r ement  t h a t  t he  e x p a n s i ó n  c o n v e r g e s  f o r  X = 1.

A s t r a i g h t f o r w a r d  appl  ¡ c a t i ó n  o f  Ra y 1e i g h - S c h r o e d i n g e r  P e r t u r b a t i o n  T h e o ­

r y  y i e l d s ,  f o r  t he  g r o u n d  s t a t e  e n e r g y

E ( G . S . )  = -  1 GSÍ^

+ Gn (i + ^  + 72L + UÉ- + ...) 
k

+ G + ^  + + - i —  ^ '  + . . . ) +  Gn
16 32 6A 512 102Í»

We n o t i c e  t h a t  t he  t er ms p r o p o r t i o n a l  t o  Gfi and G a r e ,  r e s p e c t i v e l y  t he  power  

s e r i e s  e x p a n s i ó n  o f

5 X \

¥

7 X 5 ^ 21X'^ ^
16 32 256 5 1 2 20i*8

4. 7
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-  [3 -  X -  2 ( 1  -  X) J_ GÍJ
A X-^1 2

\ x  -  3X^ -  Í<X(1 -  -> 1 G
16 x->1 16

T h e r e f o r e  the e x a c t  g . s .  e n e r g y  i s  r e p r o d u c e d  by the p e r t u r b a t i o n  c a l c u l e t i o n  

t o  o r d e r  Gil . The  n o n - v a n  i sh i ng c o e f f i c i e n t  o f  t h e  t er m p r o p o r t i o n a l  t o  G 

does n o t  c o r r e s p o n d  t o  the e x a c t  r e s u l t .

I t  can be shown ( a t  l e a s t  f o r  sma l l  v a l ú e s  o f  Si) t h a t  t h e r e  a r e  a l wa y s  

f í r s t  o r d e r  b r a n c h  p o i n t s  o f  two c o i n c i d i n g  e i g e n v a l u e s  f o r  X | <1 .

I t  i s  p l a u s i b l e  t h a t  t h e s e  p r o b l e m s  a r i s e  be ca u s e  t h e r e  a r e  e x c i t e d  

s t a t e s  in t he  i n t r i n s i c  s y s t e m w h i c h  c o r r e s p o n d  t o  a d i f f e r e n t  o r i e n t a t i o n  o f  

t he s y s t e m  ( i . e . ,  s p u r i o u s  s t a t e s ) .  T h i s  f a c t  w o u l d  s u g g e s t  t h a t  t he  p r o b i e m  

may o n l y  be s o l v e d  t h r o u g h  a c a r e f u l  c o n s i d e r a t i o n  o f  t he  c o n s t r a i n t s  i m p l i c i t  

in t he  i n t r i n s i c  s y s t e m .

>v
T h e  N i e l s  B o h r  I n s t i t u t e ,  U n i v e r s i t y  o f  Copenhagen and P h y s i c s  D e p t . S t a t e  
U n i v e r s i t y  o f  New Y o r k  a t  S t o n y  B r o o k .

G.  Ra c a h,  P h y s i c s  Rev .  63 ( 1 9 ^ 3 )  367.

-  70 -



V . 5  D i a q r a m a t i c  D e s c r í p t í o n  o f  S u p e r c o n d u c t i v i t y  in a S i n g l e  J - S h e l 1 

G . G .  D u s s e l ,  R . D.  B e s ,  R . P . J .  P e r a z z o  and H. M.  S o f í a

In a s y s t e m  o f  2K p a r t i ó l e s  mo v i n g  i n a s i n g l e  j - s h e l l  w i t h  d e g e n e r a c y

íí and i n t e r a c t i n g  t h r o u g h  the p a i r i n g  f o r c é ,  t h e r e  a r e  o n l y  two d i i n e n c i o n l e s s

p a r a m e t e r s :  K/Í2 and 1/Q.  Ass umi ng  a n a l i t i c i t y  t he  m a t r i x  e l e m e n t s  o f  any  o p e ­

ra t o r  can be w r i t t e n  as

<f I q I i > = ^ a (K*^) (n , m n m v -  I l -  )

I t  i s  p o s s i b l e  t o  sum t h e  s e r i e s  c o r r e s p o n d I n g  t o  t h e  l o w e s t  m ( p r i n c i ­

p a l  s e r i e s )  f o r  t he  c r e a t i o n  o f  two p a r t i ó l e s  and f o r  t he  e n e r g i e s  o f  t he 

e x c i t a t i o n s  in t he  odd s y s t e m .  The  e q u a t i o n  d e s o r i b i n g  t he  e x c i t a t i o n  o f  the 

odd s y s t e m  i s  shown i n F i g . V . 5 . 1 ,  w h i l e  t he one c o r r e s p o n d i n g  t o  t he  c r e a t i o n  

o f  two p a r t i ó l e s  i s  shown in F i g .  V . 5 * 2 .  T h i s  d e s c r i p t i o n  w i l l  be e x a c t  in the 

l l m i t  o f  v e r y  l a r g e  and i t  i s  d i f f e r e n t  frorn t h e  u sua l  BCS a p p r o a c h .  T h e  d i -  

f f e r e n c e  l i e s  in t he s e l f  o o n s i s t e n c y  c o n d i t i o n  t h a t  in BCS i s ;

‘ b c s  ■ I

w h i l e  i n o u r  method i s

^ D i a g r a m a t l c  = G ^<0|a^

wh e r e  |n> in the e x c i t a t i o n  shown i n F i g . V . 5 . 2 .

I t  i s  f ound  t h a t  t h e  s y s t e m o f  c o u p l e d  e q u a t i o n s  r e p r o d u c e s  t he e x a c t

r e s u l t s  f o r  t h e  e n e r g i e s  o f  t he  odd and even s y st e ms as w e l l  as the m a t r i x

e l e m e n t s  f o r  t h e  c r e a t i o n  o f  one and two p a r t i ó l e s .
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V . 6  The P e r t u r b a t i o n  E x p a n s i ó n  o f  t he  Phonon- Phonon I n t e r a c t í o n  in 

NFT .

F .  B o r t i g n o n * ,  R . A .  B r o g l i a * *  and D. R,  Bes.

T h e  g r o u n d  S t a t e  o f  ^^*^Pb and ^°^Pb can be v i e w e d  as t h e  l o w e s t  monopo-  

l e  p a i r l n g  v i b r a t i o n s  o f  ^°®Pb.  T h e  " m a s s " ( c o r r e l a t i o n  e n e r g y )  a s s o c i ^ t e d  w i t h  

t h e s e  two modes i s  1 . 2 3 7  MeV and 0 . 6 ^ 0  MeV r e s p e c t i v e l y . T h e  s t a t e s l l >  = |gs 

( 2 ^ ° P b )  Q g s ( 2 ^ ° P b ) >  and | l l >  = j g s í ^ O ^ P b )  fi g s ( ^ ° ^ P b ) >  a r e  t h e  z e r o t h  o r d e r  

a p p r o x i m a t i o n  t o  t h e  s t a t e s  | g s ( ^ ^ ^ P b ) >  and | g s ( ^ ° ^ P b ) > ,  r e s p e c t i v e l y .

An e x a c t  d i a g o n a 1 i z a t i o n  o f  t h e  p a i r i n g  i n t e r a c t í o n  in t h e  T a m m - D a n c o f f  

a p p r o x i m a t i o n  and f o r  a s y s t e m  o f  f o u r  p a r t i ó l e s  ( h o l e s )  mo v i n g  a r o u n d  t he  N 

= 126 c l o s e d  s h e l l  g i v e s  AE| = 267 keV and AE| = 5^0 keV f o r  t he i n t e r a c t i o n  

e n e r g i e s  o f  s t a t e s  | l >  and | l l > ,  r e s p e c t i v e l y  ( t h e  c o r r e s p o n d i n g  e x p e r i m e n t a l  

numbers b e i n g  169 keV and 706 i<eV) . T h u s  f o r  t he case o f  ( g s ^ ° ‘*Pb) t h e  i n t e ­

r a c t i o n  be t we e n  two p a i r i n g  bosons is o f  the o r d e r  o f  t h e i r  " m a s s " .  C o n s e q u e n -  

t l y .  one can e x p e c t  c o n v e r g e n c e  p r o b l e m s  in t he  p e r t u r b a t i v e  t r e a t m e n t  o f  t he  

p r o b l e m .

T he  NFT r e s u l t s ,  o b t a i n e d  u t i l i z i n g  t he  R a y 1e i g h - S c h r o e d  i n g e r  p e r t u r b a ­

t i o n  e x p a n s i ó n  a r e  shown in T a b 1e V.  6.1 as a f u n c t i o n  o f  t h e  e x p a n s i ó n  p a r a m e t e r  

1/í í ,  ñ b e i n g  the e f f e c t i v e  d e g e n e r a c y  o f  t he v a l e n c e  s h e l l s .  T h e  s t r o n g  c o n ­

v e r g e n c e  d i s p l a y e d  by t he  e x p a n s i ó n  a s s o c i a t e d  w i t h  b o t h  AEj  and A E | j  i n d i c a -  

t es  t h a t  t he N F T  p a r t i a l  s u mmat i ons  p r o v i d e  a p o w e r f u l  t e c h n i q u e  w i t h  s t r o n g l y  

a n h a r m o n i c  s y s t e m s .

*
T h e  N i e l s  B o h r  I n s t i t u t e  U n i v e r s i t y  o f  Copenhagen .

T h e  N i e l s  B h o r  I n s t i t u t e ,  U n i v e r s i t y  o f - C o p e n h a g e n  and P h y s i c s  D e p t .  S t a t e  

U n i v e r s i t y  o f  New Y o r k  a t  S t o n y  B r o o k .
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TABLE V . 6 . 1

T h e  t w o -  phonon p a i r i n g  i n t e r a c t i o n  a s s o c i a t e d  w i t h  the g r o u n d  
0 10

s t a t e s  o f  Pb and Pb c a l c u l a t e d  i n t he f r a mewor k  o f  the 

N F T .

AE ( k e V )

O r d e r 1 1 1

1/n 262 h l h

h . 3 k l

O . k

( 2 6 6 . 7 ) ( 5 3 0 )

E x a c t 267 ShO

-  75 -



^ A p p l i c a t i o n  o f  t he  NFT  t o  t he  t w o - p a r t í c ] e , o n e - h o l e  s t a t e s  o f  

Ü i ü -

P . F .  B o r t  i g n o n ”' , R . A .  Br og  1 i a- ' '*, D . R.  Bes and R. L i o t t a .

T h e  t w o - p a r t  i el  e , one h o l e  s t a t e s  in a r e  d e s c r i b e d  in t h e  b a s i s

made up o f  s u r f a c e  phonons c o u p l e d  t o  s i n g 1e - p a r t i  e l e  s t a t e s  [ r ^ , a ^ ] *
+ 1

and p a i r i n g  phonons c o u p l e d  t o  s i n g l e - h o l e  s t a t e s  f r „  a . J  , w i t h i n  t he  n u -
2A i

c l e a r  f i e l d  t h e o r y  f o r ma l  ism.

in p a r t i c u l a r ,  t h e  s p l i t t i n g s  in the s e p t u p l e t  o f  s t a t e s ^  >
2 9/2

we r e  c a l c u l a t e d  by Hamamoto , i n c l u d i n g  g r a p h s  ( a ) - ( d )  o f  F i g . V . 7 •I » w h o

showed t h a t  t h e y  a l r e a d y  y i e l d  the c o r r e c t  s p l i t t i n g  o f  t h e  l e v e l s  i n the

s e p t u p l e t  ( b u t  f o r  t h e  3 / 2 ^  s t a t e )

T h e  s ma l l  parame t e r  upon w h i c h  t o  e xpand in the NFT  is n w h e r e  Q 

i s  t he  number  o f  p a r t i  e l e - h o 1e s t a t e s  e n t e r i n g  in t he c o n s t r u e t i o n  o f  t he pho-  

n o n . T h i s  number  i s o f  t he  o r d e r  o f  the e f f e c t i v e  d e g e n e r a e y  o f  t h e  v a l e n e e  

S h e l l .  We assume t h a t  t he p a r t i d o  v i b r a t i o n  v e r t i c e s  a r e  p r o p o r t i o n a l  to 

íí and t h e  f o u r  p o i n t  v e r t i c e s  t o  \  Each i n d e p e n d e n t  summat i on o v e r  

s I n g l e - p a r t i c 1e s t a t e s  y i e l d s  a f a c t o r  o f  Ü . T hu s  a l s o  d i a g r a m s  ( e ) - ( f ) ,  

and t he  c o r r e s p o n d i n g  ones f o r  t h e  case o f  p a i r i n g  phonons a r e  i n c l u d e d  in 

the c a 1 c u I a t i o n , N e v e r t h e 1e s s , t h e y  c a n n o t  be e x p e c t e d  t o  y i e l d  a l a r g e  c o n t r i -  

b u t i o n , s i n c e  t h e r e  is c a n c e l l a t i o n  b et ween g r a p h s  w h i c h  i n v o l v e  a p a r t i c l e -  

p a r t i c l e  i n t e r a c t i o n  and t h ose  w h i c h  i n v o l v e  a p a r t i c 1e - h o 1e i n t e r a c t i o n .

T h e  3/2 member o f  t h e  m u l t i p l e t  i s  p o p u l a t e d  by i n e l a s t i c  s e a t t e r i n g  

and by one body  p i c k  up r e a c t i o n  on In b o t h  c a s es  t h e r e  i s  a n o t h e r

3/2 S ta te  w h i c h  i s  p o p u l a t e d  w i t h  an i n t e n s i t y  o f  the same o r d e r  o f  m a g n i -  

t u d e .  In z e r o  o r d e r ,  t h e  i n e l a s t i c  s e a t t e r i n g  p r o c e s s  is e x p e c t e d  t o  p o ­

p ú l a t e  o n l y  s t a t e s  o f  t he  s e p t u p l e t ,  w h í l e  t he p i c k - u p  r e a c t i o n  f e e d s  t he 

S ta te  b u i l t  o u t  o f  a d ^ ^ ^  b o l e  on ^^®Pb.  T h e r e f o r e ,  i n o r d e r  t o  a c c o u n t  f o r  

t he  p r o p e r t i e s  o f  t he 3/2^member  o f  t h e  s e p t u p l e t ,  i t  is n e c e s s a r y  t o  c o u p l e  

b o t h  the p a r t i c 1e - h o l e  and t h e  p a i r i n g  p h o n o n s .  T h e  e m p i r i c a l  e v i d e n c e  p o i n t s  

t o  t he  f a c t  t h a t  the s t a t e s

1> =
-f 1

a
" 9 / 2

3 ^ ^  |0>

|2> = 1
'■’ d i

0>
^^3/2
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a r e  c o n s i d e r e d  m i x e d .  Use is made o f  t he  B í o c h - H o r o w i t z  p e r t u r b a t i o n  t h e o r y

in o r d e r  to c o n s t r u c t  the e f f e c t i v e  m a t r i x  e l e m e n t s  M . ( E )  bet ween t he  s t a t e s
ab

| l >  and |2>,  u s i n g  a i l  d i a g r a m s  o f  F i g . V . 7 . 1 .

T he u n p e r t u r b e d  e x c i t a t i o n  e n e r g y  o f  s t a t e s  l l >  and l 2> is 2 . 6 1 5  MeV 

and 2 . 7 3 3  MeV r e s p e c t i  ve I y . The two f i n a l  e n e r g i e s  ( 2 . ^ 7 9  MeV and 3*079 MeV) 

a r e  i n  c i ó s e  a g r e e me n t  w i t h  the e x p e r i m e n t a l  numbers ( 2 . ^ 9 ^  MeV and 2 . 9 5 0  

M e V ) . The  r e s u l t i n g  wave f u n c t i o n s  a r e :

1!> = 0 . 7 6 l l >  -  0 . 5 3 l 2 >

|l l >  = 0 .80 | l>  -  1.02|2>

T h e  f a c t  t h a t  ene o f  the a m p l i t u d e s  i s  even l a r g e r  than one i s  c o n s i s -  

t e n t  be ca u se  the NFT  e l i m i n a t e s  s p u r i o u s  component s i n  the b a s i s  and thus t he 

a m p l i t u d e  o f  the s u r v i v i n g  ones has to be i n c r e a s e d .

T h e  most  s t r i k i n g  c on s e q u e n c e  o f  i n c l u d i n g  bot h  ( n o n - o r t h o g o n a 1) s t a ­

t es ( l >  and \ l >  and t o  t r e a t  them as o r t h o g o n a l  s t a t e s  w h i c h  a r e  c o u p l e d  by 

t he  NFT  r u l e s ,  i s  e v i d e n c e d  in t he v e r y  d i f f e r e n t  r a t i o  o f  t he  ( d , d ' )  and

( t , a )  c r o s s  s e c t i o n s  a s s o c i a t e d  w i t h  t he  two 3 / 2*  s t a t e s .  W h i l e  R = B ( E 3 ,
d

2 . k 3  M e V ) / B ( E 3 , 2 , 9 5  MeV) = 3 . 8  ± 0 . 8 ,  the r a t i o  = a { ( t , c x ) ,  Z.1^3 M e V } / a {

( t , a ) , 2 . 9 5  MeV}  = 0 . 8  ± 0 . 3 .

Beacuse the component  | l >  c a r r i e s  b a s i c a l l y  a l l  the i n e l a s t i c  s t r e n g t h

w h i l e  t h e ( t , u )  p r o c e e d s  t h r o u g h  t he  component  o f  t y p e  |2> , a t r e a t m e n t

w h i c h  n e g l e c t s  t he  n o n - o r t h o g o n a l  i t y  o f  the b a s i s  p r e d i c t s  •

T he  c o r r e c t  p r o c e d u r e  r e q u i r e s  t o  t a ke  i n t o  a c c o u n t  d i a g r a m s  o f  the

i n e l a s t i c  and t r a n s f e r  m a t r i c e s  t o  the same o r d e r  as t he d i a g r a m s  used in

t he c o n s t r u c t i o n  o f  the e n e r g y  m a t r i x  e l e m e n t s .  The r e s u l t i n g  t h e o r e t í c a l

r a t i o s  a r e  R = 2 1 5/87 = 2 . 5  and R, = 1 . 8 2 / 2 . 2 7  = O . 8O, in c i ó s e  agr e e me nt  
a b

w i t h  t he  e x p e r i m e n t a l  number s .

A c a l c u l a t í o n  i n c l u d i n g  o t h e r  mu 1 1 i p o l a r i t i  es o f  the phonon i s a l s o  

p e r f o r m e d ,  F o r  more d e t a i I s  see r e f e r e n c e  3-

,,,^-The N i e l s  B o h r  I n s t i t u t e ,  U n i v .  o f  Copenhagen .
T he  N i e l s  B o h r .  I n s t i t u t e ,  U n i v .  o f  Copenhagen and P h i s i c s  D e p t ,  SUNY 
a l  St ony  B r o o k .

* J .  U n g r i n ,  R. M.  Di amond,  P . O .  T j o m  and B.  E l b e c k ,  Kong.  Dan.  V i d .  S e l s k  
Mat .  F v s .  Medd,  38 ( 1 9 7 1 )  N°9.
P.  B a r n e s ,  E .  Romber g,  C.  E l l e g a a r d ,  R. G a s t e n ,  0 .  Hansen J .  Muí l i g a n ,  
R. A.  B r o g l i a  and R.  L i o t t a ,  N u c í .  P h y s . A195 ( 1 9 7 2 )  1^(6.
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/J
I .  Hammamoto,  P h y s .  R e p o r t s  10c2 ( 1 9 7 ^ )  6 3 .

^ P . F .  B o r t i g n o n ,  R . A .  B r o g l i a ,  D . R.  Be s ,  R . J .  L i o t t a  and V.  P a a r ,  Ph y s .

L e t t .  6í*B ( 1 9 7 6 ) 2k .  ,
P . F .  B ^ i g n o n ,  R . A .  B r o g l i a ,  D . R.  Bes and R. L i o t t a ,  P h y s .  R e p o r t s  30cH

(1977) 305.
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V . 8 .  T h e  Rol e o f  t he P a u l í  P r i n c i p i e  ín t he S p e c t r u m o f  

0 .  C i v i t á r e s e * ,  R . A .  B r o g l i a * *  and D. R.  Bes.

T h e  l o w - l y i n g  s p e c t r u m  o f  ^ ^ ^ P b  (E $ 2 . 5  MeV) can be d e s c r i b e d  in terms
X

o f  t he  b a s i s

j  ( v )  e X’" ( 2 1 0 p b ) ;  j ' >

wh er e  ( X ^ ( ^ ^ ^ P b ) )  l a b e l s  t he n e u t r ó n  p a i r  a d d i t i o n  modes o f  ^°®Pb w h i l e  j ( v )

1 a b é i s  the f e r m i o n  f i e l d s .

A c c o r d i n g  t o  the N F T ,  t he  l o w e s t  o r d e r  c o r r e c t i o n s  t o  t h e  u n p e r t u r b e d

e n e r g y  and z e r o  o r d e r  s t r i p p i n g  a m p l i t u d e s  a r e  g i v e n  by g r a p h s  ( b )

( c )  and ( e )  ( f )  o f  F i g .  V . 8 . 1 ,  In t he  c a l c u l a t i o n s  g i v e n  b e l o w o n l y  g r a p h s

( c )  and ( g )  we r e  i n c l u d e d ,  T h e y  c o r r e s p o n d  t o  t he Paul  i p r i n c i p i e  c o r r e c t i o n s
¿11

t o t he  u n p e r t u r b e d  v a l ú e s  d i s p l a y e d  in ( a )  and ( d ) . F or  t he  case o f  Pb t he 

c o n t r i b u t i o n s  o f  g r a p h s  ( b )  and ( d )  a r e  a b o u t  an o r d e r  o f  m a g n i t u d e  s m a l l e r  

than the Paul  i c o n t r i b u t i o n s .

S p e c i a l  c a r e  s h o u l d  be taken in the p r e s e n t  case be ca u s e  o f  t h e  e x i s t e n -  

ce o f  i n t e r m e d í a t e  s t a t e s  ( i . e .  t h r e e  p a r t i c l e  s t a t e s )  w i t h  e n e r g i e s  v e r y  

c i ó s e  t o  t he e n e r g y  o f  t he  b a s i s  s t a t e s .

Th i s i s e x e m p l i f i e d  by the b e h a v i o u r  o f  d e t  ] M { E )  -  E as a f u n c t i o n  

o f  the e n e r g y  and f o r  t h e  case o f  t he 1/2^  s t a t e s .  The  q u a n t i t y  M ( E )  i s the 

e n e r g y  m a t r i x  c a l c u l a t e d  in t he B r i  11o u i n - W i g n e r  p e r t u r b a t i o n  t h e o r y .  Out  o f  

t he  f o u r  r o o t s  f oun d  i n t he  i n t e r v a l  1 . 8  MeV < E < 2 . 0  MeV,  o n l y  two a r e  

p h y s i c a l ,  the o t h e r  two b e i n g  s p u r i o u s ,  The  norm

- 1 / 2

a s s o c i a t e d  w i t h  s t a t e s  I and IV i s  f i n i t e  and c i ó s e  t o  one ( c f . F i g . V . 8 . 1  ( h )  

w h i l e  t he s t a t e s  I I  and I I I  a r e  n o t  n o r m a l i z a b l e  and t h e i r  o n e - p a r t i c l e  s t r i ­

p p i n g  s p e c t r o s c o p i c  f a c t o r s  a r e  a p p r o x i m a t e  1 y z e r o .

T h e  a p p r o a c h  f o r  f i n d i n g  the e i g e n s o l u t i o n s  d e s c r i b e d  a b ov e  was u t i l i -  

zed f o r  a l l  t he  d i f f e r e n t  s p i n s  and p a r i t i e s .

A l t h o u g h  t h e  mai n p r o p e r t i e s  o f  t he  e x p e r i m e n t a l  s p e c t r u m  a r e  o b t a i n e d ,  

t h e r e  is n o t  enough d i s t r i b u t i o n  o f  s t r e n g t h  bet ween t he d i f f e r e n t  s t a t e s  

w i t h  the dame s p i n ,  i . e .  bet ween t he  two 1/ 2^  s t a t e s ,  t he two 5 / 2 ^  s t a t e s ,
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e t c .  The  c a l c u l a t i o n s  p r e d i c t  a l s o  two 7/2 s t a t e s  w h i l e  t h r e e  have been ob 

s e r v e d  e x p e r ¡ m e n t a  11 y .

T h e  N i e l s  Boh r  I n s t i t u t e ,  U n i v e r s i t y  o f  Copenhagen

* " T h e  N i e l s  Boh r  I n s t i t u t e ,  U n i v e r s i t y  o f  Copenhagen and P h y s i c s  De p a r t me n t  
S t a t e  U n i v e r s i t y  o f  New Y o r k  a t  S t o n y  B r o o k .
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£■ (MeV)

F [ g . V . 8 . 1  . T he z e r o t h  o r d e r  g r a p h s  f o r  the e n e r g y  o f  the t h r e e - p a r t i e l e  

l e v e l s  o f  and f o r  t he s t r i p p i n g  anri pl i tudes a s s o c i a t e d  w i t h  the

^ ^ ° P b ( t , d ) ^ l l p b  r e a c t i o n s  a r e  d i s p l a y e d  i n  ( a )  and ( d )  r e s p e c t i v e l y . The 

l o w e s t  o r d e r  g r a p h s  ( i . e .  1/fi) a r e  shown i n F i g s . ( b )  and ( c )  ( e n e r g y )  

and ( e )  and ( t )  ( t r a n s f e r ) .  The a n a l y t i c  e x p r e s s i o n s  N , ^ ( E )  o f  g r a p h s  ( c )  

i s a l  so shown.
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V . 9.  I s o s p í n  o f  P a í r í n g  Modes:  An A p p r o x í m a t e  T r e a t m e n t  w í t h o u t  

V í o i a t i o n  o f  C o n s e r v a t i o n  L a ws .

F ,  A n d r e o z z í * ,  A .  C o v e l l o  E . E .  Maqueda and R . P . J .  P e r a z z o .

We p r e s e n t  he r e  a t r e a t m e n t  o f  t h e  c h a r g e - i n d e p e n d e n t  p a i r i n g  H a m i l t o -  

n i a n  w h í c h  c o n s e r v e s  b o t h  n u c l e ó n  number  N and i s o s p i n  T .  Our  a p p r o a c h  i s  an 

e x t e n s i ó n t o  t he  case o f  un 1 i ke n u c l e o n s  o f  an e q u a t i o n s - o f - m o t i o n  method w h i c h  

was p r o p o s e d  in  ̂ t o  t r e a t  p a i r i n g  c o r r e l a t i o n s  in syst ems w i t h  an even num­

b e r  o f  i d e n t i c a l  p a r t i ó l e s .  The  p r a c t i c a !  i mp o r t a n c e  o f  t a k i n g  i n t o  a c c o u n t  

t he  i s o s p i n  d e g r e e  o f  f r eedom o f  the p a i r i n g  f o r c é  is r e l a t e d  t o  t he  f a c t

t h a t  i s  p l a y s  a m a j o r  r o l e  in the d e s c r i p t i o n  o f  the 0 ^  s t a t e s  in the r e g i ó n
2 1

a r o u n d  ’ A = 56.

We p r o c e e d  as f o l l o w s :

( i )  T he  wave f u n c t i o n  f o r  a s y st e m w i t h  an even number  o f  p a r t i ó l e s  

N (we r e s t r i c t  o u r s e l v e s  t o  s t a t e s  w i t h  i n d i v i d u a l  l e v e l  s e n i o -  

r i t i e s  o f  z e r o )  i s w r í t t e n

N T T ^  > = . í ,  ( N ) { A ' ^ ( j ) | N - 2  T ' > ] ^

wh er e  c u r l y  b r a c k e t s  d e no t e  i s o s p i n  c o u p l i n g .

( i  i )  The  e q u a t i o n s  o f  m o t i o n  f o r  the o p e r a t o r  t t ' " ^ —  ^ —

t '  1u->at  ̂ a t  ^ , a r e  l i n e a r i z e d :  a homoqeneous s e t  o f  l i n e a r  
' j mt  j m t ’ ^

e q u a t i o n s  i s  o b t a i n e d  w h i c h  d e t e r m i n e s  the e n e r g i e s  and t he two 

p a r t i c l e  a m p l i t u d e  = < N T j | A ( j )  | | N - 2 T ' >.

( i  i i )  T h e  c a l c u l a t i o n  f o r  the N ~ p a r t i c l e  s y s t e m i s c a r r i e d  o u t  t h r o u g h  

a s t e p - b y - s t e p  p r o c e d u r e  s t a r t i n g  f r om N = 0.

We show t h a t  o u r  method l e ad s  t o  the e x a c t  r e s u l t s  i n  t he d e g e n e r a t e  

m o d e l . F or  n o n - d e g e n e r a t e  l e v e l s ,  a c a l c u l a t i o n  o f  t he  e n e r g i e s  and t w o - p a r -  

t i c l e  t r a n s f e r  a m p l i t u d e s  t o  0 ^  s t a t e s  in t he r e g i ó n  a r o u n d  ^^Ni  is in p r o g r e s s .

i s t i t u t o  di  F í s i c a  T e ó r i c a  del  1 ' Un i v e r s i t a  and I s t i t u t o  N a z i o n a l e s  di  F i s i c f l  
N u c l e a r e ,  Ñ a p ó l e .

A .  C o v e l l o  and E.  S a l u s t i ,  Ph y s .  Rev,  ( 1 96 7 )  859-

A.  B o h r ,  in P r o c e e d i n g s  o f  t h e  I n t e r n a t i o n a l  Symposium on N u c l e a r  S t r u c t u r e ,  
Dubna,  1968 ( l A E A ,  V i e n n a ,  1 9 6 8 ) ,  p .  179.

D. R.  B e s ,  E . E .  Maqueda and R . P . J .  P e r a z z o ,  N u c í .  Phys.  A 199 ( 1 9 7 3 )  193.
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V . 1 0 .  I s o v e c t o r  P a i r i n g  V i b r a t i o n s .
.1.

D . R .  B e s ,  R . A .  B r o g l i a " ,  0.  Hansen** and G. N a t h a n * * .

T he  e x p e r i m e n t a 1 Corpus o f  L = O t w o - n u c l e a r  t r a n s f e r  r e a c t i o n s  i n d u c "  

ed by l i g h t  p r o y e c t i l e s  o n  l f - 2 p  s h e l l  n u c l e i  is r e v i e w e d .  A DW a n a l y s i s  is 

p e r f o r m e d  u s i n g  t he  same forni  f a c t o r  f o r  a l l  a d d i t i o n  t y p e  t r a n s f e r s ,  w h i l e  

a n o t h e r  one is used f o r  a l l  removal  t r a n s f e r s .

T h e  c o n s i s t e n c y  o f  t he  d a t a  m a t e r i a l  i s  v e r i f i e d  i )  by c o m p a r i n g  r e a c -  

t i o n  d a t a  o b t a i n e d  a t  d i f f e r e n t  b o mb a r d i n g  e n e r g i e s  f o r  one and t h e  same f i n a l  

S t a t e  i i )  by s t u d y i n g  the r e l a t i v e  c r o s s  s e c t i o n s  t o  a d j a c e n t  members o f  t he  

i s o b a r i c  m u l t i p l e t  u s í n y  the same o p t i c a l  model  p a r a m e t e r  f o r  t h e  t  and h p r o ­

y e c t i l e s ^ ^ .  T h e s e  t e s t s  a r e  g e n e r a l l y  s a t i s f a c t o r y  b u t  have r e v e a l e d  p r o b l e m s  

w i th some da t a .

A u n í f i e d  p i c t u r e  o f  t h e s e  p r o c e s s e s  is a t t e m p t e d  in t er ms o f  p a i r i n g

e l e m e n t a r y  modes o f  e x c i t a t i o n  ( b o s o n s )  g e n e r a t e d  by f l u c t u a t i o n s  o f  t he
2)  , 3 )

i s o v e c t o r  p a i r i n g  qap a r o u n d  the 7 e r o  e q u i l i b r i u m  pos i t i o n  ’ . I t  is 

shown t h a t  t h i s  band can be decomposed r a t h e r  a c c u r a t e l y  i n t o  bands c o r r e s -  

p o n d i n g  t o  p a i r i n g  v i b r a t i o n a l  phonons g e n e r a t e d  by p a i r i n g  c o r r e l a t i o n s  

bet ween i d e n t i c a l  p a r t i c l e s .  T h u s , the m a j o r i t y  o f  the O s t a t e s  e x c i t e d  

in t w o - n u c l e o n  t r a n s f e r  r e a c t i o n s  ( e x c e p t i n g  t h o s e  i m p l y i n g  a T  = O t r a n s i -  

t i o n s )  and h a v i n g  máximum i s o s p i n  p r o j c c t i o n  g i v e n  r i s e  to a p r o t o n  and a 

n e u t r ó n  v i b r a t i o n a l  band.

The i s o v e c t o r  p r o [ > e r t y  oT  the p a i r i n g  phonons m a n i f e s t s  i t s e l f  i n  the

AT = 1 t r a n s i t i o n s  to t he  a n a l o g u e  s t a t e s  and i n the AT O t r a t i s i t i o n s  t o

t he T  = T  , T''  ̂ ■= 0 ^  s t a t e s  i n o d d - o d d  n u c l e i .  
z ’

S y s t e m a t i c  d e v i a t i o n s  f r om t he  h a r m o n i c  p r e d i c t i o n s  ( a n h a r m o n i c i t i  e s )  

a r e  f ound  i n t h e  d i f f e r e n t  ba nds ;  a)  T h e  r a t e  o f  I h e  i n c r e a s e  o f  t he  t wo -  

p a r t i c l e  t r a n s f e r  i n t e n s i t y  w i t h  the number  o f  phonons i s  s l o w e r  t han p r e ­

di  c t e d ,  T h i s  a n h a r m o n i c i t y  i s due to t h e  Paul  i p r i n c i p i e ;  b)  t he  e x c i t e d  

s t a t e s  w i t h  t h e  same i s o s p i n  as t he  g r o u n d  S t a t e ,  e v en  i f  s t r o n g l y  p o p u l o -  

t ed i n t he two n u c l e ó n  t r a n s f e r  p r o c e s s e s  a r e  we a k e r  t han p r e d i c t e d  by t he  

h a r m o n i c  m o d e l .  R e s i d u a l  p a i r i n g  i n t e r a c t i o n s  t end t o  p r o d u c e  a c o n d e n s a t i o n  

o f  t h e  b o s o n s ,  n a me l y  a s u p e r c o n d u c t i n g  S t a t e  d r a i n i n g  s t r e n g t h  f r o m the 

e x c i t e d  i n t o  t h e  g r o u n d  S t a t e ,  c )  t h e  e n e r g y  s y s t e m a t i c s  r e v e á i s  t h e  e x i s -  

t e n c e  o f  an i n t e r a c t i o n  w h i c h  s p l i t s s t a t e s  w h i c h  d i f f e r  o n l y  i n t he  p a r t i a l  

i s o s p i n  t ^  o r  t ^  o f  t he  p a i r  a d d i t i o n  and p a i r  r emoval  mo d e , r e s p e c t i  ve 1 y .
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* The  N i e i s  Boh r  I n s t i t u t e ,  U n i v .  o f  Copenhagen and P h y s . De p t .  SUNY a t  S t on ' y  
B r o o k .

T he N i e l s  Boh r  I n s t i t u t e ,  U n i v .  o f  Cop en h ag e n.

’ 0.  D r a g ú n ,  D . R .  Bes and E . E .  Maqueda,  Nuc.  P h y s i c .  A253 ( 1 9 7 6 )  10.

^ A.  B o h r ,  N u c l e a r  S t r u c t u r e ,  I . A . E . A .  Vi e n n a  ( 1 9 6 8 )  1/9-

^ G . C .  D u s s e l ,  R . P . T .  P e r a z z o ,  D . R .  Bes and R . A .  B r o g i i a ,  Nuc.  P h y s i c .  Al  75 

( 1 9 7 1 )  513.
G . C .  D u s s e l ,  R . P . T .  P e r a z z o  and D. R.  Be s ,  Nuc.  P h y s i c  A l 83 ( 1 9 7 2 )  298 .
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V . 1 1 .  T i me  Dependent  V a r i a t i o n a ]  P r i n c i p i e  f o r  N u c l e a r  C o l l e c t í v e  

Mot í o n .

M. S a r a c e n o .

A met hod f o r  i n t r o d u c t i n g  c o l l e c t i v e  p a r a me t e r s  in a t i me d e p e n d e n t  

wave f u n c t i o n  has been d e r i v e d  w i t h  the v i e w  o f  u n i f y i n g  and gener^al  i z i n g  

s e v e r a l  a p p r o a c h e s  w h i c h  a r e  c u r r e n t l y  b e i n g  d e v e l o p e d ^  ^ in t he  s t u d y  o f  

l a r g e  a m p l i t u d e  n u c l e a r  c o l l e c t i v e  m o t i o n .  The  b a s i c  a s s u m p t i o n  is t h a t  t he 

t i me d e v e l o p m e n t  o f  t h e  wave f u n c t i o n  o c c u r s  o n l y  t h r o u g h  some c o l l e c t i v e  

p a r a m e t e r s ,  t h a t  i s :

4 ' ( t ) >  = i ' l ' í a i í t ) ,  c t 2 ( t )  . .  . a ^ ( t ) ) >

W i t h  t h i s  a s s u m p t i o n  the t i me d e p e ndent  v a r i a t i o n a l  p r i n c i p i e  Ó A Í f }  = 

O,  wher e

( SAÍ f )  = / J  < ' * ' ( « ! .  . a ^ )  I i 2  " l ' l ' í a i .  . . a ^ ) >  d t
8t

y i e l d s  t he  e q u a t i o n s

d a .  3 H

wher e

í  n =
j  i j  dt  3 a¡

H (a) = <4'(a) lHl'l'(a)>

n . . ( a )  = 2 1 . -  _ ^ ¡  
3a-! 3a.  

I J

Z .  ( a )  = < ^ ( 0 ) |-  i _ !  k í c t )  >
3a¡

T h e s e  e q u a t i o n s  d e t e r m i n e  t he  c l a s s i c a l  dy nami cs  o f  t he  c o l l e c t í v e

p a r a m e t e r s .  T h e i r  c a n o n i c a l  s t r u c t u r e  has been i n v e s t i g a t e d  and can be i m-

p l e m e n t e d  in t er ms o f  g e n e r a l í z e d  P o i s s o n  b r a c k e t s .  T h e  a n a l y s i s  o f  t h e  ma-

t r i x  n . .  a l l o w s  t h e  i d e n t i f i c a t i o n  o f  c a n o n i c a l  c o o r d i n a  t e s ,  momenta and 
•J

e v e n t u a l  c o n s t r a i n t s ,  and pavés t he  way f o r  t he q u a n t i z a t i o n  o f  t he  c o l l e c -  

t i v e  m o t i o n .
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S e v e r a l  a p p r o x i m a t i o n s  t o  t h i s  scheme y i e l d  w e l l  known r e s u l t s .  In t he

f í r s t  p l a c e  i f  a l l  t h e  p a r a m e t e r s  a r e  assumed s mal l  the e q u a t i o n s  o f  mo t i o n

become e q u a t i o n s  f o r  c o u p l e d  h a r mo n i c  o s c i l l a t o r s .  Normal  modes and RPA b o -

sons can then e a s i l y  i n t r o d u c e d  in a s t a n d a r d  wa y .  In t h e  second p l a c e  a s s u -

mi n g  t h a t  t he mo t i o n  i n s uch t h a t  t he t i me  odd p a r a m e t e r s  a r e  a l w a y s  s m a l l ,

we o b t a i n  a v e r s i ó n  o f  t he  r e c e n t l y  d e v e l o p e d  a d i a b a t i c  t h e o r y  o f  c o l l e c t i v e
1 2

m o t i o n  ’ w i t h  a c l a s s i c a l  h a m i l t o n i a n  q u a d r a t i c  i n  t he momenta ( b u t  o t h e r -  

w i s e  a r b i t r a r y  in t he  c o o r d i n a t e s ) .

As an i l l u s t r a t i o n  o f  t he method the e q u a t i o n s  o f  mo t i o n  have been o b -  

t a i n e d  f o r  t he  w e l l  known L i p k i n  model  h a m i l t o n i a n ,  and t h e i r  s o l u t i o n s  o b -  

t a i n e d  in t er ms o f  e l l i p t í c  f u n c t i o n s .  T h i s  w i l l  a l l o w  d e t a i l e d  c o mp a r i s o n  

b o t h  w i t h  o t h e r  a p p r o x i m a t i o n s  and w i t h  e x a c t  r e s u l t s .

 ̂ M. B a r a n g e r  and M. V e n e r o n i ,  "An a d i a b a t i c  T i m e - D e p e n d e n t  H a r t r e e - F o c k
T h e o r y  o f  C o l l e c t i v e  Mo t i o n  i n F i n i t a  S y s t e m s "  M . I . T .  p r e p r i n t  CT P# 67 8 .  

^ F.  V i l l a r s ,  N u c í .  Ph y s .  A285 ( 1 9 7 7 )  269 .

^ T .  M a r u m o r i , P r o g .  T h e o .  P h y s .  57 ( 1 9 7 7 )  112.
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V I ,  NUCLEAR REACTI QNS

V I . 1.  I s o s p í n  C o u p l e d  Channel  A n a l y s í s  o f  T w o - P a r t i c l e  T r a n s f e r  

React  í o n s .

0 .  Dr agún and E . E .  Maqueda.

D I r e c t  t w o - n u c l e o n  t r a n s f e r  r e a c t í o n s  p o p u l a t i n g  ¡ s o b a r l e  m u l t i p l e t s  

have been a n a l y s e d   ̂ u s i n g  d i s t o r t e d  waves o f  d e f i n i t e  í s o s p i n  ( T ) .  T h i s  

was done in o r d e r  t o  t ake i n t o  a c c o u n t  the í s o s p i n  dependence on the o p t i c a l  

p o t e n  t i a I .
2

P r e v i o u s  t r e a t m e n t  m a i n t a i n  i n s t e a d  w e l l  d e f i n e d  the c h a r g e s  o f  the 

e n t r a n c e  and e x i t  d i s t o r t e d  waves c h a n n e l s  a l l  a l o n g  t he  t r a n s f e r  p r o c e s s  

( T z ) . T h i s  c h a r g e - a p p r o x i m a t i o n  i g n o r e s  the c o u p l i n g  p r o d u c e d  by the i s o v e c r  

t o r  component s  o f  the o p t i c a l  p o t e n t i a l .  The e f f e c t  o f  t h e s e  component s s h o u l d  

be i m p o r t a n t  m a i n l y  f o r  h i g h e r  Í s o s p i n  m u l t i p l e t s .  In the a p p r o x i m a t i o n  o f  

r e f . l )  t h e  n u c l e a r  i s o v e c t o r  component  i s  f u l l y  taken i n t o  a c c o u n t  b u t  t he 

m e t h o d n e g  l e c t s  a t er m a r i s i n g  f rom the Coulomb p o t e n t i a l  w h i c h  may con t r i b u t e  

s i g n i f i c a l l y  bet ween the n u c l e a r  and m a t c h i n g  r e d i  i ,  a l t h o u g h  c a n c e l l i n g  l a r -  

ge 1 y i n  the n u c l e a r  i n t e r i o r .

I t  i s desi  r a b i e  to p e r f o r m  a c a l c u l a t i o n  wh er e  no a p p r o x i m a t i o n  i n the 

t r e a t m e n t  o f  t he Í s o s p i n  t er ms i s made.  Her e we p r e s e n t  some r e s u l t s  o f  a 

s uch c o u p l e d  channel  a n a l y s i s  ( I S O C C B A )  and compar e them w i t h  t h ose  o f  the 

a p p r o x í m a t e  t r e a t m e n t s .

F i g u r e  1 shows the r e s u l t s  o b t a i n e d  f o r  t he c a s e / T ^  -  T g /  = 0.

We have choosen t h a t  e xamp l e  because t he  number  o f  a c t i n g  c h a n n e l s  is a 

máximum and t h e  i n f l u e n t e  o f  t he  i s o v e c t o r  t er ms o f  t h e  o p t i c a l  p o t e n t i a l  

s h o u l d  be more i m p o r t a n t .  The  r a t i o s  R a n d ’ f  a r e  d e f i n e d  by:

R = l Í M )  .  ^ ‘^'^exp

d o  V^ ' ^ t h e o r y

wh e r e  f  i s  t he  nor mal  i z a t i o n  f a c t o r  t h a t  depends on t he  o v e r a l l  t h e o r y  t o  e x -  

p e r i m e n t  a n g u l a r  d i s t r i b u t i o n  a g r e e me n t s  r a t h e r  than on p a r t i c u l a r  a n g l e  f i t .

T he  c o mp a r i s o n  bet ween t he  a p p r o x í m a t i o n s  and the c o u p l e d  cha nn el  r e s u l t s  

shows t h a t  t he c a l c u l a t i o n s  in an i s o s p i n  d e f i n e d  f rame a r e  in b’e t t e r  a gr e e me n t  

w i t h  t h e  e x a c t  v a l ú e s  t han t he c h a r g e  d e f i n e d  t r e a t m e n t .
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We c<jn c o n c l u d e  I h a t  as w i t h  r e g a r d  to t he a n a l / s i s  o f  t h i s  t y p e  o f  

r e a c t i o n s ,  the i n f l u e n c e  o f  the i s o v e c t o r  cüi i iponent o f  t he  o p t i c a l  p o t e n t i a l  

is o f  g r e a t e r  r e l e v a n c e  t han t h a t  o f  the channel  c o u p l i n g  p a r t  o f  t he  Coul omb 

i n t e  r a e t  i o n .

The v a l ú e s  o f  t he o p t i c a l  model  p a r a m e t e r s  and the r e f e r e n c e s  f o r  the 

e x p e r i m e n t a l  d a t a  a r e  g i V e n  in r e f . l ) .

* 0.  D r a g ú n ,  D , R.  Bes and E . E .  Maqueda,  N u c l . P h y s ,  A258 ( 1 9 7 6 )  10.  

^ J . D . G a r r e t t  and 0.  H a n s e n ,  N u c l . P h y s .  A 2 12 ( 1 9 7 3 )  ^ 0 0 .
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F i g . V I . 1 . 1 .  V a l ú e s  o f  t h e  r a t i o  R d i s p l a y e d  as f u n c t i o n  o f

t he  t a r g e t  n u c l e i  f o r  AT  = O r e a c t í o n s .  P r o j e c t M e  e n e r g y  in

t h e  ( h , n )  r e a c t í o n  ( a )  = 18 MeV ( b )  = 15 MeV ( c )  = 13 MeV,
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V 1 . 2 .  Col  l e c t i v a  T r e a t m e n t  o f  t he  P a í r i n g  H a m i l t o n i a n .

A n a l y s i s  o f  T r a n s f e r  Data f o r  88^ A ^ S 6 .

R . P . J .  P e r a z z o ,  S.  Re i ch  and D . R .  Bes.

T h e  p a i r i n g  d e g r e e  o f  f r e e d o m is a n a l y s e d  in t he 88< A <96  r e g i ó n  

i n v o l v i n g  t h e  Z r ,  Mo and Ru í s o t o p e s .  T h e  r e g i ó n  o f  o u r  i n t e r e s t  p r e s e n t s  

a l a r g e  d e f e c t  o f  p r o t o n s  w i t h  r e s p e c t  t o  the d o u b l y  ma g i c  c o r e  l O^ Sm.

Whe n e v er  one k i n d  o f  p a r t i c l e  is i n l a r g e  e x c e s s  ( o r  d e f e c t )  w i t h  r e s p e c t  to 

a d o u b l y  c l o s e d  s h e l l ,  t he  p r o t o n  and n e u t r ó n  s y s t e ms  t e n d  t o  d e c o u p l e .  The  

r e s i d u a l  p a i r i n g  f o r c é  t h a t  a c t s  arnong t he  few n e u t r o n s  o f  t he  same k i n d  t h a t  

a r e  added ( o r  s u b s t r a c t e d )  f r om t h e  c o r e  has t o  compete a g a i n s t  a l a r g e  s i n ^  

g l e  p a r t i c l e  s p l i t t i n g .  T he  p r o t o n  h o l e s  a r e  d i s t r i b u t e d  among s i n g l e  p a r t i ­

c l e  l e v e l s  t h a t  l i e  c i ó s e  t o  e a c h  o t h e r .  T h u s ,  the p r o t o n s  may be c o n s i d e r e d  

as b e i n g  in a s u p e r f l u í d  í . t a t e  and n e u t r o n s  may be supposed t o  c o n s t i t u t e  a 

nor mal  s y s t e m .

T h i s  p i c t u r e  in w h i c h  t h e  p r o t o n  s y s t e m r o t a t e s  in i s o s p i n  and gauge 

sp ac e  and n e u t r o n s  p e r f o r m  h a r m o n i c  r  v i b r a t i o n s  w h i c h  a l l o w s  t o  s y s t e m a t i z e  

t he a v a i l a b l e  ( p , t ) ,  ( t , p )  and ( h , n )  d a t a  in t h i s  r e g i ó n .

A r e f i n e m e n t  o f  t h i s  scheme i s o b t a i n e d  w i t h i n  t he  y r a s t  f r a m e w o r k  .

T h i s  a p p r o a c h  a l l o w s  t o  t a k e  i n t o  a c c o u n t  r o t a t i o n - v i b r a t i o n  c o u p l i n g s ,  c h o o -  

se t he  e q u i l i b r i u m  s u p e r f l u i d  d e f o r m a t i o n  in a c o n s i s t e n t  way and i n t r o d u c e  

an a n h a r m o n i c  t e r m in the p o t e n t i a l  e n e r g y  s u r f a c e  V ( A . F )

The  e x p e r i m e n t a l  e v i d e n c e  i s  al  so a n a l y s e d  w i t h  a s h e l l  model  d i a g o n a -  

l i z a t i o n  t h a t  h e l p s  t o  d i s t i n g u i s h  bet ween c o h e r e n t  and i n c o h e r e n t  ( c o l l e c t i v e  

and n o n - c o l l e c t i  v e )  t r a n s i t i o n s .

T h e  c o l l e c t i v e  f r a me w o r k  ( r o t a t i o n - v i b r a t i o n  and y r a s t  scheme)  a l l o w s  

t o  g r o u p  t h e  s t a t e s  i n t o  f a m i l i e s  and t h e  e x c i t a t i o n  e n e r g y  s y s t e m a t i c s  and 

t r e n d s  o f  t h e  t r a n s i t i o n  r a t e s  a r e  e a s i l y  p r e d i c t e d .  H o w e v e r ,  t h e  i n c l u s i ó n  

o f  p e r t u r b a t i v e  c o r r e c t i o n s  demands a g r e a t  c o m p u t a t i o n a 1 e f f o r t  t h a t  b e a r s  

no p r o p o r t i o n  w i t h  t he  i mp r o v e me n t  o b t a i n e d  in t he  f i t t i n g  o f  t h e  e x p e r i m e n ­

t a l  d a t a .

T h e  s h e l l  model  d i a g o n a l i z a t i o n  p r o v i d e s  a more d e t a i l e d  f i t t i n g  b u t  

c a n n o t  be e x t e n d e d  t o  a w i d e r  r ang e o f  masses o r  t o  h e a v i e r  r e g i o n s  o f  t he  

Pe r  i o d i e  T a b l e .

 ̂ D . R .  B e s ,  G . G .  D u s s e l ,  E.  Maqueda,  R . P . J .  P e r a z z o ,  Nuc í  . P h y s .  A 2 1 7 ( 1 9 7 3 )  
93.
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V 1 . 3 .  F i e l d  D e s c r í p t í o n  o f  I n e l a s t í c  S c a t t e r í n g .

G. G .  D u s s e l , E . E .  Maqueda and R . P . J .  P e r a z z o ,

T h e  g e n e r a l i z a t i o n  o f  t he  n u c l e a r  f í e l d  t h e o r y ^  t o  i n c l u d e  c o n t i n u u m  

s t a t e s ,  can shed new l i g H t  on the p r o p e r t i e s  o f  t he  c o u p l i n g  bet ween s c a t ­

t e r í n g  ( p r o j e c t i l e )  and n u c l e a r  ( t a r g e t )  c o o r d i n a t e s .

We s t a r t  by c o n s í d e r i n g  a H a m i l t o n i a n  c o n t a i n i n g  a two body i n t e r a c t i o n

V w i t h  v e r t i c e s  í n v o l v i n g  b o t h  s c a t t e r í n g  and bound v a l e n c e  ( i . j , . . )

o r b i t a l s .  The  l a t t e r  may be assunied t o  c o n t a í n  a l l  t n e  H a r t r e e - F o c k  c o n t r i b u '  

t i o n  whí l fe t he f o r m e r  a r e  s o l u t í o n s  o f  an a v e r a g e  d i s t o r t i n g  ( o p t í c a l )  p o t e n -  

t i a l .  Out  o f  a l l  the v e r t i c e s  o f  V,  we w i 11 c o n s i d e r  t h o s e  t h a t  i n v o l v e  one 

c o n t i n u u m  f e r m i o n  l i n e  in b o t h  the i n i t i a l  and f i n a l  s t a t e s  and two bound 

f e r m i o n  l i n e s .  A l l  o t h e r  p o s s i b l e  terms o f  V a r e  r e l e v a n t  t o  t he i n e l a s t i c  

s c a t t e r í n g  o n l y  t h r o u g h  t h e i r  c o n t r i b u t i o n s  t o  t h e  o p t í c a l  p o t e n t i a l .  The  

e f f e c t  o f  t he  t erms u n d e r  cons ¡ d e r a t i o n , as seen f r om e i t h e r  t h e  t a r g e t  o r  

t he  ( s t r u c t u r e 1e s s )  p r o j e c t i l e  s y s t e m s ,  i s  t h a t  o f  an e x t e r n a l  o n e - b o d y  

o p e r a t o r .

E „ V „ = E . .  w . .  a ^ a . = Z „ Z . .  V.  aTa.a'*^a„ (O
a 3  a 3  a  g U  ' J  i J  a 3  i j  i a , j 3  i J 3

W i t h i n  the f i e l d  t h e o r e t i c a l  l a n g u a j e  the o p e r a t o r  ( l ) ,  a c t i n g  on a p r o d u c t  

( f e r m i o n - b o s o n )  s p a c e ,  has a f e r m i o n  and a c o l l e c t i v e  p a r t .  T h i s  c o u p l i n g  

H a m i l t o n i a n  is e x p r e s s e d  as

Z a ^ a „  I Z . .  V.  a ^ a j  + Z.  V.  . { X , . + u . .  } + h . c .  | 
a 3  a  B i j  i a , j B  i i > E p  l a . j B  U  U  n

j < ^ F

use has been made o f  f o r w a r d  ( A) and ba ckwar d  ( y )  RPA a m p l i t u d e s .  T he 

o p e r a t o r  c r e a t e s  t he  n - t h  c o l l e c t j v e  ( RPA)  mode.
. 2

T h e  p r e s e n t  t r e a t m e n t ,  when compared w i t h  t h e  c u r r e n t  t h e o r i e s  o f  

{ n e l a s t i c  s c a t t e r í n g ,  s h o ws t h e  f o l l o w i n g  d i f f e r e n c e s :

( i )  t he  c o u p l i n g  is d e r i v a d  f r o m a two body m i c r o s c o p i c  i n t e r a c t i o n  

and n o t  f r o m t h e  depe n den ce  o f  t he  n u c l e a r  r a d i u s  on t h e  d e f o r ­

ma t i o n  p a r a m e l e r s ;

( i  i )  t e r ms  t h a t  a r e  n o t  l i n e a r  in t he  c o l l e c t i v e  v a r i a b l e s  do n o t  

o c c u r  i n t he  c o u p l i n g  H a m i l t o n i a n ;

( i  i i )  w i t h i n  a p h e n o m e n o l o g i c a l  t r e a t m e n t  an a d d i t i o n a l  f e r m i o n i c  

t e r m  s h o u l d  be i n c l u d e d  in t h e  c a l c u l a t i o n  o f  t he  m a t r i x  

e l e m e n t s  o f  t h e  t r a n s í t i o n  o p e r a t o r ;
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( í v )  i f  a m i c r o s c o p i o  a n a l y s i s  o r  i n e l a s t i c  s c a t t e r i n g  i s  a t t e m p t e d ,

( 2 )  c o n t a i n s  f e r m i o n - b o s o n  v e r t i c e s  t h a t  a ] l o w s t o  b r i n g  i n t o  c o n ­

s i  d e r a t  i on c o l l e c t i v e  d e g r e e s  o f  f r e e d o m.

D . R .  B e s ,  G . G .  D u s s e l ,  R . A .  B r o g l i a ,  R . J .  L i o t t a  and B . R .  M o t t e l s o n ,  P h y s i c s  
L e t t e r s  ^  ( 1 9 7 ^ )  2 5 3 .

P . E .  H o d g s o n ,  " N u c l e a r  R e a c t i o n s  and N u c l e a r  S t r u c t u r e " , C 1a r e n d o n  P r e s s ,  
O x f o r d  ( 1 9 7 1 ) ,  C h a p t e r  13 and r e f e r e n c e s  t h e r e i n .
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V I I .  MACHINE DEVELOPMENT AND I NSTRUMENTATI ON

V I I . 1.  S y n c h r o c y c l o t  r o n .

VI 1, 1 . 1 .  Repa i rs

N . A .  F a z z i n i ,  J .  C o r a l o ,  J .  G a r a n z i n i ,  G.  l e t r i , A.  M o r a l e s ,  M. 

P r o f e s s i ,  J . c .  R o d r í g u e z  and L .  S c h e v e n e l s .

The c o m p l e t e  a c c e l e r a t i o n  s y s t e m  o f  t h e  S y n c h r o c y c I o t r o n  was d i s a s s e m b l e d  

t o  r e p a i r  t h e  f a l s e  “ D" t h a t  had d e t e r i o r a t e d  due t o  the use o f  a s t a t í c  p o l a r i -  

z a t i o n  s o u r c e .  T h i s  s o u r c e  was used t o  i n c r e a s e  t h e  a c c e l e r a t o r  c u r r e n t .

T he  m o d u l a t o r  was d i s a s s e m b l e d  t o  change the r o t o r  b e a r i n g s  and t h e i r  c a r ­

bón c o n t a c t s .

New d i s c s  and c a p a c i t o r  s p a c e r s  wer e  b u i 1 t  f o r  t h e  m o d u l a t o r ,  as the o í d  

ones had been i n o p e r a t i o n  s i n c e  1 9 5 ^ .

The r o t o r  o f  t he  g e n e r a t o r  f o r  the mai n magnet  was p a r t l y  r ewound.  T h i s  

a l l o w e d  p h y s i c s  e x p e r i m e n t s  to c o n t i n u é  w i t h  o n i y  a b r i e f  s h u t d o wn .
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VI I . 2 .  I s o t o p e  S e p a r a t o r .

VI  1. 2 . 1 .  A n g u l a r  C o r r e l a t i o n  T a b l e  f o r  o n - l í n e  U s e .

H.  G o n z á l e z ,  J .  C a v a ,  A.  T e r s i g n i ,  D. D ' A g o s t i n o  and 

J .  V i d a l l é .

An a n g u l a r  c o r r e l a t i o n  t a b l e  was d e s i g n e d  and b u i l t  f o r  use w i t h  t h e  

i s o t o p e  s e p a r a t o r .  T he  t a b l e  was a s s e mb l e d  and an e x i t - s e c t i o n  f r o m  t h e  s e p a ­

r a t o r  was b u i l t , e n d i n g  i n  a g l a s s  s p h e r e  used as a t a r g e t  c hamber .

V I I . 2 . 2 .  M o d í f i c a t i o n  and A s s e mb l y  o f  a new I on S o u r c e .

J . J .  R o s s i ,  H.  G o n z á l e z ,  A .  T e r s i g n i ,  R. D ' A g o s t i n o ,  J .

V i d a l l é ,  J .  O r e c c h í a ,  H.  Huck and J .  D u k e l s k y .

T h e  i on s o u r c e  w i t h  i n s i d e  t he d i s c h a r g e  chamber  was m o d i f i e d  t o

i n c r e a s e  the u r a n i u m  c o n t e n t  and i mp r o v e  the a d h e s i ó n  met hod.  T he l ens  c o o -  

l i n g  s y s t e m  was r e d e s i g n e d  as a c o n t i n o u s  a i r - f l o w  c i r c u i L .  D u r i n g  t h e  assem-  

b l y  o f  t h i s  i on s o u r c e ,  t h e  w h o l e  s y s t e m  i n c l u d i n g  t he  s e p a r a t o r  magnet  was 

a l i g n e d  and c e n t e r e d .  At  p r e s e n t  t h e  s o u r c e  i s  b e i n g  t e s t e d  on 1 i ne t o  be used 

f o r  t h e  s t u d y  o f  s h o r t - l i v e d  i s o t o p e s .
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v i l . 3.  Cascade A c c e l e r a t o r

V I I . 3 . 1 .  C o n s t r u c t i o n  o f  a New F i n a l  S e c t i o n  f o r  t h e  A c c e l e r a t o r  Tube

H.  G o n z á l e z  and A.  T e r s i g n I .

A new f i n a l  s e c t i o n  f o r  t h e  a c c e l e r a t o r  t ube was b u í l t  w i t h  t hp  a i m o f  

i n c r e a s i n g  t h e  n e u t r ó n  f l u x  and t o  i mp r ov e  m a n e u v e r a b i 1 i t y  when c h a n g i n g  the 

1 i th i um t a r g e t s .

V I 1 . 3 . 2 .  Repaí  r s .

H.  G o n z á l e z ,  A.  T e r s i g n i ,  R.  D ' A g o s t i n o ,  J .  V i d a l l é  and J .

O r e c c h i a .

The f i l t e r  col umn o f  the a c c e l e r a t o r  was d i s a s s e m b l e d  t o  change t h e  l o -  

w e r  c a p a c i t o r ,  and the r e s i s t o r s  c o u p l e d  t o  t he  f i l t e r  wer e  r e p a i r e d .  T h i s  

meant  t a k i n g  a p a r t  t he wh ol e  a c c e l e r a t o r  c a s c a d e .  The f o l l o w i n g  r e p a í r s  were 

a l  so made:

-  T he  S i l i c o n  r e c t i f i e r s  were changed and r e b u i l t .

-  T h e  a c c e l e r a t i o n  and f o c u s i n g  power  s o u r c e s  wer e d i s a s s e m b l e d  and r e b u i l t .

-  T he  200 Hz g e n e r a t o r  was rewound and d y n a m i c a l l y  b a l a n c e s .

-  A d d i t i o n a l  s h i e l d i n g  and s e c u r i t y  t a s k s  were done i n t he h i g h - v o l t a g e  

a r e a  and in the a c c e l e r a t o r .
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V I I . ^ . E l e c t r o n i c  D e v e l o p me n t s .

V l l . ^ . l .  M u í t í d i s c r í m í n a t o r  f o r  y ~Y  c o i n c i d e n c e s  

J .  M ó n i c o ,  J .  S i nder ma n  and S.  T a u .

T h i s  e q u i p m e n t  compares t he  d i g i t a l  o u t p u t  f r o m a ADC t o  t h e  S t a t e  o f  

a s e t  o f  s w i t c h e s  on t he f r o n t  p a n e l .  I f  a c o i n c í d e n c e  e x i s t s ,  i t  a l l o w s  the 

s t o r a g e  i n a c e r t a i n  s e c t o r  o f  t he  m u l t i c h a n n e l  memory o f  an e v e n t  a n a l y z e d  

by a n o t h e r  ADC.  In t h i s  w a y ,  c o i n c í d e n c e  s p e c t r a  a r e  o b t a i n e d  w i t h  g a t e s  o f  

h í g h  s t a b í l i t y  and p r e c i s i ó n .  A u t o m a t i c  s u b t r a c t i o n  o f  t h e  b a c k g r o u n d  I s  a l s o  

p o s s i b l e .  ( se e  c h a p t e r  V I I I . 1 ) .

V I I  . í*. 2 .  I n t e r f a c e  f o r  e v e n t  by e v e n t  d a t a  c o l l e c t i o n .

S.  T a u .

T he  m u l t i c h a n n e l  a n a l y z e r  memory was e x t e n d e d  by an i n t e r f a c e  t h a t  a l l o w s  

i t s  use t o g e t h e r  w i t h  a m a g n e t i c  t a p e .  A f t e r  p r o c e s s i n g  t he  d a t a ,  b i p a r a m e t r í c  

s p e c t r a  o f  4096 x 4096 c h a n n e l s  can be o b t a i n e d .

V I 1 . 4 . 3 .  C o n t r o l  o f  an a n g u l a r  c o r r e l a t i o n  t a b l e .

D.  C a mí n ,  M. S a t i n o s k y  and S.  S w i s z c z .

T h i s  e q u i p m e n t  a l l o w s  the a u t o m a t i c  c o n t r o l  o f  an a n g u l a r  c o r r e l a t i o n  t a ­

b l e  and o f  i t s  d a t a  g a t h e r i n g  s y s t e m .  T h i s  has been d i v i d e d  i n t b  t h r e e  r e g í o n s  

e a c h  c o r r e s p o n d í n g  t o  a d i f f e r e n t  a n g l a  o f  me a s u r e me n t .

V I I . 4 . 4 .  I n t e r f a c e  bet ween a M u l t i c h a n n e l  a n a l y z e r  and a C o m p u t e r .

C.  B o l a ñ o s  and M. S a t i n o s k y .

T h e  memory o f  t h e  m u l t i c h a n n e l  has been i n c r e a s e d  by i n t e r f a c i n g  t o  a 

Computer .  By u s i n g  the Computer  p e r i p h e r a l s ,  the s t o r a g e  o f  I n f o r m a t i o n  can 

be done in a f a s t e r  and more o r d e r e d  way.
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V I I . 4 . 5 .  6 - Decade Compact  M u í t í e s  c a l í m e t e r .

J .  M ó n i c o ,  J .  S i n d e r m a n ,  M. S a t i n o s k y ,  S.  S w i s z c z  and S.  T a u .

T h í s  e q u i p m e n t  c o n s i s t s  o f  6 e s c a 1 i me t e r s  and a s i n g l e  d i g i t a l  d i s p l a y ,  

Data can be a c c u m u l a t e d  s i m u l t a n e o u s l y  in e a c h  o f  them a r ead o u t  t h r o u g h  a 

p a r a l  l e í  p r í n t e r .

V I I . k . G .  S t a t í c  g r o u p  f o r  t he  Q u a d r u p o l e  Power  S u p p l y .

C.  B o l a ñ o s .

We c o n t i n u e d  t he  d e v e l o p m e n t  and a p p l i c a t i o n s  o f  a s t a t i c  30 v o l t ,  50 amp, 

g r o u p .  I t  i s  c o m p i e t e l y  t r a n s i s t o r i z e d  and i n c o r p o r a t e s  s a f e t y  l o g i c s .
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VI I . 5 . D e t e c t o r  De v e l o p me n t s .

VI 1 . 5 . 1 .  G e ( L í )  D e t e c t o r ' s  R e a c t í v a t ¡ o n .

J .  N i c o l a i ,  G.  Ma r t r ,  J .M.  R i s s o  and C. Gi mé nez .

D u r i n g  t h e í r  u s e f u l  t i m e - s p a n ,  G e ( L i )  d e t e c t o r s  must  be k e p t  w i t h i n  an 

e n v í r o m e n t  o f f e r i n g  c e r t a i n  c h a r a c t e r i s t i  es ( t e m p e r a t u r e s , va cuu m,  é t c ) ,

o t h e r w i s e  f a i l u r e  w i l l  o c c u r .

In o r d e r  t o  v a l u é  t h e  d e t e r i o r a t i o n  o f  t he  d e t e c t c r s  and i t s  c a u s e s ,  t h e  

c u r v e s  o f  r e v e r s e  l e a k a g e  c u r r e n t  and t h e i r  c a p a c i t y  a r e  a n a l y s e d .  F o r  a d e ­

t e c t o r  o p e r a t i n g  u n d e r  nor mal  condi  t i o n s ,  t h e  r e v e r s e  c u r r e n t  s h o u l d  be !<ept 

b e l o w  0 . 5  nA and must  be p r a c t i c a l l y  b i a s - V o l t a g e  i n d e p e n d e n t .  I f  i t  s u r p a s s e s  

t h a t  v a l u é  i n  1 o r  2 d e g r e e s ,  i t  i n d i c a t e s  t h a t  t h e  c r y s t a l ' s  s u r f a c e  i s  a f f e c -  

t ed  by i m p u r i t i e s  d e p o s i t e d  on i t .  When l e a k a ge  c u r r e n t  i s  q u i t e  o v e r  0 . 5  nA 

(1 y A o r  mor e)  and s t r o n g l y  b i a s - V o l t a g e  d e p e n d e n t ,  i t  p o i n t s  n o t  o n l y  t o  a 

d i r t y  s u r f a c e ,  b u t  a l s o  t o  t he  f a c t  t h a t  t h e r e  i s  a s i t e  o f  b u l k  c u r r e n t  cau 

sed by t h e r ma l  s p a t i a l  c h a r g e s  n o t  c o mp e n s a t e d ,  and t o  l i t h i u m  p r e c i p i t a t i o n  

i n the z o n e .  Normal  c a p a c i t y  v a l ú e s  ar e p l a c e d  bet ween 20 and hO p F ,  what  

depends on t he  c r y s t a l ' s  d i m e n s i o n s  and g e o m e t r y ,  C - V  c h a r a c t e r i s t i c  s h o u l d  

r e ac h t he " p l a t e a u "  w i t h  a bout  30 % o f  no mi n a l  b i a s  v o l t a g e .  I f  t h i s  i s  n o t  

s o ,  i t  i n d i c a t e s  t h e r e ' s  been a l e s s e n i n g  i n  t he  w i d t h ,  and a w e a k n i n g  o f  t he  

comp e n s a t e d  z o n e .  D e t e c t o r s  t h a t  r emai n  w i t h o u t  l i q u i d  n o t r o g e n  d u r i n g  some 

t i m e ,  i n v a r i a b l y  show a C - V  c a p a c i t y  c u r v e  s t r o n g l y  d e p e n d e n t  on t he  t e n s i ó n ,  

and t h e i r  v a l ú e s  a r e  above c a p a c i t y  v a l ú e s  u n d e r  nor mal  c o n d i t i o n s .

T h e  mot hod we a r e  s u m m a r i z i n g  h e r e u n d e r  was a p p l i e d  t o  s e v e r a !  d e t e c t o r s  

h a v i n g  d i f f e r e n t  c h a r a c t e r i s t i e s , w h i c h  had s u f f e r e d  damage as a c o n s e q u e n c e  

o f  vacuum f a i l u r e ,  o r  o f  h a v i n g  r e ma i n e d  a t  room t e m p e r a t u r e  f o r  some t i m e .

A l l  o f  them had a c y l i n d r i c a l  t r u e - c o a x a l  g e o me t r y  w i t h  a c t i v e  v o l u me s  bet ween 

kO and 50  cm^,  and have been p r o c e s s e d  e m p l o y i n g  t h e  usuañ me t h o d s .

T h i s  r e g e n e r a t i o n  met hod c o n s i s t s  i n wa r mi n g  t he c r y s t a l  up t o  10/30 C 

o v e r  room t e m p e r a t u r e ,  w i t h  r e v e r s e  b i a s - V o l t a g e  a p p l i e d  on i t ;  a f t e r w a r d s ,  

t he  m o l e c u l a r  s i e v e  i s  c o o l e d  down,  b u t  t h e  c r y s t a l ' s  t e m p e r a t u r e  is m a i n t a i n e d  

f o r  two h o u r s ,  so t h a t  i m p u r i t i e s  on o t s  s u r f a c e  e v a p ó r a t e ,  fcj r  t h e y  a r e  ab 

s o r b e d  by the s e a l i t e ,  In t h i s  w a y ,  a d e c r e a s e  i n the r e v e r s e  l e a k a g e  c u r r e n t

d e t e c t o r  c u r v e  i s  a c h i e v e d .

T o  c o r r e c t  c a p a c i t a n c e  V o l t a g e  c u r v e ,  and i mp r ov e  t h e  i n t r i n s i c  compen­

s a t e d  zone  o f  t h e  c r y s t a l ,  one o r  more c l e a n - u p  d r i f t s  a r e  c a r r i e d  o u t  a t
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d í f f e r e n t  t e m p e r a t u r e s , h a v í n g  a d í f f u s l o n  pump w i t h  L , N .  t r a p  p e r f o r m i n g  a 

p e r ma n e n t  c r y o s t a t  e v a c u a t i o n .

F i g .  V I 1 . 5 . 1 . 1 .  shows a summary o f  t he r e s u l t s  o b t a í n e d  f o r  some o f  d e -  

t e c t o r s  t o  w h i c h  t h i s  method was a p p l i e d .

D e t e c t o r  N ° 1:

C u r r e n t  Ve r s u s  V o l t a g e  c u r v e  was in p o o r  c o n d i t i o n ,  b u t  i s  c a p a c i t a n c e  

V o l t a g e  c u r v e  was a l r i g h t ,  T h r e e  c o n s e c u t i v e  c r ¡ o a d s o r t í o n  e v a c u t a i o n s  wer e 

c a r r i e d  o u t  on í t ,  wa r mi n g  up the c r y s t a l  t o  a b o u t  ( - 5 0 °  C ) , b u t  t he  r e s u l t s  

o b t a i n e d  wer e  n o t  s a t i s f a c t o r y . F i n a l l y ,  i t  was d e c i d e d  t o  warm up the c r y s t a l  

t o  room t e m p e r a t u r e ,  e v a c u a t i n g  ¡ t  w i t h  d i f f u s í o n  pumps,  i n  such c o n d i t i o n ,  i t  

was m a i n t e n e d  f o r  t wo h o u r s ,  a t  +300 V o l t  b i a s  and ^0 mA i n v e r s e  c u r r e n t .  

A f t e r w a r d s ,  i t  was c o o l e d  down t o  L . N .  t e m p e r a t u r e .

D e t e c t o r  N ° 2 :

Owi ng t o  en a c c i d e n t ,  t h e  l i q u i d  n i t r o g e n  e v a p o r a t e d ,  and r e mai ned f o r  

one mo t h a t  room t e m p e r a t u r e .  T h e n ,  i t  was warmed up t o  a p p r o x i m a t e 1 y  30° C , 

and r e ma i ne d  d u r i n g  two h o u r s  w i t h  300 V o l t  b i a s ,  and 35 mA c u r r e n t ,  A f t e r ­

w a r d s ,  t w o - c l e a n - u p - d r i f t s  wer e c a r r i e d  o u t :  o n e ,  a t  - 2 5 °  C,  d u r i n g  2k h o u r s ;  

t h e  o t h e r ,  a t  - 8 0 °  C,  d u r i n g  t w o - h o u r s .  F i n a l l y ,  i t  was made to r each the tem­

p e r a t u r e  o f  l i q u i d  n i t r o g e n  ( - 1 9 6 °  C ) , and was l e f t  s t i l l  t o  r e s t  two h o u r s .  

D e t e c t o r  N°3:

T h e  Dewar ,  wher e t h e  c r y o s t a t  i s ,  remai ned two days w i t h o u t  l i q u i d  n i ­

t r o g e n .  B e f o r e  b e i n g  p r o c e s s e d ,  i t  o f f e r e d  no r e a c t i o n .  I t  was t r e a t e d  i n i -  

d e n t i c a l  way as D e t e c t o r  N°2.

D e t e c t o r  N°^ :

E n e r g y  r e s o l u t i o n  and P e a k - t o - C o m p t o n  r e l a t i o n  d e g r a d e d  s l o w l y .  B e f o r e  

b e i n g  p r o c e s s e d ,  i t  d i d  n ot  w o r k .  T h i s  one was t r e a t e d  e x a c t l y  as D e t e c t o r  

N°1,  e x c e p t  t h a t  no p r e v i o u s  e v a c u a t i o n s  w i t h  c r i o g e n i c  pumps wer e  c a r r i e d  o u t :  

i t  was e v a c u a t e d  d i r e c t l y  w i t h  d i f - p u m p ,  i n s t e a d .

D e t e c t o r  N°5:

Owi ng t o  a f a i l u r e  o f  t h e  Dewar ,  i t  r ema i ne d  t h r e e  days w i t h o u t  l i q u i d  

n i t r o g e n ,  and i t  o f f e r e d  no r e a c t i o n  b e f o r e  b e i n g  p r o c e s s e d .  I t  was t r e a t e d  

i n the same way as D e t e c t o r  N°2.

The method d e s c r i b e d  above was s u c c e s s f u l l y  used w i t h  10 d e t e c t o r s  mor e,  

so t h a t  we ha v e  p l a n t y  o f  d a t a  f r o m wh er e  t o  i n f e r  g e n e r a l  c o n c l u s i o n s .  R e s u l t s  

have shown t he f o l l o w i n g :  1) t o  ev . acuate w i t h  an oi  1 d i f u s s i o n  pump,  h a v í n g  a 

b i g  l i q u i d  n i t r o g e n  t r a p ,  is f a s t e r  and more e f f e c t i v e  t h an  w i t h  c r i o g e n i c  pumps,  

2)  i f  an o i 1 d i f u s s i o n  pump is e m p l o y e d ,  t he  t i me  t a ke n  by t he  d e t e c t o r  t o  r e -  

p a i r  is a v e r a g e d  s u b s t a n t i a l l y , b e c a u s e ,  i n case o f  a b n o r m a l i t i e s  c aused by
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vacuum f a i l u r e ’, t h e  d e t e c t o r  g e s t s  back t o  i t s  s t a r t í n g  p o i n t  o n l y  one day a f t e r  

i t  has been p r o c e s s e d ;  on t he  c o n t r a r y ,  u s i n g  c r í o a d s o r t i o n  e v a c u a t í o n ,  ¡ t  t akes 

t h r e e  d a y s ,  w h í c h  means,  on t he  wh o l e  a r e p a i r  t i me  o f  s e ven d a y s , o r  even mor e,  

o w i n g  t o  t h e  r e g e n e r a t i o n  p r o c e s s e s  t h a t  t he  putnp's m o l e c u a l r  s i e v e  has t o  un” 

d e r g o  bet ween s u c c e s s i v e  e v a c u a t i o n s .  3)  t h i s  methods p r o v e s  t h a t  i s e f f e c t í "  

ve t o  r e g e n e r a t e  t h e  c h a r a c t e r i s t i c s  o f  t h o s e  d e t e c t o r s  t h a t  heve r ema l ned  f o r  

some t i me  a t  room t e m p e r a t u r e ,  w i t h o u t  b e i n g  n e c e s s a r y  t o  remove t he  c r y s t a l  

f r o m t he  c r y o s t a t .  4)  i n v e r s e  l e ak a ge  c u r r e n t  and c a p a c i t a n c e  v e r s u s  b l a s  V o l t a -  

ge c u r v e s  a r e  t he  most  s e c u r e  s o u r c e  o f  i n f o r m a t i o n  t o  a n a l y z e  damages s u f f e r e d  

by d e t e c t o r s .

V i l . 5 . 2 .  I mpr ovement s  ¡n t he L i  d i f u s s í o n  p r o c e s s  I n Ge C r y s t a l s .

C.  G i mé n e z ,  J .  L a f f r a n c h i  and G.  M a r t f .

A new s y s t e m  f o r  LI  d i f u s s í o n  i n l a r g e  vol ume Ge c r y s t a l s  was d e v e l o p e d  

T h e  q u a l i t y  and u n i f o r m i t y  o f  t he d i f f u s e d  LI  l a y e r  was i mpr oved and t he  t o t a l  

t i me f o r  t h e  p r o c e s s  was s h o r t e n e d .  T h i s  was a c c o m p l i s h e d  m a l n l y  i n t he r e f r i "  

g e r a t i o n  s t a g e  by d e s i g n i n g  and c o n s t r u c t i n g  a l i q u i d  n i t r o g e n  c o o l i n g  s y s t e m

V i l . 5 . 3 .  D e s i g n ,  As s e mb l y  and Measur ement s  w i t h  a C o l l i m a t e d  y - b e a m t o  

S t u d y  c h a r g e  t r a p p i n g  i n G e ( L I )  d e t e c t o r s .

G.  M a r t í .

Measur ement s  w i t h  c o l l i m a t e d  y - beams o f  v a r i o u s  e n e r g i e s  wer e  p e r f o r m e d  

t o  s t u d y  s u r f a c e  and vol ume p r o b l e m s ,  c h a r g e  t r a p p i n g  and e l e c t r i c  f l e l d  d i s  

t r l b u t i o n  i n  G e ( L i )  d e t e c t o r s .  F o r  t h a t  p u r p o s e ,  a 1 mm d i a m e t e r  c o l l i m a t o r  

was d e s i g n e d  and b u i l t .  Char ge c o l l e c t i o n  e f f i c i e . n c y  c u r v e s  and s e n s i t i v a  zone 

p r o f i l e s  wer e  me a ssur e d  f o r  two G e ( L i )  d e t e c t o r s  o f  c o a x i a l  s y mme t r y .

VI I . 5 . í*. D e s i g n  and C o n s t r u c t i o n  o f  a New C r y o s t a t  f o r  G e ( L i ) D e t e c t o r s .  

J .  L a f f r a n c h i ,  J .  N i c o l a i  and C.  Gi mé nez .

M o t i v a t e d  by v a r i o u s  p r o b l e m s  w i t h  t he  d e s i g n  o f  t he  c r y o s t a t  used f o r  

t h e  f a b r i c a t i o n  o f  G e ( L l )  d e t e c t o r s ,  an e x t e n s i v e  m o d i f i c a t i o n  was u n d e r t a k e n
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w i t h  t he  f o l l o w i n g  c h a r a c t e r i s t i  e s .

-  Less l i q u i d  n í t r o g e n  c o n s u m p t i o n

-  A t h i n n e r  wi ndow due t o  an i mp r ov e d  d e s i g n  and b e t t e r  m a c h i n i n g

-  More s t a t i c  p umpi ng  c a p a c i t y  f o r  d e g a s s i n g .  T h í s  i n c r e a s e s  t he  d e t e c t o r ' s  

1 i f e  11 me.

-  T h e  component s  we r e  t r e a t e d  t o  i mp r ov e  t h e i r  d e g a s s i n g  p r o p e r t i e s .

-  I mp r o v e d  s e c u r í t y  f o r  t he d e t e c t o r  bet ween t he t her mos and c r y o s t a t  com-

b l n a t i o n ,  and e a s i e r  h a n d l í n g .

“ E a s i e r  d e t e c t o r  o p e r a t i o n  due t o  a g r e a t e r  d i s t a n c e  f r o m t h e  l i q u i d  N i -

t r o g e n  t h e r m o s .

-  A met al  l i e  vacuum locic bet ween t he  body and the c o i d  f i n g e r  has s o l v e d  

p r o b l e m s  c o n n e c t e d  w i t h  t he  f r e e z i n g  o f  t he 0 - r i n g .
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VI I I . 1.  D i g i t a l  M u í t i  di  s e r i m i n a t o r  f o r  y - y  C o i n c í d e n c e s .

M. B e h a r * ,  A.  F i l e v i c h ,  G. G a r c T a  B e r mú dez ,  M . A . J .  M a r i s c o t t l ,

J ,  M ó n i c o ,  J .  S i n d e r m a n * * ,  S.  T a u  and P.  T h i e b e r g e r * * * ,

P u l s e  h e i g h t  muí t i d i s c r i m i n a t o r s  have been used in t h i s  l a b o r a t o r y  in 

o r d e r  t o  p e r f o r m  y - y  c o i n c i d e n c e s .  In t h i s  s y s t e m  ^ a n a l o g  d i s c r i m i n a t o r  W i n ­

dows a r e  s e t  s i m u l t a n e o u s l y  w i t h  k s u b s t r a c t i n g  b a c k g r o u n d  wi ndows t o  o b s e r v e  

y - r a y  s p e c t r a  in c o i n c i d e n c e  w i t h  k s e l e c t e d  y - r a y s .

T h i s  method has two mai n d r a w b a c k s :

a)  The number  o f  p o s s i b l e  g a t e s  i s  l i m i t e d  be ca u s e  o f  t he  r e du c e d  number  

o f  a v a i l a b l e  menxjry c h a n n e l s  in t he m u l t i c h a n n e l  a n a l y z e r  ( ^ 0 9 6 ) .

b)  The  wi ndows ar e  o f t e n  i l l - d e f i n e d  because o f  s h i f t s  i n  t h e  d i s c r í m i n a -  

t o r  t h r e s h o l d s .

In a d d i t i o n  the wi ndow l i m i t s  ar e n o t  s h a r p l y  e s t a b l í s h e d  be ca u s e  o f  t h e i r  

a n a l o g  n a t u r e  w h i c h  makes i t  d í f f i c u l t  t o  s e t  t he  g a t e s .

P r o b l e m a)  is n o t  s o l v e d  w i t h  t h e  mu 11 i d i  s e r  I mi n a t o r  me t h od.  In f a c t  a 

new m a g n e t i c  t ape s t a t i o n  and an i n t e r f a c e  a r e  b e i n g  d e v e l o p e d  in t h i s  l a b o r a ­

t o r y  t o  over come t h i s  d i f f i c u l t y .  Wi t h  t h i s  s y s t e m c o i n c i d e n c e  s p e c t r a  w i l l  b ^  

e f f i c i e n t l y  s t o r e d  in l i s t  mode.

Pr o b l e m b)  c o u l d  be s o l v e d  by u s i n g  d i g i t a l  m u í t i d i  s e r  i m i n a t o r s  w h i c h  ar e  

e s s e n t i a l l y  f r e e  o f  s h i f t s  and a l w a y s  keep a p e r f e c t  d e f i n í t i o n  o f  t he  wi n d o ws .  

Because o f  t he l on g  t e r m g a i n  s t a b i l i t y  o f  s t a n d a r d  co mme r e i a l  a m p l i f i e r s  no 

g a i n  d r i f t s  s h o u l d  be e x p e c t e d ,  even f o r  l ong  e x p e r i m e n t s .

A d i g i t a l  d i s c r i m i n a t o r  un i t  w o r k i n g  i n  c o n n e c t i o n  w i t h  an I n t e r t c h n i  que 

T RI DAC hOSG c h a n n e l  a n a l y s e r  w i t h  w h i c h  up t o  8 d i g i t a l  g a t e s  can be s e t  s i -  

m u l t a n e o u s l y  has been c o n s t r u c t e d .

in F i g .  V I I I . 1 . 1 .  a b l o c k  scheme o f  t he  s y s t e m  i s p r e s e n t e d  i n i t s  o p e r a -  

t i o n  mode.  ADC 1 ( d i s p l a y )  f ee ds  t he MCA memory s p i i t  i n t o  a number  o f  s u b s e c -  

t i o n s ,  a c c o r d i n g  t o  t h e  number  o f  g a t e s  s e t  on the s e l e c t o r  s e c t o r .  S i g n á i s  

f r o m ADC 1 a r e  t h u s  r o u t e d  and r e c o r d e d  i n one o f  t h i s  s u b s e c t i o n s ,  ADC 2 

( g a t i n g )  f eeds t he  muí t i d i s c r i m i n a t o r  v í a  12 b i n a r y  b i t s .

T h i s  I n f o r m a t i o n  is c o d i f i e d  i n t o  ^ o c t a l  d i g i t s .  T he  muí t i  d i s e r i m i n a t o r  

has 32  s e t s  o f  h o c t a l  thuniwheel  s w i t c h s  ( t o t a l  132)  w i t h  w h i c h  32 c h a n n e l s  can 

be s e l e c t e d .  T h e s e  32 s e t s  a r e  a s S o c i a t e d  in 8 g r o u p s  o f  ^ c h a n n e l s  ( 0 - 7 ) .

The e f f e c t i v e  number  o f  t h e s e  groups can be v a r i e d  i n ^ b i n a r y  s t e p s  ( s e c t o r  

s e l e c t o r ) .  T hu s  we can s e t  e i t h e r  8 g a t e s  o f  ^ c h a n n e l s ,  h g a t e s  o f  8 c h a n n e l s

V I I I .  IMPROVEMENTS OF THE EXPERIMENTAL F A C I L I T I E S
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e t c .  F u r t h e r m o r e ,  e a c h  g r o u p  can be s u b d i v i d e d  i n t o  2 s u b g r o u p s ,  " + "  and 

w í t h  the p u r p o s e  o f  a u t o m a t i c  a d d i t i o n  o f  c o u n t s  i n t he c o i n c i d e n c e  s p e c t r u m ,

¡n the case o f  c o i n c i d e n c e  w i t h  a p e a k ,  o r  s u b t r a c t i o n ,  in t he case o f  c o i n c i

dence w i t h  a b a c k g r o u n d  s e c t i o n .

in F i g .  VI  I I .1 . 2 .  t he  b l o c k  scheme i n t he s e t  up mode i s  shown.  T h e  s e t t i n g  

o f  t he  g a t e s  o v e r  t he  p a r t i c u l a r  r e g i ó n  o f  i n t e r e s t  i s g r e a t l y  f a c i l i t a „ t e d  by 

c h a nnel  i n t e n s i f i c a t i o n  on t h e  a n a l i z e r  CRT d i s p l a y .

The t i me  c o n d i t i o n  f o r  t he  c o i n c i d e n c e  o f  two d e t e c t o r  s i g n á i s  i s e s t a b l i -  

shed e x t e r n a ) l y  by means o f  a c o n v e n t i o n a l  f a s t  c o i n c i d e n c e  c i r c u i t ,  u s i n g  a 

wi n dowed TAC t o  g a t e  t h e  ADC 2.

T h e  d i g i t a l  mu 11 i d i  s e r  i m i n a t o r  has been used i n many e x p e r i m e n t s  f o r  a 

p e r i o d  o f  a b o u t  a y e a r .  T h e  s y s t e m  p r o v e d  t o  be r e l i a b l e  and no t r o u b l e s  i n i t s  

o p e r a t i o n  have been e n c o u n t e r e d .  F a m i l í a r i t y  w i t h  o c t a l  s w i t c h e s  i s r a p i d l y  a c -  

q u i r e d  by the e x p e r i m e n t e r  and t he more c o m p l i c a t e d  e l e c t r o n i c s  f o r  b i n a r y  t o  

d e c i ma l  c o n v e r s i ó n  was n o t  f ound t o  be n e c e s s a r y .  F i g . V I I I . 1 . 3 .  shows a p o r t i o n  

o f  a t y p i c a l  c o i n c i d e n c e  s p e c t r u m  o b t a i n e d  w i t h  the d i g i t a l  m u í t i  di  s e t i m i n a t o r  

Th e  t a r g e t  was 10 mg o f  70 Ge ( 0 . 5  cm^ a r e a )  and was bombar ded by 35 MeV a ' p a r -  

t l c l e s  f r om the s y n c h r o c y c 1o t r o n . Two kO cm G e ( L i )  d e t e c t o r s  c o n n e c t e d  i n c o i n ­

c i d e n c e  were used t o  p e r f o r m  t h i s  measur ement  .

* P r e s e n t  a d r e s s :  D e p a r t m e n t  o f  P h y s i c s ,  U n i v e r s i t y  o f  R i o  Grande do S u ] ,  B r a s i l .  

P r e s e n t  a d r e s s :  Me d e l e c  C o r p .  Buenos A i r e s  A r g e n t i n a .

D e p a r t me n t  o f  P h y s i c s ,  B r o o k h a v e n  N a t i o n a l  L a b o r a t o r i e s ,  U p t o n ,  New Y o r k  11973.  
U . S . A .

^ M . A . J .  M a r i s c o t t i ,  M. B e h a r ,  A.  Fi  l e v  i ch , ■ G . Ga rcír3 Be r mú d e z ,  A . M.  H e r n á n d e z  and

C. Ko h a n,  N u c í .  P h y s ,  A260 ( 1 9 7 6 )  109.
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F i q . VI I I . 1 . 1 . S i m p l i f i e d  b l o c k - s c h e m e  o f  the mu 11 i d i s e r  i mi na t.or 

s y s t e m  i n the o p e r a t i o n  mode.

ADC 2 

GATING

Set up 12 bits

CHANNEL

SELECTION

Fnablp  I
¡
} “4 r  D is a b le  n

¿ t u p j ------■-----
CO M PAR ATO F

Í5Ítup

M U L T I D I S C R I M I N A T O R

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I

«fNPUT(rou«inq)

a U TP U T(b its )

r.hamíl artiress'
MIJITICHANM=1 

AN AIY7FR 

F3A W3

S I% R A C T
Ih JTFM S IFY

A r e l  )M J I.  A T E

Fi g . V I  I I .1 . 2 . S i m p l i f i e d  b l o k - s c h e m e  o f  t he  m u í t i  di  s e r i m i n a t o r

s y s t e m  i n s e t - u p  mode.
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' 9 6 .0 iGate 53KeVl 
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167.8
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\
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F i g . \ / l l l . 1 . 3 .  P o r t í o n  o f  y - Y  c o i n c i d e n c e  s p e c t r a  o b t a i n e d  

by g a t i n g  on the 53»  96 and 2 0 0 . 1  keV l í n e s  o f  . T a r g e t  

was bombar ded w í t h  35 MeV a - p a r t í  d e s  f r om t h e  Buenos

A i r e s  S y n c h r o c y c l o t r o n .
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V I I I . 2 .  A n g u l a r  C o r r e l a t i o n  F a c i l i t y  f o r  on L í n e  Heasur ement s .

A . E . C e b a l l o s , E . D .  D u e r i n g ,  H . A .  Hu c k ,  A .  L ópez  G a r c í a * ,  D . O t e r o  

M . L .  P é r e z ,  A . N .  P r o t o  and E.  V e n t u r a .

An a n g u l a r  c o r r e l a t i o n  f a c i l i t y  has been a t t a c h e d  t o  t he Buenos A i r e s  

I SOL (On L i n e  I s o t o p e  S e p a r a t o r )  s e t  up.  The 110 cm d i a n i e t e r  alumi - niuni  t a b l e  

has t he  p o s s i b i l  i t y  o f  c o n t r o l l i n g  a u t h o m a t i c a l l y  the mo t i o n s  o f  two o f  the 

t h r e e  mounted d e t e c t o r s ,  a l l o w i n g  f o r  any c o m b i n a t i o  o f  G e ( L i )  a n d / o r  N a l ( T i )  

d e t e c t o r s .  The  i r  p o s i t i o n s  can be' v a r i  ed in 5° s t e p s .

T he  s o u r c e  h o l d e r  c o n s i s t s  o f  20 mm d i a i n e t e r  and 0 . 0 5  nim t h i c k  a l umi n í u i n  

f o i l  c e n t e r e d  i n t o  a g l a s s  s p h e r e  mounted o n - l i n e  w i t h  t he  i s o t o p e  s e p a r a t o r .

T h e  y ~Y c o i n c i d e n c e  r e s o l v i n g  t i me  was s e t  t o  2x'~k0 n s e c .  The c o i n c i d e n -  

ce s i g n á i s  wer e  p r o c e s e d  by two ^096 c h a n n e l  a n a l o g - t o - d i g i t a l  c o n v e r t e r s  and 

bot h  g e n e r a t e d  a d r e s s e s  s t o r e d  on a m a g n e t i c  tape b u f f e r .  T h e  d a t a  on t h i s  t a ­

pe wer e l a t t e r  r ead back i n t o  t he  Comp u t er  u s i n g  a d i g i t a l  wi ndow p l a c e d  a t  

the p o s i t i o n  o f  the d e s i g n e d  g a t i n g  peak and an a d d i t í o n a l  wi ndow n e a r  t h i s  

peak t o  a u t h o m a t i c a l l y  s u b s t r a c t  c o i n c i d e n c e s  due t o  t he Compton b a c k g r o u n d .  

S i m p l e  s p e c t r a  wer e  t aken si  m u í t a n e o u s l y  w i t h  t he  c o i n c i d e n c e  s p e c t r u m .

The s o u r c e  was a c c u r a t e l y  p o s i t i o n e d  w i t h  l ess  t han a one p e r c e n t  e r r o r .  

T h i s  was done m e a s u r i n g  o n - l i n e  the 258 and 1^436 keV y - r a y  t r a n s  i t  i onswi  th 

two G E ( L i )  d e t e c t o r s  si  mu 1t a n e o u s 1 y .  T h e  f o r m a r  w h i c h  was r e c o r d e d  a t  d i f f e -  

r e n t  a n g l e s  b e l o n g s  t o  t he 1 ^ . 2  rnin de ca y  o f  ' ^ ^ X e  and the l a t t e r  r e c o r d e d  a t  

a f i x e d  a n g l e  t o  t he  decay  o f  3 2 . 2  min ^^®Cs.

Dead t i me v a r i a t i o n s  wer e  k ep t  w i t h i n  \ - 2%  as h i g h e r  v a r i a t i o n s  p r o d u c e d

anomal ous r e l a t i o n s  f o r  t he  c o í n c i d e n c e / s i n g l e s  r a t i o .  In o r d e r  t o  check the
1 2

s y s t e m t he  p r e v i o u s l y  * measur ed ^ 6 2 - 1 ^ 3 6  and 2 0 1 0 - 1 ^ 3 6  keV a n g u l a r  c o r r e l a -  

t i o n s  in ^^®Ba wer e a n a l y s e d .  The r e s u l t s  show v e r y  good a gr e e me n t  w i t h  t hose 

i n Ref  2.

* D e p a r t a m e n t o  de F í s i c a ,  U n i v e r s i d a d  N a c i o n a l  de La P l a t a ,  A r g e n t i n a  

 ̂ B.  S i n g h  and M.W. Ho hns ,  N u c í .  Ph y s .  A 2 12 ( 1 9 7 3 )  382.  ^

^ G . J .  B a s i n g e r m  W. C.  S h i c k  J r .  and W . L .  T a l b e r t  J r .  N u c í .  I n s t r .  and Me t h.  12^ 
( 1 9 7 5 )  381.
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VI I 1. 3 • F á c i l  i t y  f o r  on L í n e  O b s e r v a t i o n  o f  P e r t u r b e d  A r i g u l a r  C o r r e -  

1at  í o n .

N . A .  F a z z i n i ,  J .  C o r a l o ,  J .  G a r a n z i n i ,  B.  l e t r i ,  A.  M o r a l e s ,

M. P r o f e s s i ,  J . C .  R o d r í g u e z  and L.  S c h e v e n e l ; » .

A new o n - l i n e  f á c i l  i t y  f o r  rr ieasuri ng p e r t u r b e d  y - r a y  a n g u l a r  c o r r e  l a t i o n s  

has been c o n s t r u c t e d  i n the e x t e  m a l  beam l i n a  o f  o u r  syncl i  r oc y  el  o t  r o n . i t  c o n -  

s i s t s  o f  a v e r s a t i l e  t h i n w a l l e d  p l á s t i c  r e a c t i o f i  chamber  o f  c y l i n d r i c a l  g e o n i e t r y ,  

c o n v e n i e n t  f o r  a n g u l a r  d i s t r i b u t i o n  ineasuremen t s . In a d d i t i o n  two r e c e s s e d  f í a t  

c o v e r s  a l l o w ,  upon r o t a t i o n  o f  the c h a mbe r ,  t o  l ó c a t e  one o r  two s t a n d a r d  h o ­

r i z o n t a l  G e ( L i )  d e t e c t o r s  ve ry c i ó s e  t o  the t a r g e t  ( a t  a b o u t  1 . 5  cin) f o r  Y " Y  

c o i n c i d e n c e  nieasurenients .

The p o l e  p i e c e s  o f  a s m a l 1 8 Kg ( a t  1 cm gap)  e l e e t r o m a g n e t  f í t  i n the 

c o v e r  h o l e s  o f  t he  chamber  so t h a t  t he  gap s i z e  can be made a d j u s t a b l e .  Va -  

cuum Seal  i s made a g a i n s t  the p o l i s h e d  chrome p l a t e d  p o l e  p i e c e s  by means o f  

c o n v e n t i o n a l  o - r i n g s .

T he magnet  has been c o n s t r u c t e d  in c o l l a b o r a t i o n  w i t h  the I s t i t u t o  de 

F f s i c a ,  U n i v e r s i d a d  do RTo Grande do S u l ,  P o r t o  A l e g r e ,  B r a s i l .

The  f á c i l  i t y  has been used t o  measure t he g - f a c t o r  o f  the 8 8 7 . 9  keV St at e  

i n ^ ° As .
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I X .  COMPUTA! I ON

I X . 1. S o f t w a r e  I mpr ovement s  f o r  t he H e w l e t t - P a c k a r d  Comput er

E .  A c h t e r b e r g .

S e v e r a !  i mpr ovement s  and new deve lopments were p r o v i d e d  f o r  t he s o f t ­

war e  package a v a i l a b l e  f o r  use on the 2116B H e w l e t t - P a c k a r d  mi ni  Comput er  

w h i c h  f o r m s a n  i n t e g r a ]  p a r t  o f  o u r  HP 5^06B n u c l e a r  d a t a  a c q u i s i t i o n  s y s t e m .  

The d a t a  h a n d l i n g  f a c i l i t i e s  were e n h a c e d , w i t h  the i n c l u s i ó n  o f  a new r o u -  

t i n e  t o  r ead e v e n t - b y - e v e n t  b i p a r a m e t e r  mode>m a g n e t i c  tape f i l e s .  O p t i o n s  

now a v a i l a b l e  i n c l u d e  t he s i m u l t a n e o u s  s o r t i n g  i n t o  on e - d i n i e ns  i ona 1 s p e c t r a  

u s i n g  e i t h e r  up t o? 3 2  i n d e p e n d e n t  s i n g l e  w i n d o w s ,  o r  up t o  16 d o u b l e  w i n d o w s ,  

t he a b i l i t y  to a u t o m a t i c a 11 y a c c o u n t ^ f o r  Compton b a c k g r o u n d  e v e n t s  by u s i n g  

one ha 1 f  o f  t he doubíle wi ndows in s u b t r a c t i o n  rixide, and a u t o m a t i c  s p e c t r u m  

len-gth c o m p r e s s i o n  t o  f  i t  i n t o  the a v a i l a b l e  s p e c t r u m  d i s p l a y  r e g i o n s  (6 

r e g i o n s  o f  102^4 c h á n n e l s  e a c h ,  20 b i t s  p e r  c h a n n e i ) .  A v e r s i ó n  t o  d i s p l a y  

a s i n g l e  b i p a r a m e t e r  s p e c t r u m  on the s y s t e m - s c o p e  d i r e c t l y  as i t  i s  b e i n g  

r ead f rom the tape i s  a l s o  a v a i l a b l e . .

A c o n s i d e r a b l e  amount  o f  e f f o r t  was - devoted t o  the i mpr ovement  o f  some 

o f  the d a t a  p r o c e s s i n g  p r ogr a ms al . r eady me nt i one H in our ,  p r e v i o u s  r e p o r t ,  

and the d e v e l o p me n t  o f  soné new e n e s . A s h a r t  d e s c r i p l i o n  i s g i v e n  b e l o w .

a)  Anp i X . T h i s  p r o g r a m For  the l e a s t - s q u a r e s  f i t t i n g  o f  gamma- r ay  s p e c t r a  

o b t a i n e d  w i t h  s e m i c o n d u c t o r  d e t e c t o r s .was s i g n i f i  c a n 1 1 y speeded up w i t h  

the use o f  more e f f i c i e n t  s u b r o u t i n e s ,  p r o v i d i n g  a s a v i n g  o f  a l m o s t  503; 

in c o m p u t i n g .  T y p i c a l  t i me s  f o r  a s i n g l e  peak a r e  now 15"20 seconds on 

the HP mi ni  c o m p u t e r , w h i l e  c o mp l e x  m u l t i p l e t s  o r  l ong  r e g i o n s  w i t h  the 

máximum a l l o w e d  number  o f  10 peaks may take up to s e v e r a l  m i n u t e s .  Un -  

f o r t u n a t e l y ,  the g a i n  i n c o mp u t i n g  t i me is n ot  w h o l l y  r e f l e c t e d  in the 

t o t a l  P r o c e s s i n g  t i me due t o  the s l o w  o p e r a t i o n  o f  t he a v a i l a b l e  o u t p u t  

t e r m i n á i s  ( d i g i t a l  p l o t t e r  and t e l e t y p e ) .  In g e n e r a l ,  f i t t i n g  r e s u l t s  

a r e  as good o r  b e t t e r  as can be a c h i e v e d  vyi th the SAHPO p r o q r a m ,  due t o  

t h e  c h o i c e  o f  a somewhat more r e a l i s t i c  f u f t c t i o n  to r e p r o d u c e  the peaks 

and the b a c k g r o u n d ,  and t o  t he c l o s e r  u s e r  i n t e r a c t i o n  w i t h  the p r o g r a m .  

S i n c e  t h e r e  ar e  no CPU t i me c o s t s  i n o u r  s y s t e m ,  the s l o w e r  p r o c e s s i n g  

t i me and the r e q u i r e d  o p e r a t o r  s u p e r v i s i ó n  t o  e s t a b l i s h  a n a l y s i s  r e g i o n s  

and t o  p r o v i d e  i n i t i a l  v a l ú e s - f o r  peak p o s i t i o n s  have been f ound w o r t h -  

wh i le p r  ices t o  p a y .
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b)  Le ve 1. A new v e r s i ó n  o f  t h i s  p r o g r a m  f o r  t he  a u t o m a t i c  c o n s t r u c t i o n  o f  

e n e r g y  l e v e l  schenie based on e x p e r i n i e n t a l  gafiuna t r a n s í  t i o n  e n e r g i e s  and 

i n t e n s  i t Í es  was a l s o  d e v e l o p e d .  B e s i d e s  b e i n g  soniewhat f a s l e r  t han i t s  

p r e d e c e s s o r ,  í t  now a l l o w s  a b e t t e r  c o n t r o l  o v e r  the r e j e c t l o n  o r  a c c e p -  

t a n c e  o f  new p r o p o s e d  l e v e l s ,  thus d i i i i i n i s h í n g  the c hances  o f  í n c l u d i n g  

s p u r i o u s  l e v e l s  due t o  a c c i d e n t a l  c o i n c i d e n c e s  o f  e n e r g y  suins.

c )  Coba 1. T h i s  new p r o g r a m  c a l c ú l a l e s  the c o i n c i d e n c e  i n t e n s i t y  to be e x p e c -  

ted i n q u a n t i t a t í v e  gafruiia-gaiiiiTia exper i í r i ent s  f o r  any p a i r  o f  ganiina r a y s  

seen in the c o r r e s p o n d i n g  s i n g l e s  s p e c t r a .  T he p r o g r a m  w i 11 p r o v í d e  e i t h e r  

i n d i v i d u a l  c o i n c i d e n c e  peak i n t e n s i t i e s  f o r  s e l e c t e d  g a t e s  s p e c i f i e d  by 

t he u s e r ,  o r  a u t o m a t i c a  1 l y  s t e p  t h r o u g h  the wh o l e  gaimna r ay  l i s t  p r p v í d e d  

and p r i n t  ou t  a l l  n o n - z e r o  r e s u l t s .  The c a l c u l a t i o n s  a r e  p e r f o r n i e d  t a k i n g  

i n t o  a c c o u n t  a l l  p o s s i b l e  b r a n c h i n g s  l i n k i n g  the t r a n s í t i o n s  a l l o w e d  f o r  

by the g i v e n  e n e r g y  l e v e l  scheine,  F o r  t r a n s i  t i o n s  w i t h  s i g n i f i c a n t  c o n v e r ­

s i ó n  i t  i s  d e s i r a b l e  to p r o v í i l e  qood v a l ú e s  f o r  the t r a n s í  t i o n  i n t e n s i t i e s ,  

e i t h e r  by use o f  nie.a^>ured 5 l ee t ron c o n v p r s i o n  r e s u l t s ,  o r  f rom e s t í l l a t e * '  

based on the known o r  a s s u w d  niu 11 i no I rir i t y  n f  the It íins i M' ons , The c f ^ -  

p a r i s o n  o f  t he  c a l c u l a t e d  i n t e n s i t i e s  w i t h  the o b s e r v e d  q u ^ n t i t ^ t i v e  c o i n -  

c i d e n c e  d a t a  wi  I I t hen p r o v i d e  a s i an i f i c..in t t e s t  o f  the c o r r e c t n e s s  o f

t h e  p r o p o s e d  l e v e l  s c h e m e .  T h i s  i s  s p e c i a l l y  l m p o r t ; i n t  i n  the c a s e  o f  t h e  r a -  

t h e r  c o m p l e x  l e v e l  scheni ps f o u n d  f o r  t h e  r e l a t i v e l y  s h o r t - l i v e d  f i s s i o n  

p r o d u G t s  s t u d i e d  i n  o u r  o n - l i n e  i s o t o p e  s e p a r ; i f o r  f a c i l i t y .

d)  C a l  i b .  T h i s  new p r o g r a m  p p r f o r m s  qamfn.i t ; i y  e n e r q y  ca I i b r í i t  i o n s  u s i n q  as

f i t t i n q  f u n c t i o n  a p o l y n o m i a l  i n  l l ie pf’ pk p o s i  t i o n s  i n  l:he o b s e r v e d  

s p e c t r a .  T h e  d i f f e r e n c e  w i t h  al r nos t  a l !  o l h r r  si i ch r o u t i n e s  a v a i l a h l e  i n  

mos t l a b o r a t o r i e s  c n n s i s t s  i n  t h , i l  ri h í v i r í a t e  f i t  i s  u s p d  t o  f i n d  the 

p o l y n o m i a l  c o e f f i c i e n t s  by  a d j u s t i n q  s e f s  o f  d ^ t a  o b t ^ a i n e d  u s i n q  s t a n d a r d  

c a l i b r a t i o n  s o u r r . e s .  T h e  n e e d  f o r  a b i v a r i i l e  f i t  i s  due t o  t h e  f a c t  t h a t  

a t  p r e s e n t  t h e  r e l a t i v e  e r r o r s  w i t h  wh i cti pe.ak p o s i  t i o n s  i n  q a n i ma - r a y  s p e c ­

t r a  may he d e t e r m i n e d  a r e  o f  t h e  sarrx,' o i d e r  as t h o s e  wi  tfi wh i ch t h e  ca I i -  

b r a t i o n  e n e r g i e s  a r e  k n o w n .  T h e  f i t t i n q  r o u t i n f ’ ni-iy l>p u s r d  i n  an a u t o m a t i r  

mode i n  wh i ch p o l y n o m i a l s  o T  s u c c e s s i v e l y  i n c r e , ) s i n q  'lr')r<>e a r e  f i t . t e d  

t o  t h e  same d a t a ,  « j i v i n g  t h e  u s e r  t h e  r . h o i c e o f  f. he ,< >p i i rrumi f i t .

B e s i d e s  t h e  e n e r q i e s  c o r  r e s p o n d í  nq  t o  "itnknov/n" p c a k s  i n  t h e  s p e c -

t r u m  th e  p r o g r a m  may a l s o  p r o v i d e  a t a b u l a t i f ' j  o f  t h e  e n e r q i e s  a n d  p o s i t i o n s  

o f  t h e  a s s o c i a t e d  s i n g l e  rsnd d o i íb í e  esc.,ipe pe.D5' " í ,  as we 1 1 as o f  t h e  c o r r e s p o n -  

d i n g  C o m p to n  e d p e  a n d  b a r k - s c a t l e r i n q  T h i s  p r o v i d e s  a v a l u a b l e  a i d  i n

-  1!2  -!



u n r a v e l l i n g  t he o f t e n  q u i t e  comp l e x  gamma s p e c t r a  seen in t he decay o f  some 

s h o r t - l i v e d  f i s s i o n  p r o d u c t s .
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1X . 2 .  Pr og r ammí ng  Gu i d e  f o r  the Use o f  J ob  C o n t r o l  Ca r ds  on t he IBM/370»

A.  D í a z  Romero.

A pr ogr amni i ng  g u i d e  p r o v i d i n g  a b o u t  500 d i f f e r e n t  model s  f o r  t h e  use o f  

OS J ob  C o n t r o l  C ar ds  f o r  t he  l BM/370 has been coi i i pi l ed and wi 11 soon beconie a -  

va i  l a b i a  f o r  t he  u s e r s  o f  t h i s  ma c h i n e .  I t  c o i npr i ses  the f o l  l o w i n g  c h a p t e r s :

( 1 )  O p e r a t i o n s  i n v o l v í n g  the use o f  p r ogr a ms  on punched c a r d  d e c k s :  

c o m p i l a t i o n  and e x e c u t i o n  o f  p r o g r a m s ,  i n c l u d i n g  r o u t i n e s  u s i n g  d i ­

f f e r e n t  l ar t guages;  p u n c h i n g  o f  o b j e c t  d e c k s ;  s h a r i n g  o f  d a t a  bet ween 

j o b  s t e p s .

( 2 )  Use o f  d ¡ s k - r e s  i den t p a r t  i t i oned c a t a l o g u e d  symbol  i c l i b r a r l e s :  

u p d a t i n g  the l i b r a r y ;  c o m p i l a t i o n  and e x e c u t i o n  o f  p r o g r a m s ,  í n c l u -  

d i n g  the o p t i o n  o f  u s i n g  members o f  the same l i b r a r y  as i n p u t  a n d / o r  

o u t p u t  d a t a  f i l e s ;  o p t i o n s  i n v o l v i n g  t he  use o f  m a g n e t i c  t a p e s .

( 3 )  Use o f  d i s k - r e s i d e n t  p a r t i t i o n e d c a t a l o g u e d  l oad modul e l i b r a r i e s :  

u p d a t i n g  t h e  l i b r a r y ;  e x e c u t i o n  o f  p r o g r a m s ,  i n c l u d i n g  t h o s e  r e q u i -  

r i n g  t he  l i n k i n g  w i t h  r o u t i n e s  r e s i d e n t  in the same l i b r a r y  ó r  s u b -  

m i t t e d  as c a r d  deck o r  m a g n e t i c  tape f i l e s .

( ^ )  Opt  i ons  i n v o l v í n g  t he s i m u l t a n e o u s  use o f  s y m b o M c  and l o a d  m o d u l e s ,  

f r om p a r t i t i o n e d  c a t a l o g u e d  1 i b r a r i e s  r e s i d e n t  on s e p a r a t e  d i s k  vol umes

( 5 )  Uses i n v o l v i n g  o p e r a t i o n s  w i t h  m a g n e t i c  t a p e s r  I g b e l l i n g  o f  t a p e s ;

e x e c u t i o n  o f  p r oqr a ms  f r om m a q n e t i c  tape o r  s u b r o u t i n e s  w h i c h  use maq-  

n e t l c  tape d a t a  f i l e s ;  if;e o f  m a g n e t i c  t apes as s t o r a g e  f o r  symbol  i c 

o r  l o a d  m o d u l e s ,  I n c l u d i n q  the qp . ne r a t i o n  o f  p a r t i t i o n e s  l i b r a r i e s .
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Doped w i t h  Sn I m p u r i t y
F . C .  Z a w i s l a k ,  R . P .  L i v i ,  J .  S c h a f a n d  M. Behar  
P h y s i c a l  Re v i ew Bl^t ( I 9 7 6 ) 2 78.
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L e v e l s  o f  and f r o m t h e  Decays o f  ^**^Xe and
D. O t e r o ,  A . N .  P r o t o  and F . C .  I g l e s i a s  
Ph y s .  Rev.  C U  ( 1 9 7 6 )  1996.

Gamma-Gamma P o l a r í z e d  D i r e c t i o n a l  S e t - u p  us| ng  a P l a n a r  G e ( L i )  D e t e c t o r  as 
t he  P o l a r i m e t e r
A.  F M e v i c h ,  M. Be ha r  and G. G a r c í a  Bermúdez 
N u c í .  I n s t r ,  and Me t h.  1^1 ( 1 9 7 7 )  521 .

#
L ev e l  S t r u c t u r e  o f  ^®Br  f r om t he  ^ ^ A s ( a , 3 n Y )  R e a c t i o n  
M. B e h e r ,  A.  F i l e v i c h ,  G.  G a r c í a  Bermúdez and M . A . J .  M a r í s c o t t i  
N u c í . P h y s .  A282 ( 1 9 7 7 )  331.

Q u a d r u p o l e  N u c l e a r  I n t e r a c t l o n  in ^^As Pr o d u c e d  by t he  ^ ^ G e ( a , 3 n ) ^ ^ S c  
React  i o n ,
M. B e h a r ,  G.  G a r c í a  B e r mú dez ,  A.  F i l e v i c h ,  R . P .  L i v i  and F . C .  Z a w i s l a k  
Ph y s ,  L e t t e r s  60A ( 1 9 7 7 )  250.

L e v e l  S t r u c t u r e  o f  the ®°Rb S t u d i e d  w i t h  t he  ( ct , 3n)  R e a c t i o n  
M. B e h a r ,  A.  F i l e v i c h ,  G,  G a r c í a  Ber múdez and M . A . J .  M a r í s c o t t i  
N u c í .  P h y s .  A283 ( 1 9 7 7 )  12.

R o t a t i o n a l  S t r u c t u r e s  in D o u b l y  Odd ^^®T1
M. F e n z l , A . J .  K r e i n e r ,  S.  L u n a r d i  and M . A . J .  M a r í s c o t t i
N u c í .  P h y s ,  A282 ( 1 9 7 7 )  2 ^ 3 .

L e v e l  S p i n s  and M u l t i p o l e  M i x i n g  R a t i o s  o f  T r a n s í  t i o n s  In ^*^Mo
C. A l o n s o  A r i a s ,  M. B e h a r ,  A,  F i l e v i c h  and G. G a r c í a  Ber múdez 
Ph y s .  Rev.  £ 1 ^  ( 1 9 7 7 )  1590.

D i g i t a l  M u l t i d l s c r l m i n a t o r  f o r  use Y " Y  c o l n c i d e n c e  E x p e r i m e n t s  
M. B e h a r ,  A.  F i l e v i c h ,  G.  G a r c í a  B e r mú d e z ,  M . A . J .  M a r í s c o t t i ,  J .  Mó n i c o ,
J .  S i n d e r m a n ,  S.  T a u  and P. T h i e b e r g e r  
N u c í .  I n s t r .  M e t h . ( t o  be p u b l i s h e d ) .

L l f e t i m e s  and g - F a c t o r s  o f  the 6 and 7 I somer s  in ®^Ga and ^®Ga 
A.  C e b a l l o s ,  E .  Der  Ma t o s e a n ,  A.  F i l e v i c h .  M . A . J .  M a r í s c o t t i  and P.  
T h i e b e r g e r .
N u c í .  Ph y s .  ( t o  be p u b l i s h e d )

T he  F i r s t  9 / 2 ^  S t a t e  in ^ ^ B r  and E v i d e n c e  f o r  Máximum D e f o r m a t l o n  a t  N ® 42 
M . B e h a r ,  A.  F i l e v i c h ,  G. G a r c í a  Bermúdez and M . A . J .  M a r í s c o t t i  
Ph y s .  R e v . ( t o  be p u b l i s h e d ) .

-  121 -



A m e r i c a n  P h y s i c a l  S o c i e t y  M e e t í n g ,  E a s t  L a n s í n g ,  M i c h i g a n .  O c t o b e r

2 8 - 3 0 , 1 9 7 6 .

H i g h  S p i n  S t a t e s  o f  and ^ ^ T i .
M. B e h a r ,  A.  F i l e v i c h ,  G . G ,  Bermi j dez,  M . A . J .  M a r i ^ c o t L i  and E.  V e n t u r a  
B u l ! .  Am. P h y s ,  S o c .  2]_ ( 1 9 7 6 )  981 .

I n t e r n a t i o n a l  C o n f e r e n c e  on N u c l e a r  S t r u c t u r e ,  T o k y o ,  Se p t e mb er  5 ~ 1 Q , 

1 9 7 6 .

L ev e l  Scheme o f  ^'^As
M. B e h a r ,  A.  F i l e v i c h ,  G. G.  Bermúdez and M . A . J ,  M a r i s c o t t i .
P r o c e e d i n g s  o f  the I n t e r n a t i o n a l  C o n f e r e n c e  on N u c l e a r  S t r u c t u r e ,  p . 2 7 8

The F i r s t  3/2  S t a t e  i n ‘̂ ^Br  and E v i d e n c e  f o r  Máximum D e f o r m a t i o n  at  N=A2 
M. B e h a r ,  A.  F i l e v i c h ,  G. G a r c f a  Ber múdez and M . A . J .  M a r i s c o t t i  
P r o c e e d i n g  o f  the I n t e r n a t i o n a l  C o n f e r e n c e  on N u c l e a r  S t r u c t u r e ,  p . 2 9 2 .

The  Gr ou nd  S t a t e  Band in ^®Rb
G. G a r c T a  Ber múdez  and M . A . J .  M a r i s c o t t i
P r o c e e d i n g  o f  the I n t e r n a t i o n a l  C o n f e r e n c e  on N u c l e a r  S t r u c t u r e ,  p ,  296 

Hi g h  S p i n  S t a t e s  in
M. B e h a r ,  J .  D a v i d s o n ,  M. D a v i d s o n ,  G . G a r c í a  Bermúdez and M . A . J .  M a r i s ­
c o t t i
P r o c e e d i n g  o f  the I n t e r n a t i o n a l  C o n f e r e n c e  on N u c l e a r  S t r u c t u r e ,  p .  310.  

In Beam S t u d y  o f  ' ' ' “̂ Gd
M . A . J .  M a r i s c o t t i ,  H.  B e u s c h e r ,  W . F .  D a v i d s o n ,  Y.  Gono,  H. M.  J a g e r ,  R. M.
L i e d e r ,  M. Muí l e r ~ V e g q  i a n , A.  Nesk¿^kis and O. R.  Z o i no w s k i
P r o c e e d i n g  o f  t he I n t e r n a t i o n a l  C o n f e r e n c e  on N u c l e a r  S t r u c t u r e ,  p .  863

The RenormaI  i z a t i o n  o f  F e r mi on  and Boson S t a t e s
D. R.  B e s ,  G . G .  D u s s e l ,  R . P . J .  P e r a z z o  and H. M.  S o f í a
P r o c e e d i n g  o f  t he I n t e r n a t i o n a l  C o n f e r e n c e  on N u c l e a r  S t r u c t u r e ,  p , 9 2

T h i r d  O r d e r  P e r t u r b a t i o n  F x p a n s i o n  o f  the Ph o n o n - p h o n o n  I n t e r a c t i o n  in 
t he  N u c l e a r  F i e l d  T h e o r y
O. R.  Be s ,  P . F .  B o r t i g n o n  and R . A .  B r o g l i a
P r o c e e d i n g  o f  the I n t e r n a t i o n a l  C o n f e r e n c e  on N u c l e a r  S t r u c t u r e ,  p.

I s o s p i n  C o u p l e d  Channel  A n a l y s i s  o f  Two P a r t i c l e  T r a n s f e r  R e a c t i o n s  
0.  DragOn and E . E .  Maqueda
P r o c e e d i n g  o f  the I n t e r n a t i o n a l  C o n f e r e n c e  on N u c l e a r  S t r u c t u r e ,  p . 5 5 8

E s c u e l a  L a t i n o a m e r i cana de F í s i c a ,  Mé x i c o , 1977

The N u c l e a r  F i e l d  T h e o r y
D. R.  Bes.

B P a p e r s  P r e s e n t e d  a t  M e e t i n g s
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29 Re u ní a o  Anual  S o c i e d a d e  B r a s i l e r a  de P r o g r e s o  das C i e n c i a s ,  F o r t a l e ­

z a .  1 9 7 7 .

Medi das de V i d a  Medi a dos P r o d u c t o s  da r eacoes  ^ ‘♦Zn, 6 0 ^ ¡ ( 1 6 o , x n  )
G. G a r c í a  Be r mú dez ,  M . A . J .  M a r i s c o t t i  y W. S e a l e .

S e m i n a r i o  R e g i o n a l  Sobr e  u t i l i z a c i ó n  de C e n t r o s  N u c l e a r e s  de I n v e s t i g a ­

c i ó n  en A m é r i c a  L a t i n a ,  Q I E A ,  Buenos A i r e s ,  1 9 7 7 -

El  S i n c r o c i c l o t r ó n  de Buenos A i r e s  y su Papel  en el  D e s a r r o l l o  N u c l e a r  
A r g e n t  i no
A . E .  C e b a l l o s  y M . A . J .  M a r i s c o t t í .

VI Reuni ón de l a  A s o c i a c i ó n  de T e c n o l o g í a  N u c l e a r ,  Córdoba 1977

F a c t i b i l i d a d  de P r o d u c c i ó n  de Ca r b ono 11 y P o s t e r i o r  A p l i c a c i ó n  en R a d i o -  
f ár macos .
A.  C e b a l l o s ,  A.  F i l e v i c h ,  N.  F a z z i n i ,  J . C .  R o d r í g u e z ,  H,  A I ban i ,  C.  A r c i -  
p r e t e ,  V.  P e c o r i n i  y A . E . A .  H i t t a

R e a c t i v a c i ó n  de D e t e c t o r e s  de G e ( L I ) .
C. G i mé n e z ,  G.  M a r t í ,  J ,  N i c o l a i  y J . M .  R i s o .
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C I n t e  m a l  R e p o r t s

E s t u d i o  p a r a  l a  I n s t a l a c i ó n  de un A c e l e r a d o r  t l e c t r o s t á t i c o
D. R.  Be s ,  A . E .  Cebal  l o s ,  A.  F i l e v i c h ,  M . A . J .  M a r i s c o t t i ,  E .  P é r e z  F e r r e  i r a ,
R. R e q u e j o ,  J . J .  Rossi  y E.  V e n t u r a .

Un E q u i p o  p a r a  e l  T r a n s v a s e  A u t o m á t i c o  de N i t r ó g e n o  L-Tqui do
C , A .  B o l a ñ o s ,  J . H .  S i n d e r m a n ,  C. S a r a g o v i  B a d l e r ,  F.  L abe ns ki  y E.  Fr ank
I nf or me  CNEA N “ 405 ( 1 9 7 6 )  .

D e t e r m i n a c i ó n  de la c o n f  i ab i 1 i dad de pro. j r amas de A n á l i s i s  A u t o m á t i c o  do 
E s p e c t r o s  p o r  e l  Método de s i m u l a c i ó n  nu- 'nérica 
A.  D í a z  Romero
CNEA.  P u b l i c a c i ó n  I n t e r n a  ( 1976)
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Al  b e r t o  F ¡ l e v i  ch 
U n i v e r s i d a d  N a c i o n a l  de Cuyo
P r o p i e d a d e s  de i sómer os de A l t o  Sp i n  O b t e n i d o s  p o r  Re a c ci o n e s  ( a , x n )  
y T é c n i c a s  p a r a  su O b s e r v a c i ó n  p o r  Haz p u l s a d o  ( 1 9 7 6 ) .

S i l v i a  L e o n o r  Re i ch
U n i v e r s i d a d  N a c i o n a l  de Buenos A i r e s
Model os  C o l e c t i v o s  de l a  F u e r z a  de A p a r e a m i e n t o  ( 1 9 7 6 ) .

C a y e t a n o  Pomar
U n i v e r s i d a d  N a c i o n a l  de Cuyo
S i s t e m á t i c a  de las r e a c c i o n e s  ( a ,  x n y p z u )  en la Regi ón de los N ú c l e o s  
L i v i a n o s  ( 1 9 7 6 ) .

P h . D .  T h e s e s
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J o r g e  F e r n á n d e z  N i e l  l o
F a c u l t a d  de C i e n c i a s  E x a c t a s  y N a t u r a l e s ,  U n i v e r s i d a d  N a c i o n a l  de Buenos 
Ai  r e s .
F i l t r o  m a g n é t i c o  p a r a  o b s e r v a r  e l e c t r o n e s  de c o n v e r s i ó n  en n ú c l e o s  p r o d u ­
c i d o s  p o r  r e a c c i o n e s  ( ( x . x ny p )  .

-  C e c i l i a  A l o n s o  A r i a s
F a c u l t a d  de C i e n c i a s  E x a c t a s  y N a t u r a l e s ,  U n i v e r s i d a d  N a c i o n a l  de Buenos 
Ai  r e s .
D e t e r m i n a c i ó n  de S p i n e s  y t a z one s  de m e z c l a  en e l  d e c a i m i e n t o  del  ^ ‘‘ T c  
me d i a n t e  c o r r e l a c i o n e s  a n g u l a r e s  gamma-ganmia y gamma p o l a r i z a d a  gamma.

Hugo A.  Huck
I n s t i t u t o  B a l s e i r o ,  U n i v e r s i d a d  N a c i o n a l  de C u y o ,  Rí o  N e g r o .
C o r r e l a c i o n e s  a n g u l a r e s  en ca s c ada  y - y  en ^^*^Ba.

E d g a r d o  R. D u e r i n g
I n s t Í L u l o  B a l s e i r o ,  U n i v e r s i d a d  N a c i o n a l  de C u y o ,  R i o  N e g r o  
C o r r e l a c i o n e s  a n g u l a r e s  en ca s c ada  y ~Y en

E . L i c e n c i a t u r a  T h e s í s
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