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Intntdt |cf . (otr

The areas 0f  rese.rrch cstabl ished in our lah4ralor l  a fcrr  J,ears aqo r iere

also {ol lo! ' red c lur ing the rcp0rt  yrars,  A bnlancc Lic l | l ' . .n nrclcdr reicarch i ] l ld

appl jcat ions ol '  nucleaf techf iqLres,  hoi i iver,  has bcc)r  stabj- l iz ld at  aboLrt  50

Perccl t  fof  edch.

the study of  f rechani : i l r .  of  hcavy io i :  re.ct io is,  c,g.  i f  i .hc cof l rp. i - i ' i ion

bet\ ican cxi l  chirnic ls f , r 'calrc in. t  the s;r f :e re: j i ( iuel  nuclcus,  the studJ, c, f  n l ic ledr

spectroscopy, e.q.  r  j r  ihe c.scs of  0e i rd l i  isotopcs, dnd also the apl- .1 jc i t t ior ' !5

e.q.  !  t rcstofer. l i i ! r  .hnn!; .s in elerJrefLal  values, l rav.  f rodLrced very i fLterst inq

res!r l t t .  ln nua- la i i r  lheory,  i ra ivances have bcer aalc in i r i re isoIorpl ] ic  Dardel  ,  e. ! l j

the k i Ict jc enrr !y ie i -en i i ]a ' . i i l rs nrd s j ' r f i0et f -y bre(rk i r r  t .hc rdrc ear i l r  nLrcleir

and in othei  t r i r ! lcr  of  c i r r r f l r t  i f r l .c fcstr  e.q.  doublc f j -  decn) 'an.1 f racl . i . i ra l

pare nira!1. :  c{ ic{ f i  c ien Ls.

lhe secLofs oJ'devcl0|r . , . r1.  and o1 ciata col leci iorr  afd Lrro.cssir ! .  !Lav.

exparr i { : i i ] r :d ni iar  i  l ) roveir i r : r  ls .  l \  l ' r i f i . r -7!0 aorpr-r icr  is  no. ' !  avi i i l ib le i r  oLir

lnbcr i i l :0ry and h,r : ;  srbsl i l r r i : i .111, i11p 9y"r 'our erper i i : i tn l  . i rd i - ]  corcr ical  jn\r I ] -

s l i i j i l t i . f .  Als0,  1- l r { r  Ccvr: lor i l i r i  f0r  t l re fc!r  CAi, l i r , i i -  arrd Pi l l i l i -ba: ,eC di i 'L;r  cLr l le-

ct ion sysl€nr ' is  i t r  proq|os:r .  { )  i .h| ] r  
' in j0r  

' i f iproycr,rar l !  arc l "ha i r .  i : . ! i la l . i . ' j  . ) f

a thfeEr ( juadrupol l  s i reclrofr . r -cr  { ! r  t l ic  study of  ( r ,  c l rarqcr l  | . r r t ic le)  r ' | i , r t ;or !

and the { ' . ,c i l i lJ ,  iof  the pfo( i i r . t icr i  uf  
6760 

f , , r '  r f .d icI l  use. lhc rcs0aic i i . rs i r

our ln l , i ia io i j / ,  l ro i r . rver,  {ecl  sLrolgly the erergj ,  I  i r r i tat ions i r iposed l )y l i r .
- lo l i  lerLr i ra l  vol t i !c , rnd far! .  L l lat  adeqir i ! te fur)d5 cdlr  be gjvcn r 'of  thc n. ' .css. iy

post accclcraiof .

Final ly,  \ re would ' l ihc to rcpcdt once.!ajn thai  the d.dicat ion afd

q Jl '  J  o l  oLr '  .J  , iLr l  r .  , - r . i . - ,  .v t  I  i  r .1,  , . |y . r r . , , ,
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I IEAVY J Oi 'J REACTIONS

ti rr, .. i  i . j  - i ir,tar!.!:aif l!!::! rr{ a,1lt r1

opir , / , id = 0. ! i  I  exi '  i l t . l !  ( tcf l  I  q l rn)  i ,

.yt. i 1y,;,11. ;1 91,. L t yr gj/1ys

A. Al 'nvanLr i :0s,  E.  Cazjs,  c.  f  I  i i  i ra,r  l j  i ,  r  l  o !  ar(  A.  l {cror l i : ,

Recai i ly ,  'a i rc cOir let j i ' . i i :Jr l  ra l i ia, i 'n Frr  anl  C ry l r l ) ra i . iarr  led, i i  r  io i r  L,-

dLrat jo i r  of  t l  , r  5 l i r i :  tc5j( l i r . r l  nuclr . l rs i r . , , :  b. . r  r i : ' , ra rrrdi l l  ioI  sarvar{ , , l  l ta i r ! j , -

i0r  nuar laaf  r_ i r ; , : i . io l |s ,  aa.1l  i j l .s i !af . r l  i ro i i ' r ; , t . i l r ,1 l  ! j rar i l j i r5,  for  l .Lr ! .1-

pio. i .c l . i  l i r  c l , ' r ] l iNi t io i : i  r - r i ,11l t j r . l  i i  c f ; r i , i l i i f r l  r iLr i : l i j  19 :  l \ ,  |  71 .

l ly  ar  ns!0. i . ' r io i r  of  i : , r r  l { r  pr  
/  

. )  r r i r l  
'  

l i r  
' : ' ; " ' "  

i , , , ,  ,

i . i l r jc iL r 'ar l l ' , .sar is i :hc f , r ) i l i l r '  c)( : ;L. tL i ! i r  afrai ! !  n\ i . i l . i5 lo 1.0 l : l r |  l i , ! i . i r i

I i l  a i fus,  a: i ' , , i . i i i  , r i : ic  1r ' i j  r  ar ,ar ' r { r i ,  i l lusLr ' r t i r r !  a n.ar l l i , '  I  i r - i ] i  r i i :1 i : r  , . i i r ' ,  r :

farr  n l i ras 'a al l  o i  t ra lar , . i . ic l r5 i f laa, l : l !n1.c i :1.  l l . : ; i r  r i i : : i ,  , r i ia: .  ( , ia(  r , . i i  1. l ra

!os: . i l i i l l i : i  i :a, . la!ar^ j l , i , ,  a|al  l i lus f r  . i i jaL,  l l r i  c l j f i ia i . i l :ar j  l r i rLraarr  r i r  , : r ' ( r  a

cr ' r i - (sr 'or  h) ,  L i r  { ,J l l0r / j r , - l  . j i  , . f , i -1 j , i l  i . l i iL i . r is l  l l i t l :

(1)

\ i ,  i : r  ' t l  l - l rc <l l , r t r t i 'cy ( i : . , ,

lq.  ( l  )  i r :15 [L] . r l

o i  rn r l r i : i : i l i i , r ,  j r  l i f . l

1r i , : i r  i l  is  i l  r .  l r  l l  a l

t ru i : l  rar  recol  i  .  i iccts.

Boyoi: .1 j is  j r  re. l i i iL.c r i l . i l i iy ,  h0f iever,  i i  is  c. i ! : l j  d.r , : ' r l  i i r i ror ' l , i i r i  t . .

i Iv . ]st i ! tat . r  t l r .  t iLcor. t . icr  I  s iqnj i jc .n.? of  1- l re syste al . jc  i f , : I i j  dci ] , -1rs l l , - i l - i : ( j

b.v i :(t  " { 1) .

Ixtelrs iy0 calcLr]at i !ns of  pn ar,d d cross aea:t ions fct  sfvcrnl  f f ic l . l r - ) i r : ,

and Lrnl)ardi f !  ercr ! jcs nr^e .afr je. i  o!r i :  r ] j t l )  t | .  l ldu.er fcsl , ] . ,ach for l l l isr ,

i r r  of t lar  to c l . l -cnnj Ie\" jhr ] ther conporr id n!c le!r : i  lor la i io i , j  t l l I  dorr i j rarr t  ) 'c-

act ior  t rcchar igrrr  ca!s in! l  the cxper j l rarr 'a.r l ' ly  obscr, ied systa a ' t ic  br l tavlor.

lh js conclusion f f ' l l ,  j l r  t r r r r ,  pcnnj t  to jnterr fet  " t )a iholoar ical  "cross
sect jof  val ! .s of  pn and d \ ' r l r ich,  in cases s!ch as 6Li  inducld rcact ' ioni  or

q!asi [ lc lecu' i . ] r  resoiranccs, have been found to de! iate f ron the systenr i l ic

! rcf  o.

I  t l f r l  is
; I f.-,l alj,

'I rt 1. ..i i.I !!

t . i  r .  i i  r  . l

c) l i r f , r isci l  i  i i  l l .  \ r .

L iLI I i . . ra l  i I  i l r i r  I i i .c | i l l j ! t r  faf  t r r ,  l j r . : r l I i r t i . r , l
jc !  r . r i l .h i .hc l i i i i i  l . r  5hi  l i .  . i : i i  r i i i i { , i r  r i r ' i . i  r l

r r i i  I  c) l i t  c l r , : , rLcr- :  icsul i  i r  . r ! i i . -  . l ; i f . r ' i : r  I
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l - - i  na' l  l j ' ,  corn| . t j t i0n Dcl f r . t . I  c lusler yer: .ur  t : tu l t i i r , r f t . ia ler  e f16lon
hna beer 0lrsr f !ad eIr j  t3 i t ! t r iaaJ j r r  : r :v l t .a l  v i i r jcLla,  c) . i i t  a infn; t ls ,  sLj i l j  as
p2)1, / . i f i l r i .  2p:  , / r1p ; r r r i  i l l l i / . -d.  AirnIq Lhose a1r orr i ,sLrf i j int  c. , . ,1 js Lhc ' l l lc
eirr iss ion Chan|cl  ,  fOr |1, i . : l t  iL la!  b, , .en Olr ! l : f f , - t i  i .J lat ,  f ih i :n t i tLt  b( , r r , l , i i l .d ln!
cr . : fgy is sLr ' i i . j r i r t l ] /  h i . t l r  i0 o! . r .or ie lh.4i t .  l r i r r . t j i rq. j . i !11. ,  Lhir  4 i  r l
c l i is-<i(rn is ni :11. t  . i r : f l r l .Lcl l , ,  fct . . l . . red b. l ,  c i i i  ani l  21,2n . ,  is : i , : , t .

l .  l  l r r  cc

1. A.C. Xcror l  js  Cr -r .1,  l i i ry:r .  1.11. t ! ! l t  ( r9| ] I  4a1

r ' f l ty : ics 
Labcrai :ory I l ,  l . l i . t iofal  l rc rr ical  Urr i . , , . . t .s i tJ,oi  l i l t . . |5,  ALtr l t5,  r j fc . ( : ( :
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Ori i r ' i4: i r , i i r l iat I
.  7. .

l r i , l l  r i r l r . , r , : ,J.  . r [  1r , i ;r . luaad ta,l .r1.a/,r i1

s.
IJ.

Kcssjr i r idcs,  f l .  0a:  i  . : r  ia, l  I

Pfesr ' r  ( r :  r . ,  E.  5tcI i r .  r :1] '

+l(oor i1,*  D. I  i  .  i ' ,  K.  l l .  l i rc i ; i  us", '  I ,  l  , i : : l  i rofr , r

(1)

l l ,a i l ry( ,s1. j ! i i  i , i r  ( r  1. l ra ra.c l ior l  7 l  i  or  
i '1 ' , t  

hr ' ,  : : l : r r , r r r  l l rn l  L l  l  aro!s

srcl i0r  is  s{ i : : i f . iy i  t . .  I  rL ,  0 r  i  i r  r  i .  L i  o f r  of  l l r r  ( l . iorr . r , l  / i . i  iLLcl ' , ! !  f r i ih

rcslr lct .  t ( r  i - '  ( .  1)Lrai  r  i r ; i i ! ,  l l . l .  l l "  r , r t , r r i , . i ' f ,  ucfa i r . i  i i r i ' , .d l i iL i r  i : r . r  a l i -

qfr i ( l  Lr l rar  i ra:r  i l r .  l lL: ' ic l r ' i  r . . i i  i l l  :a jLr larr i  I i : t  l r i i  i :  t r  !1 ' l (  r l . t i . i i rn 1. , . r ,  v, t r ic l i

Lr 's i f i tc l r i  i l  i i r :  .11i ; , ; r  , r )L oi  i : l  . r  L. i r i r  | r ; r f r l  of f ; i t  ; i r i : . r l - \ r i r l !  i , ' :  . i rL lLr-

x i f i . ! ta l  J,  2 aj l  i : r .

Thc | i : : r 'J  L i  r , , r r  i :  ! l ' ia l :1, : r ' i r l  l r i r . . i r  n s i r ; . l r  [odr] l  \ r r i r l r  ) i t ' , ' ,1 r lz{r !

1| f  i : r i r ra: : , : r l0 i  Coaf i i r i , ' , i i5 i l t :  , ,  lL i rc i . io!  o i  l lL{r  ar i t , i i , i . .  of  c l i ,sr : . : i

. r l . i , l_ |aalr .  l l r i ! ,  d i : . i , i ' r i . r  i , , r i . la!  u i l i i  at- iLr t . , ' i  , . i i i  i i l r ' . i i : r  5air . :  i  \ , i ) l l r . r  l l ] .

fo l  l  i : i r .  a. , t i , i l1r i i  1,r  ( la i :  i i r r :  l r l l  of  i i i : r  r fnrLioir  r , ! t l , . ] r i . , i ,  1 i r , l

l iq l t l  i l r , , f , : l i l  | : r r ' i . i ( : la: .  i ra ' r  ! j i i : .1 i t0tr  t " l rar  r r r l i l - ;0r  l . r l ' ' i r  r | r -J (1, . r 'acLl ] r l  ! r i i r

( : i r i r r j  L(rr  la lL ' ! l - .1 is l r , l  i r r l r ig/ : l ) .at fn arr i l  i l r r l j  r la l ' . ! j :Lr ' ,  r r i - i ( r !  \ r . . r ( r  l l i .

t .n i r ! : l  : i .  l i l  i )  .  20 i i  \ r  i , j i l r  i r  l i i , r , : . i  i i i r i  [ ] i  . ' l i ! | . . i  l , . r . t l i .  l r i )  . r i t l j , . i r i , . j

p | . | l r : r '  I  2,r{ t l )  ! : rs or l . i i i . r l  i r l i i l r  i  i :  L l . i  l ic . l  ,Lr i ,

120 (ar)

\ " rhere ' "20 i !  ' r  re i r l i ! r i i . r , l

nerr t  {  3 i ) .

: (c ( t , l  /  c  ( l ) )  "  1) /  1 i0

Pol  u ipr i

of t l ie b:rnl l  { ] , . ' r iLo.cd L| f .L!rou1: t l  I  cx l re). - i -

' lhe i ' : !Lr lLs ar-c prr : rc iL le i l  i f  I jE.  1 io 4.  The a5: j i i . . t i -y 0f  i . l r r :  cr0s:

secLiof  ar . l r id 90 d, , ! i . { rs p. i r t .s 1.o a s j !n i  i icar l  cc} i r t r i l , . i ,1. ioI  f fo]r  ( i j r . . l

l r0ccs5c5. This is suplrDi"+, . i |  b l , , th. . l js l r i i rLr t jon of  12C(f)  r , r l r i .h c i r f  b!

under: tocd uj i .h i f  lhc s i r f ; r1e r l r l r ' i  i i ! l rL jed sc far .  I i t  a dircci  rc, j . r l ic f ,

conl . r ' ibr i i . r l r : i  to fo] ] i . r rd ; - r r r ! l les core f rcr i  col l is ions rr i th larq.r  inpar i t

paralrcters, , r /h i le l lLe back!.raid an! lc5 are f !d by col l i : ions l f i t l l  5Fal l  i i r ' '

pact  par.rnrL.rs.  ls  cai  bc seen froi t  f ig.5,  i r i th t i le par i icu ' l3r  a l  ignrrelr t

chosen, the dl jgne. l  projcct i le hes morc ovr:r iap \v i ' .1r  the la l"g. t  aL laf le

i rpdct pa' fa$elcrs t l lan l l le ! ra l  j !ned projcct i le.
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Fig.  i "? Analysing power

Con t ' inuous I  ine

BOS rESe r20 e L{€s laas rEaB

and Cross Sect ion for  prQtons
is the STATIS es t  ima te.

{r'1
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Fi  g.  i i ,4 Analysing porr 'er

Cont inuous I  ine

and cross Sect ion for  a l  phas

is the STATIS est imate,
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Thjs ' leads to posi t ive valucs for  T20. The oppcsi te holds for  s i ta l l  in ' facL
paranreters leadjrg to negat jve values of  T20 at  back angles.

Comput ing T20(e) f ro i  a djrect  react ion moi ie l  is  st i l l  not  pcssiL, le
for the energy- integrdted cross sect ion.  0n the other hand, a snal j  nto-
di f icat ion of  the code SfATIS by Stocl istadt {4} l ras nrede j t  possiblc io
est i late the avefal le conlr ibui- ion to -123(€ )  f ror  corNpound fucleus proces,
ses, To this cnd i t  r /as assLl ied thnt the i fco i t iNg Lj  moves o|  Coulonb
trajector ies.  Then the angle t  ( f ig,  5)  can be coir i , t , ted as a funcl ion ot
thc inpact pararcter b and this rc lated to I  c lass' jcaly to y ie ld,

t .  (1p) = ' - - -4-1:-JL,  = r . i ( r )
' tzettrQtlJL:f

This to! te iher i . r ' ihh the re. lat ion:

(2)

R(Llr)  = R0 { t  + 8.Y20((r)  }  = R0 { t  +F .  , / -a574nt p2(cos, l , ) }  (3)

for  the radjus leads to an t-dcpendel tcc of  the forn:

R(1)/R0 = I  t (?, /?)  .  / -WnJ . I  1,u-- ' ,  - t ]  (4)
1+ 

',. 
tL

In STATIS the channel  r .adr 'us is parametr ised as:

Rc.Ro(A11/3+Az1/3)

and by replacing RC by:

RC = Ro (A2r l3 
-  

- i -F- . t , t1/3 )

(5)

(6 )

! . r€ obtain a fo in \ , r 'h jch can be used for calcu' lat ing the al i ! l11cd and fon-
al iqned cross sect ions.  Fof the later case we sjntply use p.0.

The parar i reters fof  the exj t  channels r iere not var jed s ince STATIS
does only consjder t l ro,body f inal  channels.  The exper j i r te l ta l  resul ts hctv*
ever show that in al l  charnels at  least  one neutron is evapcr i ! led tcrge-
ther | , ] i th the charged part ic le.  Therefore the absolute cross-secl ions
obtained fron STATIS cannot be corparecl  to the elper imeni,  The only
value of  lhese calculat iors is to uncover syst-oDat ic t fends of  th""
cross sectt  0n5 .
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As a f i  r5t  test ,  the an!ular distr ibut jons of  evafo] .dteci  protofs

wcre calculateC. lhe ccnter-of-mass encrqy l las f j r .d at  8.7 ard 17.5 l \ jev,

values \rhich c0rfcspond to the t | , ]o enCpcints of  th.r  m.asurcd exci t . t ion

f !nct jon.  S1/\TIS proCuces the anqular djstr jbuLiof i  of  parLic lcs leaving ih{)

resjc judl  nucl . i rs in a statc of  def jn i l i )  cn!rgy.  spi I  dr) .1 pnf lLJ.  i :o i  ' rhe

pfolrer calcul ; ' . jor  of  1.he efc l 'q j / - i11tc/  ' i r ted an!ul i r . i is t r i t )Lr i jons a

den3ir t ,  or"  sLai :es funct ion s i roLl ld be folded i i r to i t .  In t Ic i r i .csenl  case

a sj i l i r l i f ied al | roa.h l tas te l i .  ,  \1hich .cr i ls  to l ) .  just i l i . : l  by t l  e fesul i ! .

l l re c:mar! i r { j  protqlrs r ' ierar nrr ! r  red lc leave { :hc ra:s idual  nLrcl( ius "  1,1n ,u on

exci tat icn ol  10 ai , . l  16 i \1.V. In is correslonds rou! i l ly  to lhe endpojni j

of  the l reas!rr j ( i  p i ! lor i  ! lJr 'c1t | f l .  lhe sf i rs consid!r td for  t l te ' ( ixc iLoci
staics ' r ' r . r fc 1i?.  t /2,9/?,1t /2,  i9/2,  A !"roigfr tecl  5un of  the rcsul ts is
plof teC in F igs.  I  and 2

As cxpccl . , . t l  i rof i  the theOr) '  0f  coIrp.un, j  peroc.sses thr d ]s Lf i  l r i l l  iors

of  b0Llr  lha cra!5 scct ioI  ar i i  h i :  i i r r l l j ,s ing po\r ! r  are sy[ t retr ' ic  afcurd 90

ci-"grec: ;  s jnca l_, l r i  1.J js cf  r ' t : t . rved. f rcLl  i .h; t  c ietai i  lcd l .esul  t i  i t  can be

obscf!cd t l ra l  i i r i r  v i l . i . r . i t | l  ot  L l tc ai t i i i , ' : t i t ' t !  l io\ . r r f  \ r i th. fg l ( ]  is  ! , r i t i r in i l re

nunrat icr l  dccut lcy oi '  the rr : : r r l  L: i  ior  j " l  ! '  c t ,oss st ,c l  ioI  a l thoi , !h a i rcnd

may bc obscrvalr10 i i  soira ca: i :s.

I \nother t ra l r . j  is  l l lat  thc ave|aqe analysinq pirr?r is of  thc saf . tc

si ! f r  arrd the sn| |u ordf i  of  ntEI i tud: .a: i  the ote obt i i r ]ed f ro l r  tc ld l  cr0ss
sect iofs.  This i r . l ic . t tcs th iL the entr in. ie chanfel  is  the f ta i |  'saurcir '
of  ihe anal) ,s i r r i j  p j r ' rer  \ , r | i le th-" .xt t  charr . l  in.r lLte|ce js l j  i tcd.

lhe f ra jn t rerd is,  hor. ievcr,  l i  t t  t l te nvcra!c i , r ra lysirrq f i t i , iar  i5 i r
f !nct ion of  the c.n.-  en.rgr, ,  aNrl  th€ sf jn ol t ly ,  a l i :hour jh thc cto:s secl ior l
va!"res soir . r t imes considerai , ly  \ , r i th el ic i tat ic l l  cncrg. , , in the coni found l ru-

c leus. f rhether lh js properf ,v c. t f  be uscd fo! .  spi f  dr i -ennjnat ion in co[ ] r ! |n. l

nuclcnr react io l ts requires f  r thel .  te5l jng.

The calculal ions \ rcfe ext .eICed to evapofat . in!  a l l ) l ta-part ic les.  A! . r jn

the c. | i .  enerqy l ras f ixcd ai  B.7 and 17.t i , {eV vrhj le excj tdt jons of  3,  i {  ar td
2C i1€V el ] .1 sf ins of  . l=0,  4,  3 an. l  12 in "a" rru"u tcster l .  A \ re igt ted aver. jge

of lhe resul ts is plct ted i r r  l ig:3!4 J1/c ntain featurcs can be abscrved:
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The anEular dlstr ibul io l r  0f  120 shci . rs large var iat ions With

ar lg le and thc avcra! le alalysin! t  p.r / ref  dcpcnds noiv also on

the exci tat ion erergy as \ , re l  I  as the spin a| . i  thc c.r , i .  en.r ly.

Both ef tects nu5t be l 'c latcd t .o ihc laf !er .n!ul i t r  r iofrntun car l . ic . l  by

the alpha part ic le as coi lpared to ihepr.oton.

l , jhat  certainly €r.rgci  f r ( ' rm these prel i i r jn. j rv resLt l ts js,  fhni .

the j r ler f fe iat jon of  the assl ,u,netr .y obs!rv0. l  in thc e) l j . r imenl , tL a| : rLr l i r l .

d istr i l 'u1. ior ts of  l )oLh thc cross-sect ioI  ard t |e analysi f !  l tot i r -  f i i r r t  be

sought jn lhc f ram-" of  a dirccl  ro. lct ion nt .d, t l .

Table L txci tat jo l  f ! ic t ion of  t | . r  rcaci . icN 71i  a.  5 ly

LCr'1

[ ] ,  I 'Etr  i i \ i  E11 i

l lElA , stci{A0 s Ict4.r,p lza ' stctlirO lza

-0.  180 ,  57.  10 44,7t i  -0.22i ;9 '  55 1 6 -0.2t6 C.! i i i ,8.14

9 .60

10.4 5

11.4 0

12.?l)

13. 95

15, 7s

17. ! {,)

-0. t t iO '  131.90 103.10 -0.2183, 142 t  1{  -C. l?? t )  
"a.a,0

-0.  120 ,  255.00 221.NA .-Q.\?21 '  ?61 ) .  29 - t l .  i l i r ,U.tr l i l

- {J. i00 '  43t .80 410.50 -0.0a.rr ,  |  447 , ! ,  1:5 -0.0!r l i t .0(} l
- ( .1.100 ,  597.80 577.3C .-0.0313 '  60C r  b6 -0. l ] ) t , i t ! .0 i1;r
-0.1( i0 '  890.90 809.70 -0.cc13 1850 9:  . i0.0! .1 ' l t . | i : i

-0.160 ,  1143.80 11t6.00 0.Cl9, l  '1127 1123 r0.02a1t l . i r r t

-0.1u0 '  1339.80 1311 .8A 0.02t3 , t?37 .r148 +0.0: i t  C., ! :

Rcference s

{1} K.-  l l .  l locbjus et  a l . ,  Phys. l tev.  Lct t .  46 (1931) 1054.

{2} t .  St t ' f fens et  a l  . ,  Rev. fhy. .  Appt .  12 (1977) t56t .
{31 P. Zuprans| i  ct  a l . ,  l lLrc l .  Instr .  t ' leth.  161 (1977) I t6 j .
{4}  R, G. Siockstadt,  l l r iaht  Nucl  .  Structure Lab.,  yale univcrsr Ly,

I r l tefnal  RcDort  5 '1,  1,97?-,  (U'rpubl lshed).

{5} S. Kossionic ics et .  a l  - ,  f iz i t<a,  23, Supp. 1 (1991) g.

(r)  Fachbcreich Pl iysik der Phi l j l .  \ -Unjvcrsi tdel  i ' , Ia,  LLJrg,  D-1550
l larburg 1.

(++) l ,1ax-Planck- lnst j tut  fuer Kernphysik,  69 f le jCelberg 1
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1I.  GAJ,I I IA RAY SPECTIiOSCOPY

L..u: tl.,.i.n--.\ Ia1t,: ,in "'0a

l .  PnraCel l is

lhe i '4zn 
ip,y;  

65Ga i ' lact ion usirg a 4mq/cr.r2 th ic-L 7r, . r  tar . !ct  is
str . l ic . l  at  abo! l  3 l ieV I fo1.o[  L] in[r id i r ] .J eicrgj ' .

Scveral  lo l i  ly i f ! l  l . .vr . l :  f ,a\ /c l ,ocr i . i . r t i  l . i ( .1 i l  65Ga i . r , l l  Ltrr i r t l r  r l i r
and pnr- j1.y nsf j . :Jnl i . r , ts I r i5 b. .n Lj . ] j_cLi i j i rn.  l lu l t ip. l r f i t j . r :  l r j .  ! jerefal  l r i lnsj-
t jons l r , r !  b.rcn f : r l .b l i . l r rc.  lh!  lc ! ! ls  idL: i r t i f i r : r l ,  r , r ; th r i r  r : tabl ishcci  , l r i
are I is tc, i  in Ti t l i le i .

1 a l )  I  c I .

I .vel  ( ( rc!  ) .]II Levcl  ( l rcV ) JN

b2

I90.I i

649.4

809. 0

814.9

1075.9

1281 . a

1298.4

1/2-

5/2-

3/2 '

s/2-
(1/2,?, / ' t j '

1/2
e/2-
3/2-

t3-c3.1

1374.3

1469.9

1t: ,62 .6

1379.4

1t32.4

2A37 .4

7 /2 '
t : /2-

'., / 2-

si2-
5/2

1/z
9 /2 '

Furthrr  analysjs is in progr!ss lc detefr , t ine the pf i t rcr t . jcs of  scnc hjgh{: f
ly j  ng states.

PDF created on April 4, 2012, by S. V. Harissopulos



E xe.iI I d 6.ttte1 " t . "  t ,  . !  ' . ,  :  t  .  ' i  . l  l . t  .  " - ' , 17 Li., pxny) teact:i c u

lar  aLlr l  l i  s  afC t .A.  \a l fa3

txciLed stalc i  in 6BCc 
ar 'd 

6lcc po; r l . ted ln t ' .  i4 ln r  7Li  fcnct iof

al  13 i leV br[ ibardin!  ener l jy  are st l rd icd.  Anl lu l  f  d i : t i jb i i t ic '  ]  . i ta c. I l - ro ia

shi i ' t  nta:ura|ref ls arc ! rseci  1.0 dai .nt  i j l , !  s l ) in dnd r , r . , I  l ivcs j r r  l l te fucl ! ; ,

Thc f i ls t  2- fstot ."  in 68Go hu. 1, , , " , ,  i 'cr l . rsL,r . ( i  lo hlvc a n.arr  l i  i 'e  ( i r  (2.a 1
ao

0.J) 1, .  i i  "  t , . ,  J jaL . i r . r r r . j r  . : r . r1! t  ( l j i ic fc i rL l - ,Lrbl is.rhd f icrk:  i i l " .  c i i r ,cur, : . r l

Jhc cxla. ' - i r ic i i ia l  cvi . . inaes ar ' , : '  in i i ivor 0,"  d i i jc f j f " , r0 l t  of  tha ! , ls i i ivc,pi i
ao A. l

r i ty s ld les in " ' { ,4,  rherc , r  r t i r / /Z t r€Lt i . fo i l  i5 cou:) la:d t .o a "" i la a!ar i r  -1, \ 'a i i

c0re.

I l re lo l  o!1ir , :J l .b le l is i  t l ) . , ,  Incasr l ! . i  I  i fe l , j i r .s fo.  
69Ge 

i , .vois.

T a Lr l l  e l .

Le'iel
(  kcv)

y |dy us ed

( l ieV) t ' ( r ) Pfasc|r t  -

i .195.7

1350.7

14A t  .2

i430.3

1591. 1

?018.3

2483. 3

2155 . tr

3076.3

3157 .  5

u?\.1

IAC9.2

1430.3

718.9

667,6

!016, \ r32

i r .  13 (2 )
0.  10E(6 )
0.050{10)

0.20(3)

0.19(4)

0.071(1e)

0. i1(1)

0.1e(3)

0.10(3)

< 0.09

1.4 : r  0.3

0.35 ,L 0.10"

2.\  + J. .  U t '

-  0.6

0.75 r  0.20

^ "^ 
r  0.1t), . " ,  _ o.  io

2.7 r :0.1 ' '

r  o |  0. t l

1348.3

i669. 1

i139.1

0.B

2.r

>2.5

!  0.2
+ 1.1
- 0.6

a"
/ \s5L[]r  n. t  1:

"Corr0cied for

0.1 p3 side fecding,.

fecC i rrg fron aLrovc.
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-str i r rc. tur ie , t1121Tt t ,uc. l t t t t  L, t  , :h, :121 sb (p, , , ,y)  72l lc. , ,cac. t io, ,

T.N. Para. lc l l is ,  l . f i .  Gazls. f  C. l .  Papaciopoulo:ranr i  R, Vla:1.cu+

tnfr !y lcvcl !  ard eleci : t -o r j ! t ic t i .  i . r 'n l . i i : ion.  n i  12l lTn 
r . r .  ro s i :udie. l

t l ) rough t l ,c 121St 
1p,ny1 

121ic,  
re; ,c i jon a. ,  borbir- i l i r : j  e j !cr ! i . . .  [ , . ] t \ . / . . r ! r  3.4

. inC 5.0 l l .V at  0.2 l l i r l /  c [ . f ( ] . r , ! i t . fs ,

5 in! t lc  y. i i l j  : l , . . t . r i  i r . r ' .  c l , ,a lnrc i  at  i1, , .00, . j00,450,550, l i lo;r ,c i
90o as r ic l  i  ns V v .o i i r . id i . f r , . .c . r ;ccrre at  9[ ] ' r i

T l tc lcvel  nt i ( i  i je{ t . iy  !a l  , . i  i ,  c ' i  12l l r , ,  r l tc lcr-"  fa(  l j . r i rn daiarrr i r raal  iu 11l
ai ' roLrt  1: /11 l iaV c) i ( : i tat i i , i t  anl  . r t , i .  ! ! \ . ,arTa or.  lhc s laLa: j  pfer/ i !Lr . : ly  i r i_. : t f  r .vai l
( f lef .  1,2, : r l  l r . ls  Lt , ( |  a l5 iJ oL;. , r i . i ' i : i l  l tLr l  . t r . is j : l ! j .n l ) lL:  a. i I i ia i  l ja, . i t  brr . i r  t , - r l t
t '  l l r ,  . ra i : t i r (J lc! 'a, l  r , rh i l  .

p.rr i i j ,  o i  i l re i ( t i r l i i i l . i  : , i , t i r , r ,  cf  l2 i le

l l  .  s i  r r  l ! r  y-ra. ,  a i  . lutar I  i  i  !  ' i  i  .  j  i . j  Lt  t  i  .J  I  t :a- , r .
.o

Refcrcnacs

t )  T.  Tdnr, t fa cr .  a l  ,
2)  V.  l lnger iaI  e l  a l

3)  I ' i .4.  f lonch-0sI  c l

l i rc ( l i :1---  i r i i .  i . io |  o l '  : t i : i  , r : t . i
' rs  Jt  i r .ar !ar  i :  t re i r r t  i  t l t  f ie( l  Cr l .  i I i l

surL-rra:r  L i  l ' r i1- f  t l rc .  ia i  o l  t  rat  l l :1 i . , | r . -

r0dal . iofr : r .

Nvt l  ,  0aia s l i |c ls

, l, lr. l  , Ph,vs. 4329
ovsknya et  a l  .  Izr .

?,6 (re7e) 385
( i97r)  157
lk .  N,SSSR scr Fiz 44 i t  o! i l  )  l r

Phys j  cs Labof.r tory

€ireecc.

l I ,  l l r t iorr , r l  Tothr icol Uni ve rs i  ty of  Alhefs,  AtheIs,
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I  I  I  .  APPLI ED ATOI1l  C AND NUCLEA|I  PHYS I  CS

f , j r 'J ," i r l i '  c ]  . ,  ;  5 ' t t '1 1 '  t ! luc

C. Gret. '  i rd i  1 i ' i .s .  Ap) l to l id ls- ,  A l .  qor 
'n"  ,  dnd l  l  

"d ' l  
l  '

The seruln copp€r cont_en+"rat ion ha5 been delerf i i fcd 
' id 

obscrv 'd

postopcrat ively in pal ieni :s undcr l l r ing hcrni . r rn i lp l ly '  h ' r ' l icc lector ly or

abdominol l . f ineal  reseci  ion of  the rectuF.

I t  has beef foufd t l tat  ihDse 1!hc r indei ' \ ' rqn'L heir l iorrhafhv f rad, preopl i i 'at i -

vely,  a rorrr . l l  serun c(r i r i rcr  c0i lcenirat ion,  r r i r ich increi l : !s s ig i i f ica ' t lJ '

j .  
' . ' r r -  \ 'or  d r . ,  t '  . r :v : .

Thosc laLienls rr i r .  h i iC caic i r )onn of  thc color l  c i  f " l t :u i r  had

lreoperair ivel l r  ! i { : t r t i l icanl . l - ! 'h i ( i l re.  sci l l l l l  c0l) ; lcr  cor l ( : ' r r r t Iat i0rs i I  fe la i - ior i

to hcal ihy pal 'sons. l I l ,ef  a 5l  ight  dacrrea:c b-\ '  t l le s( ' { : i f l { i  l ' 'ostop' l ' t i : l19 da-v,

the scrulr  coir i rcr  \ 'a t le oi  these fat ieni :s s l la l raC. l  s l i ' lh i  lncl ' r ' ; r :e {ron

the four i l r  tost0perat ive day i r 'hclr  ccl l l la i -ed \ ' r j . th t l re Drer l ferat iVc l 'vels '

Table ' i -  corrpdr isolr  of  cofpcf  serun conccntrd ' r - ion preQfcfat ively an' l lg \ ra-

r ious ! 'atr ient  groups

No of pat ie l l ts  Serurn Cu,ugr/ l0 l ' ) r ' l

6roup flen l lomen Total l len l lomcn To';a]

l loal thy cofLrcl  1C 10 20 102116 12L15 112- i3

Herf i ia 9 6 15 1o9r '11 ]17115 112113

Totals i9 16 35 105114 120115 1121i '6

cafcer of  thc colon and

rectum 14 B 22 141!23 153t26 149t26

Cancer of  th.  ovarres 3 3 227 !68 ?27!Ll i

Chotel i th iasis 3 1 10 145121 139138 141133
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l /nl ue, nri crcllranrs ir.rr I IJC rri I I i  I i  hors --

Group Preoper.  t .  2n{ l  day t .  4t l r  day t= t , th Cay t- l : l lL day

Herf jorr l ,a lhy. . .  .  ,  .  . .  I  i i l  I  13 138 1 20 145 ) :  23 143i '?t ' ,

f lenr icolectony . . . . . . .  149 t  26 1! i5 i  ?\  151 i  21 151t25 1631 20

ch". lecj ,s lcciof ly. . . . . .  141 I  33 151 + 25 161 !  2n )59! ' l /

-15-

Table l i ,  Var jat ions lostolerat ivcly of  serun co|pcr coNceni : i 'a l ion among thc

var i  ous pat i  ent  { t rorps

'  1. ' -  Surgical  Cl i r  r 'c ,  l {cdical  Schocl  ,  Ath!n.  L l f l ivcrr i t i l ,  / i t l r . rns,  C' ieeci l

'  landei f  Labcral .or i ' ,  l iRC l lgroir i tos
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Fis. Histogram of serum copper concentrat jon data

N

1.

N6

2

Fig.  2.  Histogron shows the dis l r ibut i0n of  serLrm copper

concentration anonq heallhy men and t{omen
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IV. THEORETICAL NUCLEAR PHYS]CS

SW eX.iq b.\eah .in the n&\e LaMIL nu.Ie,i

G. S. Anagnostatos

The shel l  model assumption that the indiv jdual  nucleons . jn a nucleus
move relat ively f reely in i . /e l l  -def ined single-part jc le orbi ia ls is here under-
stood as a conscquence of  a dynar l j ic  equi l ibr iun of  nuc' leons. In part icular we
consider a speci f ic  equi l ibr iunr val id whatever the law of  nuclear force rnay be
{1} ,  which leads uniquely to i tomentary dynanic average for s for  the nuclear
she11s (presented by the l imi ted nunber of  equi l iLJr iu l  polyhedra t" / i  th synmetry
propert ies consistent v/ i th thc jndepefdent part jc le total  spin assignment {2})
in agreement wj th the nragic nuinbers,  l lhat  the vert ices of  these polyhedra actual ly
repfesent are the ntost  profrable posi t ions of  the nucleons, due lo their  ' ,  rnutual
fepuls ion" which onsures regions of  naxinrum probabj l i ty  d isposed over the surface
of each shel l .  These polyhedral  shel ls,  super jmposed . jn the ntost  symn€tr jc way,
def ine the anguldr part  ( tested by electr ic quadrupoie lnonient:  of  open-shel1
nuclei  {3})of  the nromentary nuclear structure of  the c losecl-shel l  nLlc le i  f ronl
'He t0 - ' "Pb. The radial  part  of  th is structure is def ined by the c losest-packjng
of these polyhedral  shel ls l rher the nucleons are presented by , 'hard spheres"of
def in i te s izes ( tested by rms radi i  for  protons and neutrons),

ln ofder to accomtodate al l  nuclear shel ls up to I I ;Z:AZ, each equi l i -
br iunr polyhedron is used once. For heavier neutron or Droton shel ls the sante
polyhedra are used, but for  reasons 0f  least  energy,  seis of  nucleons, insteacl
of  indiv idual  nucleons, have thejr  ntost  probable posi t ions at  the polyhedral
vert ices.  Speci f ica ' l ly  for  the rare earth region, only the last  reutron shel l
p0ssesses sets.  The symmetry of  the previousshel ls requires that  each ,set

coni istsof  three neutrons. Before the for$at io, ]of  the next neutron shel l  at
N=126, we have symetry breal(  in the range from N=90 to N"114, in the sensc that
rotat ional  invar iance {1} for  most probable posi t ions (a prerequjs i te fof  dynant ic
equi l ibr iun) is non-existent or ly in th is region. Thjs break is in very good
agreenrent wi lh the exper imenta- l  data and aiso wi th another synmetry break in a
study of  orbj ta l  angular nronentum quant izat jon of  d i rect ion {?},  This break
could be responsible for  the very strong deforntat ion of  the rare earth fuclej .

{1}

t2\

{3}

J. Leech, l1ath.  Gaz.41 (1957) B1
6.S. Anagnostatos,  J.  Ydpi tzakis and A. Kyr i ts is,  Let t ,  Nuovo
( 1981) 332

Ci rnef to 32

G.S. Anagnostatos,  S.  Toul iatos,  A.  Kyr i ts js and J.  yapi tzakis,  Atomkern-
energi  e 35 (1990 )  60
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l ,Jhi le for  a selec' , : jon of  sel f -consjst .nt  f ie ld calculat ionl ,

using l lar t ree.  Fock and Bruckncr-Haftree-Fock 1.he0r jes,  Svcnne i1]
f i rds that  the avefage kir let ic enerqy per pa| t ic1e in nuclei  is  ' jncof-

s ist .nt  wi th lhc k jnet ic energy conr jng f rom t l re s ingle-pdrt ic le sur

rulc t2 i  (Koopmanrs theorem),  \ , rhen thi  isot iorphic nod. l  l :J l  is  consi
. l -arccl  +.he t \ , ro k inet ic er!rqies beco[]e cofs istcnt ,  f lcre,  160 and 40Ca

are tal (en as exanples.

In thc papor by Svenne the e pir jcal  average kinet ic energy 0cr
part ic le ( .T >) comirg f ro in the Koopman Lheorem (! i i thout. l l lo l r  | | , t

for  fcarranlcment)  ,  j .e.

-1 

A

.T ' .  i  (2E - :  er)  (1)

( tn"""  f  i .  thc total  b inding.ner '9y and r .  t l re s i fElc - |dr l ic le enerqy

at a stat .  I ) ,  is  conparcd with the est imates of  the k i fet ic energy f rom

a sclect ion oI  sel f -consistenl  f ie ld calculat i0ns.  Svennc conclucles that

th js comparison is fot  sat isfacto|y.  Eecause of  the i r , lport i tnce of  [q.  (1)

in nuclear lhysics,  \ , re fourd i t  tenpt ing to re-examife th is compari .nn

usjng d model ( the isomofphic moCel)  d j f fe[ !nt  f rom those considered

in Svenne's papef.
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The ki i te i jc  energy in the present paper,  as in Svenne,s paper,  is
calculated consider in l t  the su of  the k inc: ic energy du! to conf i l r .nrent
of  the nirc leors jn the fuclear volume of  radius Roax and of  the k jnet jc
energy due to rot . r l iof  of  nucleons. l lcrc the fotat jon of i ,n!c lc.on refefs
to thc rotat ior  of  the l iost  probablc posi t jon of  th is nuclc0n, jn the
| l ro i fentafy picturc of  the fu. leus in Fig.  1,  around. i ts of) j ta l  eIqr] lnf
rrrJentum i0Ai ' j  r  axjs. ,  i .e. l1J

1,2 1. L2
- l  n '1. '  '  , . ,  

-  |  
, '  ^ /  

)
' to)  ar t r , (2)

= .T1'  1.T2,n,1 
,m

wl)rre R_ax is t l re oLl torrrost  Io ly l te l f i l  radius (R) plus th.  re levanl  rLtc lcoN

|adiu5 (rn.  0.974 f | l t  or  r r  = 0.1160 fm),  i .c .  the radius of  the fuclcar

volLr ie in | r l ic l r  lhc nLrar lacns are coni ined, 11 is lhc nuclco|  [ ]aas afJ

0n, l .n,  is  the distarc.  r r i  the vcr lex (n, l ,n)  f ror  :c a: is nor. j r  ,  j .c .  the

rddius of  th.r  c lassi .a l  ofbi i  o l ' t l ic  f rost  pr0irab e posi1. io l . t  o i .  t l tc  i ruclc0n

{ ' .1." . ' ) .

.Ttn, l , r ,  fo"  each nuclr :on takcs i ts f i in j f i ln valLlc r . i l ren lhe fadius

pn, l ,*  tu l  , , ,  i ls  maxi l l r i t  Vi luc.  Si Ice,  at  lcast  for  a l l  l l t i r  cases of  Fj !1.

1.  a l l  axcs of  ro ' rat ion at .e axes of  sJ, iuneiry,  thc fddi i  0n,0" fo"

each valuc of  I  aro cqual  tc thc val !e of  p glvcn in thc rc levanL bloak of
f ig.  1.

Numerical  valucs of  .T1' ,  ( In, l ,n,  .T2,n,1, ,n)  . /A and (>n I  o -T . .  .  .  )  i r r
for  the nodel  f ron [q.  (3)  (v,here A is the nass number of  t i  o , iu i i , , - , ' t i i 'a  '

sunnat i0 l r  includes al l  qu.r l tun stat !s pfcscI t  i r r  th is nirc leLts and values
of R dnd p q0ne front Fig.1) are l is ted in coluj i l ls  5,6 and 7 of  Table I ,

respcct ' jvely,  for  both 160 an, l  40Cu. In coluJirns 8 and 9 Lhe nodci ,and trh.

exper i rncntal  t , /A values i r |e l js ted for both nuclei .  These values for 1.he
model are cst jnated frorrr  Eq. (1) using the enpi f jcal  en, , ,a1ues {4} l is ted
jn the f i rst  coluir f  of  th.  ta l ' le.  The cof i ipar ison is very go0d and Decei tos
even nore inpressive i f  one cofsic iers the cruclo character cf  thc incqual i ty
(2).  This ineqr.r l i ty  perf l l i ts  largerva' l i res for"  <Tl> ( than those taken in
Tablc I )  ard thus permits ne\ ' l  values of .Ti ,oOnl and (E/A)model c loser to
( t /A)expt.  calculat ions afd conlpar isons of  valU.s of  C l is tecl  in Tr l , le I
l r ' i l I  be discussed together t i i  lh thosc values i r  Table I I .
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Ii\

Fi! .  1.  l l r r  isor. f f l r i .  f ( ,d: i  lor  t , i ' i r  ! ! t . l ) lJ  c los.a-! l t l l  nu. l ! ' r '  r r : ,  t t ,  
40ar-

' lhe r i ,ar i laf  t . l j i . ! r i  i , r  r . f r  I  t tar l  f0r  t l rc n: ' : : r  , r r | i  CJir . r ,  l .  i ref i ! !  J0Yi ' .

for  r . ! ' .11, : r1 f i  rh.  1:( i , ) .  l r ,  ( . )  . r ,  ( r  la : ' ! ( f )  !1. .  l : ,  ! r  l lc  t iP l ) r l l l ] rd l i  i ' l

r r , r  2 s i i , rL i  f ! f  t r? a\r f . . !e lornr . r  t f .  5 i r r l :  r l r | l ls  t . , r  pturc rs Tlr  \ f i1 i r i :

of  f . lJ [ : ]dr i  1 la,r : l  i0f  {  .  i . :L pr. , i f l .  r . ' . . i ' ! j . f  s ! . f  r rL.Lerf !  i !  ( l r ' i i r r r i !

' . . ,11, .

nnRnt l i i  r ) r .5 ! i th r l r f i r  i i !  
' r ,  

I  ; r fd i i  v i l r r ! .  . i l  .J '  b.  t rsr i l  i . '  t re nls iq : f i

o i  qLrdf t !  r  st iLt .s tc r f .  !o1yir ! i l f r l  !er- f jc .5.  Th. l . lLrrs rr  s i . in l  for  t l 'e

emp',y ver 'L l . {s (h. . lc i ) . r i ! ,  d, is is. . r r : . r t  r . r ' . l l  l , ! lv icdr.  ! r i .n tNes! drr

srprf i i t ) r : ' rd ! r i i l  a r . i : . i  (ent i r r  i rC !rr ' lh rel . t i ! .  o i ipf ' .a i iorr l  iLr .ho'rn l , '

t l rc l . t l0r  r i  . i i .h t l r . l i  ihe rrn: ! r  ! i  !u.cf1! iorr  o1 t l , .  r r . ! t fo i r  { r i )  or  pr .kN

(Z) s|r ' l l  is  , [ . r in i i : . i rc .  b.r .  l ] r , . l . incal l r  
"h j5 

b!r ,  lhe f r Ib!r  of  ! t f i ic . :  of

the s i . . i f i .  polyh.Jr0f  a.N i ie n! t :Lrr f  0{  hol t !  ( r l . re t l r . r '  e) . i r t i  i i rc 0ir .n i i

pdf . r r 'Lh.rr ! ,  sh1l I  j r i5 idc sq! ; r .  brd. ,et5 t l r .  c i r r ! l r i i !e fL l i ref  (  i  r rst  f r ' r l r l i l .

nLrclecn fosi t in i5 is ! r iv . , i .  \ ' : l r15 oi  R ! ive t .  f ia j i  of  i lc  ! i ierc5 er.rrr i : .

to the to l jheird,  !h i l .  val i r ' rs o{ 0 ! ivc t f ie r , rx i  Lrr :  d is larcc!  of  t  r r  vr ,  l i . . i

s tatr !  ( r .n, l .  . ! )  r , (  t lL.  !s 
r ,6\r  l r ' i ich srdrd for  r i rc r i id i i  of  thr . la5! i .a l

orbi te of  ihe l .st  f f ! i ia l r le n!c l . .N poi i t jo is)  rh.  Ldcts ide ( i i ! ldef)  vrr t j . . !

of  r l re pol  /h. i j .a are fot  sho'r  i f  the f j ! ! rp l3] .
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t  1/2
In Table I I  values 0f  e l ,  E/  A and <r '> f ron exper iments ( takinq,

for th js table only and for reasons of  bet ter cof ipar ison, the exper intental

values used in Svenners paper)  and from a select jon of  sel f -consjstent f ie ld

calculat ions fo" 160 
{1} are l is ted.  f ron these values the quant i t j l ]s

<T> and C (see aiso the relevant columns of  Table l )  are calculated using

Eqs.(1) and (6),  respect ively (where appl icable):

" l
-? (31

' /e 
see that our value of  E/A js c ioser to the

those values corning fron the dj f feren'L sel  f -consi

Hart |ee-Fock { fF) and Bruckner-Hartree-Fock (Bl lF)

Also,  our resul ts for  C are,  as desired {1 }  ,
osci l lator ( l l0)  var lue .Jeterr ined for c losed-shel l

exper imef ta l  val  ue

stent calc! l  at i  ons

theor i  e s I  i  s ted in

much snal lcr  than

nuc le i  f rom

2
+lo-1/2))- ,

tnaf

of  the

Tabl  e I1 ,

the h a r iror i  c

42
cro = 

J4,-  
(  )  (2jo+ 1) {2no (4)

wherc thc s!n extends over al l  occupicd osci l la ior  states (nq, lo ,  j , t ) ,

A is the nrass number 0f  thc nucleus and 1,1 js the nucleon ntass,  l loreover,  our

value of  E/A l ies very c losc to those values coming from the rcnormal ised
Brucl iner-Hartrec-Fock (RBl l [ )  and the densj ty-dependent HartreL-. .Fock (DDi]F)

theor jes also gjven in Table I I .

In conclusion, vre may say that the s ingle-part jc le surt  ru le of  [q,  (1) ,  in

contradict ion to the conclrs icn of  Svefne's paper for  thc select i0n ofsel f  -

consistent calculat icns cofs idered thcre,  is  cofs istent ! \ ' i th exper imen'dl
quint i t jes ( i .e.  values o{ t r  and E/A) l rhen for ' the aver i i !e k j ret ic efer ly
per part . ic lc j r  fq.  (1)  the jsonrorphic acdel  is  considered as a s ingle-
part ic le nucle.rr  structufc uodel  .  This conclusion, 0f  coLrrse,  does not al  a l l

dcvaluate the jmporLance of  renormal j5ed sel f -consjstent f ie ld theor ies
(nent ioned in Svenne's paper )  for  obtaining consistency jn Eq, (1),
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Table I I . The single-part ic le sLlr l r - ru l  e avcraqc kinet ic enerqy per

Darl ic le <T> for a select io l l  { r i 'sel f -c0nsistelr t  f ie ld

calculat ions f , r"  
160. 

'T"0,1"1 
is calcLr l i tec usinq tq ' (2)

f roD ihe geolnetr ical  quanl i t ies R and r | in Fiq l  c ls

calcul  a ' ied f rom valucs of  < l> and 
"? 

usj"q [q (3) excepl

fof  Cl l0 vJhcre,Eq, (4) is Llsed'  Inerqies are in l i t :V and

radi  i  in fm.

, . .  . .  -4n 8 2 r  t : r  r '

i " i .m.ata*,o 48r -  t9? 9.5 241 le53 2r!  l :1
i : ; i l l : ; l ; ; ; ; " -  506 ?r ' r  r r ' ( '  r '35 re4 17s rr '0

( inchxr r f  cM)

i , "J i " , . , , , r i r r ' , j  1!3 lnt  156 t l tn

:; '" .  i ,"" i i"".  s"-""rrsre 361 
'r 'r  

- 15t ' .Jns 
::"

' - . - .
Ho l l i tNr. l ic .nr i l lx t0 '

ar  ls . r , . r | l i i .  r rdcl

5) ,1
7.41 2i  i l
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Xinet ie ent:r t : r t  , ,7 16A 
, t , r , j .  10co

C.l{ .  Pano s+alc l  G,S. Aragnostatos

In Table I  r i .  prescnt.  the resL-r l t ,  r ln l in t j r  cn.rqj( ,s of  160 un, l  40Cu

def iV.d by thtc i ]  d i f f - " fc i i  i i f l r f i . rches.
' lhe f i rst  i l | i r roach i r ies the s j r r le- l )ar t ic i r :  suir-r .u le {1}

<r> "  l iAt?f  - f  r r )
r ' r l - re rc t  i ! ,  th,r  . / r i , . r r i [ i i t ] t i r l  iotnl  l l [  "  ancl  r )  1.he erpcl- i i t ] i tn ia l  s i rq e,
parr i i . l .  efef l ly  iJ .  a stnic , \ .

Th.: : icati iLl rptro.tcl f  i t :- .1o_\,as lhc for.nul a

1^t,  )  )  f  , -  )  , .  
, . .  -  |  ,

, r l l  
-  

a l l  I  | '

f  Ic  le0n fr0ic i f
pa i rs pai  rs

* j r ' ,  \ .  I  
. i r i . l  , /1, t  . r . ,  ,  I  I , l  i l r f i  l l r r  [c f fcn]  the i [ t . i ic i . jc f  c i  t , i ]

ruclc i i r : ,  j  a i ( l  . j ,  . . : f i i rL l j j ' r t  1. j  L l t r r  f . j i ! r l i i . t l  Of l l l f  ,  i2 j  a l j r : i  1: i .  Coul l j r I  i r i ] ic l r -
t ia l  ,  fo: ,p. tc l i r |1J. ,  fof  Lh.  protor ar jC l ruLfol t  d i5t f jbut jcIs i j ivcn in n. i .  (Z).

Thc thi  aprroa.h u1. i l i , :e: ,  t l )e i | .q. , ra l j tJ ,cf  ReI.  {31.

r  .  )  ' : l  ( r . r '  t '  ,
i  . ,  tTr \  

11 
'

' f l re f j fs t  lcnl  . . rprcsses th!  far t  of  l i i . jue to lhe conf jnc)ent of  i . l t i :  iut leons
in t l rc nuclear volu|re of  

" . , ] j ' , .  
Rn,, ,*  a l td the seco d te l . ]1r  thc part  of  (L dur lo

the rolat ior  of  fuclcgrs,  v l r .T.  p i  is  the fa( l j Is  of  the r !c leon i  ntost
probible orbi t ,  according to the isot , rcrphic ntodel  { , i1.

Iable LKinet ic cnergjes of  160 und 
t lOco 

in uf f i ts  t ieV/nuc' ]con

Nuclej  Appir ; .h 1 Approach 2 Appfoach 3 l lBl lF Dll l lF

l6o

4 ocu
7 .19

8.76

1.87

B. 11

"7.38 "  '  8.29, '
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As one may see from the table,  there are good agreements among the
resul ts of  the three di f ferent approaches, vrhich is jnportant,  s ince as noted
inRef.{3}the KE from a col lect ion of  sel f  consistent f ie ld calculat ions do not
agree (by a factor of  about 2,5) wi th the KE from the sunr-rule (approach 1)

The approl imate ! ia lues.of  Kt  f rom the renornal ized Bruckner Hartree-
Fock (RBHF) and the densi ty-depend,ant Hartree Fock (DDltF) theor ies {3i for
' "0 are also given for coopar ison. The isontorphic KE (approach 3) l ies t retween
the se tv/o val  ues.

i1)  J.H. Koopf lan,  Physica 1(1933) 104

I2l  G.S. Anagnostalos and C.N, Panos Phys, Rev. W (I9BA

t3] J.P. Svenne, J.  Phys, G6 (1980) 465

i4]  G.S. Anaqnostatos,  Can. J.Phys,51 (1973) 998
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0n Lh?. ..t) qqQ4 ol: thz tlilt dzletni.n.Lr.t r.tld the ar.Ll(ti. ccl i l i l1r icd

t!!:!:!!f!tu ! l-1. t:,r;tLa.tne; n i.c_o tc it I ato ti.t

G. P. Flessas+and G.S. Anagnostat0s

l , ie f in ish a l i fe of  ar ! l lnent started in an car l ic f  paper dnd show
that thc appl jcat jon of  t i re Hi l l  deter.minant and the associatcd ardlyt ic
cont inued fract ion nclhod for the calculat io l r  of  e igc|val !cs of  afharfronic
osci l lators js of  d!biou5 v.r l id ' j ty  and fray thus lead to crron.^ous rcsul ts.
In th is coirLr ixt  so,rre theorents ccncerning the €igenvaluJs of  Lhe ) ,y11 and
the doulr ly anhaf l foxic csci l la lors are prcved,

lhc l l i l l  d.Ler l i  ar l  | t . thod has bcen uscd {1} fot^ the cnlculat ion
of the groirnd-statc €i ! je|value! nI  the / ,X2rr  d l l ,ar f roni  o: . i l lJ tor .  Along rcse
l ines.rnd l )y a|pl jc, ' r t io l )  of  thc aInly l jc  coi t jnre. i  f ract lo f tet i rod,  l . rh ich is
nlathe! ' iat ical  ly  equivdleIL Lo t l lc  l ] l l l  dctc iminant appro,rch,  51nEh ct  a l {2}
t reated l .he doubly alh. ! rxtonic os'  i l  l ,1or ; '2,  5n4, qy6. i {L- .er t ly Di t t . . ra an.- i
l '1!kher. jee{3j  have appl jcd cxacl l ) ,  i . l re sanr l ) roccdure to t l te i r lor . lc t j0r  V(r)=

-o, / r+br ' r 'cr1.
In a prcviou. paper {4} f rc discu:rscd the afol .crrrnt ioned ethod and

ver j f jed j l .s  inadci l i racy for  the c i r lcLt lat iLrn of  the cref lJy spectf i r !  of  the
Datta and l , iuklrel jee p0tcrnt ia l  .  l r r  l i t is  uork \ !e whou t l le l j i l - l  deter i t jnaf t  te-
chnique to be l {ant inq also in l l ie case of  t l re osci l lator ! | j th e. j ther quar l ic
or quart ic and sext jc anhar iuol l ic i t -y.  ' these f indings prove, therefore,  that
the above technique should n0t bo useC vr i thout a proper incorporat ion into
i t  of  the rrain physical  requireme|L that the wavefunct ion of  the relevant
Schroedi  n l lc  r  equat io|  is  normal isab' le.

In sumlrary,  r"re have,/er i f ied that  the nethods used in the context
of  the I ' iathieu (or nnre general ly the Hi l l  )  d i f ferent ja l  equat ion arc not,
nor should they be, direct ly appl jcable to the equat ions obtaincd jn relat ior)
to var io!s annarrnonlc osci l lators,  In these procedures the requirereni  that
the wavefunct ion remainsnormal isable has to be incorporated so as to ensure
that the values ! ' le obtain for  E afe the physicdl ly correct  ones. No genera' l
method for doing this scems to exist{5} and thus one js f0rced to carry o! t
ra iher extensive i fvcst igat ions f0r  ever-v potent ia l  uncler considerat ion,
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To our knowledge the only knor ' l l ' r  exacl  solut i0fs fot '  anharnor, ic osci l  lators

can be wf l i t ten as c i ther (expcnent ia ls)  x (polyrromi i l ls) i6]  or  as defr ' rL i te

i r tegrals {7} In both cases the act !d l  not ion oi  the l l i l l  delerninant or

the ana- lyt ic cont inued fract ion nteihod is i r re levant,s incc \ . le obtain the

above 5olutr '0 l ls  e i ther by r igoro!s ly t runcat ing i  n t  i  r r  j  t / . r  . '  e r  i  e s ,  vrhose

bchdviour for  jx l  .  '  n iay generate an unphysjcal  ! ' ravefunct ion ,  or  by lc-

presc t ing the i r i iyof{ inci i ion y(x)  as af  in iegral  \ r j th y(x)  + 01or ix l  "
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,  L.D. Sk0uras an. l  J.Ll .  Ver l tados

, Thc lLrc lear matr ix elements c l 'cer ing the doublc E-cL.r ,ays of  t i , .  43tn.
xa qa qe
' ' f i  anr l  -  l i i -  ' 'Fe sy5t. i ,  halr  beer calculatcd Lls ing a t .eal  is t ic  t  o

nucleon intcract ior  and rcal isLi .  shel l  i i !c i | l  spaces. Effcct ive t ransi l ior)  ote-

raiol  s cofr . - i fondin. t  to a vaf jcty 0f  g.u!c ihr0ry ntodels hai 'e be.rr  cor3ide:.ed.

Tlr-"  stabi l i ly  o{  s| . r i )  r t r i t t l  i .x  c i . " t , . . r ' i t5 against  !ar iat jons of  thc rrLrr lerr  p, t r . t ,

f i rctc i 's  is  er. rn i r  a, . i ,  Air i r ' fop) ia l -e la i j to l i  y io l r l . : in!  pdrai l t . icrs ate c) i t r i icr , :eai  f ro| t

thc A:43 di t l - .  af id ! ) r , . :d jc i : ions al . ! :  ] l raCe for t l r .  l j fe i_ i  .s of  Ut. l  l )osi t rc l t . i . -
cays of  t f r  l i .5 l l  systc i l
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1. C' , tC,aU_:td ! \  
1 j (qot-  I r ' ,  Iar '  

'a 
/ / i " i0 lL j -

I  n \L^, , , :< i ,d S kossionides

The conccpts of  the i ract i0nal  parertaqc cocI i jc icrLts has b ' !n genc-

ral iz.rc j  to the case of  nten,v orbi ta l5.  Thus for any distr ibul ior  of  n

pdt t i . : l r :s (n '0)  arr lng P. orbi  L. ls (k 'o) ,  to be d '"n01' !d L 'y I

f . i \ r  , r \*  ,  \1, ' "
=- t,,, '. a, -' ' 'f,'.-

\i

ft r'i. -..: 11

rr;''ir r.r.""';."\''lil ;:;'';'r.:

f::.if": 4""" (rD

statcs can bc colrs i - !ucl , "d in the {J,Tl  sr :h l l  t '  vrhich are ar l t i  s l ' i i l r i :L ' t f i  c  i t l

tho cxcf ! i r t r  of  ani '  1. \ rc rai  i ic les.  lo de!cr i lc  ur ' l jqLr: lJ '  s l r ' :h s i i i t r i ,  in

ad. l i t jc i  to C",  . l ,  f  a four i l l  "qunntul i l  I  r i ' r l raf  " i ' i  is  nec<1od, \1h'c l l  servc '  io

.J i5t i f -o! jsh i r . t r ' r . . i  of ih! ! ( , r r l l  s t . ' . tes lh iL l t lv t 'che sanc- Cn, J,  J.  Tl t " ,

.; i -;i" '1 i lu\d" .,,, ?il a.' ar,*, a--,r,1'l ..." j'l ;.r,.1:i 'i l.r; i
lo ler forN shel l -  r , rc i l l  calcul i i l jot :s in the Lasis ol

cocf f ic ic i ls  in l . l rc fo l lo l l ing cr lp:n; iorrs need i .o bc

statcs ] i "  J l t4.  thc

l ino! 'n I

(: rli

t'\)

\ {i' "::;t ;"'i7'''
*

:-$-+

,. \ 6;. ,Cf" 
xt-Y' t"t',.n 3 x (+

\6 ' \51r*}* , / . . ;
l -  r  - -"<)

z. [!*rr*:iul,,d'J'* 
-o*ra";{i'o i[

*il;'\ir'. 
ail o ;r', cl!*''s J * I ̂ "'

vtl'e-.ce" '

c.*^L- dl-tlt:"- $"*
r *? 14{

, Ci6* {^
The states i {h ich apPcar on the r .h.s of  (3)  and (4) at 'c  not total  ly  ant i -

syminetr jc,  They tre ant isyni l l . t r ic  only jn the plr t ic les which appear in thenr '

PDF created on April 4, 2012, by S. V. Harissopulos



-  31-

The c0ef l ic ients of  these cxpaIsi0ns are t .enred jn thc fo l lor , i
ing (nr,n- i l )  q:neral i led f ract ional  perent i ]q{ t  coeff ic jents or Gl:pCnt
(n.1 in (3) ,  n.2 in (4)) .  Knolv le. jgr  o l ' th."se c0. f l . i . icnLs fr)sulrs rn
an easy dctcfni inat iof  of the natr jx elentents cf  af ,v opcrai :or .  ThI j  f0r
exanpl  c i

(6)

T(o i i 'o! i f , l [ . i  \ \a|e alcva]. i ,a l  lof  ] - i r r  u:c ol .  l lc  i  j rova i t l t  , t . l i j : . iu,
l l rc 1irs i . ,  i i l : l )C1, f . f l ! l  : :  the fo l  . i r jna tat l ,s:

a) I t  c, : ,Lrst lucts an or. l l rcrcrnal  sci :  of  st i tc.s ar lJTi . j -  for-  a l l
pos5ible dj : i I jLui i0Ls Cn oi  l r  rar t ic l .S r i t . Iq l l  ! t ive|  ( , r l l i1, i l j

for  a l  I  i , . r !s j  b l  e i ,a l  ros of  {J,T}

b')  1t  cal  cul  ctcs the{ I  ,  n-11 CIp0 . ] f  thesc s ta Les.

TlLc sr .co| . i  pro! t rarrr ,  . ra l lc . i  Gi !Cl , l ,  uses the r . . !u l ls  of  t jFf)ai  io.alcu.
l . r tc lhc imin-r j l  GFI 'C for 2: l t  : i  An app- l ic i rL i0. t  f roEfar i t ,  cal le( l  Si . l i r i -p,
\ f i r ich per lcr  l r .  calculal io i rs jn thc [ ! . lc l  sr .ce dc] . inrd by oni j  set  ot  [ , l i i ] i
is  n lso avai lchle,  A ntorc . i !nernl  thel ' l -n lcdcl  col l . ' ,  t ih ich L.r i  LI  r . io i . (  r I  a
nrodf l  sfec!  c lcf i ied by scvtral  nor ccluivrr lc l t  ! l fouFs of  0rbj i las ( j .e.

5rvcl- i t l  sets of  GI.PC) is i r r rClr  dcvi : lop ent,

l -he crcat jo l  dnd u:e cf  t i rc C pcn has becn r i radc easy by thc d.veloirrcnt
0f  a f i l in l t  s.ystei t  l , l l t ich is acccsl ,cd f rof i  the alr l j l ical ion prograis | l rouqh
slandard FOflTf tAl ' , ]  cal ls.  ln js f i  l ing syste al lo l . rs fdst  rc,Lf ic!al  of  the 0FpC
by t l re appl icai ion pro!rarr5 nId i t  is  cqLral ly portable as lh l  progr.ar:s ! lonorai .  l t .J
and using the GFPC. I t  uses 5tanCanl fORTRAN 77 direci . lcccss input/ . i r t l rL l l :
afd nrakes al l  j Ipul /output operat ions t ransparent to the uscr,

.cn JTr, t  v l  cn ; r ; , i ,  = :  .  . j ,  j ,  I  Jr  . r r l  v  i j i  . i , , .  r  J,  T, ,  x

{( . r i  J j )  . r l  r r  c ! ;2 J2 12u? . ,  ' ,1 cn . lTr , j  i  x

i ( i t  i r , )  Jt  I i ,  c l j2 Jz r '2 r , i2 ;  Jr l  I  c n. t i l .1 i
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The poftabi l i ty  of  the system is enhanced by the provis ion of  commor
var iables whjch hold the system dependent character ist ics r lh i le al l  appl i_
cat icrn dependert  character jst ics are passed as arrJurnents in the cal ls of  the
f i  l  i  ng system subrout j  nes.

Safety features have been bui l t  into the system vhich ensure that j f  a
program abort  happens dur, j r !  the creat ion 0f  the GFPC_ f i les t | lost  of  the
v/ork done so fdr wi l l  be saved. These same featuresal lo\{  a lso the exten3ion
af the GFPC f i les l . t i th njr inral  restr ict ions on th. t  sequence.

The progfdm package Uas tested up to nolv for  the generdt ion and rel l . ieval
of  GFPCm coeff ic jents for  m=1 to 4 and up tc n=10, Up to j ,our orbi ta ls v/e fe
i  ncl  udcd in thc calculat ion,
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DEVELOPJiIENT

A ln"iU1!-fi,r 4,"jyq:iiao,ti0tr oI |n, cho'Lged pa,rtic|el l(ac.tj.on^

G. Vourvopoulos,  E.  Kossionides and T. Paradel l is

The (n,  char!od part ic lc)  faci l i ty  has nol" l  becn c0npleted and pencl ing
the arr ival  of  thc qradrul to le porver suppl ies wi l  l  be s0cr opcrat jon. t l  .  F ig.1
shovls an overvielr  of  the faci l j ty .  I t  is  conposed of  a gas ccl l  afd a Iaqr le_
t ic quadrupole t r ip let .  Thc gas cel l  is  capable of  producing l ro locl t ro j lat ic
neulrons oi  var iarble energy lctwccn 5 anr i  25 l tev l . / j th a tot . r l  enet!_v spread
< 400 l icV and an i r icnsi ty ^. ,  1( t1 n/cntz/set .  The i I i l ia l  operdt jon ol . thc qas
cel l  \ ' r i th 0!uter iur !  l ' l i l l  of fer  a ueutron cnerEy rai t ! .  be.L\ . /ecn 5 ancl  13 l4ov.
The quadrupole t r ip l . t -  of l 'crs a l7 msr sol id dr! lc fo i"  thc dctect jon of
charcj . r i j  part ic lcs dt  a disL.r)rcc of  2.65 | l tc ters f forn thc targct . rnto |" ]h ich
the (n,  c l targeJ prart i i :1e) reac. l jons take place. The tr jp iet t  . js  i tornted .n
a rotal in.J pl . r l . for f t  cnlable 0f  ( :0vef i fL!  anq-1es bettJcen -300 and 1400. In i*
t ia l  exper in lcnts l / i I  I  involvc 1.he meisurci i tcr t  of  (n, . ; )  cross sect ions for
mater ja ls impoft i i I t r  in fusion tcclrnology a[d invest igat jon of  nuclc j  removcd
froi l  the stabj l  j ty  I  ine,  srch as 61Fe.

,'i\

Fig.  1.  An overview of  the faci l i ty
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Ph^,1t , . r ; , , .  / t  " 'a. . t , r  ^ . , t ;^- t  , ,' 
-:- 

:!"

T,  Paradel l is  anr l  G. Vourvopoulos

Thc product ion 0f  the T1 /r"  78.6h 67Ga js bascd or the 66Zn(cl ,n)  re-t / . -

aci ior l .  for  thc rot i t jne prodirct i0n,  naturel  z inc ! !h jch conteins 2.1.gl ,66ht
is Lised in i ts ntetal l ic  lotnr.  fhc tctal  i !  € i - lcctroplat i ,d onto a ccppcr Lra. '
ck jng to cst . tb l  i  : jh ! l .od them.i l  con. ict jV j  tJ,  u l rdel .  h.avy Ceul-e. , .cI  Dcr Dar0-
nrcnt.  In t rhc eloctroplat i t rg 1l .cr :cr lLrre a In(r( i j ied v!rajo|  of  Lhe r_cctrr i rque
proposlr l  l , r ,  l i ( : i r r j i rc l ix  {2J is useo.

' lho elccl t .0 lysis cel l  [ ]cdf)  c i r I  of  a cLtbe crf  p le l ig lass l ra l  opprolr | tar i .
d imcf3i . r r !  of  5 X 5 X 5 crnJ.  0n ole s idc ot  Lhc ccl l  a 3.1 cr  hotc is . l r i  l l . , l
l ih ich j5 s. :a lcd by i l te cofp{rr .a i .hoi le,  a. j isk of  3.1 cnr dlof t . : icr  a l t . l  0.1j  cr
th ic l i f . : . rs,  1. l r r . r r ! l r  a r .Lr l : rLr . ] |  ( )  r j l |9,  lhe cat f j . ,d.  i r . t  Lh.r  ccl l  is  incirg th.  . l !_
ctroly l ic  solLrt ior  i . rh ich h.r5 a volut ie oi  a i r l rut  30ci tJ.  Fof dn an0t i .  a plai : j -
nun \ ! ' i |c  is  uscd. Ti tc olectrol ! t jc  solLrt ion is ntad.,  l )y djsclv i rq l loq of  Zt  c l2
in 1! ,  of  iN scr lu i ior  of  HCI ic jd.  Pr jor  to c iect io lysis lhe colpi : r  anor lc is
el .ch.r i  \ , r iLh nj t r jc  ncjd,  thcn clc i ined a[d di  ieC,

About 6V DC are appl jcd to the cel l  a i rd iJ lo electrolyLic solut ion
is ad,. lcd to thc cel  l .  F-very tcn nt i  nu,re,s the fo laf j ty of  rhe c. l l l  j5 re\or-
sed for a {e!  seconds, This o! i . rat ion ro5ul ts jn i  u| j form and s1i loth ejc-
ctrod.pcsi t ion oi  z inc.  In al .ut  90 nin. ,  z inc is e ' l , ,c i r .oplated to a t i ) jc l i -
ness af  . rbout 150 mg/cr2.

Jhe c0pper djsc \ , t i  th l l la elect l .opl . ted z j Ic on i  L,  js  p l ice. l  on a hol*
dcr . - ls  s l  Ol fn in I - j ! .1.  Both,  t f ie back of  le colper disc an. l  the s!r face oi
the cool i rL! l  b lock dre pol jshed for ntaxjnun heat renlova' l  f ro t lc  taf l iet .
Cool jng is maintaiNcd by passirr ;  c l t j l lcd detnineral jucd water t l t j .ou: jh thc coo_
l inb blo.k.  lhe fcnt  f . t i toval  js  such that,Lhe targc{:  sui fers no vjs i ra l  char.--Jcj ,
af ter  a 5 hour boi f i rard|ent t . / i  t .h 25-:0r1A of  deutcrors.  The straj ! lht  throu:t l l
p0rt  of  tnc s\" t i tchi f !  n i tsnct  is  used for the bo bafdfcI t .  ihe tafqet is lcca-
ted aboLrt  6n f rom thc quadr lpole v/hich focuses lhe .Jeutcrqf  l : ]cao at  u,- : r
thc anaIys ing ntagnet.
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A 1.5 cm tantalum appert i r re is located about 20 cin f ron the target

in ofd.r  to def ine the beam in the central  part  of  the tar let .  The bean is

defocused so that the beam slot  s ize on the target l ras a diaf i . ter  of  1 cm.

IJedn al jgn ent is such l fat  near ly al l  produccd i .adioact iv i ty is on the

targct  and v-6ry l i t t le on sLrrroundjng bear i  paf is.

The nreasufed rcact ion y ic l ( i  at  Ed= 7,8.4 and 911.V js shctnr in ni t r r  1

of  TaLr le I  a lor !  r / i th the f l .x i  r i rm elpeci . . i  y ie ld f r ! r r  a th ic l i  ta ' r !at  as d.-

d!ccd l )y SteJ,r  anC l . loyef {3).  / r  good agir . r ; r , r r  L is i i ld ic. lcd by t i re data.

In Frt  I I  rcpcatel  noasure'nrenLs of  thc y ic ld at  Id,8.4 I ' j . "V t / i ih. ] i f f . r .n1.

bor:Lar| j rq currcnts i r rd icale thai  r io thar ' r r i l  ef fLcts are obs0rr .d cn the

rergcr.

t , t  6t ,  f7
l ,  lL." '1,  I i  . r  t  r , . "1r  - i l , . ( ' . t  ) "c t ' ' i

lar t  I Part  1 l

yic ld ( !Ci , / l r l .h) fd=1.,1 l icV

l ; l r i f l .  cx iec tc. l Av.r rn iJ{r current (trA) Yj i : ld (rrCi /u i )
d

F-xp

1.0

8.4

9.0

10.0 not

28r1

63 !1

90r7

meas u fed

2130 67

5576

99

140

22

2B

30

7A

60

caaL.,-  at0. :K
TAR6IT

cuil  l t :c
l'/lI l: fl

TARGEI

Fig.  1.  Thc l iarget assernbly
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VI.  DATA COLLECIION AND PROCISSlNG

T[e r1?1{r c(r]prtc,l s(tter.,r

Af ter  morc than ten years of  fa i thful l  service the corputer sLr l lo l . in!

lhe 0n-Ljnc system of th.  laboratcrry,  a PDi ' -15,  has reacheC'] .e i i rcfr . | l t  ccn-

di t jof i l  To rcplace i t ,  i  l iRi f i t ' /5f  l ras prrc i rased I ,1hjc i r  js  beirq l i fk .d L0

t l re cxper j ref i . . , l  c lectror ics thro! t j f  n CAF. i iC l l rarrch Llr^ i !ef  ( ! i - l tc  i2 lC).  The

nelr  corL'rprJ iL i i  ler i rJ a t j l | r :  !hnr j f i !  systen \ ' ] i : l  a lso hel l  to f { r l rc l l  iae

botLlcf .c l l  c fe i r ied by t i .  o ld s i i (J le u5cf : ,ystonr in oi l ' - l jne diLir  rcJu.r l ior l

drd analy5j  ! r .

The: iysL. i  ( r rs is l :s ( i t  a 32-bi i :  PRI: .1[-751: i  l | iJ  \ / i1-h 1l ]5yLe of  nr i r r i r ! ry,  oni i

, '15 ip:r  l ld! f , . l . i . i  lapc . l l  l !c  n[ . i  a f i ] i ib l , te l isL dr i !c.  t r ! i r  i5 ic l r  , r " ' i i - i r  ,1 ! . rcQird

tal , r  and r  : r { r .er  d dis i  i  i  \ r . r  is  ( :or : idercd for '  l9 i l3 to ( , rsur.  l 'a i '  . .snf . r  o[ ,cfe

t i  0n of  thu syl i { iN.

0n th.  C/ i i l l i t  s i ( lL.  r  1. j ' i r )  n2 cr .n1e cor, t ru ler  ( l l i -Ra 1:102),0l i . l l ,24i) l t

In. ]1,rncnhir l  l , i r  i rorv ( i ' i l  " ( r0 l l2)  fof  l !  h iLhai | r { r l  o i rcfat icr  efd a t r ' rc lve. ' i r i ! ,Lr l

fLrc lc.rr  Al l ( ,  l t . i ro j ,U2l ' l i \ )  havc | r ' r r r  l r l -u! l r i . r i rJ,  l . ] i ] i l0 rof .  C/\ | , ;AC uiLj ts are

be.r idg dcv. lo i r r id.
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K.  Demakou, V. Katsel is and S, K0ssjon' idcs

lJ i th a systern lore corr l lex than i ihe fDP'.1| j ,  a rudir l i r r lLaly conp' i j r ' - r

sefv ice ard sy! tcn a. l f in ist fat io l l  l r l i ls t  bc seiup. / ' . t  lh ' r  l fd oi  thc r ' ' lof"

l )ef i  cd t l r is  (n i ls isLel l  oI :

,  l^kr f l : l i '  b i rc l iu!  cnd Cir j l -y i r r i r . l ] rc! ln l  s. \ : .  to t t i r .  .ovr l  lng the

fr i r r ' i0ai  t ) r '  thu l rasl  f r 'cer L 1rr(r  f / tek! .

'  [ ] i r  r i r  01 rrol-  l l , r r l t r i r t l . \ '  Ltcci l  l i lcs 1.0 t .  ic  io [ r :c i l i ' l i  s l ] " ' l

-  l \ ( i ; r i r i . , )  Li  orr  oI  l l : r 'eral  i i i r : r  pra!]  l f l : ,  i . r r  ( ln ld l l  j ' l - 'aal i l i  in, t l  c i^. l r l i i -

ly" i !  1.rnir ' . i r r ) l  1. . , i  i l  . i '  o l . i r . f  i l rst i : I I I  i I  rs.

'  
' ) io, j i i , r r i r in!  

i i ( l \ ' i (e 1o tr l l r fa t 'carnvai 'a i i l ' j '  lo l ) l iT i i :

Ai i i ' r .J t l ra I  ro!r , ! r is  avn i l i i l ) l - "  {o l  r l i ' r l t r l  , l l  l1:a i l rc t lLa'  f ' l l lot i i r lg:

l i i : I i ' l f .  A l r rn, t i i f i  ! r l r i . l r  . i i lcLr l r r l . ' r ,  r - r : la l iv is l  ic  b ' to- l rdY i in!r i i ' i r i (s

l . l l l {L j l l  l  l r r - -  i . r , ' l l  i ( l ro\ i |  
' i , .1: l . l l1r :  

f r , r '  r i in i i l i t r .L ic r  of  fLr l rc i io i rs.

STI\TlS i le j lnu.€i-F. : ;h l r i . i l  .0 i l ; '  i ) f  l l .G.Stoct is i - . i l t  uslr . i  l i r f  avcr i !1t  c iost-

scc t . ior  aal  c i r l  n l . i  o rr !  .

QU/iD A I iogr. t t t  for ' " lL i l  inrqi l i !  0 l '  lon I l ( r i i rNs I 'J i ' rh qLlndiuloles

BlAl l  l  f rogiaf i  conr l i i  L i f i l i ' l . r r ( i ' r i ' r  p l rani . ' .er !  for  t l r .  ext fa(- t jor  of  spec- i f ic

i  on beans.
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l-l.'c_lt {11|i q1.nlt!'',r.- j $l!!

S. l .os s ioN i  dJs

A : ,J. , !  i -e i i  0f  uscr f ro!r .ns is beirE dcvcl0fed r ,h ich rr i l l  a i io l , i  0rr-Linc

Dat i i  l ] .J l l . i r t ior i  lhrot : i i  CAi i I \C al  r ' r ( i l  I  as 0f l -L i rc Da[a l ]edirct i tn i r r l  pf0ccs-

sin ' : l  o i  d. . t .  f ron tap.r  o]^ dis i i .

l fe systef  \ ' r i l l  f i f j  I r ( . r .  Cornr i i : i r i l  i , : i r i i .of  c. , l led ZIU: ( for  letc Elpr-

r icnccr l i : r i r ' !  SoILrtnt i  )  i i l ia i_ \ r i l l  i ra fu l ly  Lr. r r , farr i . l ]1. .  I i l i5 r l i r l r r i "  1[ ]" t  i1.

rui l l  l r i r i r  i : r i r l j ,  t l r !  Z[ i ] :  Corr in i :  l r : ! : r ' i f ! t  , r1 l  Fl i l l :C: , 'ar . r  ' ,  ds Lo t l i .  ofcr . i i  r l t

sy:, i . i :rn.

For l l  l r  Cl .L in.r  i ra l i l  a! l l . . i  i i ,n,  t f i !  l l i lLa,  f l i rL i r . ' ,  i ' , !  suppl i . : l  i ) r ' : r i l l l ; l :
,Lr i l  br  i r r i l . i l l ly  LJsc{ l  a l r i r rLr l r i r : i r ' : i  n!( i l  l i i - : - , i i r i r i r i  ln i l ! r  Dl j l  l r i r r ! i I  f0rr i i r " r ( l

: , !a i  I  iLt . .  t i :r  i i  I  .r/  rId r I  Ll l i ,  { ia t: .  . i , t  i_h.t fL ir. t .r.

Tl .  ! ,ys ' .efr  of  0n- l . i r r r :  f . ic . , r . r :  r ' r i i1 l ,c l j ! i l t  a l0 i r : r  i . i ie idci !  ( r . \ ' . lo i .  I  i r

L i j | | !s : , iLr ! r ,  | ] i :h i i .  l l . f r r r l ic  i , , , j  i ,  i -sslcr  . l r i  i i r ' t  r : l  s i l - l r , ) f jcr l  i i  i ] r : j r l : I i , . ' rq.

lar : i r  .  r : r r l r : , r i l  (e.q- I ) ISl j i  
' i1 ' ,  

i i l lL l . l : l l  l iTL,  Sl  l i l i ' )  r r i l  I  1, . .  iTr ! lcr . i r l - i ia i . : ,  .  s. , |a. '

r . r1o u:rc l  p i r . : l rn l . l  a]rai  lot . lad i :  n i l i l l : i l : j  i r ! : r  r .Lr . i .  T lasa u:cJ" l lo i t ia i . j  u i l l

cof i . tu i l ia l i r i i  l " l l roul j l r  th i  s r i i l 'cal  a! i  ,nn l r i ] i .  lho r i rJ i t  aclv i i iL i iqa: i  o l '  sJch a

sl i r l i :Lurc dr!  t l  at  nal . r  cof ' r i r fa is i in be ad. i !L i  ! ( i i f i0uL I  c i ror iD i  I  i '  t i  i r  r  i inai  rc loa,

dinq of  ' .1 i4 i .hcl  e sy9'aeir  in( i  t l r i r t  t lLar Lr!r : r  re i , r i fs  a l !1:ry5 at  t l ]c  5y:L{:n co , i l rd

nlJrr  j  tor  (PRl i l05) levcl .

BotI  adVaitagcs ! rc i {Jh eIr ! ! l  to of fsci-  th3 di5i . ] , ' . I tdge lhat  the la]oLrt .

of  thc s l r . r fed cor i r tar i  i t rLa ni ts l  i r .  rery car l r iu l ly  l lanlcd at  thc bc! t jnf , i r r !1.

To faci l i tate th is planni f l  n 'Toir  DD n'arrroach l ras adoptci l  [ . r  tho d.-

vclof i !ef t  of  the 0n-Ljne sy. , i f i r .  i : j rst ,  ZILIS-c. I rnaDds ueie develo]rei  \ r l r ich p.r-

for in the l jn l i ing of  a rurni i !  r iser rrol l ra io the Z[ i ]S s i rared corLrrr l r  arca al  ( i

the instal lat jon oTt l r !  conttrd funni f !  the pr.r9ram.

Then, s i f rp l j f jed f ranr. :  proqlans inplei f . f t jn!  the basic syste connr i [ds

have becn \ ! r i t ten.  These pioUrdrs are u:ed to test  t i re basjc nr-achir i5n5 of

inter-plc l ra i l r  connunjcat ior  and establ jsh thetype and sjze of  onir ics in

the sha red cotmon area.

/ \ t  tho stage of  th is vr j i jn! i , the f ra incs for  data disDlay,  CAI{AC read

afd cvent-by-cvcnt l . r f j  tc  t0 t i r i ] . r .  hav€ becn tcsl .ed.
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A d.l,a Lstl!(.tL.ti!t! ba,iaQ.q.n tlp PDP aJLd Prj.r':g_.11!Lte,L

S. Kossionides, V. Katsel is and A. Chiondki .s

I  n Lroduct ior

In the fo l lor . r ing the l inki fg of  t rvo very di f fefent conputer sysiems
!. / i l l  te descr ibed. ofe is our old PDP-15/76 data col lect ion system. The othcr
our new PRIl , l [ -750 t i r l ie shar ing system. Unt i l  thc PRII4E takes over the data
col lect jon tasks,a l ink was needcrd to t ransfer data bet\ !een thc 'L\ ,0 systef is.

Thc PDP has a 7-track t ranspol" t .  Thus l ' lngnett ic tape was dt .oDp-"d, is the
l inking nre. l iunr.  A scr ia l  data ' l ink appearcd to he the cheapest solut ion.  0n
the way i t  proved to be also thc | rost  f lexjble s jnce i t  pfovjdes a nredi- ls of
7-track to 9-track data conversiLlr .

The ut i l izat ion of  se[ ia]  l inks jn conf igur inq cQxtputer net l torks js

row a stardard pract icc,  lhe of- ly prereq! is i te js that  a1l  contpuLcr systef is
' involved i r  the netv/ork supporL ntul t ip le icr i f r inal  i j i tes and so e form of
coNmunicat ions protocol  .  1n thc case prese|ted here the s j tuat ion is rdther
di f fefenl .  The rnet l lofk lconsists of  only t \ ro svstens and only onc rLrJ)p0rt5
ntt l t ip le tcfnr jndl  l incs.  Also the network ! , r i l l  only be neeCed {or lDe tr"r jsr-
t ion phasc unt i l  the not!  s,ystem beccmes ful ly nvai lable to 'Lhe uscrs.  Thus

the investf ient  in noney and ef for t  should be kept to a ninjntum.
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Des i  gn descr jPt iof

The clesign object ' ives \ , iere set  to the absolute mi in lun in order to nr in i -

rn jze the inrplementat ion t ' ime. Thus the l ink gives access f fom the pl lP to thc

PR1l"1E f i lc ,sy5t-cnr and dl lo\1s bjdiro. t ional  t ransfef  of  data.  Transfe!"  to pRI i '1E

per ipherals (e.g.  nragnet ic tape) vtas. lef t  to the pRI l lE s jde l {o ef fof i  rvas

speft  to i f ipLeirent a stalrdard conrf l t ln icat ion protocol  lnstead,a s in lp le hardshake

vr i th fufct jof  prort l ts drd diagfost ' jc  rcnl icsv/ac pfefered.

0n l l re t l lP s ide t l re l ink is eslabl ish.rd through the Ll15 Second Teletypc

I f ter facc l . r l l jch ! ' ras fdclofy wi i 'ed b! t  noi  i i r l , lc i i ' "nted. Standard I ILC l i lodulcs

I lcre used \ ' i i  lh lhe cxccrt ion of  a c lock f l lCl l . r  lor  96nC L.rd ooefat ior ,  This

i ! , , rs cof5t fuct . | ( l  to look l i l 'e  a standirrd DIC TTY-clock f lodLl le.  Thc l la l rd ler

]1]akes the l in l i  lock l i l ie i l  s tarrcarci  f i le or ierr ' ied pcr i fh.r0l  .cco!r ] is i l l !  n l l

oper(r t i0ns atd data f i .c ics ! .n.-rratcC by PDP pfo!ra$s. This al lo ' ]s L 'scrs i - i )

t ransfcf  data l i fect l - \ '  b i ' t \ " recn af ' /  of  thc exis l j ig PLl l ' ]  ! foqr.rDs alrd i i ' r  l ' l l l l '11

f i le-sy:r tc i r .

As th.  t 'uP is a s i l r ! lc  Lrser s) /stc i f  a i '  pro!ran cievelopir 'n l  t l f  lc  f iu3i

bc takcn i ror .  l l  e data col lL 'c l i !n . ]nd procf l ! ,5 j f !  act iv j t .s,  i t  v las alsc dcci

ded t0 dc\ , -" lop the I in l l  in l \ \ io plr ; i5c! .  / \  f i i r i [ ]Lrr , r  dr iver t ' 'as | / r i t tc l l  t ' r  l r i rns-

{er thc soufct)  f i le of  i t !e i f  lo t i rc I 'R] t l t  tv l  l rc ccl i i - in!  could be d!rre colr-

venicnt ly,  and back to the PDP for coirpi lat jor l  afC test jn! l  TlrLls t l re l i fk

'  bootstrap.d '  i  tsel  f  to fu l l  po\^/er '

0n the Pl i lHI  s idc a F0l l lR r i ]  prograrr  \ rJ5 \ ,1r j l ten rr  r j th inrrrs i is  a

pl lAt i l0 i ' l  in t fc background. I t  recrgr izes the prompts f rc, |  the l ink,  opers

f i les in the UF0 PDPDAT afd perfofms the t farsfers reply jng t0 thc PDP'/r i th

the 0K or crror prompts.
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Impl en entat ion re su l ts

The l jnk operates nov/ bidj rect ional ly at  9600 bnud transferr i r rg

ASCII  f i les betweef the t ! . ro systel0s.  This qives alreadl . ' the advanta' le 0f

kceping al l  pr0grani  source f i les oir  the PRl l iE disk afd corrpi l in!J t l rem

direcl ly t ron lhere.  lhus thc l i  i ted disk space cn l l r€ I ' j l )P is { ' ree. i  for

bi  n ary f i le s i .orage.

So e t j r l r jn!  f foblc i rs exist  i ' rh ich cdusc soret i ines the t ransl l js5iJn

of c iouLr l .  l i res to t .he I ' ]Rl i ' i | .  \ ' rh i .h is c ls i lJ '  correctcd l r i  i :h ' ih ' :  
' rd i ' .or .

Tho l . r lnsfef  of  l ) j l t i l r i 'daia f ronl  1he fDP to th€ Pi t l f l t  \ " r i l l  not  bc

iBlr lcrNf l  l r .d dLr0 to th.r  I foblcr is nssociatcr l  f r i th l l rc .L j1fr"-cnd v/ i rC lerr !hts

0l  both cor Lrul-ers.  T| ; !  is  ncL n ser ious problc i r l  ,  s inc.  la ia \ ' l r i l1 ' ' l r  in

bjnary far f l  Lcl  ta lc b ' /  1.ha: 0i l - l i r - "  proql . r l lS can be i far lSl 'cred ovi : r  the

l ink rs i r r i t  n :ptc ia l l l ,  [ , ] ' i t t " - rL (1) i r !a l r : ic l r  loL 1. inc
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y_9!!j:!U-1a!!11':d_d"t" !!t
A. Chionaki  s,  V.  Katsel  is  and S. (ossionides

-fhe measur ing electronics of  the laboralory ar.e fed by an electr jcal
supply vrhich is isolated from the acceleratof  and genl : ra l  s!rppl ies to re_
duce thc electr ical  noise asso. jated with general  e lectronechanic.r l  er ,Lr j lJ .
ment,

The computer is l inked to the neasur ing electr0. . ics an. l  j t  must als0
be fed by the sane "c leaq"; .6f , , . r  s!pply.  Remote ter in inals. ,horrever,  can bc
pluq! l .d jnto any type of  supply and vlould thus jntroduce ! ] roLr| td loops. to
overcome thjs pr0f i lem the Ddta Ljnl t  l , ]as deveioppccl .

Al i  corr f ion.r ts of  the I  ink are contajned in 0ne case tr 'h ich is EroLtr . '
ded aL the cleaI ear l - l t .  IL cor i ia ins tvro pol" ,er  sul ,p l jcs,  ore qroi t ra leC i i i
the c lean ear lh aird the other at  t lLe Ior l ] td l  earth.  Th. i i l .s t  suir i r l ies
signal  condj t i0Ni | ! t  dcvicesfor re RS-232 stafC. l f . l  I . inLed to l l t .  conl i r tFr.
The s.rcotd sufpl ie!  s in i lar  dcvjce5 c{r jv j rq the t ! . l . ion l inc: .  l je i r !e?n
thc i | {0,  opl icr l  isolat0rs (4| t37')  c.ruple th.  t \ . io charrnels pfcrv i . j jng iso-.
lat i i l r - r  of  L l lo eafths.  R0o!t  for . jght  ch. tnne- ls has been nrovid-"d | l  Lhe
case. Current ly only fo l ] r  are imfr lcnL.nted.

Thc l  ink has bcen tested vr ' j th speeds up to 9600 baud and di5carc.^s oi
200 nr and operates \ . t i  thcui_ loss of  data,

Fig. Blo. l :  d iagren of  the data l ink
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An -4!C. ̂ rLLlp!,u*or, lqt, C/'.llAC b!,^ed ,.y!,J

A. Chionakis,  V,  Katsel is and S, Kossionides

An ADC mult ip lexor has been desigfed which wi l l  . jnterface the Nuclear
ADC's avai lable in the Laboratory to the l ' tE-9082 mcnory uni t  based in,che
CAl, lAC crate.  This nremory uni t  contains 16k,24 bi t  \ . /ords and Wil l  perfonl  an
increment cycle for  every address presente. i  i .o i t  throuqh an external  b!s.
Thus the cof i tputer is not over loaded ! , / i th the s i f lp le nul t ichanr. l  task.  AIso,
t r re access rate of  the NE-9082 bejnq 0.9 f jHz al lo\ , js  a compound data rate
which js wel l  abovc ihe maxjntu of  10k counts/sec sLl l i )or ted by the av: l j lable
f iuclear c lectronj ts for  eacl l  ADl.

The muit ip lexor wi l l  convert  the relat ive address genarated by cach
of four ADC's to an dbsolut .  address for t l ' le r iemory.  I t  l , r i  l l  a lso seqi . rc;rcc
simultaneous requcsts to avi t id conf l ic ts of  access to r-he menory.  A , rouncl

robin 'select ion of  the AIJC's was adoptcd to give each ADC equal  pr jor . i iy  ar ,d
distr ibute ever ly the dcad t inte associatcd vr i th th.  Read-oui  pt"ocess.

.  A s inrpl i f ied design w,rs adopted which routes each ADC to j ts own qur-
drant of  rnenory.  Stepp' jng through the qLraCrants or othel .  subgro!Ds or rou-
t ing of  an ADC to ver ious subgroups delendirg on logical  condj t ions vr i l l  be
irnplenenled at  a latcr  stage.

Fjg.  1.  8 lock diagran of  the nrul t ip lexes
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inptlt CAMAC Ac4lc-t.

A.  Sokos, V. Katsel is and S. Kossionides

The laboratory wi l l  use CAl" lAC for data col lect ion ds wel l  as for  con-

trol ing exper imental  equipment through the PRi[1[  Computer.  In ordef to
gain exper ience in developiNg and construct ing CAI ' iAC uni ts, the s i$p1c5t

such uni i  ! !as desjgned. I t  is  a Five Input Scaler v/ i th Display.  Thc un-

us!a ' l  number of  inputs v ias dictated by the space avai lable cn the Standard

wi re..$'rap CAIlAC board.

[ach sca]cr has s ix decades and operates in excess of  1 l l i lz ,  The co.

tents of  any scaier can be di fected by f ront paf ie l  switch to a s ix-di ! l i t

LID display.  Af ter test ing on a breadboa!"d thc rr i t  is  no!r '  a l  the stage of

wi  re-wrappi  n9.

Fig,  1.  Block diagram of the Scaler

'?o
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Gue.tta,l ll eLtilctLiL nd.iete no.naa

A. sokos, A. chi0n.rk js ard V, Katsel js

During the report  per iod d.nunb.r  0f  uni ts \ rere repaired b-y the mai l | -

tenance persofncl  ranging from th-"  RKC5 Disk dr ive of  the Pi lP-15/76 to Nl l i l

e lcctronics and po\,rer suf f l i . - ,s.  In nlmost every case the repair  t i r re r iat

sat . is factor i ly  short .  l {oNe!er sonre fepairs,  especial ' ly  of  Pl lP-15 per i fherals,

! . r 'er  e delalyed urt i l  componenLs could bc t raced.
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VI I .  ACCELERATOR OPERATION

A. AsthenoDoulos,  N. A[dreopou]os,  N. Div js,  l i .  I l iadis,  N. papako5topoulos

and G, Prokos.

Duri rLg t fLe yeafs l9t j1 and 1982 the Tandet nas ut i l jzcd for  a Lotal  of
2t150 hours.  Fig.  I  shous the bcam t inte perceir tage vcrsus tc|n. j ra l  vol tagc.
Thefc has L.en a heav\/  use of  the acce' l -orato| in lo l"r  v! . l , tages l ls !e t \ , ro yoafs
whjch is due to the choices of  the c) ipei" intel l ts perfor i ted.
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234

TERTII NAL VOLTAGE (I,IV )4

Beu n i inc verSLs 'L-r i ' ta l  vol t )qL.

=

1r)

Fi g.  1.
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VI I  I  PERSONNEL

Fete.c.ycL Stai j

Dr.  G. Vourvopoulos,  Director { t i l l  1-10,82)
l l r .  t , .  41 g"ost- i ' .

Dr.  T.  Ana!ncstopoulos (s i rcc July 1,  1982)
Dr.  C. Kal fds

Dr.  A.  Katsanos

Dr.  V.  Katsel  i  s
Dr.  L Kossionid!s ,  pfogl ,an coor. l inator (s i rco 1 10,g2)
Dr.  Th. Pa radc l  i is

Dr.  L.  Sl ioufas

Dr.  A.  Xenoul  is

G!q4!JL!. .}!!!nt:-

C. Aidonidou

A. Arayant i  nos

X. As I  a!ogl  ou

P. Bakoyeorgos

N. Kal  I  i  r :hrakas-Kontos

T, Kos ras

E, Palcodimopoulos

S. Papdioafnou

l'1. P i I aLouta

i .  Sinatkas

J, Varvi  ts iot i  s

G. Zougaiel l is  (par l  of  1982)

S ci .  nt  i  f ic  1,s s a ei  at  e : :

Prof .  G. Andr i tsopoulos (Ltniv,  of  loannina)
Prof .  P.  Assimakopcrulos {Unjv.  of  lcannina)
Dr '  E'  Gazis (Nat.  TechNjcal  L in iv.  0f  Athens)
l4r .  G. Gregor iades (Univ.  of  Athens)
Dr.  A.  l ladj iantoniou (N.R.C. , ,Denrokr i tos, , )

Dr '  P Kakanis (  in istry of  labor)
Dr.  E.  I 'Javrom' l ra l i  - l rountou (Univ.  of  l \ tncNsl
Dr. .K.  Papadopoulos ( l lat .  Technical  Univ,  of  Athens)
l1r .  N. Panayotakjs (Syngrou l jospi ta l  ,  Athens)
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Dr. C. Panos

Miss 11, Tzountezi

Dr.  R. Vl  astou

l1r.  J,  Yapi tzakis (r i l l  end l98t)

9t:::t!i.p:: "t 1jg[])

Acce leralor Support  Croup

N. Andrcopoulos

A. Astheropoulos

N. Diy is

l l .  l l  i  adi  s

N. Papakostopoul  os
G. Prokos

E1? ct |a7t i .crr  Craup

A. Chionaki  s

A. Sokos

C onpuLcr, . . -Pra g]\1:1 i ' ,  e I

Mrs. K. Oe|rakou, B.S. l ' laLhemlt ica

ll at:hin-e._ Shot:,

0. Top ikogl  ou

cr apllyl

t .  Trouposkjadi  s

(Southeastern. lo l  lege, Athens )
(Uf iv,  of  thessalonjk i  )
( l  i .  Techr ical  Unjv.  of  AtheIs)
(Unj  v.  of  Athens )

14rs.  A.  Denetr iou
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