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t  t i t  RoDUcT I  0N

Dnrinq i979 Lhe research in the la l ,or 'atr- [ :y cove]:e. l

- i^  - , . , .1 rr  ' . . '  rcol
.  

- l .  - !  
, . l  I  i  i -c -n/ l :^ ,  I i . r  - - I ' *uL!JI  J r .  r 'S.

I r ,  i :h. :  same yeat:  dn lnternat ional  Ccnfeaince on

t:h€: Slt-ructur€, of Mediun-Heavy Nuclei was org.rni-!.  I  bv th. i

l . ibor_. i t -or I  r r  :hodos, 1-4 May.

lJ i th respecL to the instruncnt i i ion,  d rr  ,Lr  bracal i -

d. lrn cf :hc c;r- l inc conputer occured vhich in.:rplcri tatcd

tJ i rs r , . r in datra cof icct ion systcm for air ,cs:  i .  !  r : .a i r : r rg.  On

-^-r^. , -  ^ toblem l tas encountereol  in , .hL-

op.: l :a i i  on o:  the accelerator.

Corrs iAerable progress has been notecl  in th.r  i rL- 'e. '

s i igai ion oi  i rea, , 'y- ion resonances in the s-d shei l .  I r i  pa:r i i -
' - .1 . :  ,  t  I  o l  :  ' ) '  of  r  nethod for .1 ts jgr . r ' .  .  i

rc. . raJDances j  r  r_arac' . ions v i th non-zero spin in t l r , .  crLlrrarce

chanrrEr. l .  has bcer!  caar_ied out.

TLe st-rd),  . r i  co:npet i t ion bcl \ ' /ecn exiL . - ' r : ' r ' ; : l  s  s in. i l l

as pn and d,  ar j4 p2.,  dn and t ,  vrhich has becD es' . . .L1ishcd
1. 1ajr ' r  'L l r is  labol : i i tory in "O and "O jnduced n1i .  1. , .1 i_ reaci icr) : r  ,
1

ha: j  baen e>;t :eirc iei l  to 'L i  inducecl react ions i r . j - t j r  l i : .  i r i r .c ir i jo i j

of  asldr l  is j .1,rr t . l  a r  e l . r l ion between 1:he rndgtr  j  L! , lc  o i  s i . rc l t

cci lU)-a 'L i | jon : i id t l te ar. . r fLanisn of  the ie-ct ion.

Specl icscol ic - intorFtrat ion about ihe : : t ruciure rni

el . rctroiagnct ic prol- ]er t : : ies cf  a ser: ies of  n l lc le j .  i . iere esta-

bl isrhed . , ' ia (p,ny),  (p,p-v)ard ( ILI . , r  yy) reacr. : ions as n.r .L1

a: i  v ia i  cf i -bean artu. i iar  o l  raC: iact ive . i .ca.J.
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ln t l - .e fo- l i (d physics rhL perturb.-J l r l . : lar

correlat ion method cont in!ed lo be succesful l t  enpLo]:cd to

the study of  nolccules ui t t r  b io logjcal  interest .  Furthernore

ln ao4l t tof  ro fn r t . \ l  
- t  

l  xLi  t " . l  a 'qr 's wir l  ^ l  at .  rou-

t inefy entployed in th is : l .abor.1tory,  spect l :o ln€tr) '  of  prompt

Y rays einj t ted in nuclear react ions has becn invesl lgated

as a mcans to obl-ain the c.r ] te:r t  of  f ight  e lemcn1-s in

sanples of  j  ntcrr : r : j t .

In theor.et ical  nucfea.r  physics ,  shel f -nodel  stu. l i r .s

in ihe A-, tO nass rcoion i i : l re progr 'ess. : i l  in p: t ia l fe l  ld i th

ccr l 'esf  : .  ] . : -J 6)f  . r i_,  ntr l  / .o ik - . , . r r^d out jn Lh. is l  rbor--

1.orl/  iD ol..Ler] to €'stablr::h Lhc she11-!!ode.l n..tr. irac of Lhe

r"uclLJ,a -- .L s j r .  r 'h i -  r !ct io i r .

The isonorphic ncCel l las been cxten. le( l  to qjvc . l

geoirelr :  j  ca- l  explarDal j  on of tha: quant lz.a t .  j .on a, l  angu. l .arr  i io-

l lenia aDd .r  Ej /x i i ict :1 '  c iescr. ipt ion of ihc indepcrient p:rr tacie

1'he inf f t r i  of  1 ' js i tons f r .on abroaC far .x.r ! r i t l . l r i :s

\ , , r j  j i i r  our T;r ident es rrel l  aai  v i .s i ts by o..1I  sciaj l r : i . . r ] :s ta)

oLher laboratoLies,  i ras icun. i  again to be ver l ,  benefrc ia l .

the dedic;r t r 'on c- lnd qual i ty of  oLr1:  t . : . rh; , ical  anC

ad; j r i5LrJr i . , 'e I , ! -soin. l ,  rh is hid. l .n y; t r iaLle i1 ih.  contr-

rruous plogless oi  the labcIar,oIy,  is  e-ql ,ccla. l  : l '  acknouleclgeC.

/ :o^r--  1I^, :  r r .^n^,r  i  
-c
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I .  HEAVY ION REACTIONS

Spa'. :  f  . :  : :  a !  t i t t !  a.  " .  !  : :  . l  l le;artL: t : .es i . iL i . iLe 
I  

Be + 12 
C S, lstal

G

D

x.
E,

Aslaioglou, Vour:vopculos, G

Poc.r ni c

_l

q 1,
the st :udl '  of  - i lcF _C 

s1.s! . jn u. ts col- I f i t rucd i

order t . : , i ; i : r ig i ,  sr l r ]1:r  to t l tc  i - ( rsola ' rceg fou!! .1 i l  r r  ener-Eic! '

L^, , !7.1r o.7l  . r  i l . l  r  V ( t ) -  ,  l . -u.r l  n L. .ods of  i  l r jno(  J l

i i . .  s .  . . .  , f  .  r .  I  i  .  i l .2 , .  . .  r  . .  j , -  ,

of  L.gcr ld:e } io l ] ' . i . in ia- l -s to thc auEu. l i r - ' :  d istr . jL i r ' . icn ( la ia

Vr i t l r  t j l r .  la l r r_tro. : .  .Jf  DrJra. , , i ] l l l  a l i i i  \ r : l r rDc alo?s Iaj . :  : t l - : r l l '
a  a)

i r  1rh. .  - I rer ' "a r . , - .a.- . r -  Tl t l !  i : r  d: t . t  ia r-1.  1: i . r l . r l . .  . l :  : ra: :

zctc 5pi l ls  jn thc er l rance anal  oulqoinq clr : .n j le l ! j .  A rrar ' ' , '

Le( | i r iorre t :hefa:aaae \ , i i !  s  deic l r ) I ra4 basar i  o i  at l lar :  anLl

Ri .Fic lenlrarn :s iorrr-r  l . r '  sm,

'  AnguLa.:  Cj .st f :Lbut ions !{ ( r ra r tcasur:crd for  the

react i . rD 12c(9n.,")  17o o" , , - ro errer(r ics EcI.-  ' t .4,  9." / ,  11.1

l ' Iev (on r : . - -sonanc.s) an( l  r ic , , . :8.O, 9. '1 4 t13V (of t  fe:rol tanc.r) .

the shipe of  t l .  aDgular. l is t r ibut jon of  : : l I rha

p::rr : t ic . l€,3 i ra i . ru l  i i i : i i1g +-hc l tX: :C.E71 ,r t : t l  t ,1 /21 ' ;  s i r r :e o!  
170 

a] :

lne resor.at-rcc ( rLerE)7 lC\.:,  1 . .1 i icv ( l i  E'1 ) 1s l tesl, LtpL.. l l ic.. .-L

by lh.r  calcu: l .aLt . rd : rhel?e oi  l : i rc aigr lar  d ist f i l jur , i . i !  foI  a

Jre: ;  e11/2.  Aisc !he sfrapes of  t -he angul .ar  o_j  sr . r : ibut  j  o l -1: ;  of

alDha p: i i t ic l r rs popuiat j t r 'J  t .h. :  i , . , l . rc s iaLe oi  1/o 
na a, ,a r ,a-

sonance cncrgj.,s EC,,l= 9.73 1C I 1 . . i :  1e\1 .r g r: .  c- ir i{-h t ire cal.u ated

shapear of  anglr lar  c i js t r ibui ions for  resonance spins Jrcs=15,/2

alal  17 /2 r .esp.rc l  i \ .c1j '  (Fig.2 an.]  3)  .

Her,ce ,  i ie prcpose the soir :s Jres='1 772, 157'2

ar\d 1 ' l /2,  for  the resonances located at  ener.gi .cs ta_.r= 7.4,  9-7:

a.r,C l1.. j i lc-Jin thc 9l]e + 12C 
systern. I) i iBA ca-LcuLationsj f  or a

5lle c1'. ister tralstel: i  n t lLe 9Br. '+1 2a'..  n1 7,, , .1.rzrct j  on g iver . j l tel j  t . l*
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t i1'e agreement with the off resonance angulal: distr ibution

+ Universi tv of  f  oat- t r ' ]  i  na
++ R, Boskovic fnsi : i tu i :e,  Za.Jleb, yugoslavia

{ 1 ) '1'- irr. lDEl{ i .CCIj l-El;\TOR L.1l , ,AnD-.ia1 ReporL 1978, p.5
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v + _, ,  ,+
G. Vourvopoulos,  x.  Aslanog- lou, R. Caplar '  anal  D. Pocanic

Th3 rcsonanL behavi l r  : f  16p 
12ga24119 

tystem
:6

f  ea. l ing to -  -Ar.-  as corL1,!osi  te sl 's ler.r  l ras s.Lr" ldied al  the

er i l  l )  -Lo-o.  o.  . , .* , -12-1o.7 I . :c ,  / i -  L: .  :^rcLion
)a 1) r ,- ' I '9(  -C, o) -S, F.Yis l : 'J  l r .n a \  9 i , - -  L.erd-o lv CiFdro

"t  
o1{1) establ ished a nunber oi  i :esonanccs at  th. l t :  enerrqv

region thruJ! lh the sarc : :eact j .o: l  i rh i fe Sick ang. l .c c last ic

. :a. l - l_,  i  . l : i ,a : l '  i^ . - - l  l -2 i '  i leY 3hc'r  a i :a:ar ian--  ] rc l ' i i , - j  a i

of  lhose cl_! i i i r rp ls.  Oi i r  a i : r i  n ja ! ,  to conpa!e reaci i ro! . -  ch.1Me1

da*;a to _Lhe efast- ic a1T11 inela: i t i -c oncs a1'  i_. |Le sar ic C. i ' l .

energies.

) t  )'  The tar:gel ,  used was a highly enr iched "- l1g l  Oolrg, /crn-

f  o i l  iu,hich l ie:n Lror iba!d, :d _,r i  th 
12( 4+'5+beans, 

The di . r :ec: ing

.  
-  

r  ;  1.  . . - r , r  . '  |  . - .  5rrr . - l

,  r , - . . i  - r  i ro ,  o o o '  -  o
I  cs Ui= rU 

'  J(r  
'  

rU 
' : lc

The detectro].  s r ,rere coverei  by r i l  f  o i l  s Lir ic] i  eDoLr. j l r  +:o stoi)
1)

l l r  6 l :cr  i -1. ,  c-? '  5t  
' : - loc

I l i {c i tat ioir  iur,cLicr- !s obtaine. i  ior c1 al .3 - ;

n- i l i . la< I  t ! .  m , i .<:r .  e l^LJ.  i , ,  I i .  1

Corr.c la!- l  e.  . . . . , i ies . r< Ise. . , , - . i  l t  r i -  ct . . - j . . : .  ;^""=12.3,

14.3 ane 14.3 i iClcat lng lhe existenae of  reso:r : rca9.

Andrr l ; r  d iq i r ibut ion neasuref tents obtained at

^^,^.2 ,

Thi i -  ccuLiL bc c.ruscd by Lhc lar tLr  i t i l , . r i i . ienc.  in-"ro, luc. . i  by

Li ,  ru t .s ' ' , ,  D , l ' r r  -nd.

Boskovic I is  I  j .+ru1-!- ,  Zagr. !b,  Yuooslavja

Cindro,  . t  . l  .  Phys- Lel : t .  84i l  1 i  l . r7 l r  )  55
-t^r . . . , / ,  l r  i \ '  . .o- t .u. i .^ . ,  Lon

+ I.l.

(1)  N.

(2) r i .
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10

Pesci1. t r . . .s art  thq leo *  14( 
: : . r , ,  "urr , , "

c-  Vourvopoufos,  D. Drake+, J.  D, t loses+, J.  C. pengl  .
N. Stein+ aud J.  sunier:+.

f f  l :esonances that. l rac obscrved jn l teavy ion
syJ; i :cr ls in L; te s-d shel l ,  . l re i j ]a lee(1 resonanccs in ihe
cor l rJ!n!  r , . . r : l : . : j  aul_r.J,  tNan one sLar l t id bc air le to exc: l !e
lhese re: j ( )natrces Lt i i j f iz ing c l i f fet :ent  entrance channer s.
-"Si  is  ot ,e of  t . ] , .  i :ew r ! ! r ( i ie i  t_h. t -  is  ar te4.rb. l  c to ssclr  6
stL,  l / .  :  ; / :  '  '  .  . .1 'uo -  ' "C . . . . r  cL
svstens- I 'arr :  both r ]n l r ; rna. .  s. . iqt .  < I . t r . re is ao car i l lere
corrLpl { . rn:- , i1 ;r . \ '  r r i . r  

'  ' fhc .r1 'r  i  t :h-:  - t  i - f . j ,  . . i  . l  
, rai  

l : , t : . . r t  : :1,  I_l :
Al '  t i : - . . ' :  . .  rL:  -  i  

:  
, ' t , , , '2u: ,g-

Air  exci  i .a i i jotr  f i | ,c i_ io.  r . ras ta ie!  (Fi- l  .1)  i . r  i :b. :  .u.rq).
i .J j  , ,  .  l :  . |  i :  .  . .  i  r . . , . . r  ro . . ! . .*c

ob:rcr \ /L:d jn |he r :xci t .1 i jo i t  { : , . rncl : jo ' r  of  the qrour jd state
alrd f i r$t  exciacd st f ,1:e oi  26l ig.  

l ,ot .  sevcfal  of  t t tese .rno-
rni : ! l . r ' res ar igular Ai  st tai- i r t r t ions i re:aar t . t l .e)1 r , . r t t  c l t  i r r :e i !1! i t  _

c.  1 'V.  "  -  l l  r .  
- ( . . :1n. ,

+ Los Ale:ros S. i i  ent i f  ic  Labcr"1torv,  los Alarnos ,  N.r-v,
I i .x ico
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searcl- ,  ic t r  Ee6ctctnce-t :  i ,n the 9Be+13c 
s!sten

X. Aslanoglou, c.  Vourvopoulos,  o,  eoiani i+,  E.  Holub+

D(E)
N
.- oi  (E)

A. al ,sol- i -  (orr i  laLion fLrnct io,r  of  t i .  -_ l

Excr la{ : ion funct ion c la la obtained for the
q 11 1n

r r r^1.o. '  -  .  r ' "O in Lr,e enerqy rangc of  -at := ' .4-  
I  ' . \

a i :  foLrr .  i i tgfes s l io.red many osci l lat ions of  the di : :eu€] lL ia1

closi i  secLior l  which could indicate the existence.of  reso -
nailccs i ir  thas sirsl:em. This year: l ie contpleted l_he i i l .r .r l ,sis
of  the CR'.a lo.Jking fcr  cort :e lat ions of  the ancrnal ies

airpear iD. i  in the indiv idual  cxcj tat ion curves.

' l11c aDso Lr- l !e dev: iat i_on iunct ton was used aF-
cr i . le iaoi  for  correlat ions of  the anomal ies hetw€-. :n indi-

v ic iual  excj . tat ion funct ion measurenenls,  def ined as

1=N

2

N (N-1 )

N
t

i>j

<ci(E) c j (E)> -  < c i (E)> < C-(E)>

r  i .cr '7rr l  ' - .c,  rr>1". ;61.-a.1r11..  112

t ! 'as also used r .hcre the jndices I  ancl  j  run over the N=g
exci taLion funci ioJrs measurenents and <C. (E)>r:pj .esent:s the
avctage oi  o.  (E) j -n ajr  enercj !7 interval  of  AE=3.5t ' : ;V ior  D(! : )
and AE=O.5 I leV for C( l t )  .

Rc,rh devi.rr ion and cot: l :elat i  on tuncti ons sl].r\ ,r
maxi l | la at  L l ,c errer3ies Efab=1O.O, 12.25, 16.A an. l  21 .5 (Fi9. l

f ih ich correspond to the naxi tnun correl . r t i .on of  lh. j  ancnafLes
bei ' r reen i  ndlv ic lual  neasnrerrLi :  rs.
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ener:gies

Thus ,  t i rere arc

of taesonances in

of  r l :  = 1o. o,  12.

straoig j  ndicat j  ons for  1\e

the 9Bc,+1 3C 
slrstein,  aL t5e

25, 16.O and 21.5 NeV.

+ "  Rudj  er eodko.r iJ I r r ! i t i tutc" ,  Zagreb ,  Yugo s lavia
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l :  : l

indt ! . . .4 ; iucl .e, ' ! ,  ae r ict  ior ,s

E. N. Cazis,  A.  C. Xenoul is,  P.  Kakanls,  A.

Bucurcscut*.

+
D. Parragioto ' - l

Ccinpc+- j  t ion bctvecn isopr:oduct cxi t  chdDn. ' ls : ,  sucir

as pr 3.i1d d, '  t : ,2r dn and i-;  and c\Dn and clcl,  prodrrci n.t the sarrr:

resi. j ' r :r i  nucl. ' ! : i  l ' !zrs bee!r ideoii f  i  ed arld r l le.LSrirer 'r i  rr se. 'er.n. '
1r -  1E- -O .J.  O ' . .  rc J nL a or-  rercLio ' ,s by CcL-- l  i  r 'J  :  . .  r '  .

w r / r  i  o.6 i r l  I lnhf  
-L:r-o;  

n1r l . i - l  c

1 ^ r  .L- .o o.  in the reacl iont  
12c--1c 

. ,  
I 'c , :

t l r  u

\ . ! ' !  s  ! : ra:r i l i red i is .1 f r i r lc i : io l1 of  bornbarding enalgy i rc i - \ . / , - . . - .  - i . r

an.1 3f-5 l1cv.  r t ( r r r : .spo:r . l  i  D!  l la!seta-Fcshbach calcrr l . l1{rr-sr  g:r17.

!c:r . : l_:s in vi : . , :_r '  good ar! laeement with er ip. . I in.ant.  
- .  

rr . . : . . . - .1iat

c i l . r i r :1. : l  corr ! i ! i t i . . rn ' , , r . i : - -  a.Lso rreasured in the reacl . ia,r , . .16Ot16,4,
) i , ,  26_ .1r^ ^ 

18 .J,  "o-  "o,  ' ' r - ' 'o  bnd'  . :  .1

$evcr: i r l  bonlre. 'a i i i  ant  en. , rg ies in the range b. t lveei  7- , .5 ano :4

I1eV.

The r .esul ts c)btained point  out  t l l r l  the isoproducl

channel  coinpei : i t ion depencls on the kind of  the nucler i  lar taci-
nr ' i  r r  fh.  , .  rLa h.hr-1.-  . - , .  . ,  : ( r  - rL.r

of l -hc f inal .  sta ' .e pa--o. i . ic ' :d.  Thesje data denons1-raLa. l  Lha+-

iqo,r ! , 'd i r . l  . . . rn:r  i t i^n . . rSt t tUtesr a Char: iCl jer : j .St jc nUclear

property the magnitud€r of which j .s al l le: lablc to rne. lsure|tent,

f t  is  a]-so concluded t-hat for  a praoper compErison b. ' - l . reen expe-

r i r ter la l  anC Lhecret icel  cLc: .s s-ct icJls . f  her. . ' j_- i r .  r .eeat ic i i i

the elr issiol l  o i  d and t  s jhou]d be expi ic i l ly  LakeD i i to acco!1nt,

At i ie is U| i  vtr :  s i ty

IFst  j  t ' r te f  or  Phys j  c is . inC l , r ' - i . j l . rar  ErgiJr . . r r .  j . r rq,  i l  r r ' i r .1:1.rqi '  j

+
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SLud! af  f  sa! !?t)dret t  Ci ;anneLs i " t  
7Li

I ,  J: . !ac. :  R€cc !  icr ,J

e. e.  nr_avant inos and A. C. Xenou-Lis

In a recent publ ical ion a mcthod for:  the study of

compet iL jon betwe. in e ' i i t  chat[)e1s, srr .eh as pn ar]d o or
p2nr dn and t ,  populat ing t l rc samerejr i . lual  nucleus in

heavy- ior1 react jons has becn propo="d1) .  Comiret i t ion belrneen

such cLa.nels v ia,c ineasuLed in sereral  16O alra 
lBo 

i r ,at , tc"al

reac!10ns -

In +-he preaarl+- sttd] '  +-he i l ] . .-39i_ig3.Licn h:s beel

farc' laaa al 'Li i . i t . luci]C leasr: ia;ta -", 'hlcl i  ha! 'c 3ci: l :  i i r :cir:r -,

s; t jng pai t : :Lci l lar_j{ : je. j  L/ i th rcspecl  l -o t -hejra reaci iou i re-

chilnisn. , l-n orCei to na:ie a siygicl i to..tc inve:; i : lg:: l-cn in 7Li

anduced r .acl , ions lhc aeact i .na'  Lr* t?, , ,  
t " .* tno,  71, i . '10g,

ar ld 'L i i " -Zn !7cre studi . -J n ' i lh beam crLergies al :ound 17.O

IlcV.

' lhe technique usod was thal-  cf  part icfe-ganna

coincidercc. Ganrr 'a-lays et:t i t ic. j  fron ]:he decay of resi. luaj

nucfei  by the pn or d anci  p2n,dn or t  exi l  channels \ , /et :e

neasured in coinclclence 'v/ i t-h pr:o'!c)ns, deule!:ons arld tratons

from the nass ident i f ied spectrur. .  A 18? ef f ic ient  ce] . i

detector q ' rs placed r t  9^ '  ang e ! . r i lh respecl  to the beam
(so. l id angfe dfry = 1.8 ster.)  ,  vhi le the part ic le dei :ect ion

systeni  consist :ng of  a AE-E tefescoDe (150 and 3OOO lx
th-ckr ess) \ .1s :Laccl  r t  I-  1ab-15" isol id ang-Le dap part ic le

Thc ral ic of  g3t ' r : - :a7 7i . ld5 1i t  cot l :c ia. : lae

rvi th chargeC part ic i -es represents a mcasure of  the rat io

between di f ferent ia l  e: !osr scct ions of  the corresponding

isoproaluct  channels.  Some resul ts of  Lhe measured rat ios
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1l

. r r ( r  c ivclr  in i l r , r  fo l l .o ' . , ' iD9 labfe,

l rr  c. , .d.r  to obtain th. j  : ra.r ]- i .c_r of angI. :  i . r jL:{ ' , j r . r |qd

cro: :  sa:cir j  crni  r  angr.r l  at  dr is i : r ibut i  on mcasLt. tcr l ie] ] l -s !rr : rre
' '  I  '1 " . t .

t i i l :e] l  fot  t i ta _ ' .e.ct_icns'LL-r  ' 'C arr .1 Li+ 'O. ' t 'hr  r r . j l . :  of  ihe

i . .  - . . .  l r t . . . ,  Cr-  - l  
o 

' ' ' ,

iD i i r . ' :c nr.r :1: :r l r  e] l .arnts an alnLsotaoial , '  arJ 1: i rar ) : i l r : io

(1.- i , ,  . , / . l i i . :  i : :_:  a:  l , . r r , (  L io l  of  l_he char:qeai  par: t ic1.  arr j ' .  . r r i i3

ol :- i : , . : r  r ' , ' : ' .1 .  . f j . , .  , r r , i , r la!  . i i : r : : . i -but iCl i i  tncasul: l rd fo.  t l r . ,  . i f , '  ; ieV

- l )
! '  r  . l  cJ i  .  - '1, . -  t r  idual  i , . rc lerusi  in thc reac' , i r ) r )
iL

|  : :  . i  .  . .  t ,  - ' . . ,1.  i .  |  . : . r : . . . . .  : .
- i al,

l rh ic l  t . .  r :c1;  1: !vc di f icrent i .a1 y ie l . i$ oi  p i r  dr)( l  . i  i ; :LL

charr | i r  i r i  . r r_ar r ' . , iL-  i ! ,c : raoir ic ihc ar! . .grr l  a] .  cor: fa lat io l  of  eaclL

c] ] , . r i , i ra .L rr l io. ,  r  r .  I  3 cor-rsr ic ie l . . rc i  scpar.r lc ly in o:r icr  i ( r  a) | . i r  i r r

L j ]L:  i . , . :  l ! ,  o i  . ' i r , , l , r  i r l i r t t ia l i i . , i f  c i ross sec+, io i rs .

i I )  , i .  2 \ :a i ibar i , r  the i ln l r l l -ar  col : reJai ior  r '1 i l  i '

p- :1! l  r :a:y i i r r , ,  r  - : j l i1 i : t \ '  coin.r i -d.r l rce rdi-e i . ) r_ i l r . :  :  =.r : - i i i , iL

' ' ( i ' r j ,  r r ,  )  ' : ; - .  I  : . . ! - ( rncl  ord.rr  pol \ rnornial  r , 'a:r  i : j t . i : , r . i.  ' / )
l . r  1.1r.  . r rpc, l : rn i r iL la l  poj l ) r is ,  1 l lc  rat io of  anlTle inLe:tr : . ' . t . .d

cr c: . | ]  r : !ctr i . i r r . j  is  rJ jvr . . r  by the fofnula:

" i  f  ($ )  .19
/-  '<)  Pn c c

'  r .9 t  c lo

;

l r i ) ! r  .  f  - - . -  ai ,c1 f  - .  a re i - l re :( tcoJTa' l  dcgiee - t - ,a.1 !  l r , , l i i  :_:  I  , i  .p] !  (1

Bi this !--r:o.r.dr.r l :c i t  viars l :crrr. l  t l r .r l :  i lo- .  , /ao- :5.614.1
l ) - |

I t  s i ror ld bc r ' '1.1r ' . ion.:( l  t lL;r-L j  rr  t . l l  j  s calc!1f . r t io!)  i t  j  . ,

ass'-r rcd lhat  thc react:Lon 
16o(7, , t , , , r , . )  21t ' ln 

f rs r .  rLt l .'  /a
c(,-- . , , r ,  i  nU r . t  (1rE-.  I  t .
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1ira l ' i "c i  o i :  
{ l l : ,  

l - t :ar : : : ta.a i r ! ra. . i l r r . r  a iorr t t jat , . . , -
j . r  ( /1, i , , - )  r . r . r . ' i lo i  o i  i l t . r  ( ) . - r t r i l ; . t r t j ( i i  l j . : i r re.r , r  : i  .or ' , . r . lLrrrr

c:  r i i r j r_. .1. i  . r l r i - l  i r l r : r  l ra)ssiLi  lLLy of  
7t- j  

C,:ulorr l ;  t ) j : . ' i . :  ! ,1)  a, t l

t1, , ,  J l l l ' . , , , ,  r ) ; . i -1r i r i . j  arc t l , i lar l_ LL i :hLl ] . :  i ) - , \ , . :s1: i r : r  j . .  j  a)rr .

. - i r  r_\ .  a l i . l fo, , i l : ,  l i l "  1{ ,  cazj  s,  P.  K.rk1rr i , . ,

I ) .  i '  ' , ,  ' \ . r ! ,cL . | ,L l  A.  i l .  P.drdgjL, i ( ,11,  i - i ryr j .  r . '  . . .
qa r  - rF, l  /  - i
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I I  ,  Ghl l l lA RAY SPECTRoScCPY

i l ig i i .  S?i1!  Stai : .  i i r  0d4 0:r  ixol , t ' ; , , : :

. I i rc 
Pdrpo-.r  ol  l l i is \ rork is , t jo stu. l ) '  .he l i igh r . lp: i .D st .1|c5

1
of tne ocld ca i roto.p€: u. i ; !1!  L j  a: i  a proicct ' j le and tbe

The i l lc lear reacl iong arc:

i2 1 41.- 'N* j  (  L i ,  2ny) ""Cr

b'i ' t i . (7r,i. , 2r,t ) 
55c,t

( )  1 F.1
' - i i i  ( r ,1,  2ni)  L, i .

' l i j ' .  ja l  l - ]  a: , . tc i  l :a i  t . r t - r  f i i t rc ' . ion. :  fe:ac i : i l la i i  for  i ,  l I

Lhl . .  '  . r i . . :  . . i

, t t  
r ,u= 

i9,  i8| f  i ,16, i . : ,11,1?, i . . , t :v

Then a y-y coinci .r lc l rc( i  el i ! .1: i r :ent-  t -ool . ,  place ic. : :  ihe 
f '21: j

(  . ! ,1, lL lYl  L,q reic1 .Lai : r .

Angular di5tr jbut ions l icr . r  tahen at  I  ar . i lcs:

oo, 3oo, 4oo; 5 5o , ic,o,9a( ' , i  i  oc ' ,  i . toc '

They were used to def i r re t1r . .  spins oi  l l ,e hiEl i  spir ,

sl :a ies oi  6 lG,r  o, 'd lhe Li fa: | : j r i i : : ;  o i :  l l leai  l , ) :  Lhe iJ.s l . l .  me' !ho. l .

Simi lar  l rork concer l ing th.  othei  i -uo r :eact jors js in

Pr. .Ogresis.

+, Ur jverasity of ICAl. l l l INl, a,.rcl Nllc "D€rn.rct i  tos"
:  L\  ,_:  i r r  .  '^  : . . .  : :
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S!j . ,c i . i i / , .  c .1". :  t j .L. .ct1 ' . ) i t . i : r . : " ; i . r , ; ' . . , t , ,a ' . i '1 ;1 r ,1 
l : : :2a

C, i .  ra l  .  do:  r  ' . l  o i  ,  A-r ' -  X.  r ,  .1. i . ,  P.  ' {  . \ '  r ' (  or  ro,  ,

G. .Aidr:Ltscp.u1o"r- i ,  P.A. Ass:L:r .  L!poul .o.- t t  ,  N. l t .  c, ,ng"s++

arrd 1, .  G. I l r r las

' i lh.r  leveis : ,u. l  c. l . rc i : i_crr . .gnat jc pt :cpcr. t jes oI ' "Zn

lrere st-u.l iel l  \ ' : ia sPeci roi i le' lry of pr.ompt y iays erir i  t  i-€rd in
11,

thc Jc.rct ion "-C_; (D, l l  y)  ""zn at  boinlrrrc l i r 'q cncrqiee

betr ' re. :n 5.o an.1 7.8 Mev.

. .  . . .  - .63-l r re re!ei  drr !  uecal i  : : i - . ia i . , i i3 ai  2, t1 I tere:  cair3ir  r i . :La i

i l ( ) . r  i . i i rq- lc r- . r  aY crrr . r ; r  . r rJ i r : i - , ; rs iLt , ,L: . , r .ur t : ,11. ' , ,Lr  
- ' ,d.  

t  r '

cojr ,a i : r 'derLce a: : l rer-rrrair t  ! .  t ' r 'e l l ' . ' , '  j i \ -c e):( r i . t : -_r  ! r t r i - ! r l i  L l r r  io ? ' !

iq( , !  i rnrc l , - ' , r ,  . r ) : i . r rv.r i i .

.  1\ l , r l l  j l . )1r  , , : r i j ; r i  r -a1- i . i . r  o i  ! r i l : r - . , '  . .1 .c i ra:"" ' t1et : i4

trar l  j . r lc i l t  : j ) .1 : t j - r r  . r . l  t - .arr l ] '  \ , . lues c i f  .11 1 l ]h.r  r l . lc l i : i  f  i ( rd

crc j  Larcl  star i , -  j r  i . iara dar ia i  j i r  j  na. l  i I r ) ! rL 3 j  r r . '  , : :  y-r 'ary al(r ' . r rar

disi l r ; ibut ior!  i iarasLlrcr i . . . : r"1i .s r , ' i ' " iJ l : i . r . : ic l  c l  t i l i ,  l l i t r r , . i . ' i r . . I 'Esi i l r . : . rh

lhcor )r  {or cci :r i ror-LnC 1r ' . ,a: l  ca, l  ra ' . -rc i i  o l ts .

Li l€- t i r i . -s i : ) l :  l : :_, !r I i '  f i l , r . '  cr : . i : i  1. .1.  i r  6lZr 
'qc;_t,  c, l . , ,a jr , , ;

f ror i  Dof 'pler.-s l ,  j . f  l -a 'Lic!r .rat ioi t  r .L. :alrr i r :ei , reDt9. iJ (oL) v.r iucs

for rLany t tansj t ior ,s 'v ; .1:e i i lso rrbtain. :d.

r  t ,  l i (n: i  .  l r , icr l  ' .  i .  c .  i ' , ,  / , i1,  r . .

+1 Univ. : is i t j '  of  foan!r j  na
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Stl"ucture af  l ,cD-Lt1i . t t1 Stc-, :c,  in 
94l1c

L, Adamidesr,  L.D. Skouras and 1! .C. Xenou. l . is

fn lhe prcsenl  st l idy t l tar  c lec.Lr.o.raqncl- ic propert ie: j

of  four lo, , i - ' ly ing ,  lorr 'spin stal : :esi  l r r  
!4 j"1o 

"er.e 
d. , tctni . l rcr l

ut i f  iz ing . ! i j - i i ,c i r .or l l t r  Ll  )  o:  I rrojrpi .  y ral :s c,r t i t  ted in lhe

r.-  rct icn -  l ' ,qr ,D-)  "  i  * (y)  . t t  , i .E an. i  5.O l . l . :1,r  ba,nLardinq.

e!ergjes.  i . lor : . :  sp.c i i ic . r l ly ,  n l r :1ng rai jos ot  t r .n ls i t ions

arid l i fct ' j . : : lcs ai f  exci iecl  s l i i i .e: i  i icr . : . la: ' .atar. i f ra-al  l i l  ar. ,gul i . ; :

d istr : ibut io.s and DSA neasur. j i .Jr ' - ts of  s lnglo y rays,

1' l i i :  expel i l r r . rrr  i  ; i : i  p.cl l ) . : r  L j  es ' r ' r {r I .  col ,rp.1r€r( i  wj. l - j !  the

prc. i j . i i icrrr . r t  L! . ; l  s l : | ] :1 l - l l l i r i . : i  . r l i ru lar  i . ' . : , , t i .  I i  i i ! . r  i : i1si :

c.r1. ! r lar . i .a i r  . ,  
9C'L- 

. , " , . r  i . i  a:r . r , . , . . r . t  a i . . . i  , . i r : i r  i . " ia)  v1. . . . : . r . - - r  i ) r i i . -
to l r . j  of  - ' t r io . r re coi t : j i .1cr€r i ]  lo b.  in t i r :  q! l / , .  or : i r : i t . r l  r r l l i l . :
+-h. l : r ' rc n. l r . f . r i i  aL. a j  . : i .  j  h:rr  . . l  . r iL! i  t  i - r : . : .  , : j l  or, , r  : j l t . i . . , tar .1 , /2,
!  ,  / ) ,  l ,  )  : '  t '  a

i lar. , 'a,  a-esr inard a ocSr: cc.r :c arrC i i . , i i r i  b.Jtar i l  i :1te t :or: i  v:r lcr le

praturr t  j .n 11,:  |1/1 . r , .L i  !o /? . r rb j ta ls .  . t , l t i  t . r l  . , : i la j : . re

n.r i t ro lc ucr.  t_csl : r . i . r . , . .1 1u lL j r  the u5/. ,  . , rJ s,r ,  or l ) : i i ;1.1, .

1 'he spect:ra obta: in.C f  rr i i !  t l_,e Luo c.1lci1 i i t  j  cr ls a: . r '  c. i : r  l ) r icd
witL,  e:{Pel : jnL. .nLai ,  I r .suiLF i t r  ! ' iq.1.  ! . ron ihe t ' , ro nioCels

empJ.ol 'ed thei  f i  rs i ,  I ) ro. l , r . . 's  bet i . r r  agr. . r€.r , rFt  wi- th c>:per i  eI ] :

orr  tLansi i i ( ) r - ]  rat 'es i rh j le the s j . rco}t i l  calcuiat iotr  (sree f ig.1)

car account ior  a l l  ' rha cbsaal ' ]eal  Ievels /1,  m.er:ge of  the Lf :o

nodel gpaces appear! i  'Lo bc th. :  i latur.- lL s 'L.rr : t inq poj i i :  for a

norc cxten.]ed calculat ion of  lba sLructut , .  of  
941.1o.
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i le. tsu?et i .n l :s af  l lL lL Ll . . :cL.  : : i r : i . r : !  R.t" ias i ,  124 
Tn

S. Papaioannou+ and C,A. Kaffas

The systernat j .c stuclv . I  t : . . .  2r t  -2 l '  t r insi t icn
of the 1: i : . iDsi i t ioual  cvei t -evcn t1, i . le1 i r i  the A:1tO recj ion
sho' . rs ; r  consjs ient  s lq i t  o i  thc I2 l i t1 ni ! jnq ra! io 6 o\ jera
a ! ' j .dc ranga of  nuclc i .  A suC. ier,  ch. l rge oi  th is s iqr l  occurs
! , thei)  going fro* N:83 tc N:.9C, 1,r  . l tLcr pt  i .s  madc iD t l l is
\"/olk 1:o corrclate tbe l_..thaviour. of the N..72, ?.tr nuclei with
the ol ]c of  the N=BB ,  90 nucl .e i  .

i i - : . , . : . . ,  . .o, . .or . '  
'  , , . ,  ' ' ' ,  ,n . , . - .

r .Lt jos or-  se\ . . : .a1 1. . . ;=(r ,1 t r :an.r i [ :Lol js i r ,  
124i , .  

h i ive b!eJr

str id i .d.

,  f t  th.r  aDgulal  acr iet . t - ion cxl . r . inents .  :e lL1)
dc1-eciro.;  an( l  a l ia (T) c11,st.r l  , . , ,arrc r .rseC . i l . l  Lhe Cata ,( , ! r  c
stor_ed 1n a Tl . i - -17OO nt.( .r i .  baaia. l  on .r  i iOVA coinp.. t t_(:r .  i , i ie i1e. '
duced A22 .rn(1 A j , i  coef i ic j  ents ! , . i . r i .e useai to determir)e r iul l  jpo- cl
n ix ing t :at ios r l td to assjgn spin vafues i t r  se.reral  en. ! r !y levels.

Further wor:k js in progress j r ,  12Bxn.

+ UniversiLy of  loannina
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i ]  1,  APPLlFD ATOI, I IC AIID NUCLEAR PHYS]CS

L' .  A ,  ( : ,  Stycl ics in Di iA . l td nn,q t t ' *  )

c. A. Kaffas,  n.  c.  s ider is l  s.  Elkateb) p.  I i
and trl- Kuhlrl ci n

l {art in

l lhe tecl-Lr: j  c lue of pertr . l rbed angular c.r t  rela--r  ois
of  y-rays l tas been u-qed i l l  a \ . ,ar iety of  studies oI  br ._c.Lcg j  cal
macronol-c.r les {1-5}.  I r ior . :nat jon otr  ta) la l jo l r ; l  cror-r . r . l  at  jor l

l in i i :s,  ccj) ! la j i i . ia l io l ta- l  t -ransf ot : i ia 'Lioirr  arr . i  a iol . t i_rt . l i : ,  L i  t i i , : : t , i [ - , : ,
nas beer-r  obtained f taot : l  thesc measurelnerr l is-  Recen+-IJ,  Vis el ,
a.L ia i  h.rvc rcpot i . r - .d stu. i i  es ol  DNA bet! /een l) ] t  vel  rre:r  b .1n.!. t r1r l
i j  l lsrrDq Ci i  as a la l )ef  .

I t r  . . l_1: l in : , iLuaLions i t  l tars beclr  s l ,cr , , i ,  i i , : r t ,  111L,

can be rrnacl  i r  p l . ice of  111ttcd 
rr i th - j -dent ical  r . ( . . : . r r  l1s - . .1,r_

I i l rel  i_arf31-t l ! t_ '  . : i :ar. j is . rrc b.r i r :9 invcstr ia.rc. l ,  : , i r , - i l r  . r5 . ; i i : l

datcc ' i : io i  of  cot) iorr :a i  jonal  t ra l ls fo] : l ] tat  j -o l ls ,  e lLcr.rr : : : ;  ! r r  i  ! re
r i iof  eculal_ roia ' . laJl . : t l  cor rel . : r t iot l  t ime si toulal  be i .c i l : .1 ao rn
thc neasureal pera|uLb3j j jon factors. f i . l l tat l terno!.  ar,  n.as.Jr| t l j f  lL i :s
of  the rot . r t ional l  correlat jon t jme, Tc,  caD be jnp.) f tant

for  the develcpnent of  dyn-r ical  no. lc1:1 of  b jotoqrc.-1L nicr .o-
nlc- lecules .  A1l.  j  sol  ancl  Schut-t  i  I  i  ha.7.-  t -ecent l  y Ce, j . l .op. j . l  a
mo.lel  of  Din-^- in rhich 1_orsi  onal nct iol ls carr accc,ntt  for-  th.
rather s jn lar l f  value of  r^ (28ns) obtaj .nccl  f r .om j luor.c:ssrrrce

dcpofar iza.r ion neasul :e inenis { t r i  The pI . rset lL ! , rct :k uas i r r i t iaLcd
in order lo evalLr.r te the l . ) t . l r t in l  ot  111l .  

ds i1 pr:obe for:
sr lch studies of  DNA.

^ngl l  
lata corr:e Lat j  oJl  neasrJre.,rants r , /c- l€,  pet: icraFed

o 
1+-hc 

113-24'? kev, t ransir j ionu - i r ' ,  
11iCa 

fol ior i : i i rg , !b. :  ( . lecay of
' ' ' fn.  Fir ,a l l ' rg of  " ' ln to Dl . iA could orr ly be achievecl  belol , ,
about Di1 = 3,O, l . , / l tere DNA is s ing1e gj t r :arded. At Lhis j  1o. . . r  pH
Lire Dl . jA ur jdeigces a ni j ld acr '_dic dir . ' r . i . iar ; i .c i l  dur i t r . , , . ' l r l : rc i )  evel j
the I . rs l :  ! . is j f ! r : ' l -  i t i , i l rog. :n br i ( is  l_. t f . , i : . r r  i :hc t i ra ch. i i i ts . . rc
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I i

brokcn au(]  thLrs t l ie Dt\rA t i io l , . rcul  es .rr :e in th.r  fot : i1 ot

s in.r le pclynucieot i ( ie cbairrs {1O }"

The results prescnted hel:e l rere obtaineC \ . / i t ' l l

t l1e coF.Fruter.-cont rol led atrqular corat:e lat ion app.rrat- . ! ts a t

Dernckr j  t .JS. Sat ' rp1..rs ( :onlaired 17O Ug of cal f  - thlai ls f l i , ._ i !

i - .  r ,  . i  n ,  N:.o,  : .c.  5 x 1o-4J,1 t r \  _(r) .  i . . . r11, .

l . r . !s .dd.r( i  . : r : ;  Ina. i . .  i .  d i  lute I lCt ,  the f  : i  l i1 l  i - - t j  l ) l j  r r( j

aci jusl- . i  1-()  2.8 ] ry lh l ]  ar ic l i . t ion of  1.- .1CiI .  The 
11i I , , . . ,n. '

cc i l t !aL. i .or i  i r r  j : i ] . .  sc l , r t - i .on r ! 'as less LhaD 5 x l f t -12 l i ,  L;r , r .

the rat i  o oa rr 'c . l  a.  conc.ntr i r t i  o l l  of  t_he mct i l l  over t ] r , - l

r r ro l .a i  coic( :nt i . t jcr l  of  DIA-( t r )  ! r 'ar j  c i  ih i -  or- .1.r .  of  1O-o.

7\L i :h- i : i  r :at  i . r  o:  c(r iceni  tat io l )s no ef  icc l  o i  t t . ta i ls t  i , rJ t i l .

s f  r l , -  j . l . i  t l ,  c f  +-1.  Dl t r_ hela;r  hrs bccn t . !cr . - . . ]  i1 1 i  t ] r

ar : la:  :c i l  . ,  i  . :  i_ j r t  I  j  i  i  : i i .  . . i : l - ! . . : t  of  a tn i :1.1 io i ,  o i t  Lr i i i , f  i l . i - i - i . ,1

C -  l \ ' ' l :  . '  d l* .

( r )

: ' ,{ .1)  j :  :  O. i ! ]O.Or ;  ! :o = ' t , " / tO-2 l t i tz i

l r \r: ,  larir- l  
+

r-_i z ad i l l

' r 'h ' - .  r . .csrrr" . i . : r  of  the theorct icaL i jL: ;  t . )
]  ( lnf .  . , , t ]  ( ] r )  ! )^_"4 r . : j r th no Culr ' ( lat i i  c . I - j

i  h.r  io l  l  ( ) : r  inn lablc:

(1,)  f  
-  

O.93:O.Ol ;  .Do = 6.

vrhcre f  is  thc f racl ior , '  c , f  11

Blo

1r, ,

,3 l i l i  2;  .c =

boi l ] r . i  Lo DNA,

{recju. j rrcy an al

(  - ) - i  12 l ts;
' . , - la

o is th.

si f  al  e st  c i l t  a '11.,- t  pc 1e i  n! !r :acI ion

c otr :c laLl- iot)  i i r l1e .

I ' ] -on t i rc c l iar , ! j .  o l  the val . ic  of  Tc i t  apre. i rs

th. : t  tha e: f . ic t  of  thc n. ta l  jon i .s to provlc ic l t igh, : r  r j ,
g idiL:y in i : i lc t t iA r . ic iec! l l .c,  ev..rn \"r i r . rn lhisr is j  s ir . rcr l  e st) :an.. le. l .

' ] 'hcac rae! i !11' .s j  a l :c i , ' r  I i .nc r  j . .h 

-  
l l t l rc:1. :s is .a l . . ,at_a,: : i l  . , . r , ;  ier

oD lha f3rrnat iot  cf  iutcrnolecufar col , i )era jo j r  bai . r -s Iot : r , .a: i

bct ! r ( : .n s i ig l . r  st .a ldeC Dt i . - ,  n.  iecu 1 ,  . .  1 i  ,  l ' ' .  . l  l r  e) . r )ec LcC

hjgh.r .  r ig ja l i ty  c i  t l r . r  in icrcar-rnec|ad Uj, t_r !  . j i l l . j l . ,  s i t . in{ l

l i r l r - l  a(-- i l ie sr  i t !  t l ,e l ) r 'a,s. . . t1a,{ :  c, f  Cr_'*  js : t  1 al . I r -ac. : : r r ! !  r r j l : l t  ( r i_r . . .

oJ)s! : r  V i l  I , j  ( ) .  r  ! ;  -
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The neasD|ad roi-di : ionaf coL]reiat ion t imes are

nuctr toc srrral i  i :o coiresl_r.r t r . l  i : ( r  the r :or.at i  or of  the , , ihol  e

r)NA rnolccrr le,  est inatecl  t -o bc at  lcdst  of  tbe or. ier  of  a

in i : l  I is . rcoird {11}.  Our , ' .ers! l ts can b. ,  e) ip la i r . . :C cj t i tcr  b l .
assuning tha1- t :he Indiu:n pfoi j . r  j : r  not  bound r iq i . l ly  to the

D-{r l  nclcculc,  o!  lJy al . l . . r r . r : -Lng s.gmcntal  f lexj i ) j  L j ty in thc

i) l l i r  i i : :s i : l t f  ,  ! r : i t l t  r_cl . , t l i . t t j .o l t  t : ' l : : .s cotnDar.r l i t le ta -Lhai of  the

t()r .s i ( )n: : l  i r ! ) i - iors : r . - r ! igestrr . l  l r : '  ALl isofr  an. l  Sch,rrr : .  Unt i I

rna-.re ig l inor ' l t  abotr+- l  nr l i ! i i r  l r i  na j  ng st ;  . .cs on I t I ! .A, , .hesc t \ ' ]C)

r-r1 : cir alnt !rutar cra't f, a i: Lia al i sr Li )tg..t i s]t ad .

] r  c)r_. l r r  tc,  ure- l  
' i  lL - , , t  t , . r^  r  , l  , r t  i t  nay t i rst

DC ncCe.rsi t i : ) :  iO ior i t . ,  a in j  r i  i  c i r laal  j  ;  j^1, cor: tp l  aj : :  , . ; i t i  ar i t  cai  s jub-

scrqucjr t lv  be bo,.rrLi l  r jP.rc i i jc i . r i ly  to t ) r . r r \ ,  1,hc,  no] 'e int . . r - .st ing

d.)ul ,  Lc-5.r1 i -r :  s1'5i1. '1 !r . rLr. l  d thrr l  l t .  ar i .n- i r l .  to FLC studi c. i
. ind t l_,c r : . -quf t : i  : i i t l r . i r r-ct i i l ) i ;  in t . l . r , is oi  di , r : i r : i icn1 i io.kr. .s

1. ' r ' .X.  l , . r i r . r : r , ,  . l  .J) .  B. t1: l r : r . : l t - , : , ic1r,r  a l ( l  l l . / , .  Slr : j  r ley,  t , t . r tur-
'  : , .o ,  (1973) 9._j7.

2.  l l .  I ] . ru.rr ,  l .  - i  i " . l : i  l . . r . :  .Lrd , : t .1.  Jolraf is. . ! r ,  ; : j i i , . j i i . i j  s i r r f  l5

3.

(19;a) _?3,r .

G.R. l r . r  i  l  Le,  i i . l ,ar lac,  D. i . l , iv€r: ;cy eiLd K. i t . i i l . . t . ,  ath.r i .
Phys. l , . t t ,  Or_,  1,979) 534.

P.I{ .  I ' idf  t i r r r  C.A.K: i l fas ar i i  j i .Slc. \ , ,  . i  .  ClLei ' r  ,  l ih l : r  .  €,9 (19j6)4-

195B.
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D o La..1:,.a, !,a_i.1.!!r-a L.!44]]!,, _q!1.--!..,:.r:,Lt e . ! -Lr .1.4.r t i . .  a |  : ; i . th1. .I '-:: i _- - :_i r__

i . "  j ' t  a1. .?t  L1iJ . . ) . \ i i lucL.. r ,  P.  tc i .  i .  o i j

A.  C. ] . -_oul  is  rnd a,  l ' : .  ao. lk-

The simu l t .L::reous detel-n j  n;r1:ior, of 1 4tt 
. , . , . ' l  1 5ti

contain€rd in biologj . : .11 sanples givcs the possibi l iLy to
studl 'b io logjc:r l  process,es i r j i : i t .  the ul t j_nate purpose to
inpr.cve condi t ions ; rnci  y ie ld oi :  crr . i t j .va{- ion.  Such d
sihru- l i :aneous eie;nenial  ara-Lvsls has been achieved ut i  i iz ino1t
the N{}, ,p-y)  ar : i j  ' - l , t  ( t ,o y)  nucl ,ea}.  leact ions at  4.- l
I \ leV bon,bat:dinq energy b] ,  neasuLjrg the th ic l :_tar:get y je lc i
of  ' .Le . .n j  i te i l  y  rays v/_i_i i r  energy 23i  2,9 -  anci  443r.1-
kcv ,  rcspecLi i  e l .y.  Tlre LorrLdi , i i l r_a cnel . ( jy  i . , -s . r i ioser)  ar i
4.-J i4ev on trhe evidence of  excj tat jon f r r i ,c i_ j . , r  neaj : .1rr . r : ' l . rn!s
i l  oral !r  Lo L: l l , . r  i ldvatrr l  r  jar .Jf  a srLrol tg re:rol ]alr lc i :  i I i  i_t .ra
cross sect ion of  Lhc,  '_ ' I  (p,p-y) r .eact tot  o l , \s.rvrd a: !  / - . rJ

i lev bonbaidinq energy. .Jth!:  future l rork i t - lvol . . .es ut i l iz i i . t - ron
of lhe rcsonancar for  quant j tat i l .e absolutc detcrmi: la l jorr  of14

N and also for  deplh dj .s!r . ibut ion measut:einet) ts of  et ther14
N or:  hydt ogen.

Dcpar:+-ntcnt  of  Soi ls and plantr  \ -u i r i l ion/NRC Denokt i tos
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iV ,  TI IEO!I ;T ICAI.  I lUCL[Ai ]  PI IYS J CS

The i : .cr i . :1: . ! !  . ' l  ! :1;e A!.r i ' : : . . :L: . t t . ) !  l r , , i t t lcr  
" io 

t r , : i ' r ta( . i . , . , j1

in N' i . : .L. ie af  (c i i ! : .1. . r1.  S.r ' t : | . i . r 'J

G. S. Anagr lo l r iatos

l  n a re{r( ' i r ' ,  L-ui j f  : i - . :aL j  . in 11 i  t i re georL.r i : r iy of  the quant i-

zat ion of  l l te orbi  Lal  ar l . juLan rro, I .nt ' . r f t  ( l  )  nncl  i ts  l ) r :o jec 'L ioD

tt i , ,_. . - . j  . : . .  r ' :  l i ,  r  l .  , . . , . . - i -

regular pi , ' j1h. 'dra,  ! /43 qi  i ' . '1.  Tn the l ) r :c,rs.rrr l  at{_-: ic le the qeo-

mctta)r of  ' . i r (r  qrer+, izai : l  or or '  l l rc j  ntralns:Lc anltulara l larr lant ' . ]m

(slr i r ,  ; )  an. ]  of  t l re- ,  to-- i , l  r , .  j  1,1 r  r , , rn- ; rL,  1 ( j )  ,  r r '  r - ( ] lat ior  t :c)

! ,LL- 5! !  r - ! r r  v

'  : :

i i ( ,1( i : r  o i  c.r | i_ ' . . , . i  : . , , t ' j ] , .  i  . i  i . . rc i r_r , i . : I  l ,o: js i l , , l i t  - ; l r ro: .J l t  . r , i ) l l l . . l j - . r

wlr ic l r  : i . i r l l . , j : . i , ,1) '  i i rc lud. :  tL in : ; . i , .  Lr)_.  ' , i ' l . i i r  -1 a.1:  rn- ; '  h.  1:ha

teesi- i rr  to!  |h.  i i : . : i ! '  l j , r i i , r_i i  . r j  '_ aiLr, jca:: : . i la j j  o i  | l - rc j  to l ' rar | i i5 ic ; i : ' . r ! : l  l

{2-3.1 .  1 'hc rn.)( i . r .1.  erLir l ( ) i ' l i  l l is! ,c t ,o.- : l 'h.r i l r . r  ta,  1: . i ) i ( rs.rDrJ d1'naF. j  c

avcr. . rge f  . , , . :nrer of  J.  be ! r r r . . l  c i r .  sh. , l  I  s ,  re s i ! r l  l i r , i . t  i  F +-be co:rect

j  "1. i ' .  i i i  c i i t  iar i r  oi  t l rc r , i . : : r  i  c i i l : rb.r  : . -  .

In l ig.  1,  veclor i l lustrr . . t io | rs for  the te iaLloishjps

bet l rcen the nragni tudes oi  t l r . r  or l i i  la l  (a)  ,  j  r l r : r  iMic (b) ,  and

tota] (c) angular r .cmcnl-al  i :nd Lh..r l r  z-compor-"cnls ( fcr the

p\.ml, le< sl ,o* '  I  arc nros, .oteci .  That is, the dir :ect ions of  Lhe

orbi taf ,  in{-ajr i r j . i . ( j ,  . rnC toLn1 alr .Jul :1r  nar,cr , ' -uf t  " ' (at ! - , :s are

ulrspeci f ied in lhe pol : r r .  . r i rg les r . ,  b| l t  f re ! i rer i f i !c l  in the

al )  . t  |  . t  )1 u,  l  iu Ll

V -cc)S ( l l lc /  rS {  S+ i l  l

s

mi -1

l

and

(1t '

(2)

(3)(rn, / '5--(- 
+iT )
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:1. .

Thc cu,: i i - rL i r :a i ion oi  . l i l : i : . . r : . i . . , r  of  i_1r. ,  ot .b i i ; l  t ln iJular

rnoir . l r+, . .n l1_l . t iyLtr  l ) ) ,  I tq.  ( ' j  )  js  : , l t j .  i  jn i . i . j .2 i r t  r : { : t . t . lor1 !o t i te
c.Jui l ibr : i r im L. . .c i r  i , i lp.-r . l l 'h . . , ( l r :n.  Or l \ ,  ihe (r . , ! .s( t . .1 ,2- , : ) , t ,  1r , . ,
a l l  rn,  ; r rd i  -5 c i r ) i ) ' for .nr , :5)  ( . f  int . ) l . rsrrJ : l i  th i : j  l rot :L to
facr i l i t .atc i i rar  a laJi toDa. l i r i i  L lcn c i  l l )e quant- t i ; : : i i . ia) ; )  cf  l :1 ie iD,ar. i !sr .c
ancl t (r i i l  . i r r iJ l ]1. i . ' -  t r i ( ,ner L:t  ;Lie i t rc Lt l je( i ,

/ ' .sr  sc. i ,  j i : r :or, ,  I ' : r  i j .2 {c) ,  Lh.,  i r , t . r l i  c

llr , -
$": : ' * ; : i '  

-  
sr ,"  t i t ' t : .2 i4)s-t / .

is  . i .d{rni : ical  ( i r r  any or. i . r  of  . r .cr i ] . .c l . )  1.r  , . t tc i tn.r  n . i , t 'q . i , ,a
?- i r  .  i \ Iso,  t l tc  .Jt . t . l  . l

r i  = - .1 / ,
s

t , -_, , , . ,  r  I , '  I  '5 i , , ' i .  ( i : ):= /  z

1s j . l  
- ,1 i : i . r i i  t  o . r . :  . r r ) .1- l . . r i  z l t  at : i :  i in.

,  f r r  i : l (J.  2 {a) . ( r l f  r .oL.r t  . r , l , r  l : r r  i  | ] l . j r lu:  r , , . . '  . ,  .1 .
5r l , . , r i . r  r_sr j I l i - i r i t  f r . j : , ,  i . ; t . r : i  . . r t : : r ( , , r  . :a i l re l : : , : r . t  t . :1. , ! , : , : t  i111.:  i : .
s t ) , ' rL v.r . : t . r ] r . i  i ;  (cor: t i r l : . r - r . , l  jn t l , .  r l  j  Jc i - i , , - r i r  - t -L L- !  

r , , l  f  i . -Lcrra( l
ar i ] r ' l : i f r i  r  c,ar,r | l l ( i l  fa)r :  i , ' l  l  c ; : i iar : r  51, . , - - . r , ,  e: ia:at i  7 )-) , /2 , , t \ . . - .1/2 )  a\ l
to or l) i la- l -  . rrr . j ' . r l . t ]_ t i larr t . . , -1Lrrrr  v.ct .o:r  i ,  a,1j :( , i . . r l ) -  splci i : l , l r '^  in Rci { .1 , l

I l  is  o j :  gre; i t  i i t r . ,  st  t i rL th. ,  I  r t l  r , .J j  ( : t  c.r  a l l
r r i . r lc car: ics aj i lo, . . ; : r1) h.rve 1:he c:ot ra,ar i  j  anci  r ,  ,  qui i i l .  L lrn nrt i t l :eLs as
]_cais j i r . - r i . : .1 <)n c. ,c l j  r :c1.- t . :d p.r i :  of  f  ig.2.  t , l l i r . ,  : l  s ,  atso l rue iot-
al . l  o i : l lcr :  c.Lses (r ,oLal l t  i : i r i r : i .y)  j ,oL s;h.) i . r . - r  j I  l ig.2/  bul
dcr ivc. l  f r ]ot f  i l ! ( ) : i ( )  sr l to\ , , . i : i  i , i  cer.rLraI  or .  p l i ! r . ,  l -cf lecLic i rs ! , ,h i ( l r

- loave t l le qLratnt jznLlon a): : is  (z-axis)  unclrar, : tccl .

A cotnnro, ' t  spjn or ienj :a, . ior ]  cxls-Li t  fu i :  ( -a. j l r  gL( t1,  . , t  j

\ , , 'h ich r :esul  ts f ro l  t - l re j  shor. , I l  i r  t : ' i .g.  2 . ( . rxceirL fc.  1-3/2 )  b. /
each oi  tLe . rbaYe r .ef fc.r j : ions.  Ti : .  dei_cr.nirr . i : ion ol .  s l , in
cr jar : r int io: i  jn ar l - i .  ot l ler-  carsas t : i : . j . r t : j  C: . .  ; t . j  , , . r : i !  j ( lu: . r i  . . f io i . i_ f l ) i l
c ; rc i r  : i  

,  . : . . r . ,  i . t_ r .he c;- lsr ' :  - , . - , j t /2t  1, . ) , .1/2,  - . , - j . , : j t  
. ! ; i  i i . j .2 ( i , )
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in cor ic, l l is jcD ,  t l t { r  l , . j , j  v .c iofr :  sho!. 'n i r1 i - j . t .2 ( ;J)-

( .1) ,  or '  1- i r . ) : ;e ' ! r l : ,Lr i r  car l  ] : r . i  dcter:n] in i i i  as ( l j : jauss!r . l  j r ' r  i l ic  t€r) i1. ,

( ian b.  
'1c.n 

as t l . .  .1 i f  iereD'r  o i . ient i . : - , f  j  c) i rs i  of :  i . i te or l ' , i : i : i ,  aIr i , r ,

and totr :r . - l  i i rgul i r-  r j rcmenl: :r  rra.c Loras i ! t  t l l tcc- 'al i ; . r ' : ,n: t i rc| : t r  s i- .ace,,

' i l ,u:r ,  i , : .  ! :  i : , : i r ,  t . l  iLr : i lJr  L.a,  1 ' )  - . :  I  ( f  f  i , . . .2,  \ .1. i , , '  , . '  - : ] , r i . .1. .1 i . .a

Io l . : j  . r : , i r i  a i r . ; ! -_1. . j  . r \ ' ( j ra i , . . :  i :or l i : is  of  I1u. : lcar s\ i , l  i r ;  j . r  t - l , . r  1 ' l rn i r - -
.v,ror l j '  ar ' :  i l ra : i i :or  Jr .  , l r ic  r roai ' r l  of  nr la: lc.1r strucr- . r : r  a i  ( . ; r r :  . : i .s i .  Jat t i j

a l r . -s: is l . , r  a l r i . r_, i . r  avcl_a!!r  i t i ) , . ion p. i i : t tcr . |s or 'p. i i :L: i . t ! . i r  i t r  f  i . l (1t l

of  ( : i : l t r_. .1 i t j ] l r i ! : i i  ]  J .  ] ;o.r :aa)\ , . i r ,  ' .he La: iLr l  is iJra{ sarr, iard l t . r ' . : r  tx;r  l t
help i : l , . r  . ,1.r ! . : l . r , r , . i  i  o i  n i r :nd. iur)  t i r . l  t l l . 'or t /  . ) i '  r ] . ,  , j t . r '  j . l

' i i . r ' . - . i , - r ,  
j i . .1:  a:r  r  L.  i : i i ia l_r  . , i  .eci i1.- i  i j i . ' i i r  . , r : r ; j ! .  .  i  i , i i r r r  i i . . ' l

" ! l io l iL i  c . j : ro-r l ,s - l  !a i  io the cortplete t i ]col1.  61 cI)stat1 sr+:rrrat ! t :e.

) ' i

i r  l

I2 j

I4 j

C.S. Ar. ,  r ( , : r j -ato: ,  l ,cLt .  Nlr( 'vo Ci inent()  ?-?. l19l f : \ )  ! , ( : ' l

C. i ; .  AD;r i r r ( ) ! i :at .s,  (1.n.  J.Phi 's.  51 (1913' t  , ; t : ! :

l l . f  l r ' . . i ]  l  r rar : rar i  r , l , : i  c  l lo! 'e. l  of  L l l ( r  Cl  ( ) : . i r , . . - :^r . :  I  t . . r : r l  ! : i  :

C.Jt i , : i  l r l i . ' io j t  l : , :  : i  : .pcl : t  Jal ' ( r ;

Ato; i l : . i in.ne' . t i  i .  23 !1911) 2A' l

i : ]  C.S, AnaEiro:r tatos,  S.  '1 'o ' . r l iatot ,  A. l iyr : i t : j i .s  a! :1,  . r .Y.r .p i -

+r:r- ic

0ud_ql1-pc l --,- !1t.t:l:l-1 -,it',1_!:ft* 99 l-1!11..._..!i l_!.:lll" 'l
s),rr,.:1l r iL_t::l j sol19lll l l i!_ll:)-cl,:: i (;,riLert::, ieIe).
Gr:. . . i i  At-on i  . i  l l r l ._,  rgy Coir ' , i - ! i  s s i  on D.t i la l  p, . i ror l  : /  9, /9 ;

At  o j r l i r r :ncrcrgj  i . , ,  3:  (1tEa))  6O.

.1.  Leech, 1. ' l . r r : l r .  caz.  41( ' l ! ! ,7)  8 i

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



-i:t

rf

<Nl 3
:1:i

..- i .-
:_ r,

I ' 7.:)i 
-\ ...'- ir.

\ -  I ' i- .-,1

i

.r.ll ll

" : ). . / |^
,<_' '_-  -  ' i  i r "

, /  \  
' ' -/ \)\ l

/ l)r I
|  ' . ' \ :
i ".r "-*---7 ci

\  / i

\ .1 '  1. .

-1
i

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



l9

g

n

s

-/l
'cJ

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



4O

i l i .p ct t . l . j .  L Pe"t i . :1.  t . 'a i t -1.

C.S.)-rr ln. ,sLatos

ID a rccent pubf icai- :Loi t  |1I  aD.1 tn. i  previotrs vroirk of

l :h is Anrr .a l .  R. i jor . i ,  Lher E€or1ci : ry of  1:he q,ranl jz i t t ion o: f

angulal i  i ianncnta i ; . , , , ] )  i : j  . l i \ ,c t - r -  J] , : r  . !  co|se. . ' | ] . r r ,c.-r  in ihe

picser) i  r , .Ork, a j i l , rLt i . .c!"rr)r  daiCi j  : t1:  j  orr  O E '" l tc i t . ta laDatLaleni,

part ic le nodcl  is  Plesentred t . l ;< ing l_he lp shej . l  a. j  an e>:anpfe.

1n I ' i9.1 ( i )  ihc qr i r : r , . i  2. . i+. :  j icn of  d i i .c i : io i t  cf  t l ia or.bi ta l

arrgular ]noni . jntun ior  f ,  " . - '1 (ccnsidetraal  as a conirJ-a] ] t .  of  r .o i ' ion)

is . l j .vcn j j l  r :eJ.r i ia)D 1o;, j  ocr: .n i r .a j r .or ,  Ih is Do. ly j tcalJaoD, : in c! lL.

l r :aniei .or  i  o:L t i lc  ' : r^ i iot  r ,h l .  - t  . t1 r .  . .  , :  : r lLr . - . ! . . i -  : . i t  l r i t iufc,

l_. i r rcseir i . : .  L j .3 ai-era: . . r  i ' , r r i i ) r ,  i . . , r l  iot_,rL oi  L j re i  ,  s l  c. l i .  / rs ae!r i ,

t l r ! -  Cl i r :€r . r i jOnsj  o: i  tha or! j i : i t l  ; r ! : l t i l : r j -  a.rala91,] :Ulr  t r r  thtaare SJr: :ce

arre exerr  of  sryf i I t : i ry pat!rs j  l . ;  l r :aJ1 t ] ,c vcrt ica: l  ar f  lhr : ,

pal l !h. i i r . i )1.  l11 i I j . t .  1 (b),  l i t r :  c} i rn1] : i  z i t r . jot- I  of  d i_rcct . i . - r j t  of

Lhe spj |  (col1! , j . iar : . t .1 ais: i  co; tst ; i j t l  of  j ro,a j -a)rr ,  e.q.  j i  s j - : . ia1'"as)

is I rL.se| ' .cd.

r l r  Fig.  1(c)  ar. ,C (d) t \ , . -  j= i /2,  rn, .=t /2 : . r rC .)_,3/2,  n.=.3/2
) ' )

are derir , ,ed appl] , t l t lJ i -he p.rr .a l  I  . )  l  03r:au.r  t  rr le l .J ihe ol 'b j i  r -al-

ar .gulal  n. . i la:n!a oi  J j9.1 (a) an.:r  to t_ l re srpi , t  cr  f  ig_1 (h) ln

f ig.  1(e) the case j -3/2,  r  . - .1 , / )  is  [  l rs.nled, l . .h.r- ]  th.  1/cclors

i  ancl  i  dc not c jot l ]c f ro:n t r r . - .  i  (d)  anci  .J .  .1r i -  j ,n.  oase

is der ivc,c i  j r r  re i . . ! . t i - ,n L(,  t l , .  i . r . . - . '  , . !u---  y icLi ,d 
' j ,  

" - , . / ' , l f i
beconre air .ar .etr i  short l_v.  f  l ! t . '1 ( f )  and t j )  d! :uLrrrstrr i te! i  1.L. :

expected total  J (OJJl1) lor  L i" 'o palr t : ic_1ee 
' r  

j  th in. l iv  j  d.ra1

.Lrgrr l . r  r .o- i tcr !  L:1 a"= a^!1 , t2.  1 i r  .1 s lmi l_ar.ra), ,  ! ' jg.  i  (5)  -  ( - i-  ' t  -1
dcino.r. j luaLr,r :r  ; . j1 (r) , ) . r( j , . ( : r j  io i :Ll  ar (U!._: j )  ior 1.r jo i  r  r  . t  r  \  i  . : l  Lr . r  l
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{ l l  ,  i2__3} :  S3..  r  ef  er_, : r i ! . , . - . :  ! . i1. i  ! i i : r i , : .  t r ' . i : r l )et : ! ;  j l  l i r .  } rL r jou: .
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