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Abstract A coupled channels c a l c u l a t i o n  o f  some high-1 ing posi t i v e  par- 
i t y  bands o f  t r i t o n  c l u s t e r  s ta tes  i n  "N based on a ''C core  i n  i t s  O+ 
ground s t a t e  and 2+(4.44 MeV) f i r s t  exc i ted  s t a t e  i s  presented. A com- 
par ison w i t h  the experímental data obtained from t r i t o n  t rans fe r  reac- 
t i o n s  onto "C and w i t h  a recent c o m p r e h e n s i v e  compi l a t i o n  o f  t h e  
proper t ies  o f  a l l  known s ta tes  i n  1 5 N  i s  made. The t r i t o n  c luster  s t ruc -  
t u re  i n  appears t o  be ver s i m i l a r  t o  t ha t  i n  the neighbouring nu- 
c l e i  "F, "O, "F, '$0 and "F, thus ruppor t ing  the h y p o t h e s  i s  t h a  t 
such c l u s t e r i n g  i s  a s tab le  f ea tu re  o f  t h i s  mass region. 

1. INTRODUCTION 

The ex 

c l e i  (up t o  A - 
is tence o f  alpha p a r t i c l e  c 

40) i s  now wide ly  accepted 

l u s t e r  s t ruc tu re  i n  l i g h t  nu- 

'. Many c a l c u l a t i o n s  have  

been madeZp3 which convincingly reproduce the mgasured v a l  ues  o f  t h e  

energies, electromagnetic moments, electromagnetic t r a n s i t i o n  strengths 

and alpha decay widths o f  the proposed alpha c l u s t e r  s t a t e s .  I n  ad- 

d i t i o n ,  recent work4 has pointed t o  the cont inu ing occurrence o f  alpha 

p a r t i c l e  c l u s t e r i n g  i n  heavy nuc le i ,  suggesting tha t  i t  probably per- 

s i s t s  across a very l a rge  p a r t  o f  the pe r i od i c  table.  

This observat ion immediately ra ises  the q u e s t i o n  o f  whether 

o ther  c l u s t e r  s t ruc tures  are  a l so  present i n  atomic nuc le i ,  and i f  so, 

t o  what extent .  I n  f a c t ,  there  i s  growing evidence t h a t  t r i t o n  and he- 

l i o n  c l u s t e r  s ta tes  are  not  on l y  present bu t  a l s o  a s t a b l e  f e a t u r e  

across q u i t e  an appreciable range o f  l i g h t  nuc le i .  Bands o f  these c lus-  

t e r  s ta tes  a re  s e l e c t i v e l y  exc i ted  i n  t r i t o n  and h e l i o n  t rans fe r  reac- 

t ions ,  d i sp lay  a ' r o t a t i o n a l  ' energy spectrum (sometimes staggered by 

the e f f e c t s  o f  non-central forces) and can exh ib i  t strong E1 inter-band 

t r a n s i t i o n s  because t h e i r  centres o f  mass and charge do not  coincide.  

Various t r i t o n  and h e l i o n  c l u s t e r  model ca l cu la t i ons  have been h igh l y  

successful i n  c o r r e l a t i n g  a wide range o f  these exper imental ly  deter-  
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mined properties in nuclei such as 7 ~ i ,  7 ~ e  5 ' 6 ,  17F, 170, 18F, ''0 and 
1 9 ~  297-11 

It is a particularly opportune moment to continue this sys- 

temat ic sequence of studies by re-examining the quest ion of 12c-tr i ton 

cluster states in 15N because on the theoretical side the local poten- 

tia1 cluster model of Buck, Daver and vary12 has recently been extended 

to include excited states of the core in a coupled channels formal ism13 

and on the experimental side Pilt14 has recently reviewed the triton 

transfer reaction data onto 12c and ~jzenber~-~elove'~ has updated her 

comprehensive tabulation of the properties of a1 1 known states in 15N. 

In this paper a coupled channels calculation of some high lying psitive 
parity bands of tri ton cluster states in 15N, based on a "C core in its 

+ 
0' ground state and i ts 2 (4.44 M ~ V )  f irst exci ted state, is presented 
and the results are compared with the aforementioned experimental data. 

2. THE BUCK-DOVER-VARY CLUSTER MODEL 

In its original form the cluster model o f  Buck, Dover and 

vary12 gave an effective cluster-core potential by folding thedensities 

of these two constituents with an effective nucleon-nucleon interaction. 

Both cluster and core were treated as inert, structureless entities and 

the relative motion of the two components das characterised by the prin- 

cipal quantum number N and the orbital angular momentum R. However , 
these latter quantities were restricted to correspond tothemicroscopic 

situation in which the cluster nucleons are completely excluded from 

the last major shell occupied by the core nucleons. For example, in the 

case of 12c-triton cluster states, this constraint would be written as 

(where n is the number of interior nodes, in the radial wave function) 

corresponding to the three cluster nucleons being placed in at leastthe 

(sd)-shell. In this way the major requirernents of the Paul i exclusion 

principle are satisfied. Energies and wave functions of the cluster 

states of interest can then be obtained by a numerical solution of the 

appropriate single channel single-particle Schrodinger equation and their 

properties computed for comparison with the available experimental dáta. 
i * 
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It was found t h a t  the  fo lded c lus ter- core  po ten t i a l  could be 

accurately and convenient ly  parametrised by a cosh po ten t i a l  V ( r )  g iven 

- 
V(r )  = = V o f ( 4  

r R 
cosh - + cosh - a a  

and t h i s  formwas subsequently used cons i s ten t l y  i n  studies o f  t r i t o n  

and h e l i o n  c l u s t e r i n g  i n  17F, 170, "F, ''0 and "F 7-11 . I n  a1 l these 

nuc le i  the  rad ius  parameter I j  was taken as 2.0 f m  and the di f fuseness 

parameter a as 1 .3 fm, w h i l s t  the  depth V. was chosen t o  g i ve  the t i n d -  

ing energy of one selected c l u s t e r  s t a t e  convincingly i d e n t i f i e d  by i t s  

st rong e x c i t a t i o n  i n  the appropr ia te  three-nucleon t rans fe r  reac t ion .  

For t r i t o n  and h e l i o n  c l u s t e r  s ta tes  a  s p i n - o r b i t  f o r ce  was 

found t o  be an important component o f  the c lus ter- core  interacti0n.Thi.s 

was w r i t t e n  i n  the usual Thomas form as 

v,, ( r )  = v SO [-q2 m,c [ ; lgl ]x . ;  
-+ 

where o i s  the  Pau l i  sp in  ma t r i x  f o r  the c l u s t e r  and a l l  other symbols 

have t h e i r  usual meaning. The depth o f  the s p i n - o r b i t  p o t e n t  i a 1  was 

taken as -2.5 MeV f o r  the N=6 bands o f  t r i  ton/hel ion  c l u s t e r  s t a  t e s  i n  

a l l  f i v e  nuc le i  mentioned above. This e q u a l i t y  o f  parameters f o r  such 

s i m i l a r  c lus ter- core  combinations i s  a  very s a t i s f y i n g  r e s u l t  and lends 

support t o  the  idea tha t  the  t r i t o n / h e l i o n  c l u s t e r  s t a t e s  i n  t h e s e  

neighbouring nuc le i  a re  indeed c lose l y  re la ted.  We sha l l  there fore  t r y  

t o  use these same values (R=2.0 fm ,  a=1.3 f m  and V =-2.5 MeV) t o  des- 
SO 

c r i b e  an N=6 band o f  t r i t o n  c l u s t e r  s ta tes  i n  1 5 ~ ,  leaving o n l y  t h e  

cen t ra l  po ten t i a l  depth V,, as a  t r u l y  f r e e  parameter, t o  be f i x e d  by the 

energy o f  one s t a t e  i n  t he  band. 

F i n a l l y  we note tha t  the c lus ter- core  Coulomb p o t e n t i a l  i s  

d e a l t  w i t h  by t r e a t i n g  the c l u s t e r  as a  p o i n t  charge and the  core as a  

un i fo rmly  charged sphere o f  radius Rc. A value o f  Rc = 3.0 f m  was found 

t o  be s a t i s f a c t o r y  f o r  the f i v e  cases mentioned above, and w i l l  be main- 

t a  ined f o r  the 12c core o f  the  present ca l cu la t i on .  
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3. THE COUPLED CHANNELS FORMALISM 

We fo l l ow  c lose l y  the treatment o f  Baldock e t  a213, where the 
+ 

coupled channels problem f o r  a 12c  core i n  i t s  O ground s t a t e  and 2' 

(4.44 MeV) f i r s t  exc i ted  s t a t e  i n te rac t i ng  w i t h  an i n e r t  alpha p a r t i c l e  

c l u s t e r  i s  discussed, and d e t a i l s  a re  given o f  a method o f  so lu t i on  f o r  

states w i  t h  energies below the c lus ter- core  separat ion e n e r g  y . These 

states a re  t r u l y  bound, w i t h  energies E< O .  Resonan t  s t a t e s ,  whose 

energies 1 i e  above the c lus ter- core  separat ion threshold (i .e. hav  i ng 

E >  0) can be t rea ted by the methods commonly employed i n  the c a l c u l a t i o n  

o f  i n e l a s t i c  ~ c a t t e r i n ~ ' ~ .  The present " C- t r  i ton case i s  exact l  y  anal- 

ogous t o  the "C-alpha case except t ha t  we must inc lude the addi t i o n a l  

compl i c a t i o n  of a c l u s t e r  sp in  (and the  associated sp in- o rb i t  fo rce)  i n  

the formal ism. 

The wave func t i on  f o r  a g iven t o t a l  angular momentum J (pro- 

j e c t  ion M) i s  w;i t t e n  as a sum over the channels i o f  a product o f  re-  

l a t i v e  r a d i a l  func t ions  and r e l a t i v e  a n g u l a r / i n t r i n s i c  func t ions  

where each channel 2 i s  def ined by the core sp in  L, an i n t e r m e d  i a t e  
-t 

angular momentum j (formed by coupl ing the r e l a t i v e  o r b i t a l  angular mo- i 
menturn J?, w i t h  the c l u s t e r  sp in  s (= 1/21 so tha t  ji = Ri@ s), i n te rna l  i 
energy e and any o ther  necessary quantum nurnbers. I n  equation (3.1) r i ;r 
i s  the magni tude and r the angular coordinates o f  the vector  ? between 

the centres o f  mass o f  c l u s t e r  and core, and 5 represents the  i n te rna l  

coordinates. The t o t a l  angular momentum 3 i s  formed by coupl ing the core 

sp in  Ti w i t h  the  intermediate angular momentum so tha t  3 = ? . @  j.. i z z 
S u b s t i t u t i o n o f  equation ( 3 . 1 )  i n t o  t h e  s i n g l e - p a r t i c l e  

~ c h r o d i n ~ e r  equation and p ro jec t i on  onto the channel s ta tes  y i e l ds ,  f o r  
-t each channel z, 

where v i s  the  reduced mass o f  the c lus te r - co re  system. The potent  
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mat r i x  i s  g iven by 

where the round brackets imply i n teg ra t i on  over a11 i n te rna l  coordinates 
2 -+ 

and over the  r e l a t i v e  angular coordinates r. The i n t e r a c t i o n  term v(r,S) 
contains a  spher ical  d i r e c t  term, a  quadrupole coupl ing term and a  c lus-  

t e r  sp in- o rb i t  term. Other terms such as a  core  sp in- o rb i t  f o r ce  o r  a  
-+ 

tensor i n t e r a c t i o n  invo lv ing  the two spins I< and S are  a1 lowed by par- 

i t y  and t ime reversal  invar iance considerat ions but  a re  expected t o  be 

small (from experience i n  neighbour ing nuc le i )  and w i  1 1  be ignored i n  

the fo l lowing.  
+ l t i s  assurned t h a t  the O ground s t a t e  and the  2' (4 .44  MeV) 

f i r s t  exci  ted s t a t e  o f  12c are  the f i r s t  two members o f  a  K' = 0' ro-  

t a t i o n a l  band, and the on ly  i n te rna l  coordinate required i s  the  o r i en -  
2 

t a t i o n  s o f  the symmetry ax is .  The po ten t i a l  may thus be w r i t t e n  

f o r  small deformations 

f o r  the rad ia l  pa r t  o f  

spher ical  d i r e c t  term, 

(where the usual d e r i v a t i v e  form has been taken 

the coupl ing p o t e n t i a l ) .  The g e o m e t r y  o f  the  

as we l l  as the c l u s t e r  ss in -órb i  t term were d i s -  

cussed i n  the l a s t  sect ion,  and the  choice o f  the numerical values o f  

the par-ameters V, and f3 w i  I 1  be deferred t o  the next sect ion.  

The cont r ibu t ions  t o  the po ten t i a l  ma t r i x  elements may now be 

w r i t t e n  as fo l lows.  For the monopole term 

For the quadrupole term 

1 '- 7 ( i ,Rk-~"k- I i  A A A A A A 

I . I  j . j  R.2 
z k z k z k  

1 x < Rio R  Q 120><Ii0.Tk0 120> ~ ( j  j R R  2  Z) W(I I j j ;23) k i k i k '  i k i k  
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For the c l u s t e r  sp in- o rb i t  term 

where 6 i s  the Kronecker de1 ta,  = J(2ailJ', < jlml j,m, 1 j,m, > 'is a m 
Clebsch-Gordan coe f f  i c i e n t  and ~(abcd;e f )  i s  a Racah coe f f  i c i e n t .  The 

po ten t i a l  ma t r i x  elements a re  given by the  sum o f  these l a s t  three ex- 

press ions 

4. CALCULATION AND DISCUSSION 

To ca l cu la te  the N=6 t r i t o n  c l u s t e r  s t a t e  spectrum and associ- 

ated wave func t ions  i n  ' 5 ~  we must f i x  the  parameters and V o .  The re-  

cen t l y  measured quadrupole moment o f  the 2+ (4.44 M ~ V )  s t a t e  i n  I 2 c  l 7  

indicates t h a t  should be negat lve and we s h a l l  use the value R=-0.22 

o f  Baldock e t  a213 here (even though i t  should be adjusted s l i g h t l y  t o  

a l l ow  f o r  our d i f f e r e n t  po ten t i a l  geometry) t o  keep the  number o f  v a r i -  

ab le  parameters to  a minimum. The o n l y  t r u l y  f r e e  parameter i s  then the 

depth o f  the  cen t ra l  po ten t i a l  which def ines the  energy o f  the  band head 

r e l a t i v e  t o  the 12c-tr i  ton breakup threshold i n  1 5 ~ ,  and must be chosen 

by reference t o  the experimental spectrum. 

It i s  expected tha t  ' * C - t r i t o n  c l u s t e r  states,  w i t h  the  core i n  

i t s  ground s ta te ,  should be s t rong l y  exc i ted  i n  h i g h  e n e r g y  t r i t o n  

t rans fe r  reac t ions  onto 12c. p i  1 t14 has recent l  y reviewed the  var ious 
1 + ava i l ab le  data o f  t h i s  type, and suggested the fo l l ow ing  candidates, 

(8.31 o r  9.051, (9.93 o r  10.07), :' (9.16), i' (13.17). g ( l O . 6 9 )  and 

y'(15.27) i n  a d d i t i o n  t o  the  speculat ion t h a t  the  mernber may have 

been seen near t o  19.5 MeV. The energies quoted here have been taken 

from ~jzenberg-selove15, and we note t h a t  t h a t  work labe ls  the s t a t e  a t  

187 
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3 9.93 MeV as . We sha l l  there fore  use these s ta tes  (w i th  t h  

co r rec t i on )  as a  guide t o  our choice o f  Vo. 

The suggest ion t h a t  the N=6 I 2 c - t r i  ton c1 us te r  s t a t e  
1 5  

should be located around 8-9 MeV i n  N i s  s u p p o r t e d  b y  a 

s  l a t t e r  

band head 

t r a c i n g  
1 9  

through o f  s i m i l a r  band heads from neighbouring nuc le i .  I n  F the N=6 
1 6  1 8  O- t r i t o n  band begiris w i t h  the ground s ta te

7
.  I n  F there  i s  an N=6 

1 5  
band viewed as a  1 inear combination o f  1 5 ~ -  ~e and O - t r i  ton w i t h  i t s  

1 8  1 5  
' head a t  2.5 MeV, wh i l e  i n  O the N=6 N- t r i t o n  band head i s  a t  5.0 

1 7  1 4  MeV ' O .  I n  O an  N=6 c - ~ H ~  band has i t s  head a t  6.8 MeV and a  
1 4  1 7  s i m i l a r  N- t r i t o n  band i n  O and a  ' 4 ~ - 3 ~ e  band i n  1 7 ~  both have 

t h e i r  heads a t  8.86 MeV ll. The proposed i d e n t i f i c a t i o n  o f  the fl = 6 
12 15 

C(O+ g.s.) + t r i t o n  band i n  N i s  there fore  cons is tent  wi t h  the view 

tha t  t h i s  c1 us ter  s t r u c t u r e  pe rs i s t s  throughout the mass range l5gACl9. 

The c l u s t e r  s ta tes  based on an exc i ted  core are  not  expectedto 

be so s t rong ly  populated i n  t r ans fe r ,  although there i s  some hope tha t  
18- 2 0  

they might be seen i n  resonant p a r t i c l e  spectroscopy experiments 
1 5  1 2  w i t h  excitec! N nuc le i  breaking up i n t o  C and t r i  t o n  f r a g m e n t s  

whose e x c i t a t i o n  energies can be determined. At the present t ime the 
TT 

on ly  recourse open t o  us i s  t o  compare our predicted J values and ex- 

c i t a t i o n  energies w i t h  the  tabu la t i on  o f  Ajzenberg-Selove i n  the hope 

tha t  enough coincidences w i l l  a c t  as an incent ive  t o  exper imenta l is ts  

t o  t r y  and l oca te  them more d e f i n i t i v e l y .  

Based on these considerat ions,  we there fore  adopt a  value o f  

V ,  = -99.5 MeV f o r  the  depth o f  the  cent ra l  p o t e n t i a l .  The r e s u l t i n g  

energies ca lcu la ted i n  the  coupled channels formalism o f  a11 the  c lus-  

t e r  s ta tes  l y i n g  below the 1 2 c - t r i t o n  separat ion energy i n  l5 N (14.85 

M ~ V )  a r e  shown i n  t ab le  1 ,  together w i t h  the predominant values o f  the 

c lus ter- core  r e l a t i v e  o r b i  t a l  angular momentum R, the i n t e r m e d  i a t e  

angular momentum j and the core sp in  I .  The mix ing o f  s ta tes  w i t h  equal 

J but  d i f f e r e n t  R, j o r  I i s  no t  general l y  very great  (except when two 

s ta tes  a re  acc iden ta l l  y  near l  y  degenerate) and so the values o f  these 

quantum numbers (and a1 so the  number o f  i n t e r i o r  rad ia l  nodes n) can. be 

e a s i l y  checked against  the  corresponding s i n g l e  channel ca l cu la t i on .  

These and the higher l y i n g  s t a t e  energies a re  shown i n  f i g u r e  1 as a  

func t  ion o f  ~J (J+ I ) .  
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Table 1 - I 2 c - t r i t o n  bound s t a t e  spectrum 

9+ 2 5 2+ 14.21 14.16 14.09 

1 The angular momentum coupl ing scheme i s  j = II 8 s ( =  2) and J = I @ j 

EpER - pe r tu rba t i ve  ca l cu la t i on ,  Ecc - coupl ed channel s ca  1 c u  1 a t i on  , 
EEXp - exper iment. 

Six bands o f  s ta tes  are  produced corresponding t o  a11 the pos- 

s i b l e  coupl ings of  the  core sp in  o f  O and 2, and they are  label  led by 

(twice) t he  angular momenta o f  t he  i n i t i a l  and f i n a l  statas i n  each of  

them. The staggering produced by the spin- orbi  t force i s  c1  e a r l y  v i s -  

i b le ,  but  the ef fects o f  t h e  t e n s o r  f o r c e s  a s s o c i a t e d  w i t h  t h e  

quadrupole deformation are a l so  important and g i ve  r i s e  to  i r r e g u l  a r  
+ 

dev ia t ions from the we l l  known x .  I spl  i t t i n g  pat tern.  The phenomenon 

o f  band crossing i s  a l so  present, wi t h  the higher members ( 2 ~ =  11 , l5, l7) 

of  the  second band appearing i n  o r  as a cont inuat ion o f  the  lowest l y i n g  

band . 
Figure 1 shows tha t  the energies o f  f i v e  o f  the f i r s t  s i x  mem- 
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Fig.1 - The energies o f  the members o f  the  N = 6  bands o f  
l Z C - t r i t o n  c l u s t e r  s ta tes  i n  I 5 N  as c a l c u l a t e d  i n  the 
coupled channels formal ism as a f unc t i on  o f  4 ~ ( ~ + 1 )  ( f u l l  
c i r c l e s )  . Correspond ing experimental candidates a re  marked 
by crosses. 
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1 2  + 
bers o f  the C(0 g.s.)+tr i  ton band a re  excel l e n t l  y  reproduced i n  the 

9+ 1 rnodel . The exception i s  t$e 7 s t a t e  (I=0, R=4 8 s = ~ ) .  However, we note 
9 9+ t ha t  i n  addi t i o n  t o  the T s t a t e  a t  10.69 MeV a  second s t a t e  a t  12.55 

12 
MeV i s  a l so  s t rong l y  exc i ted  i n  the  ~ ( ~ ~ i , a )  "N e x p e r i m e n t s  of 

Tserruya e t  az2'  and Z e l l e r  e t  a122. This suggests t h a t  the two states 

may be shar ing the c l u s t e r  st rength,  and we see t h a t  o u r  p r e d i c t e d  

energy f i t s  t h e i r  cent ro id  q u i t e  c l ose l y .  
1 2  

F ive  o ther  c l u s t e r  s ta tes  a re  ca lcu la ted below the C- t r i t o n  
1 5  

separat ion energy i n  N, and the tabu la t i on  o f  Ajzenberg - Se love  sug- 

gests counterparts fo r  th ree o f  them (marked by crosses i n  f i g u r e  1 ) .  

C lear ly ,  i t  would be h igh l y  des i rab le  t o  have d a t a  on t r i  t o n  decay 

widths and electromagnetic t r a n s i t i o n s  between the c l  us  t e r  s t a t e s  t o  

t e s t  the model more r igorous l  y, bu t  no such measurements appear t o  have 

been made. This i s  unfor tunate s ince the I 2 c - a l p h a  c a l c u l a t i o n  o f  

Baldock e t  aZ shows tha t  the rea l  power o f  the coupled channels calcu- 

l a t i o n  l i e s  i n  the improved wave func t ions  and widths i t  produces. I t  

would be p a r t i c u l a r l y  g r a t i f y i n g  t o  observe the strong E l  i n t e r - b a n d  

t r a n s i t i o n s  and the l a rge  t r i t o n  decay widths which are  expected t o  be 

the unmistakable s ignatures o f  these s ta tes .  We can on l y  hope tha t  ex- 

per imenta l is ts  w i l l  be st imulated t o  look  f o r  more t r i t o n  c l u s t e r  states 

and measure add i t i ona l  p roper t ies  i n  view o f  the  suggestiveness o f  the 

rnodel p red ic t ions  so f a r .  

I t  i s  i n te res t i ng  t o  note tha t  i n  the present case, where on l y  

energies a re  tested,  a  pertur,bative c a l c u l a t i o n  based on a  s i n g l e  chan- 

nel approachZ3 i s  equal l y  sa t i s fac to ry .  By so l v i ng  the s i n g l e  channel 

s i n g l e - p a r t i c l  e  Schrodinger equation wi t h  the  monopole p o t e n  t i a  1 o f  

equation (3.5) (w i th  V, = -99.5 MeV, R = 2.0 f m  and a = 1.3 fm) f o r  R =  

= 0,2,4 and 6 (and 3,2,1 and O i n t e r i o r  r a d i a l  nodes respect ive l  y), then 

using the r e s u l r i n g  wave func t ions  t o  ca l cu la te  ma t r i x  elements o f  the  

quadrupole and sp in- orb i  t po ten t i a l s  o f  equations (3.6) and (3.7) and 

diagonal i z i n g  the resu l  t i n g  mat r ix ,  c lose agreemerit w i t h  the coupled 

channels energies i s  obtained. The r e s u l t s  f o r  the bound s t a t e  energies 

i n  t h i s  f i r s t  order pe r tu rba t i ve  approach a re  shown i n  t ab le  1 ,  where 

the l a rges t  discrepancy w i t h  the coupled channels c a l c u l a t i o n  i s  seen 

t o  be 0.07 MeV, and i s  usua l l y  less (-0.02-0.03 MeV). 
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The model can, o f  course, generate higher bands o f  c l u s t e r  

states corresponding t o  values o f  N =.7,8, ... etc .  The negat ive p a r i t y  

N = 7 band i s  expected t o  have i t s  band head around 15-16 MeV i n  1 5 ~ ,  

but the c u r r e n t l y  ava i l ab le  data a re  too sparse t o  seek corresponding 

experimental candidates i n  t ha t  region. I n  add i t ion ,  m i  r r o r  1 2 ~ - 3 ~ e  

c l u s t e r  s ta tes  a re  expected i n  150, bu t  again there i s  no t  enough ex- 

perimental evidence t o  conv inc ing ly  i d e n t i f y  them. 

5. CONCLUSION 

We have presented a coupled channels c a l  c u l  a t  i o n  o f  t r  i t o n  
1 5  12 + 

c l u s t e r  s ta tes  i n  N based on a C core i n  i t s  O+ ground and 2 (4.44 

MeV) f i r s t  exc i ted  s ta tes .  By using the same po ten t i a l  g e o m e t r y  (and  

parameters) as f o r  t r i  ton/hel ion  c l u s t e r  s ta tes  i n  neighbouring nuc le i  , 
and a 12c deformation parameter cons is ten t  w i t h  the quadrupole moment 

o f  the 2+ (4.44 M ~ V )  s ta te ,  so tha t  on ly  the cen t ra l  po ten t i a l  depth V 0  

was a t r u l y  f r e e  parameter, we have been ab le  t o  reproduce the  energies 

o f  the best known experimental t r i  ton c l u s t e r  s t a t e  candidates i n  1 5 ~  

very w e l l .  We p red i c t  f i v e  add i t i ona l  bands o f  p o s i t i v e  p a r i t y  t r i t o n  

c l u s t e r  s ta tes  which might be accessib le t o  experiment through resonant 

p a r t i c l e  spectroscopy. We s t rong l y  urge experimenta,lists t o  undertake a 

systematic study o f  the nuc le i  w i t h  masses 1 5 6  A É 19 t o  i n v e s t i g a t e  

t r i t o n / h e l  ion  c l u s t e r  s t ruc tu re  across these n u c l  e i  and t o  t r y  and 

measure electromagnetic p roper t ies  and, i f  p o s s i b l e , t r i t o n / h e l i o n  decay 

widths o f  the suggested c l u s t e r  s ta tes  t o  confirrn t ha t  c l ose l y  re la ted  

s ta tes  e x h i b i t i n g  t h i s  s t r u c t u r e  e x i s t  throughout t h i s  mass region. 

I would l i k e  t o  thank D r .  R.A.Baldock f o r  sending me a copy o f  

h i s  code CCBOUND. 
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Resumo 

E apresentado um cá1 culo,  usando o formal i s m  de canais aco- 
plados, de algumas bandas de estados de ' c l u s t e r '  de t r í t i o  com energias 
elevadas e paridade p s i  t i v a  em 1 5 ~ .  Estas bandas são constru idas em c i -  
ma de um caroço de ' C que se encontra no estado fundamental, O', ou no 
pr imei ro  estado excitado, 2' (4.44 M ~ v ) .  f e i t a  uma comparação en t re  o 
cá l cu lo  e os dados experimentais ob t idos  em reações de t rans ferênc ia  de 
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t r i t i o  para um a l v o  de ' ' C  e também com uma recen te  compi lação abrangen- 
t e  das propr iedades de todos os estados conhecidos em I 5 N .  A e s t r u t u r a  
dos estados de ' c l u s t e r l  de t r í t i o  em "N a resen ta  uma grande semelhan- 
$a ã mesma e s t r u t u r a  nos nGcleos v i z i n h o s  "F, "O, '*F, "0 e l 9  F, Por- 
t a n t o  apoiando a h ipõ tese  de que e s t e  6 um fenômeno e s t i v e 1  n e s  t a  r e -  
g i ã o  de  massa. 


