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A method previously employed to determine the binding energy of a three particle system using the Fad- 
deev equations is extended to calculate the bound state wave function. It is applied to the three-nucleon 
bound state and as result the Coulomb energy and the S'-state probability are calculated using local cen- 
tral Yukawa type interactions. 

In a recen t  paper  [1] we descr ibed  a s imple  
method to compute exactly the binding energy of 
the ground state of a three  par t i c le  sys tem within 
the f ramework  of the Faddeev equations.  We used 
the method to study the t r i ton  with cen t r a l  Yukawa- 
type in te rac t ions  in both the s inglet  and t r ip le t  
channels  of the two-par t i c le  sector .  The effect of 
a repuls ion  in these  channels  was also considered.  
As a r e su l t  we obtained a reasonable  agreement  
with exper iment .  

However, up to now nothing has been said in 
this  method about the cor responding  t h r e e - p a r t i -  
cle bound-s ta le  wave function which can be used 
to compute among others ,  the Coulomb energy 
in f i r s t  o rde r  pe r tu rba t ion  theory and the S ' -  
s tate  probabi l i ty .  We shall  now show that the 
method of ref.  [1] i s  also well  sui ted for the de- 
t e rmina t ion  of the bound-s ta te  wave function. 

Adopting the same notation as in ref.  [1] the 
reduced Faddeev equat ions can formal ly  be r e -  
p resen ted  in the form 

F(s) = Fo(s) - kK(s)F(s)  (1) 

Here  the p a r a m e t e r  X has been added for con-  
venience  and it  should be taken to be equal to 
one in o rder  to get the Faddeev equations.  As 
descr ibed  in ref.  [1] the solution of eq. (1) can 
be wr i t ten  at a given energy s as 

B~(s) 
F(s) = ~ xot(s)_ X + R(X,s) (2) 

where R(X,s) is  a meromorph ic  function of ~. as 
a r e su l t  of the compac tness  of the ke rne l  K. 
F u r t h e r m o r e  If we suppose that ko(S ) i s  the 
sma l l e s t  e igenvalue of the cor responding  homo-  
geneous equation the binding energy s o of the 
ground state  i s  given by the value of s for which 

ko(S ) = 1. This value can s imply be obtained as 
shown in ref.  [1] f rom the condition 

Fn+ l (So) 
lira - 1 (3) 
n - .  ~o Fn (So) 

where F are  the coeff icients  of the Neumann 
s e r i e s  snlut ion of eq. (1). 

Having found the binding energy s o we are  
now able to de te rmine  the cor responding  bound- 
s tate  wave function in the following way. Note ~ 
f rom eq. (2) that nea r  s = s o we may wri te  for F 

Bo(So) (4) 
F(s) 

( s -  So).( dko( S )/ ds) s :So 

As a r e su l t  of this  we shal l  get a pole in the full 
T - m a t r i x  at the por i t ion  s = s o. The res idue  A of 
this  pole can now s imply  be expressed  in t e r m s  
of the only unknown function B o. 

On other hand A can also be re la ted  in a wello 
known way to the cor responding  t h r e e - p a r t i c l  e 
bound state  wave function g/t as follows 

A -- c o n s t  - So)<Pq l t>" (S) 

Here we have only exhibited the dependence on the 
re la t ive  momen ta  p and q and the label  $ which 
s tands  for the quantum numbe r s  of spin and i so-  
spin. F r o m  eq. (5) we see that in o rde r  to de te r -  
mine  ~ t  we have to calcula te  the res idue  A or 
equivalent ly  the res idue  Bo(So) in eq. (2). One 
eas i ly  convinces  oneself  that in view of eq. (2) B o 
can be found by 

Bo(So)-- lira Fn(So). (6) 
n -.* oo 

So assuming  that the set  of F n ' s  converges  r a -  
pidly enough which is  actually so in the case  con- 
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s i d e r e d ,  we have a p rac t i ca l  way for computing 
the bound state wave function ~Pt(P,q, fl) --- 

Following the ana lys i s  of Schiff [2] we make 
the following s y m m e t r y  decomposit ion.  

~O t (P, q ,fl ) = (7) 

= •o(fl)u(p, q) + [ , l ( f l ) v 2 ( p , q )  - ,2(fl)Vl(p,q) ] 

where  ~o(fl) i s  completely  a n t i - s y m m e t r i c  and 
~1 (~)' 92 (fl) a re  s y m m e t r i c  and ant i-  symmet r i c  
r e spec t ive ly  for in t e r - change  of the pa r t i c l e s  
2 and 3. The second t e r m  on the r ight  hand side 
of eq. (7) co r r e sponds  to the state of mixed sym-  
m e t r y  (S ' -s ta te)  and the other one is  the "dom- 
inant"  S-s ta te .  The numer i ca l l y  obtained va lues  
of ~ t  and s o u  I v 2 a n d v l ,  were fit ted to funct ions 
with s imple  analyt ic  s t ruc tu re  as suggested in 
ref. [2]. 

Cons ide r  f i r s t ly  the S-state .  F i t s  were made 
with the Irving and Gauss ian  type wave funct ions 

l ( p , q )  = A [ 1  + B ( p  2 + q2)]-~ (8) 

G(p, q) = A ' exp  [ - B ' ( p  2 + q2)] 

where  the f i r s t  one is  found to be the bes t  one 
(×2 < 1%). The r e su l t  for the Coulomb energy 
a re  given in table 1. The exper imen ta l  value as 
well  as those obtained by seve ra l  authors us ing  
separab le  type potent ia ls  are  also included in the 
table for compar i son .  For  local  potent ia ls  the 
only r e s u l t s  avai lable  at this  moment  are  those 
r e su l t i ng  f rom var ia t iona l  ca lcu la t ions  [3] which 
suggest  that there  could be a charge a symmet ry  
in the two-nucleon in te rac t ion  because  of the 
r a t h e r  big d i sc repancy  they found with the ex- 
p e r i m e n t a l  value [4]. Our r e su l t  does not allow 
a l ready a definite conclus ion  concern ing  the 
charge  dependence of nucleon forces  but gives 
an indicat ion that the re  may be no problem.  As 
one can see f rom the r e su l t s  of table 1 the inc lu-  
s ion of a repu ls ion  in  the s inglet  in te rac t ion  i s  of 
cons ide rab le  impor tance  not only for the binding 
energy but also for the Coulomb-energy ,  while 
in t roduc ing  repu ls ion  in the t r ip le t  in te rac t ion  
does not have any effect at all  on the Coulomb- 
energy.  

To compute the S ' - s t a t e  probabi l i ty  PS '  we 
used  wave funct ions of the Gauss ian  type. It 
t u rned  out that they are  not appropr ia te  to obtain 
r ea sonab l e  f i ts  with it  and as a consequence  the 
co r re spond ing  S ' - s t a t e  probabi l i ty  conta ins  a 

Table 1 
3H binding energies (MeV) and results for the Coulomb 

energy E o (MeV). 

B(3H) E c Ref. 

11.1 0.79 5 

9.1 0.68 5 

8.7 0.73 6 

12.1 0.85 1 and present 
calculation 

8.4 0.72 1 and present 
calculation 

8.3 0.72 1 and present 
calculation 

8.48 0.764 Exp. 

la rge  uncer ta in ty .  The r e su l t s  of this ca lcu la -  
t ion give P S '  ~ 2% which is  roughly in agree-  
ment  with 6ther authors.  

We conclude that the inc lus ion  of a repuls ive  
t e r m  in the s inglet  in te rac t ion  is  impor tan t  in 
order  to obtain reasonab le  ag reement  with ex- 
p e r i m e n t  both for the binding energy and the 
ground state  wave function. 

This  inves t igat ion is  pa r t  of the r e s e a r c h  
p r og r a m of the "Stichting voor Fundamentaa l  
Onderzoek der  Mater ie"  and was made poss ib le  
by f inancia l  supported f rom the "Neder landse 
Organisa i ie  voor Zuiver  Wetenschappel i jk  Onder- 
zoek ' .  We are  grea t ly  indebted for the computa-  
t ional  fac i l i t ies  offered by the "Stichting voor 
Fundamentee l  Onderzoek der  Mater ie  ~ at the 
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R e f e r e n c e s  
1. R.A. Malfliet and J. A. Tjon, Nucl. Phys. A 127 

(1969) 161. 
2. L.I. Schiff, Phys. Rev. 133 (1963) B 802. 
3. B. Davies, Nucl. Phys. A 103 (1967) 165. 

L. M. Delves and J.M. Blatt, Nucl. Phys. A 98 
(1967) 5O3. 

4. K. Okamoto, Phys. Letters 11 (1964) 150. 
K. Okamoto and C. Lucas, NucL Phys. B 2 (1967) 
347. 

5. A.C. Phillips, Phys. Rev. 145 (1967) 733. 
6. A.I. Jaffe and A. S. Reiner, Phys. Letters 26B (1968) 

719. 

* * * * *  

392 


