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We present a convenient analytical parametrization, in both configuration and momentum spaces, of the deuteron wave- 
function calculated with the Paris potential. 

The deuteron wavefunction of  the recently pub- 
lished Paris potential [1 ] reproduces quite well the 
known low energy properties and the electromagnetic 
form factor A(q 2) of  the deuteron. In particular the 
predicted value of  the asymptotic D- to S-wave ratio 
~, 0.02608, is in excellent agreement with the recent 
high precision measurements of  ref. [2], 0.0259 
-+ 0.0007, and ref. [3], 0.02649 + 0.00043. It has 
been shown furthermore by Klarsfeld et al. [4] that 
for internucleon distances r ~ 0.6 fro, this wavefunc- 
tion satisfies rigorous bounds imposed by the experi- 
mental deuteron data and now improved by the new 
experimental values of  ~ [2,3]. 

In view of  the use of  this wavefunction in low and 
medium energy nuclear reaction problems, numerical 
values have been given in table VI of  ref. [1]. We have 
also found that a cubic spline interpolation of  this 
table reproduces very accurately the original wave- 
function. The numerical values and the cubic spline 
interpolation subroutine can be obtained on request. 
However, since in some cases an analytical form is use- 
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ful, we present here an algebraic parametrization of  
the Paris-potential deuteron wavefunction, in both 
configuration and momentum spaces. 

It is appropriate to parametrize the radial wavefunc. 
tion components U(r)/r and W(r)/r as a discrete super- 
position of  Yukawa-type terms since this was done for 
the potential itself. Therefore U(r) and W(r) of table 
VI of  ref. [1 ] are parametrized as follows 

n 

Ua(r ) = ~ C j e x p ( - m j r ) ,  
J = l  

(1) 
n 

Wa(r ) = ~ D j e x p ( - m j r ) ( 1  + 3~m j r  + 3/m2r2), 
J=l 

where the subscript a refers to "analytical". 
The corresponding momentum space wavefunction 

components are 

n 

Ua(P)/p = (2/701/2 ~ Cs/(p 2 + m~), 
J = l  

n (2) 

Wa(p)/p = (2/1r)1/2 ~ .  Dj/(p  2 + m2). 
J=l 

0 031 -9163 /81 /0000 -0000 / $  02.50 © North-Holland Publishing Company 139 



Volume 101B, number 3 PHYSICS LETTERS 7 May 1981 

The b o u n d a r y  c o n d i t i o n s  Ua(r  ) ~ r and  Wa(r ) -+ r 3 

as r -+ 0 imply  3 

n ~ n n 

 ,m2--o 
J= l  J= l  = 

(3) 

In order  to  sat isfy these  cons t r a i n t s  w i t h  accuracy  the  

last  coef f ic ien t  o f  Ua(r  ) and  the  last  t h ree  o f  Wa(r) are 

to  be c o m p u t e d  w i t h  the  fo l lowing  fo rmulae  

n - 1  

C n = - C C j ,  
J = l  

O n _  2 = 
m~_2 

(.,2 2 2 _ . , 2 _ 2  ) n - mn-2)(mn-1 

n_3D 
2 2 ~ ~'J+ 2 +m 2) X -mn-lmn (mn-1 

J= 1 m 2 

n-3 n-3 
× C D j -  C Djm 2) 

J= l  J= l  

(4)  

and  two  o t h e r  re la t ions  deduced  by  c i rcular  pe rmu ta -  

t ion  of  n - 2, n - 1 a n d  n. The  masses mj are chosen  

to be mj = o~ + (J - 1 ) m 0 ,  w i t h  m 0 = 1 fm -1  and  

a = (2mRIEDI)I/2/h = 0 . 2 3 1 6 2 4 6 1  fm -1 , 

where  m R and  E D are the  n e u t r o n  p r o t o n  r e d u c e d  

mass and  the  d e u t e r o n  b ind ing  energy o f  ref.  [1] .  This 

choice  ensures  the  co r rec t  a s y m p t o t i c  behavior .  

The  values of  the  p a r a m e t e r s  C j  and  D j  are l i s ted  

in tab le  1. The  accuracy  of  th is  p a r a m e t r i z a t i o n  is 

i l lus t ra ted  by  the  m a g n i t u d e  o f  

,s (0 I drI,, ,   r,12)"2 = - = 3 . 5  X 1 0  - 4  

Table 1 
Coefficients of the parametrized deuteron wavefunction com- 
ponents. The last Cj and the last three Dj are to be computed 
from eq. (4). The notation a -+ n stands for a X 10 +-n. 

Cj (fm -1/2) Dj(fm -1/2) 

0.88688076 + 00 0.23135193 - 01 
-0.34717093 + 00 -0.85604572 + 00 
-0.30502380 + 01 0.56068193 + 01 

0.56207766 + 02 -0.69462922 + 02 
-0.74957334 + 03 0.41631118 + 03 

0.53365279 + 04 -0.12546621 + 04 
-0.22706863 + 05 0.12387830 + 04 

0.60434469 + 05 0.33739172 + 04 
-0 .10292058 + 06 -0.13041151 + 05 

0.11223357 + 06 0.19512524 + 05 
-0.75925226 + 05 see eq. (4) 

0.29059715 + 05 see eq. (4) 
see eq. (4) see eq. (4) 

and  

ID = ( ?  dr[W(r)- Wa(r)]2)l/2=4.0 X 10 -4.  

We have also checked  t ha t  this  p a r a m e t r i z a t i o n  re- 

p roduces  very well  t he  d e u t e r o n  pa rame te r s  and  fo rm 

fac tor  o b t a i n e d  in ref. [ 1 ] .  
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