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Calculation of the Body-Form Factor for the 
3He and 3H Nuclei by Means of the Modified 

BKR Potential 

On the basis of the solution of Faddeev equation the 
body-form factors for the nuclei 3H and 3 Hehave neen cal­
culated employing a modified Bressler-Kerman-Ruben poten­
tial. It has been formed that using different hard-core 
radii for the singlet and triplet part of the nucleon­
nucleon interaction the charge form factors have 2 minima 
at large 92 and both minima are strongly marked for the 
3H - charge form factors. 
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In the last years the calculation of electromagnetic form factors 
for the 3He and 311 nuclei achieved increasing jnterest, because it 
was possible to theoretically predict some physical properties of 
these nuclei on the basis of realistic nucleon-nucleon potentials. Such 
theoretical calculations could be performed without referring to some 
model or any other a priori conception about the behaviour of the 
3-particle wave functions. Moreover there exist now new experimen­
tal data for 'the charge form factor of 3 He, which indicates a deep mi­
nimum at high momentum transfer/1/. 

Several physical reasons have _been considered in order to 
explain the appearance of such a deep minimum in the charge form 
factor/2 ,3 , 4 I . An argument comes from the fact that the hard core 
in the m,1cleon-nucleon interaction gives oscillating contributions to 
the density of ~he ·charge distribution in the nucleus. Further, because 
the m~cleons in the nuclei might be at various shells, e.g. the s- and 
p -shell, therefore the different nucleon distribution in these two 
shells leads fpr such nuclei to the formation of a deep minimum in 
the charge form factor at small momentum transfer q 2 • Finally, 
the occurence of dimensional structures in nuclei like clasters or 
a clearly pronounced nuclear surface gives also rise to miinimums 
in the form factors. ' 

In this paper we represent the calculations .for the so-called 
"body"-form factor F Le and Foe of 3He and 3H , respectively. 
The quantities FoLc and FLc are defined in ref /s/ : · 

.-+-+ 2 2 2 
~c(q2) =f elqr (¢s+2¢st/J"+t/J' +t/J" )dr I (la) 

➔➔ 

FLc( q 2) = f e 'qr (t/J! -t/J s 1/f ,, + 1/f ,2 +t/J ,,2) dr , .(lb) 

where the function t/J • - is the symmetric part of the triton wave · 
function, while ¢ - and t/J ,_ are that part of the wave function, which 
has a mixed symmetry. The functions t/J •, , t/J • and t/J,. can be im­
mediately calculated, if the solution of the Faddeev equation has been 
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found. We solved the Faddeev equation using a modified Bressler­
Kerman-Ruben potential Jr./ of the form: 

Yo X ~ Xe 

V ( X) 
V1 ( x) X > Xe (2a) 

V1 (x) =0.0BL
3 

(t,r;J(a1a'
2
)Y(x) [1+aY(x)+bY 2 (x)] 

(2b) 
x =/Lr /11c, Y(x) = e-x/ x. 

As can be seen only the central part of the full potential has been 
employed. The triplet potential has been modified so, to fit the expe­
rimental 3 S 1 -phases up to 360 MeV, while the singlet potential is 
the same as in the original BKR-potential. The new triplet potential 
parameters, fitted by a least square procedure and those for the sing­
let potential are the fol lowing: 

v; =670MeV, a' =2.1373, b'=36.767, ,: =0.770lm 

µ = 133.08 MeV 

v; =670 MeV, a
5
=8.7075., bs = 10.600, ,; =0.719 Im 

µ = 133.08 MeV 

The s -wave Furier-component V /k , k' I for this effective nuc­
leon-nucleon potential has been represented in a separable form by 
means of Bateman's method / 7 / 

N 
VN(k,k') =I (d- 1

) •• V(k,s
1

)V(k',s
1
); d

11
.=V(s

1
,s

1
) (3) 

1,/=1 I I 

and from the beginning the higher partial wave contribution has been 
neglected. From eq. (3) itcanbeseen, that in the case k or le' equal 
s, the approximate separable potential coincides with the exact 

one. The sum in eq. (3) has been out at N. 6 , ~ecause the quantity 

x2 = min 
N s 

f.l V (k,k ') - yN(k,k ',s
1 

, ••• ,sN)l 2dkdk' 

f V 2 (k,k ') dk dk ,. 
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varies for N > 6 only by small amounts: The values for the parame­
ters s I given in table I have been also adjusted by a least square 
fitting procedure. 

Table I. The val.ues for the parameters s, 
$ 1 s2 S3 S4 S5 s6 ( f m-1 ) 

singlet 0 0.76 l. 80 3.32 5.30 7. 2.3 

triplet 0 0.74 l. 78 3.28 5.28 7.18 

Using the separable potential of the form (3) we get for the Faddeev 
equation a system of 12 one-dimensional integral equations. The soluti­
on of this system has been yielding a binding energy for the triton 
nucleus of 8.267 MeV and with the help of the corresponding triton 
bou.nd state wave function the body form factors F0 c and FLc have 
been calculated according to eqs. (I). The bahaviour of these body 
form factors depending on the transferred momentum _q 2 has been 
presented in the figure. As can be seen, each body fo'rm factor has 
2 minima. In both cases the positi'On of the second minimum at about 

q 2 • 14 fm - 2 agre1s wph the obtained in calculations using the cor­
rect BKR potential 3

• 
8 ·• Note, that similar calculations employing 

the correct BKR potential yield only one minimum for each form fac­
tor. As was mentioned above the strong repulsion of small distances 

-· might be responsible for the existence of the minimum and therefore, 
it can be expected that the presence of the second minimum is due 
to the fact that we have different hard-core radii' for the singlet and 
triplet states, respectively. (Remember, that in the original BKR po­
tential r: - r .' ). It seems to be worth to note that the first mi­
nimum at q"i .. 10 f m-2 with a width of about0.5fm - 2 appears strong­
ly marked at the triton charge form factor which is proportional to 
Foe ( q 2) if the neutron charge form factor is zero Fnc ( q2) - 0. 

On the contrary, in the charge form factor for the 3 H nucleus the 
appearance of the first minimum is not so pronounced. Therefore, 
a careful measurement of the charge form factor of the triton at 

q 2 > 8 f m-2 shou.ld give a useful information about the range of the 
hard core for the singlet and triplet part of the nucleon-nucleon in­
teraction. 
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. The authors are indebted to the Niels-Bohr Institute and the 
Institute for Nuclear Science "Boris Kidric" · for providing the op­
portunity to perform the calculations. 
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