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The measurement of the root-mean-square 

radius of the charge distr ibution in the lightest 

nuclei, and in particular in H 3 and H e 3 nuclei, 

is of great interest, since it serves as a good 

criterion for the correctness of the wave func­

tions chosen for the ground state of these 

nuclei. 

The root-mean-square radius < R2 > 1 / 2 of 

the charge distr ibution can be determined from 

scattering experiments with high-energy elec­

trons [1 ]. Another possible me thod of deter­

mining <R* > m are exper iments in which the 

the total effective cross section oEl for electric 

dipole absorption of pho tons by the nucleus 

is measured. 

It was shown by Levinger and Bethe [ 2 ] on 

the basis of Siegert's theorem that the integral 

cross section ( a ^ ) E l , for electric dipole ab­

sorption of pho tons by a nucleus, weighted 

over the bremsstrahlung radiation spectrum, is 

given by the expression 

where D = (ZN/A)eRpn is the electric dipole 

m o m e n t of the nucleus with respect to its 

center of mass; Rpn — Rp Rn, Rp is the radius 

vector of the center of mass of the p ro tons in 

* This paper was not read at the conference. 
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the nucleus; is the radius vector of the 

center of mass of the neutrons . Foldy [3] 

showed that if the wave function of the ground 

state of the nucleus is completely symmetr ic 

with respect to the spatial coordinates of all 

the nucléons, then 

where <R2>1/2 is the root-mean-square radius 

of the charge distr ibution in the nucleus (for 

point nucléons). Consequent ly , 

It should be noted that his expression was ob­

tained wi thout any assumptions regarding the 

nuclear forces and the wave functions, except 

their spatial symmetry . 

Thus, by measuring o.x for electric dipole 

absorpt ion, the quant i ty <R2 > 1 / 2 can be cal­

culated. 

For the determinat ion of the experimental 

value of ( a . j ) E l for the H e 3 nucleus, the 

effective cross sections of the two possible 

photonuclear reactions on H e 3 were measured, 

i.e., H e 3 ( 7 , p ) D 2 and H e 3 (7,n)2p f o r £ 7 m a x = 

= 170 MeV by means of a cloud chamber in a 

magnetic field filled with H e 3 . On the basis 

of these data we calculated the integrals 



a n d 
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(o-i)y9n= \ a V j l l ( V ) ^ - = ( 1 . 4 2 ± 0 . 0 7 ) m b a r n 

o 

( o n l y t h e s t a t i s t i c a l e r r o r s a r e g i v e n ) . T h e e x ­

p e r i m e n t a l v a l u e is t h u s o.{ = ( 2 . 7 6 ± 0 . 0 8 ) 

m b a r n . 

A n a l y s i s o f t h e e x p e r i m e n t a l a n g u l a r d i s t r i ­

b u t i o n o f t h e p r o t o n s e m i t t e d i n t h e r e a c t i o n 

7 , p s h o w e d t h a t t h e c o n t r i b u t i o n o f e l e c t r i c 

q u a d r u p o l e a b s o r p t i o n t o (o^)yp a m o u n t s t o 

( 8 . 5 ± 2 ) % . I f w e a s s u m e t h e s a m e c o n t r i b u ­

t i o n o f E2 a b s o r p t i o n t o (o^)y n , t h e n 

(<r_i)m = ( 2 . 5 3 ± ( U 2 ) m b a r n 

H e n c e , b y u s i n g f o r m u l a ( 2 ) w e f i n d f o r t h e 

r o o t - m e a n - s q u a r e r a d i u s o f t h e c h a r g e d i s t r i ­

b u t i o n i n t h e H e 3 n u c l e u s i n t h e c a s e o f p o i n t 

n u c l é o n s : < R 2 > 1 / 2 = ( 1 . 6 2 ± 0 . 0 6 ) f e r m i o r , 

i f t h e f i n i t e r a d i u s o f t h e p r o t o n c h a r g e d i s t r i ­

b u t i o n is t a k e n i n t o a c c o u n t , 

< / ? J > 1 / 2 = ( 0 . 8 0 5 ± 0 , 0 1 1 ) f e r m i (3 ) 

a n d f o r t h e r e l a t i o n 

</?2> = + 
w e o b t a i n 

</?S> 1 / 2 = ( 1 . 8 1 ± 0 . 0 6 ) f e r m i 

T h e l a t t e r v a l u e is i n s a t i s f a c t o r y a g r e e m e n t 

w i t h t h e v a l u e < R2 = ( 1 .97 ± 0 . 1 ) f e r m i 

o b t a i n e d r e c e n t l y i n t h e e x p e r i m e n t o f 

H o f s t a d t e r ' s g r o u p w i t h t h e s c a t t e r i n g o f h i g h -

e n e r g y e l e c t r o n s o n t h e H e 3 n u c l e u s [ 5 ] . I t 

s h o u l d b e n o t e d , h o w e v e r , t h a t t h e v a l u e o f 

< R2 > 1 / 2 o b t a i n e d i n o u r e x p e r i m e n t s o f t h e 

p h o t o n u c l e a r e f f e c t o n H e 3 is s o m e w h a t 

s m a l l e r t h a n t h e v a l u e o b t a i n e d i n e - H e 3 

s c a t t e r i n g e x p e r i m e n t s . T h i s d i s c r e p a n c y m a y 

b e a n a d d i t i o n a l i n d i c a t i o n o f t h e i n c o m p l e t e 

s y m m e t r y o f t h e w a v e f u n c t i o n o f H e 3 . A s 

w a s s h o w n b y S c h i f f [ 6 ] , t h e d i f f e r e n c e o b ­

s e r v e d i n H o f s t a d t e r ' s e x p e r i m e n t s b e t w e e n 

t h e f o r m f a c t o r s o f t h e c h a r g e s o f t h e H 3 a n d 

H e 3 n u c l e i ( o r b e t w e e n t h e r o o t - m e a n - s q u a r e 

r a d i i o f t h e s e n u c l e i ) m a y b e d u e t o a s m a l l 

a d m i x t u r e o f a s t a t e w i t h m i x e d s y m m e t r y 

(Sr - s t a t e ) t o t h e c o m p l e t e l y s y m m e t r i c S - s t a t e . 

D a v e y a n d V a l k [ 7 ] c a l c u l a t e d (o^)El w i t h 

t h e g a u s s i a n w a v e f u n c t i o n s ( c o n t a i n i n g 3 . 5 % 

o f t h e S ' - s t a t e ) u s e d b y S c h i f f [ 6 ] f o r d e s ­

c r i b i n g e - H e 3 a n d e - H e 3 - s c a t t e r i n g r e s u l t s . 

T h e y f o u n d t h a t a 3 . 5 % a d m i x t u r e o f t h e 

S ' - s t a t e r e d u c e s (o_{ ) E l b y 8 . 5 % . I t w a s a l s o 

s h o w n t h a t i n t h i s c a s e t h e f o r m u l a f o r (o_x)El 

f o r H 3 a n d H e 3 n u c l e i c a n b e r e p r e s e n t e d i n 

t h e f o r m 

I f t h e s t a t e Sf is m i s s i n g , t h i s f o r m u l a a g r e e s 

w i t h t h a t o f F o l d y s i n c e t h e n < R2 > H 3 = 

= < R2 > H e 3 . I f t h e r e i s a n a d m i x t u r e o f t h e 

S ' - s t a t e , t h e n , b y u s i n g f o r m u l a ( 3 ) a n d t h e 

m e a s u r e d v a l u e o f (o^)El f o r t h e H e 3 n u c l e u s , 

w e a c t u a l l y d e t e r m i n e t h e c h a r g e d i s t r i b u t i o n 

r a d i u s f o r t h e H 3 n u c l e u s , a n d n o t f o r t h e H e 3 

n u c l e u s . H e n c e i t f o l l o w s t h a t t h e v a l u e 

< R* > 1 / 2 = ( l . 8 1 ± 0 . 0 6 ) f e r m i f o u n d a b o v e 

s h o u l d b e c o m p a r e d w i t h t h e v a l u e <R2> Jj3 = 

= ( 1 . 6 8 ± 0 . 1 7 ) f e r m i m e a s u r e d i n t h e e - H 3 -

s c a t t e r i n g e x p e r i m e n t s o f t h e H o f s t a d t e r g r o u p . 

T h e s a t i s f a c t o r y a g r e e m e n t b e t w e e n t h e s e 

v a l u e s s h o w s t h a t t h e a s s u m p t i o n o f a S ' - s t a t e 

a d m i x t u r e i n t h e g r o u n d s t a t e o f t h r e e - p a r t i c l e 

n u c l e i d o e s n o t c o n t r a d i c t t h e a v a i l a b l e e x p e r i ­

m e n t a l d a t a . 
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