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The connection between the rms charge radii of 3H and 3He and the Brems-
strahlung weighted F1 cross-sections of photodisintegration of these nuclei is
seen more clearly when both the nucleons are considered to be ‘extended’
particles. It seems to provide an independent evidence for the positive
value of the slope of the neutron charge form-factor. Comparisons have also
been made in the case of the nuclei 2D and *He between the experimental

values of ofl and the corresponding values calculated from their observed

rms charge radii (i) considering and (ii) ignoring the neutron charge distri-
bution.

A plausible explanation for the observed difference in the charge form-
factors of 3H and 8He and the consequent difference in their rms charge radii
was given by Schiff (1964) in terms of the admixture of the state of mixed
symmetry 8’ with the symmetric state S in the ground state of either tri-
nucleon. Since then estimates of the 8’ state admixture, consistent with the
above-mentioned difference as well as other observations, have been made by
various workers. It is now conjectured, however, that the 8’ admixture is
possibly not the only cause to give rise to this difference, an additional cause
for this being the neutron charge distribution. Attempts have recently been
made (Levinger and Srivastava 1965) to extract information on the S8’ state
percentage as well as the slope G,(0) of the npeutron charge form-factor
from the electron-trinucleon scattering data. But these have been rather
inconclusive because the information so obtained on the quantity G,(0)
depends on the form of the wave-functions assumed for the trinucleons and
also on the assumed 8’ state probability. Gupta ef al. (1967), therefore, put
forth the view that, using a trinucleon wave-function based on the exact
solution of the three-body Schrodinger equation with separable potentials, one
could do a more meaningful analysis of the trinucleon form-factors in terms of
the ‘body form-factors’ and the charge and magnetic form-factors of the
nucleons. They, however, found that even after using the positive value for
the slope of the neutron charge form factor, as is indicated by the analyses
of Wilson and Levinger (1964) and De Vries el al. (1964), they could explain
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only a part of the difference in the mean square charge radii of the trinucleons,
the rest being attributed to the hard-core effects, the effect of a small admixture
of the T = 3/2 state, etc.

In this note we wish to point out that the significance of the neutron
charge dxstrlbutlon can alternatively be assessed by considering the connection
between ob , the Bremsstrahlung weighted K1 cross-section of photodisinte-
gration of the trinucleons and their rms charge radii. The values of these
two quantities come from two different types of experiments, viz. the experi-
ments on photodisintegration of and electron scattering from these nuclei.
The connection between them follows from the well-known sum rules of
Levinger and Bethe (1950), viz.

g1 _ 4m® (e?) N2Z2 /o ™\

9, =— 3 (hc) = \p”/OO .. .. (1)
where ;’;,. stands for the displacement of the centre of mass of the neutrons
from the centre of mass of the protons in the nucleus. According to Foldy

(1957) the quantity < 12’"> can be connected to B>, the mean square charge

radius congidering point nucleons, by
° N2Z2 / N 2
7o o0 = A 11!2 R )
In the case of trinucleons both 3H and 3He would have the same value for
obEl if Seigert’s theorem (1937) and charge symmetry are to hold. Davey
and Valk (1963), working on Schiff’s hypothesis, showed that

o‘bEl(SHG) = obEl(3H) = %2 (;0) a:h( H) . .. .. 3)

where, provided the effect of the neutron charge distribution can be ignored
(see Foldy (1957) and Fetisov ef. al (1965)), fh(3H) can be given by

R(¢H) = o, (3H)—a’,(p); N ()

ach(3H) and a.x(p) being respectively the actual rms charge radii of the triton
and the proton. Now, using the experimental values given by Collard et al.
(1965) and Hand et al. (1963), viz. a(PH) = 1-7040-05 fm. and ac(p) =
0-80540-011 fm., one gets

or'(SHe) = o} (°H) = (2-164:0-16) mb., e . (B)

which falls considerably short of the experimental value of (2-53+0-19) mb.,

as reported by Fetisov et al. (1965). The discrepancy, which appeafs to be’
somewhat outside the range of the experimental errors, suggests that one

should review the whole thing by considering the exact charge distribution

of both nucleons.
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Following Schiff (1964) one may use the expression
o) = [P r—r)+ Pl r—ni])] e ®

for the charge density distribution inside the nucleus, where P? and P} are
the projection operators for the proton and neutron states respectively for the
ith particle and f7(x) and f, () are the charge distribution functions for
the proton and the neutron. Obviously of' would not be affected by this
distribution since the dipole moment operator will not change by having, in
eqn. (6), the density distributions f7,(x) and f5,(¥) instead of delta functions.
So eqn. (1) holds also when the nucleons are considered to have charge distri-
butions. However, the mean square charge radius operator

1
“fh,op=pfr2p(r)d3r .. - .. M
would now be given by
1 4
“czh, =7 z {Pp(f?fi't)-l-l’,. s} .. .. .. (8)

where eqn. (6) and the distribution functions f7,(x) and f7,(x), gs given by
Folk (1968), have been used. The constants ¢ and s are expressible in terms of
the parameters occurring in Folk’s distribution functions which he had
obtained from the analytic expressions for the electromagnetic form-factors of
the nucleons given by Barut ef al. (1968). The values of these constants are
t = 0-621 fm.2
and L

9)
8= —0-126 fm.2)

Using Schiff’s wave-function to find the expectation value of a, op» ODe easily
gets

a,(*He) = %<Is+Is'>+z;<Iz+13>+(‘+§)

=Rf,,(3He)+(t+%) c L. (10a)
and ’
a2(8H) = 3(Ip+ 1) —§(La+I5)+(t+25)
= R2,(SH)+(t+29) R € (1))

where the quantities I5, Iy, I, and I3 are integrals involving the space func-
tions occurring in Schiff’s form and are defined in Davey and Valk’s (1963)
paper (see also Mathur and Lagu (1968)). It can be seen from the charge
distribution functions f%,(z) and f7,(z) given by Folk (1968) that the quantities
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t and s in fact are the mean square charge radii of the proton and neutron
respectively. The latter, being negative, is consistent with the positive value
for the quantity Gy, (0), viz. 4-0-021 fm 2, as indicated by Wilson and Levinger
(1964) and De Vries ¢t al. (1964).

According to Davey and Valk (1963) the expectation value of ":n for
both 3He and 3H, using Schiff’s wave-function, yields

R OERAC R cat CAFSAS AU AR R )
Hence from eqn. (10b) we have

El(aﬂe)—-am(sﬂ) 4n? ;[ch(SH (t+2s)]. .. .. (12)

Substituting now the experimental value of a.(®H) and the values of
¢t and s from eqn. (9) we get

oy '(3He) = o '(3H) = (2424+0-16) mb., o (13)

which compares favourably with Fetisov’s (1965) experimental value for
0E1(3He)
A .

For other light nuclei (4 < 4) one similarly gets, from eqn. (8) using any
wave-function,

a2, = (R§h+t+1—ZYs) O § £
which, with eqns. (1) and (2), gives

4n® 2 NZ N
o = —t—s (15)
b 3 R A—1 Z
TasrLe I
El
o, {calculated from El (considering
rms charge radius eqn. (15) ignoring e
) 1
Nuclei (expt.) the neutron charge n?i‘?t:;;f:i‘:;%e o, (expt.)
(fm.) - distribution) 8
(mb.) {mb.)
4He 1-61(2) 2-59 2:76 2-7(b)
D 2-10(c) 3-63 3-75 3-9(@
" (a) Hofstadter (b) Rustgi and (e) McIntyre and (d) Levinger (1960)
(1956) Levinger (1957) Hofstadter

(1955); McIntyre
(1956); Foldy
(1957)

In Table I we give a companson of the calculated values of o, ' for the nuclei
4He and 2D with the experimental values, One observes that the deviation of
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;! (calculated) from afl (experimental) on account of ignoring the neutron
charge distribution is not so pronounced in the case of the nuclei 2D and 4He
as in the case of the trinucleons. This is because the triton (whose rms charge
radius is connected to o,  for both trinucleons) contains two neutrons to a

proton whereas the nuclei ‘He and 2D contain only one.
Though the above connection cannot be said to give a conclusive check on

the value of G,(0) as there are rather large statistical errors in the measure-
ments of o,,El as well as the rms charge radii, one can perhaps say that the
above observations support the view that the value of G, (0) is positive
and is of the order that is cited by Wilson and Levinger (1964), De Vries et al.
(1964) and Hand et al. (1963).
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