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The proton spectrum near the upper limit for the D (n, p)2n reaction is investigated to de-
termine the neutron-neutron scattering length apn. A scintillation spectrometer that com-
pletely separates deuterons from protons is employed. The spectrum is described using an
expression for the differential cross section of the reaction, obtained by analyzing the non-
relativistic Feynman diagrams corresponding to nucleon-deuteron inelastic scattering. The
neutron-neutron scattering length and the singlet state energy are derived by comparing the
experimental spectrum with the theoretical dependence of the differential cross section on
proton energy; the respective values are ayp, = -23.674:5 F and €nn = 6774 keV.

FOR the direct verification of charge independence

in the S state the neutron-proton and neutron-
neutron forces must be compared at low energies.
The parameters of the neutron-proton singlet
state have been measured very accurately in scat-
tering experiments.m To determine the strength
of the forces between neutrons one can similarly
investigate reactions in which two neutrons are
produced with small relative momentum Hf.

Migdal (2T and watson (¥ have shown that the
energy distribution of particles with small values
of f is greatly affected by their interaction in the
final state; the amplitude of the inelastic process
in which these particles are produced is propor-
tional to the amplitude of the scattering of one
particle by the other. This result is universal and
is used widely in investigating the interactions of
unstable particles.

Experiments on elementary reactions offer the
advantage that difficulties associated with the
branch involving an intermediate nucleus are ob-
viated. In the well-known experiments of Panofsky
et al 4 and of Phillips and Crowe,m who obtained
the first direct information regarding the charac-
ter of the neutron-neutron forces, the capture of
a m meson by deuterium was investigated.

For the study of the neutron-neutron interac-
tion a suitable reaction is D(n, p)2n, where the
attraction between the neutrons influences the
shape of the proton energy spectrum. The scatter-
ing length ann (and the singlet state energy epn)
can be determined by comparing, in the region of
small f, the experimental spectrum with the
theoretical spectrum containing a parameter
characterizing the interaction.

For small values of f the c.m.s. differential
cross section for the reaction is
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Here [f% + a{lfl]'l is the resonance factor for in-
teraction of the neutrons in the final state, Kk’ is
the proton momentum, p (f, k’)dfdk’ is the
statistical weight of the final states, b and by con-
tain the contribution from the nucleon interaction
during the reaction process, EI’) is the proton en-

4 . . 7 ’
ergy, Epm is the maximum value of Ep, and d@
is the solid angle within which protons are emit-
ted.

Equation (1) shows that the energy distribution
possesses a maximum. At the spectral edge,
where the momentum Hf is very small, it can be
assumed that by is constant in (1). In this ap-
proximation the distance of the maximum from the
upper limit of the spectrum is v

d = 2/387171(1_4 Enn / 3Ep,m).

The sensitivity of the spectral shape to €,
can be judged from the relationship between epp
and I, the width of the peak at 1/n of maximum.
For a rough estimate with n = 1.5 we assume
that in (1) the quantity b; also remains constant
in this broader region of the spectrum; then

ln =~ 8/377'37111,. (2)

To determine ey we must derive the exact
theoretical dependence of d’c /dEpdQp on Ep and
measure the proton spectrum at its upper limit.

Dit is extremely difficult to measure d very accurately in the
reaction D(n,p)2n.
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THE NEUTRON-NEUTRON S-STATE INTERACTION

In the present work we have investigated the pro-
ton spectrum from 7.5 to 12 MeV and have ob-
tained €pp.

1. THEORETICAL SHAPE OF PROTON SPEC-
TRUM AT ITS UPPER LIMIT

In (1) the dependence on f is given explicitly
only for the interaction in the final state. To de-
termine the exact shape of the spectrum we must
consider the entire process in which a neutron is
scattered inelastically by a deuteron. Skornyakov
and Ter-Martirosyan 6] gerived an equation for
the wave function of a three-particle system with
short-range resonance forces in the zeroth ap-
proximation (ry— 0, r, being the range of the
force). This equation was investigated by
Danilov,[7J who proposed a means of eliminating
the ambiguity in the solution for the state with
S = Y. Danilov also obtained the equation in a
linear approximation with respect to a parameter
proportional to ro.[gj

Results agreeing with experiment were ob-
tained ! when the amplitude for the elastic scat-
tering of a zero-energy neutron by a deuteron was
calculated by Danilov’s method.m However, this
method of solving the equation is extremely com-

plicated in the general case of inelastic scattering.

It has been shown by a number of authors that
nuclear reactions can be described by nonrelativ-
istic Feynman diagrams. Direct processes have
been studied using the diagram method. [10-12] 14
follows from (19 that the Butler theory of strip-
ping can be represented by a pole diagram.
In [11:12] Shapiro showed the importance of more
complicated diagrams (triangular etc.) for the
theory of direct processes, as well as the possi-
bility of utilizing the diagram method to consider
the interaction in the initial and final states.
Komarov and Popova 2] symmed an infinite
series of nonrelativistic perturbation-theory dia-
grams representing a reaction involving three
nucleons on the assumption of two-particle inter-
actions. They derived an equation for the wave
function of the system which coincides with the
Skornyakov-Ter-Martirosyan equation in the
zeroth approximation with respect to the reaction
radius, while in the linear approximation it coin-
cides with Danilov’s equation. If in describing the
proton spectrum for the reaction D(n, p)2n we
confine ourselves to energies associated with
relatively small f, the differential cross section
containing one experimentally determinable con-
stant (besides €pp) can be derived directly from
an analysis of the set of diagrams corresponding
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to the process. All possible reactions in which a
deuteron is split by a nucleon can be represented
by the following sum of diagrams:[3

K{; K Ky

+
W
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.Nl; p Ky

In this sum each diagram includes three graphs of
a single type which differ by an interchange of the
particles in the final state.

For the reaction D(n, p)2n the entire series
of diagrams contains two groups corresponding,
respectively, to the final-state interaction of two
neutrons and of a neutron and proton. The total
amplitude for the first group of diagrams is 2)

A (K, ky') = A (K, k') + A" (K, ko') + A7 (K, k),
(3)
where A (k’, k§) is the contribution from the
pole diagram a, AP (k’, kj) is the contribution
from the square diagram b, AJ™ (k’, k}) is the
contribution from all other diagrams, fk, is the
incident-neutron momentum, and Bk’ is the
c.m.s. proton momentum following inelastic scat-
tering.

In the linear approximation with respect to r
we have

1 1
PR P L e N o
(4)

A (K ko) = wy (f)

where
_ 8a(3mas)' )= 1

mi(1 —1/pasroet)’ v = Qnn ~+ if — /o705 (Gna? + f2)’
m is the nucleon mass, a{ = 1/at, app = 1/2pp, at
is the triplet n-p scattering length, ryt is the
triplet effective radius, ryg is the singlet effec-
tive radius, and hk is the laboratory-system pro-
ton momentum after scattering.

The pole diagram corresponds to the Chew and
Low approximation (4] and to the first iteration of
the Skornyakov-Ter-Martirosyan (for ry — 0)
and Danilov equations. This diagram makes a con-
siderable contribution to the region of the proton
spectrum where Hk is small.

In the contribution of the square diagram to the
amplitude AP™ (k’, k}) following integration over

2Coefficients representing functions of spin and isospin vari-

ables are included in the expressions for the amplitudes.
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energy we can distinguish a part containing an
important dependence on f even in the pr1mary
interaction:
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where ag = 1/ag, q = (k§j — k’)/2, ag is the
singlet length of n-p scattering, hp’ is the neu-
tron momentum in the intermediate state, and
hf{, hf} are the momenta of relative motion of the
nucleons participating in the primary interaction
with p’ +k’/2 ~ f£.

If we neglect multiple scattering in the interac-
tion of the proton with an incident neutron, the
square diagram becomes triangular with the am-
plitude 3)

r03+r0t 1 nat—.l(f_Q) . (6)
2ig  ar—i(f+q)
Combinations of a pole diagram and a triangu-
lar diagram correspond to matrix elements for
the Born approximation taking account of interac-
tion in the final state.!?
For the second group of diagrams the total
amplitude is

A (K, k' )—-—* v (f)

3)The contribution of the triangular diagram to the amplitude
was calculated for the general case by determining singularities

in[*¢].
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where hf; and hf, are the momenta of relative
motion of the neutron and proton, respectively, in
the final state.

When protons are detected at small angles we
have qz/ 2+ f2) < 1. In this case

A (K, ko)A (K, ky')

1 1
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Gribov has shown [16:17 that for small f the
total amplitude of a reaction producing three par-
ticles must be



THE NEUTRON-NEUTRON S-STATE INTERACTION

AK, £ ko) = v()B(K, f, k), (11)

where B (k’, f, k) is constant up to quadratic
terms in f.

The linear dependence of A{™ on f is com-
pensated by the contribution to B (k’, f, k) from
pole diagrams corresponding to the neutron-pro-
ton interaction in the final state.

Neglecting terms ~f2/k62, the contribution to

k’, f, kf§) from square diagrams [except for the
explicit factor in A" (k’, k§)] and more compli-
cated diagrams containing a large number of in-
terior lines can be represented by the complex
constant C + iD, which is determined by the
normalization; in the expression for the differen-
tial cross section normalized to the experimental
spectrum, the contribution is approximated ac-
curately by the constant iD’, with D’ = £ (C, D).

When we take into account the density of final
states, integrate over the solid angle containing
all directions of f, and introduce other numerical
coefficients, the differential cross section for the
reaction (when protons are detected at small
angles) is

1
ol + k2

2 at 1 4 rostnn
d()’ = —

7l — rosas Gna? -+ f2

1 1
—5[ at+ik/2—' 1/27'0t(0lt2"|‘ kz/[!)
1
T os + ik/2 — ’/27'03((132-}— k2/4) 1]

¢y — Onn + 1/2"0s((lnnz'|—f2) [ 2 kf
X i +in| - kdkdQy. (12)

Here Tk, is the incident neutron momentum and
Q, is the solid angle within which protons are
emitted (both in the laboratory system).

2. EXPERIMENTAL PROCEDURE

The experimental investigation of the proton
spectrum in the reaction D (n, p)2n4) is consid-
erably complicated by elastic scattering, for
which the cross section is 20 times greater than
the cross section for the production of protons
with near-maximum energies. The absolute mag-
nitude of the differential cross section for the in-
elastic process is also small.

Figure 1 shows the spectrum of particles
emitted at 0° in the interaction of fast neutrons

“)The proton spectrum in the reaction D(n,p)2n has also been

investigated in[**] and elsewhere.
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FIG. 1. Pulse-height distribution for particles emitted at 0°
in the interaction of fast neutrons (13.9 MeV) with deuterium
nuclei. A — position of peak in spectrum of protons produced in
inelastic neutron scattering by deuterium; B — recoil deuterons;
C — position of recoil proton peak. In the proton energy scale
the deuteron peak is shifted toward higher energies because a
CsI(Tl) crystal has unequal luminescence yields for deuterons
and protons (Sp/Sp = 1.05).

with deuterium nuclei. The peak at the upper
limit of the proton spectrum, which is associated
with the neutron-neutron interaction in the final
state, is completely masked by the strong recoil-
deuteron line. Therefore, to measure the proton
energy distribution we require a spectrometer
with highly stable amplification during prolonged
measurements, and capable of discriminating the
different particle masses. In the present work we
used a scintillation spectrometer which com-
pletely separated the protons from the deu-
terons. 1

The experimental setup is represented in Fig.
2. Neutrons having the energy 13.9 MeV (with a
spread of less than 1%), which were produced in
the interaction of accelerated deuterium ions with
tritium nuclei, caused the splitting of deuterons
in deuterated polyethylene film. Protons emitted
at 0° were analyzed by the scintillation spectro-
meter, a ‘‘telescope’’ consisting of three counters
in conjunction with CsI(Tl) crystals. The deu-
terium radiator and scintillation counters were
located in an evacuated vessel. Thin crystals
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FIG. 2. Experimental arrangement. 1 — scintillation detector of a particles (neutron flux monitor); 2, 17, 28, 33 — Permalloy
shields; 3, 18, 22, 30 — CsI(T1) crystals; 4, 6, 7, 24 — anti-scattering diaphragms; 5 — graphite shield; 8 — tritium target; 9 —
target exchange mechanism; 10 — target-radiator; 11, 26 — tantalum limiting rings; 12 — disk holding radiators; 13, 14 — lead
shields; 15 — front wall of evacuated vessel; 16, 29, 32 — photomultipliers; 19, 21 — parabolic reflectors; 20, 23 — aluminized

organic films; 25, 31 — reflectors; 27 — light pipe.

(80 and 160 ) were used in the first and second
counters, and paraboloidal aluminum reflectors
were used to collect light; the crystal of the third
counter was 1.8 mm thick. Protons lost about 15%
of their energy in the crystals of the first two
counters. To separate the protons from deuterons
having identical total energies we used their dif-
ferent total energy losses in the first two scintilla
tors.

In the Landau-Symon theory 211 the shapes of
the statistical distribution curves of energy
losses depend on the ratio between the quantities
A and Ey; A is the width of the loss distribution
curve, and Ep, is the maximum energy loss in a
single collision. When the condition A > E is not
fulfilled the loss distributions are asymmetric and
overlap for protons and deuterons of equal ener-
gies, despite a considerable difference between
their mean losses.

For A >» Ep, the relative statistical spread of
the energy losses is considerably reduced, and the
loss distribution functions become Gaussian func-
tions which do not overlap for deuterons and pro-
tons in the same very narrow energy range. The
criterion for this last condition is the size of the
parameter G = 2Cmegc’x/B*Ey,, where me is the
electron mass, c is the velocity of light, B is the
incident-particle velocity in units of light velocity,
x is the thickness of matter in g/cm?, C is a
constant for the given absorber; A > Ep, if

[20,

G > 1. In telescopes with proportional counters
for loss measurements we have G < 1.

The losses in the first two counters of the
scintillation telescope were relatively large; this
corresponds to the condition G > 1 with nonover-
lapping distributions that closely resemble
Gaussian functions. Thus in the scintillation
telescope for protons and deuterons we have a
unique correspondence between the energy and
the interval of energy losses in the first two
scintillators. This provides a criterion for dis-
tinguishing the deuteron and proton components
in the total energy spectrum of registered emitted
particles.

The energy loss spectra are determined using
the amplitude distribution of the pulse sum from
the first two scintillation counters; the total en-
ergy spectra are determined by the pulse-height
analysis of the combined pulses from all the
counters of the telescope. We used a two-dimen-
sional analyzing setup with 300 channels for ana-
lyzing the total energy and 100 channels for ana-
lyzing the loss. The analysis was controlled by
triple coincidences of pulses from the counters.

The spectrometer resolution was determined
from the peak of recoil protons emitted at 0°
when 13.9-MeV neutrons were scattered; the half-
width of the peak was 5.5%.

The position of the analogous peak for recoil
protons produced when neutrons were scattered
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FIG. 3. Spectra of combined energy losses
in the first two crystals of the spectrometer by
particles emitted in neutron scattering on
deuterium. Enetgy ranges: a) 11.65 — 14.0
MeV; b) 10.7 — 11.65 MeV; c) 9.8 — 10.7 MeV,
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by residual hydrogen in a deuterated polyethylene
radiator was used to monitor the stability of the
spectrometer amplification during the measure-
ments. The overall stability during prolonged
measurements was 0.2%. The absolute yield was
determined and the neutron intensity was moni-
tored by registration, with fixed geometry (with a
precisely determined solid angle), of o particles
emitted in the reaction T (d, n)He4.

3. EXPERIMENTAL RESULTS

Figure 3 shows the measured distributions of
the combined energy losses in the first two
crystals for the particles emitted in the neutron-
deuterium interaction. These distributions pertain
to the energy ranges: a) 11.65—14.0 MeV, b) 10.7—
11.65 MeV, and ¢) 9.8—10.7 MeV. The mean en-
ergy loss is AEy, = 2. These losses correspond
to G = 6.6, and we observe that the energy loss
regions for protons and for deuterons are com-
pletely separated in the figure.

In obtaining the selective energy spectra we
analyzed simultaneously the total energy and en-
ergy loss. We registered only the events exhib-
iting a characteristic correspondence between the
analyzed quantities for the selected type of parti-
cle.

Figure 4 shows the proton energy distribution
obtained under the aforesaid conditions from the
reaction D(n, p)2n; the protons were emitted
from a radiator 4.3 mg/cm? thick. The measure-
ments were obtained at the angle 0° (the mean
angle ¢, of proton emission with respect to the
neutron flux direction was 4.5°). The spectrome-
ter energy scale was based on the position of the
recoil proton peak and was refined by comparing
the experimental spectrum with the calculated
distributions.

The background measured without a radiator
was first subtracted from the proton spectrum.
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FIG. 4, Energy distribution of 7.5 — 12.0-MeV protons from
the reaction D(n,p)2n, emitted at 0° by a 4.3-mg/cm’ radiator.
Ep™ is the theoretical upper limit of proton energy, taking loss
in the radiator and the telescope geometry into account.

This background is associated with neutron scat-
tering by hydrogenous impurities and surface
films, as well as with n-p reactions either in the
parts of the apparatus ‘‘seen’’ by the telescope or
in the first scintillation crystal. In the investigated
energy region this background did not exceed 5—
10% of the main effect. We also subtracted the
background of recoil protons resulting from neu-
tron scattering by residual hydrogen in the deu-
terated polyethylene radiator. A negligible num-
ber of random coincidences was observed when a
delay was introduced into the coincidence channel
circuit.

The channel width for the energy analysis was
90 keV; the statistical accuracy at each point of
the curve is 3—5%.

The differential cross section for inelastic
scattering was determined most accurately from
the intensity ratio between protons emitted in the
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investigated reaction and the recoil deuterons for
the same radiator:

#o_ o 1 n(Ey) Nup 1 dop

dEpd0 EV =3 Ty Ny 00 a0

Nory Qo (9)F(9)dQ, (13)

where n(Ep) is the intensity of protons having
the energy Ep in a given analyzer channel, npy is
the intensity of recoil deuterons, Nyp is the num-
ber of monitor counts in the measurements of
deuteron intensity, Npp is the number of monitor
counts in the measurement of the proton energy
distribution, y is the energy channel width in the
energy analysis; Q, = (mayay )%, ay=ry/d; and

@y = ry/dy are the geometric parameters of the
spectrometer (Fig. 5); dop/dQ (v) is the cross
section for elastic neutron scattering by deuter-
ium when a recoil deuteron is emitted at the

angle ¢ relative to the neutron flux direction,
dop/dQ (v)f(4)dQ is the distribution function of
registered recoil deuterons over the angles 4. In
n(Ep) and np experimentally determined cor-
rections were introduced for the counting loss
(~5%) resulting from the dead time of the ana-
lyzer.

l d/ a 2
t .

FIG. 5. Spectrometer geometry. 1 — neutron source, 2 — ra-
diator, 3 — particle detector.

Values of dop/dQ (¢#) (with 2% accuracy) were
taken from 2?1, The angular distribution
dop/df2 ($)f(#)dQ was obtained in 23] and was
computed on the M-20 electronic computer for
the telescope parameters.

The cross section at the peak of the experi-
mental spectrum is 16 mbh/MeV-sr; the accuracy
of the absolute value of the differential cross sec-
tion is +*4%.

4. DETERMINATION OF THE CONSTANT ¢€npp

For the purpose of comparison with the exper-
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finite parameters of the experimental apparatus
(the geometric parameters of the telescope, the
radiator thickness, and the resolution of the scin-
tillation counters). The spectral deformation re-
sulting from these factors can be reduced to a
nonlinear energy shift and the transformation
d?o d%c

a0, (Er= § w(Es B dEde,
To represent (14) exactly, in the calculated spec-
tra, as the resolution function y (Ep, E{) of the
spectrometer, we used a matrix for 450 values of
each variable. This matrix was based on the ex-
perimentally determined shape of the pulse height
distribution for recoil protons produced when neu-
trons were scattered by hydrogen in the poly-
ethylene radiator.

The energy shift of the calculated spectra was
determined from the energy distributions of par-
ticles registered by the telescope 5) that were
given in (23] These distributions of protons pro-
duced in the reaction D (n, p)2n, emitted at dif-
ferent angles but having identical c.m. energy,
were calculated numerically for the geometric
parameters «y, @y, and B = d;/d, (Fig. 5) of the
given spectrometer and for a selected angle y,
= 102° of neutron emission relative to the deu-
teron beam direction in the neutron generator.
The distributions are shown in Fig. 6 for one of
the proton energies in the c.m. (maximum) func-
tion.

The distributions of d2o/dEdep calculated as
functions of Ep, containing enp as a parameter,
were normalized to the experimental spectrum in
the interval 10.2—10.6 MeV. For the comparison
of the calculated curves with the experimental
spectrum the energy scale was refined by intro-
ducing a shift 6 which was a linear function of
the energy and was varied in steps of 9 keV at
EII;n The constant D’ for each value of €y, and
6 was determined from the normalization condi-
tions calculated by least squares. In the region of
the peak the part represented by D’ contributes
~ 30% to the total amplitude.

Figure 7 shows the calculated curves, normal-
ized to the experimental spectrum, corresponding
to several values of € and the optimum shift §.
The sensitivity of curve shape to epn decreased
compared with (2) (converted to the lab. system)
because of the finite spectrometer resolution.

dE,. (14)

5)In[?*] distributions of the registered particles were obtained

with respect to angles and energies (for the elastic scattering of
neutrons by hydrogen and their inelastic scattering by deuterium)
for a telescope with a thin radiator.

imental spectrum in Fig. 4 the calculated proton
energy distributions must take into account the
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FIG. 6. The function N(Ep/Ep, )d(Ep/Ep, ), which is the dis-
tribution of protons registered by the telescope after being emit-

ted when neutrons were scattered inelastically by deuterium. E;, -

proton energy; Ep, — energy of a proton emitted at 0° (both in the
lab system). a — N,(Ep/Epo )d(Ep/Ep, ), the distribution for an

infinitely thin radiator when the neutron energy spread is neglect-

ed; b — N,(Ep/Ep, YA(Ep/Ep, ), the distribution for nonmonoener-
getic protons; ¢ — Ny(Ep/Ep, )d(Ep/Ep, ), the distribution for a
radiator of finite thickness.

The most likely value of €, was also deter-
mined by least squares. The calculated and ex-
perimental differential cross sections were com-
pared for 10.2—12.0-MeV protons, for which the
energy of relative neutron motion is Epp < 1 MeV.

Figure 8 is a graph of F (epn) = ¢(€enn)/ ¢, - 1,
where ¢, is the sum of least squares for the op-
timum shift 6, and ¢ (epn) is the sum of weighted
squared deviations. All calculations were per-
formed with the M-20 computer. In estimating the
accuracy of the determination of €5 we took into
account errors associated with approximations
used in deriving the theoretical dependence of
dzoo/dEdep on Ep, errors in determining the
absolute magnitude of the cross section and con-
stant D', statistical errors in measuring the

FIG. 7. Calculated differential cross
sections for inelastic neutron scattering
by deuterium (taking into account the
finite parameters of the experimental
apparatus), normalized to the experimen-
tal spectrum.
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spectrum within the region of comparison, small
errors associated with the influence of previously
scattered neutrons, and inaccuracy in determining
the energy scale and resolution function of the
spectrometer.

In estimating the accuracy the curve shape was
characterized by the value of the differential cross
section normalized to the experimental spectrum
in the region of comparison, and the dependence
€nn = f(dzo/dEdep, Ep) averaged over this en-
ergy region was employed.

If the calculated spectra are compared only with
experimental values Eppn < 1 MeV the theoretical
approximations can lead to errors of +15% or —11%
in the value of e,,. The inaccuracy of D’ and of the
absolute magnitude of the cross section can lead to
errors of +8% or —6% in epn. For the curve ex-
hibiting the best agreement we have e, = 67§
keV (with the rms errors) or app = —23.61%'6 F.
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5. DISCUSSION OF RESULTS

Figure 9 shows the theoretical proton distribu-
tion normalized to the experimental spectrum
[without the transformation (14)] in the ¢.m. sys-
tem for enn = 67 keV with %/k{? «< 1. The differ-
ential cross section at the maximum is 20.7
mb/MeV-sr in the c.m. system and 32.8
mb/MeV-sr in the lab. system. The experimental
results exclude the possibility of a bound state of
two neutrons. The calculated curve for a bound
state with epp = 70 keV, normalized to the ex-

dzé/dfd.)?, mb/MeV-sr
201

61

2 495
£ MeV

FIG. 9. Theoretical differential cross section for the re-
action D(n,p)2n, normalized to the experimental spectrum, for
€nn = 67 keV (c.m.s.) with £2/k,'? < 1.
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VOITOVETSKII, KORSUNSKII, and PAZHIN

perimental spectrum for ~ 10-MeV protons,e) is
shown in Fig. 10. Because of the finite spectro-
meter resolution a monochromatic line that is
located % € (c.m.s) from the upper limit of the
continuous spectrum is superimposed on the con-
tinuous proton distribution.

A comparison of our value app = —23.674¢F
with arslp = —23.74 + 0.09 F 1 shows that charge
independence is fulfilled in the S state. The ex-
perimental value of apn is close to the value
—27 + 1.4 F predicted by Wong and Noyes 24] for
strict charge symmetry.

The authors are indebted to A. B. Migdal,
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suggestions; to A. B. Gil’varg, A. I. Novikov, R. S.
Silakov, A. A. Sirotkin, and G. V. Spiridonov for
experimental assistance; to A. A. Rodionova for
assistance with the calculations performed on the
M-20 computer.
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