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The two-meson absorptive part of the nucleon-nucleon scattering amplitude is computed for
momentum transfers 4u2 <t < 4mu up to terms of the order ~t/4mpu and pz/m2 (4 and m
are the pion and nucleon masses, respectively, and p is the nucleon momentum). This is
done employing the 7 + T — N + N amplitude derived in [7) and taking into account the effects

of pion-pion interaction in S, P and D states.

The pion-pion interaction contributes signifi-

cantly only in the presence of kinematic resonances, when the pion-pion amplitude has a zero
near the resonance. In the simplest case of a kinematic P-resonance at an energy \/—t_; ~ 750
MeV (the effect of the p meson) it is impossible to obtain agreement with experiment on the
basis of the two-meson approximation simultaneously for the electromagnetic form factors

and for the elastic nucleon-nucleon amplitude.

1. INTRODUCTION

THE method of computing scattering amplitudes by
means of an expansion in terms of increasing
masses in the intermediate states has been widely
used in recent times (cf., e. g.,l'1). In the lan-
guage of dispersion theory this method is equiva-
lent to taking into account successively singulari-
ties which are more and more distant in the
complex plane of the invariants. If the lowest term
of the expansion is a pole term (one-particle ex-
change), it can be computed in an elementary man-
ner, but even the following term (two-particle ex-
change) can be obtained only by overcoming
considerable technical difficulties.

An actual computation of the two-meson con-
tribution to the nucleon-nucleon scattering ampli-
tude has been performed up to the present [2,3]
only for partial amplitudes and phase shifts with
large orbital momenta | > 1 (peripheral interac-
tions ), and only the lowest order term of the ex-
pansion of the two-meson absorptive part in powers
of

x = (f —4p?)/4p (1)

has been obtained. This guaranteed the calculation
of the two-meson phase shifts to an accuracy of the
order of

L=V T+ p%u% L+ 1). (2)
Here t is the momentum transfer, u the pion
mass, and p the momentum of the nucleon in the

center-of-mass system.

Evidently, only not too large values of [ are of
practical value, when the expansion parameter (2)
is close to unity (weak peripheralism!’) and the
asymptotic formulae one derives can be considered
only as a rough estimate of the order of magnitude
of the two-meson phase shifts. It is interesting to
note that in this case there are special reasons
for the low accuracy of the asymptotic formulae:
the central and spin-orbit two meson forces turn
out to be anomalously small due to some strong
compensation, which reduces the main terms ap-
proximately by a factor of € = (u/m)? (m is the
nucleon mass). This compensation could disap-
pear in the absorptive part for x ~ 1 and then the
resulting formulae would be completely unaccept-
able in the case of weak peripheralism.

For a more accurate computation of the two-
meson contribution to the NN-amplitude one is
forced to give up the expansion in terms of the
quantities (1) and (2) and one must derive the ab-
sorptive part at least for 4;42 =t <~9u2. A general
method for such calculations has been developed by
several authors [4:*] on the basis of Mandelstam’s
formalism [6:17, The main problem arising in
this case is the calculation of the pion-nucleon
amplitude in the nonphysical region, which deter-
mines the absorptive part of the NN-amplitude.

In the present paper the two-meson contribution
is calculated on the basis of the pion-nucleon am-

DIn this case the effective interaction of the nucleons
takes place at distances r ~ 1/p and the absorptive part con-
tributes effectively to the phase shifts for x ~ 1.
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plitude obtained by Galanin and Grashin UJ, taking
into account the amplitudes for pion-pion scattering

with isospin I = 0 for even I and isospin I = 1 for
odd I in the form?®
M (x) = eP19sin 8 (x) = QW (x) V X/ X (x)
—iQ® (x)V x1;
Vxeotd; (x) = X (x)/QW (x); [ =0(S), 1(P), 2(D),
(3)

where X(l) (x) and Q(l) (x) are arbitrary poly-
nomials in the square of the meson ¢c.m. three-mo-
mentum. An expansion in terms of the small para-
meter € = u/m = 0.15 is consistently carried out,
which considerably simplifies the computations and
allows one to obtain the absorptive part of the NN
amplitude in a sufficiently large domain 4u2 < t

< 4mu with an accuracy to ~ex ~ t/4my. Strictly
speaking the resulting formulae are not applicable
in a small neighborhood 0 = x < €?/4 near t = 4u?,
since besides expanding in terms of €x one also
expands in terms of the quantity €(1 + 2x)/2Vx 3.
From asymptotic formulae derived earlier [2,3] jt
is, however, evident that this neighborhood gives a
considerable contribution only for very large or-
bital momenta 1 > 4/€® = 180. The calculations
have been carried out in the nonrelativistic approx-
imations, up to corrections of the order p2/m2.

2. CALCULATION OF THE ABSORPTIVE PART

In the two-meson approximation the absorptive
part of the NN-amplitude A(E, t) is expressed via
the unitarity condition (cf. figure) in terms of the

pion-nucleon amplitude
Top (v, 1) = 84 {AP (v, 1) + EBP(v, 1)}

[Ta B]

(A7 (v, ) + kB (v, 1)}, (4)
in the following manner:
A(E, t) = SE(ZLn)s]/‘—i[‘” S<p11Tap(vl» | pi>
% 1<P2| Tag (V2 1) pa>* dQy. (5)

DThe calculations in [’] have been carried through only in
the particular case Q(l )(x) =x!, but the formulae obtained are
in effect valid for arbitrary Ql(x).[***]

3n distinction from the expansion in terms of €x, this
other expansion is not a matter of principle; however, retain-
ing corrections of the order €(1 + 2x)/ 2\/'; would go beyond
the limit of precision and would lead to unnecessary complica-
tion of the formulae.

When integrating over dQ, = dz;dp; (along the
vector k) the pion-nucleon amplitudes are regarded
as functions of the following invariants

vy = (s, —m? —p2 4 t/2) | 2m = p)Y — xWz,

vy = (sy —m2 —pu2 + #/2) / 2m = p)/ — xWa,,
where
=22+ VT —2V1 —Zcosq, z=1-2P ()W
P2 (x) = p¥m® + & (1 + x), W =V1T—e(+ .

The non-pole contributions A® (p, t),
[B® (p, t) — B%’ (v, t)] to the amplitude (4) can
be expanded in powers of Vz, since in fact the ex-
pansion is in terms of quantities € (cf.”])

~
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and goes over into an expansion in terms of €x
after integrating over d§; in (5). Hence, up to
termis of order ex the absorptive part (5) depends
only on the invariant pion-nucleon amplitudes for
v=0:

a(x) = mA™ (0, 1)/}

By (x) = p2 [B7 (0, 1) — B, (0, n/gr,

B, () = 2 147 (v, /vl .

v (x) = p [(BY (v, )— BY (v,0))/vg?]

v=0"’

g% = 4ng® = 4m. 14.5. (6)

It is convenient to replace S35 (t) by the function

B (x) = —By(x) — By (x) = —n* [F7 (v, Ovg2l,_, (D)

which is expressed through the helicity amplitude
FO (v, t) I and occurs in the absorptive part of
the electric form-factor of the nucleon [#7.

The calculations lead to the following expression
for the operator in the nucleon spin and isospin
spaces, corresponding to the absorptive part (5)
[with an accuracy ~ €x, € (1 + 2x)/2Vx |:

t—4p2

AE, 1) = & {4° + im™* S[p'p] A"S

4 (e 1) (6@ 1) — aWg® — 21 A7

+ {1+ (sWn) (s@n)] A5
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LL __
AT = 24EP?(x) V'x

’

? { 2(1 +2x) + v+ ““"’}

(8)*

where S= (¢®™+ @) /2 ¢® and ¢® are Pauli
matrices in the spin-space of the nucleons, 1 and
n are unit vectors along q = p’ —p and p’ x p,
respectively, A is the eigenvalue of the operator
tM+® (1 or - 3 for isospins T = 1 or 0, res-
pectively) and the function v = V1 — 4xp?/u? has
a singularity for t = 4u? + 4Yp? and contributes to
the imaginary part of the amplitudes.

The pion-nucleon amplitude obtained in L3 leads
to the following expressions for the functions (6)
and (7):

@ (x) = 115 + 0.2x -+ ks (¥) {0,15 102y

e(1 —}-'N) Lﬁls_l)_l(x) }
2V =% VY ==’

B, (x) = 0.083 & iAp (x){0.083 ~

+ Iny —x+ (9)

3 [my=x edton, MELWE ]}
|- vl
1o L2 (0
B (x) = — ie%hp O\ T g (xj‘V_ , (10)
: 1 L2\
v (x) = Sighp (x) {? + W—:x] . (11)
The polynomials LI(E% (x), Mg}z (x), Ll(rrll),,)l (x),

*[p’p] = p” x p.
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D
L{{,,l)(x) (with degrees n+ 1, m + 1, and k+ 1)

in Egs. (9)—(11) are obtained from the vanishing of
the curly brackets at the point x = — 1 and at the
n, m, and k poles of the pion-pion S-, P-, and
D-amplitudes (3), respectively, and also the van-
ishing of the first derivatives of the curly brackets
at the point x = — 1 (cf. also 7 ). The branch

Re Vv — x = 0 has been chosen for the root v — x s
and in analogy to Eq. (3) for the pion-pion ampli-
tude, Egs. (9)—(11) contain the value v —x = — ivx
on the upper side of the branch cut x = 0.

Let us discuss briefly the general properties of
the absorptive part (8), without considering, for
the time being, the contributions due to the pion-
pion interaction. Due to the presence of the com-
bination a(x) —1 ~ €(1 + x) the scalar part
AS ~ €2 (1 + x)2. Hence the already mentioned [2:3]
strong compensation of the contributions from pole
terms and non-pole terms in the pion-nucleon am-
plitude ( rescattering corrections) is violated for
t> 4;.¢2, owing to the factor ~(1 + x)%. For x ~ 1
the absorptive part AS acquires an additional fac-
tor of ~4 as compared to the region x =~ 0, hence
for the case of weak peripheralism the asymptotic
formulae underestimate the contributions of the
central forces by a factor of several units.

The spin-orbital part is of the form ALS ~ ¢?
(1 + x), whereas the contribution | @ (x) — 1 [?
constitutes an insignificant correction < €x to the
principal terms. The asymptotic formulae under-
estimate the contribution of the spin-orbit forces
by a factor of two or three.

For isospin T = 0, due to a compensation within
the first two terms (arising from the fourth-order
diagram), the tensor part AT becomes sensitive
to whether terms of the order of x which have been
neglected in the asymptotic formulae, are taken into
account or not. This leads to an increase by almost
one order of magnitude of the corresponding contri-
butions to the NN-phase shifts.

The absorptive part ALL which corresponds to
a potential of the form (¢ L) (¢® L), contains
only the contribution from the fourth-order dia-
gram and is computed to a better relative accuracy
compared to AS, i.e., corrections of the order
< le(1 + 2x)/2Vx 13, pt/m* have been omitted.

The anomalously large terms in AT and ALS,
which are proportional to 1/p2 (x) are also due to
the fourth order diagram and have been computed
to the same degree of higher relative accuracy.

In the construction of the equivalent two-meson
potential [10] a]] these terms cancel out with the
second iteration of the one-meson potential. This
leads, in particular, to the disappearance from the
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potential of forces of the type (o™ L) (¢® L),
which are contained only in corrections of the
orders €2, p2/m2 to the other types of forces.

The taking into account of the pion-pion inter-
action by means of models in which the polynomials
Q(D (x) have no zeros in the physical region (e.g.,
scattering length models, or Breit-Wigner type
resonance models) brings about only an insignifi-
cant change of the results. The absorptive part
remains a relatively smooth function of the momen-
tum transfer t. Thus, for instance, a scattering
length model for the S-wave pion-pion amplitude
with a positive scattermg length a leads to a more
rapid decrease of AS (x), i.e., d1splaces the ef-
fective integration region for the contribution of
the central forces towards lower momentum trans-
fers, but only slightly modifies the integral contri-
bution to the NN-scattering phase shifts. A Breit-
Wigner type resonance model for the pion-pion
interaction in the P-state leads to the appearance
of an inessential oscillation of the absorptive part,
the integrated contribution of which disappears in
the limit of an infinitely narrow resonance.

Essentially different results are obtained when
one uses models for the pion-pion interaction, in
which the polynomials Q(l) (x) and X(I) (x) have
near-lying zeros in the physical region (the case
of a resonance with a nearby zero of the pion-pion
amplitude). The simplest model of this kind is the
model of a kinematic resonance:

XD (x) = (xr — %) (%0 + %),

QY (x) =a (x, (12)

— X), Xo > X,,m =1

which has been treated earlier [8:9), The case of

a narrow resonance in the P-wave amplitude of the
pion-pion scattering leads to large additive delta-
function type contributions to A(E, t). In the limit
of an infinitely narrow resonance a — 0, X, — Xp

= 6, a/ (xy — Xp) — 0.2 (the effect of the p-meson),
which allowed one to obtain agreement with the ex-
perimental data for the electromagnetic form fac-
tors of the nucleon [*7, the contributions to A (E,t)
are of the form:

AS = — 47h.d (x — 6),
Al = 55008 (x — 6).

AFS = —20m7M. 8 (x —6),
(13)

The contribution of the pion-pion interaction to the
forces of the form (¢™ L) (¢® L) contains terms
which are smaller by ~ €, p?/m? than the other
types of forces and therefore has not been taken
into account here. The contribution of the pion-
pion interaction to the D-state can become essen-

tial in ALS and AT only if the D-amplitude has a
kinematical resonance for t, < 4mu.

3. THE SCATTERING PHASE SHIFTS

The following quantities are conveniently used
as partial NN-amplitudes:
=(S,,— /2 g, =57

for the singlet,

/2i,for the triplet,
(14)
where Sp, SJZ’_ZI is the S-matrix in the J-repre-

J—1, J+1

sentation. For [n|, |nf|, lgy| < 1 these am-
plitudes coincide up to second order correct_ions
with the nuclear bar phase shifts 61 307 35 €5
introduced in[11J, The transition from the operator
(8) to the phase shifts (14) is carried out by means
of an elementary technique [3:12) and leads to the
following expressions for the singlet phase shift

n; and the mixing parameter ¢j, respectively

_3glsp t — 4u2
4an \ -‘/- A Qlép‘z ) (15>
apt
gt VIU T T ]/t—4u- !
b= Ty ) {47
4p.t
2aLL 2 2 T
p A~~m" — P (x) A 1) dt
sV1+xP(x)J(J+1)QJ }W' (16)

where Q; = Q;(2z), Q) =QY]’(2z) are Legendre
functions of the second kind of the argument

= 1+ t/2p%. The triplet phase shifts can be
written in the form
_ —1
0=t 2m“—3mr—(l+ Do —1 e+l
— 2t T LS
= + ‘27(1——)— 2 — @
20 —1

+ PN +1) ‘/T—ﬂlj{\él—l — 7]lT——1)
+ 2%3;3(‘/; j—_ f’ézﬂ mT+1) ‘e

3 i 2
=+ 20Ff — 3] + lgf — ]/“r% Err Mg s

an

where

3gle?

¢ = SpEI (1) (18)

X VI=0e P (9 QP A" 5

is the contribution of the spin orbit interaction and

the quantities 7 IfL and nj are obtained from the

integral (15) by means -of the substitutions

AS — ALL or AT, respectively. Strictly speaking,
the expressions (15), (16), and (17) have to be mul-
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tiplied by a projecting function with values 0 or 1,
so that only the two-nucleon states which are ef-
fectively realized remain.

The connection between the scattering operators,
and the phase shifts defined by Egs. (15), (16), and
(17) is of a general nature. In an expansion in
terms of the number of mesons we must consecu-
tively consider the domains of integration
4ut =t = ou?, oul=t= 16u? etc. In the two-
meson approximation it makes sense to calculate
only the contribution of the first interval. However,
taking into account that the expressions for the two-
meson absorptive part obtained in the present paper
can be used ¥) for t < 16u?, we shall integrate, in
the computation of the two-meson phase shifts, up
to tmax = 16u% This integration is also justified
by the fact, that the three-meson absorptive part
gives a fundamental contribution in the case of
weak peripheralism, probably only beyond t > 16;42.

For large orbital momenta [ > 1 the integrals
in (15), (16), and (18) can be calculated by means
of the method of steepest descent, which leads to
asymptotic formulae, which have been obtained
earlier (%37, In place of the constants o = 1.2,

B = 0.004, gy = 0.025 and By = — 0.029 the for-
mulae will contain the quantities >’

a (0) = 1,15 — L2, (0)/ X (0),

B (0) = 3e:Lif), (0)/2X7(0),
B, (0) = 0,083 — 3eMirl, (0)/2X(0),

B2 (0) = — B (0) — B, (0),

which depend on the S- and P-scattering lengths
for pion-pion scattering. Note that the substitution
Ap = 0, X(P)(0) =« in Eq. (19) does not lead,
within the errors, to the numerical results ob-
tained earlier [27 for the quantities B, 8y and S,.
This discrepancy is due to the presence of sub-
tractions in the dispersion integrals for the pion-
nucleon amplitudes A and B, which were used
in the more recent calculations [™). The modifica-
tion of the result due to the introduction of sub-

(19)

“For t > 164* the two-meson absorptive part can be modi-
fied essentially by taking into account the four-meson contri-
bution to the NN-amplitude and the corresponding modification
of the functions (6) and (7). We stress the fact that this would
lead to additional corrections, not connected with the expan-
sion in terms of €x.

SEquation (9) yields for a(x) a logarithmically divergent
expression (as x » 0) due to the expansion in terms of
€(1 + 2x)/2\/x, therefore a(0) has been derived from the more
exact expression given in 1.

A. D. GALANIN et al.

tractions is an indication either of an essential
contribution of the high energies ( beyond the region
of the 33-resonance ), or of uncertainties in the
pion-nucleon scattering lengths which have been
used for the computation of the subtraction terms
and also of the errors indicated for these lengths.
This modification leads approximately to a doubling
of the contribution of the tensor forces for isospin
T = 1 and turns out to be negligible for the other
types of forces.

4. NUMERICAL RESULTS AND COMPARISON
WITH EXPERIMENTS

For numerical computations it is necessary to
substitute into the obtained expressions the S-, P-,
and D-amplitudes for pion-pion scattering. At
present there are no reliable data available on the
pion-pion interaction and therefore we use the
simplest models with a minimal number of para-
meters. This gives a possibility of at least quali-
tatively investigating the dependence of the NN-
amplitude on the pion-pion interaction.

Besides, it is meaningful to separate the con-
tributions of the smooth components of the absorp-
tive part A (E, t) which correspond to the non-
resonant pion-pion interaction (or to the absence of
pion-pion interaction) from the delta-like compo-
nents which correspond to possible kinematic pion-
pion resonances. The effect of the non-resonant
pion-pion P- and D-amplitudes can be neglected,
since the functions (10) and (11), which depend on
these amplitudes donot contribute essentially to
the absorptive part (8). For the pion-pion S-wave
phase shift we shall make use of a scattering
length (effective range) approximation
X() (x)/Q) (x) = 1/a. In the case of a negative
a the amplitude (3) has one pole in the point
Xy = 1/a®> (n= 1) and for positive a there is no
pole (n = 0).

Table I lists the NN phase shifts (14) in degrees,
obtained through numerical integration of the smooth
part of ReA(E, t) for a = 1, Ap=AD= 0, between
4/.}.2 =t = 16u®. An extension of the domain of in-
tegration up to ty,gx = 4mpu would yield a maximum
variation in the case of the D- phase shifts at an
energy E = 300 MeV. In place of the values given
in' Table I we would obtain the values 'D, = 14°,
3D, = 2.5°, °D, = 18°, °Dy = 24°, £y = 3.2°. Going
over to lower energies and higher phase shifts the
convergence of the integrals improves. The con-
vergence of the contributions from the scalar ab-
sorptive part AS also depends essentially on the
scattering length. Thus, for a = 0 we would ob-
tain 'Dy = 9° for ty,ay = 16u? and 18° for
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Table I
E, MeV 40 100 200 300 E, MeV 40 100 200 300
T=1 T=0

1D, 0.6 2.7 6.7 10 1F, 0.05 0.4 1.3 2.4
1Gy 0.006 0.1 0.5 1.0 1Hg 0.0006 0.015 0.1 0.3
3 0.04 0.3 1.0 1.8 3Dy —0.5 —3.6 —5.3 0.1

3F, 0.03 |0.15 | 0.4 0.6 3D, 1.2 4.5 8.3 12

3Fg 0.05 |0.4 1.4 2.5 3D3 0.9 4.4 11 20
3F, 0.05 0.4 1.5 2.6 Es —0.03 —0.2 —0.5 —0.7
&4 0.0003| 0.007 | 0.05 | 0.12 3G3 0.004 | —0.04 —0.15 —0.08
3H, 0.002 {0.01 | 0.06 | 0.12 3Gy 0.01 0.13 0.59 1.15
3Gs 0.008 0.14 0.70 1.5

tmax = 4mu. For a = 2, one obtains for !D, the

values 8° for tyax = 16u% and 10° for tyax = 4mu.

For negative a there is no sense in calculating the
D-phase shifts, owing to the slow convergence of
the integrals. Note however, that} the exact absorp-
tive part should lead to a better convergence, as
compared with the first order term of the expan-
sion of A(E, t) in powers of x, considered in the
present work.

In Table II are listed the supplementary contri-
butions to the NN phase shifts, due to the delta-like
absorptive parts (13), corresponding to a kinematic
resonance in the P- amplitude for pion-pion scat-
tering (the effect of a p-meson with mass (1:1.)1/2
~ 750 MeV). The results obtained for this case
have an essentially qualitative character, since the
position of the resonance under consideration is
located at the frontier of the convergence domain
of the expansion in terms of t/4mu utilized here.

Adding the one-meson [12] and two-meson phase
shifts (from Tables I and II) we are led to results
which are seriously at variance with the experi-
mental data[13]. This disagreement is produced
mainly by the presence of the strong central forces
AE ~ = A;6(x — 6), which lead to negative contri-
butions to the phase shifts for isopin T = 1 (repul-
sion) and to large positive contributions for T = 0
( strong attraction). Besides, the isospin depen-
dence of the type A,Ijs ~ A7 due to strong spin or-

bit forces from the p-meson is apparently also in
contradiction with experiment. We call attention
to the fact that the experiments require supple-
mentary contributions to the even triplet phase
shifts (T = 0), to the sum ‘‘one-meson + non-
resonant two-meson phase shifts’’ ( Table I) which
have opposite signs as compared to the ones in
Table II. The tensor absorptive part AT yields a
supplementary contribution in both isospin states
T = 0 and 1, which has the correct sign but is too
large in magnitude by a factor of two—four. We
think that the mentioned strong disagreement with
experiment indicates that the three-meson absorp-
tive part plays an essential role and possibly
indicates the necessity of introducing a more com-
plicated model for the pion-pion interaction, for
instance, a model with resonances in the S- and
(or) D-amplitudes.

5. CONCLUSIONS

1. The asymptotic estimates obtained earlier
[2,3] can underestimate by a factor of 5—10 the
values of the two meson phase shifts in the case
of weak peripheralism, when the peripheral para-
meter (2) is close to unity, and the absorptive part
gives an effective contribution in a sufficiently
wide region of momentum transfers t =~ (9 to 16)puZ.

Table II
E,MeV 40 100 200 300 E, MeV 40 100 200 300
T=1 T=0

1D, |—0.2 1 —1.5 |—5.6 | —10 1F, 0.02 0.3 2.0 5.2
G, | 0. | —0.006 |—0.068] —0.2 || H; 0 0.001 0.03 0.1
Es 041 27 |10 21 3D, 7 45 160 350
5F, |—0.05 —1.0 |—5.5| —15 3D, 2.5 14 70 120
3F, |—0.03] —0.2 |—2.6 | —6.6 || 3D 2.5 14 50 95
3F, |—0.02 —0.3 |—2.0| —3.3 || & —0.03 | —0.4 —3.2 | —8.5
Es 0 0.01 | 0.1 0.3 || 3G, 0.002 | 0.1 1.5 5.1
SHy | 0 | —0.007 |—0.08| —0.4 || %G 0.003 | 0.1 0.8 2.4
3G, 0.001 | 0.07 0.4 1.3
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2. The already indicated [#:3:1) strong com-
pensation of the central two-meson peripheral
forces is violated in the region 1/m <r 5 1/u,
due to the quick increase with decreasing distance
of the factor ~(pu r)'4, which is equivalent to a
violation of the compensation in the absorptive
part for 4u? <t < 4mp due to the factor (t/4u?)?.
The two-meson central forces, computed without
considering the resonant pion-pion interaction,
agree with experiment and, on the other hand, dif-
fer strongly from the central potential obtained on
the basis of perturbation theory [141 (the fourth-
order diagram ),

3. The calculation of the two-meson spin-orbit
and tensor forces without considering the resonant
pion-pion interaction leads to an amplification by
a factor of several units of the estimates obtained
on the basis of the asymptotic formulae [3:191 put
does not yield agreement with the phenomenological
forces. One can carry out a comparison with ex-
periment, taking into account that the spin orbit
forces give the essential contribution to the dif-
ference nl*ll —r,ll‘1 r (21 +1) (leS and the ten-
sor forces —to the mixing parameter ¢j. In addi-
tion to Table I we indicate that the LS forces
yield a contribution 3¢1LS = 5, 15, 25 and 35°to
the difference 3P, — ®P, for E = 40, 100, 200, and
300 MeV, respectively.

In order to obtain agreement with experiment,
the two-meson LS forces have to be increased by
a factor of two to four, i.e., one needs supplemen-
tary positive contributions. For T = 0, on the
contrary, the two meson LS forces have to be
compensated, i.e., one needs supplementary nega-
tive contributions about twice as small as the
supplementary terms for T = 1. The tensor two-
meson forces have also to be increased several
times in both isospin states.

4. The nucleon-nucleon amplitude depends
weakly on the non-resonant pion-pion amplitudes.
Only the S-amplitude gives a certain effect
(isospin T = 0) in the central NN forces, how-
ever even in this case the experimental data on
NN-scattering do not yield essential information
about the parameters of the pion-pion amplitude.

9In similar calculations of the spin-orbit forces cotres-
ponding to the fourth-order diagram[“] Gupta has committed an
error, connected with an incorrect nonrelativistic limit under
the Feynman integrals, which is equivalent to identifying the
matrix elements of the Dirac matrices y, and 1.
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5. Large contributions to the NN amplitude,
in particular to the spin-orbit and tensorforces, are
given only by the pion-pion amplitudes in the pre-
sence of kinematic resonances, when the pion-pion
amplitude has a zero in the neighborhood of the
resonance. In the simplest case of a kinematic
P-resonance at an energy \/_t: & 750 MeV ( the
effect of the p-meson) one cannot obtain agree-
ment with experiment in the two meson approxi-
mation both for the electromagnetic form factors
of the nucleons (8] and the elastic nucleon-nucleon
scattering amplitude.

The authors are grateful to B. L. Ioffe, I. Ya.
Pomeranchuk, K. A. Ter-Martirosyan for discus-
sions and useful remarks.
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