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A model for low-energy mN scattering consisting of N, p, A, and o exchanges together with
current-algebra constraints is presented. We derive the A contributions to the scattering amplitude using
a general A propagator and mN A interaction. We show that the data are consistent with the simplest
structure for both the A propagator and the interaction. A o term of 42 4+ 10 MeV at the
Cheng-Dashen point is found, and predictions of the o term at t = 0, the # N N coupling constant,

and the isospin-even s-wave scattering length are made.

I. INTRODUCTION

The current-algebra constraints on the on-mass-
shell pion-nucleon scattering amplitude are well
known.!™ The amplitude is given as a sum of
equal-time commutator contributions and an axial-
vector-nucleon amplitude contribution. The most
appealing and common model for the axial-vector
amplitude, that of dominance by baryon and meson
exchanges, has in the past involved two difficulties.
First, the A-exchange contribution is ambiguous
because a general A propagator contains an un-
known complex parameter.® Second, a realistic
calculation of the o-exchange amplitude has been
hampered by a lack of information about the rele-
vant vertices and propagator.

In this paper, we use the following approach to
these difficulties:

(i) We allow a complex parameter Z entering the
A contribution to be determined by comparison
with experimental data.

(ii) We use a form for the o-exchange contribu-
tion obtained recently by Schnitzer? from unitar-
ization of 7w scattering.® As a result we are able
to express the total o contribution to the 7N scat-
tering amplitude in terms of the “o term”:

go()=525 (p'|0%(0)[p), (1)

which is the nucleon matrix element of the “oc com-
mutator”’

0%(x) =i Q¥(x,), 8 , A% (x)]. (2)

In the above p and p’ are the initial and final nucle-
on momenta,” t=~(p’ - p), A% is the axial-vector
current with isospin index @, and

Q(x,) = f 4% A%(x). 3)

Traditionally, predictions of models for low-en-
ergy mN scattering have been compared with s-
and p-wave scattering-length data. Instead, we
follow a suggestion of Hohler ef al.® and make
comparisons with the coefficients of an expansion
of the invariant amplitudes in powers of v=(s - u)/
4M and t. The expansion can be written as fol-
lows:

"
{A'/u§ =(a; +a; t) +(a; +al t)?
+agvi+ee.,
4)

{gt/v} = (b3 +b5 1) +(b; +b% tW?

+bivi4e.
where A and B are the usual invariant amplitudes
minus the Born terms of pseudoscalar-coupling
theory. The “experimental values” for the twenty
coefficients a; and b} have been calculated from
fixed-¢ dispersion relations by Hohler ef al.8

Using our model we derive expressions for the
coefficients in expansion (4) which involve four
free parameters, the A coupling parameters g *
and Z (where Z is complex) and the o term g.
We find that an excellent fit to the experimental
coefficients is obtained provided

(i) the A exchange contributions chosen are con-
sistent with those calculated with the simplest
possible choice of A propagator and ANT interac-
tion, a choice which corresponds to Z=-3;

(ii) the o term is assigned the value

g5(2u%)=42+10 MeV,

where p is the charged-pion mass.
Finally, using the information gained from the
fit, we make predictions of g,(0), for the 7NN

3444



7 IMPLICATIONS FOR THE AN7 INTERACTION AND o TERM... 3445

coupling constant g2, and for the isospin-even s-
wave scattering length.

The current-algebra constraints on 7N scatter-
ing are reviewed in Sec. II. In Sec. III our ex-
change model is described and theoretical expres-
sions for the coefficients in expansion (4) are ob-
tained. In Sec. IV a numerical comparison with
the experimental values of the expansion coeffi-
cients is carried out, and the values of the A cou-
pling parameters are discussed. In Sec. V the ¢
term is considered, and several predictions are
made. Finally, a brief discussion and summary
of our results is given in Sec. VI.

II. CURRENT-ALGEBRA AMPLITUDES

We begin with a brief review of the current-alge-
bra constraints on'~ the scattering process’

m(q) + N(p)= 1°(q’) + N(p").

We assume that the weak vector currents V j(x)

and axial-vector currents A{(x) are related by the
chiral SU(2)® SU(2) equal-time commutator

[AS(x), ADO]8(xs = yo) =i€arc O(x =MV i(y).  (5)
We define the pion field ¢* by
auAﬁ(x)szuz‘i’a(x)’ (6)

and the nonpionic part of the axial-vector current
by

Al(x)= AY(x) = F ., 9%(x), (M

where p is the pion mass and F, is the pion decay
constant. We also assume that it is possible to
define a local scalar field 0°®(x) by means of the
equal-time commutator

[Ag(x), 8, A% (1)]6(x, = yo) = =i8(x = y)o*(y), (8)

with 0% =¢%,

The definitions and commutation relations given
above imply the well-known Ward identity®

jdxdye“”e"“"’ O 2= pd)@,2 = p) (P’ | T* (6 (%) () | p)

1

1 y.
* Facanczd +q’)ufdye““"” (P IVEWIpY,
s

. . . R . 2 ’2 . .
=F,,2q"‘q” fdxdye“’"e"“ (P T* (AL ()ALy) D) + L <1+q_2+g“_2> dee‘““" Y(p' o) |p)

F.? [

(9)

which involves the off-mass-shell 7N scattering amplitude!®

T'(p', 4’50, 9) = -ifdxe""""(qz +u®)(g %+ 1) (b | T*(9°(x)0* (0D | p) . (10)

The presence of only the nonpionic parts /ff, in Eq. (9) indicates that all pion poles have been explicitly re-

moved from the axial currents.

At this point we recast the identity (9) in a form more useful for our purposes. We define the amplitude

Rba by

Rbu _ 1 ’ Tba

- Fﬂz quqv MY (11)

where

Ty (', a5 b, q)=~i fdxe"""" (p" | T*(A (x)A50)) p) . (12)
For the nucleon matrix element of the vector current, we use the standard form

/e . v Vi Tuwky ] T8

P [V3Ipy =i Flew, - F0 g2 | 7, (13)
where k=p’—p, t=-k? and M is the nucleon mass. Also, we write

(p'0°%(0)[p) =64y £0(2) . (14)

After inserting Eqs. (11) through (14) into Eq. (9) and performing a few elementary manipulations we ar-

rive at

1

1 2 12
S = A %) Sav&olt) + 5= {LFY () + FY(®)] iy - Q +vFI (D)} *, ], (15)

© 2F 2

m
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where Q=3(g+q’).
Finally, we go to the pion mass shell, g2=-p? g¢’%=-u? and write Eq. (15) in terms of the usual in-
variant amplitudes A* and B*, which are defined by the decomposition

TP =(=A"+iy - QB* )5, + (=A™ +iy QB )L °, °]. (16)

The result, which contains the constraints of current algebra, is

A, =K, 0+ 77 8000, (172)
B*(v,)=B" (1 1), (17b)
A, t)=A"(v, t) - 2?”—2 FY(1), (17¢)
B, =B, 1)+ 55 FL() +FL ), (17a)

where A* and B* are contributions coming from R”.

III. LOW-ENERGY EXPANSION

In this section we describe the model that we are using for the amplitude R*®. Then we carry out the
expansion (4) of the invariant amplitude in powers of v and ¢.
We assume that R”® can be represented by a sum of four terms

R™=RY +RY +RY +RY (18)

corresponding to N, p, o, and A(1236) exchanges. We do not consider higher baryon resonances because
estimates’'® indicate that the contribution of all these resonances is not significant at points we are inter-
ested in.

For the nucleon-exchange contribution we use the pseudovector (pv) Born terms prescribed by current
algebra:

f— 2 —

Ay =&, A;=0,

B & v §-=£_2__18___E_2_ .
N N

where vy =(2u% -¢)/2M.
We treat the p-exchange contribution within the hard-pion approximation, keeping only the p one-parti-
cle reducible part of R® and using the p77m vertex of Schnitzer and Weinberg.!! It has been shown® that

this procedure implies that the p-exchange contribution to the 7N invariant amplitudes can be included by
simply making the substitution

_ (1+0)¢t

Fr(t)—[l Tt ]F,-V(t), i=1,2 (20)

in Eqs. (17). If one chooses 8 = -} then one obtains agreement'' with the experimental data for A, and p
decay.

To calculate A-exchange contributions, we need to know both the form of the A propagator and the ANT
interaction. For the A propagator we shall use:

1 1 i 2
Puu(p)= . * éuu— IV ur t *(Vupu_7vpp)+ %z Puby
iy-p+M 3 M M

i [2(A*+1 2(A +1 2 .
[( ) T vuly Py = iM* == o y“y”]’ (21)

A+
MR 2A%+1 Pt oA 7""""2A+1

M*=A

mass ?
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which may be obtained from Eq. (109) of Aurilia and Umezawa,® where we have made the substitution'? g,
==3(1+3A%*).

The most general AN7 interaction with gradient coupling is £,=¢*9,0,,99,¢ +H.c., where ©,,=5,,
+Cv,7, and where C is an arbitrary complex number. One might expect the A contribution to depend in-
dependently upon C and A. However, Nath ef al.'® have shown that for real C and A, the A contribution
will depend on only one real parameter.

Their method can be trivially generalized to treat the case of complex parameters. Rewriting the in-
teraction in the form

£! :g*:p-uepuw aud) +H.c. )

(22)
0,,=0,,+[5(1+42)A +Z]v,v,,

where Z is an arbitrary complex parameter, we find that the total (free-field plus interaction) Lagrangian
is invariant under the point transformation:

¢L =% +a7u7x¢)\y

, A-2a*
Al= 1+4a*’
=y, ¢'=¢.

Because of this invariance, the A contributions to the S matrix cannot depend upon A.'* However, they
will be a function of Z.

The simplest form of propagator and interaction can be obtained from Egs. (21) and (22):

1 1 i 2
P,,(p)= m—*[%u =3Vt gF ubu=nby)+ WP,,PV} ,
(23)
£1 =g*$u¢au¢ +H.c. ’

with Z=-3, A =-1. This form has been used recently by many authors®*'° to calculate A-exchange am-
plitudes. Nath et al.'® used field-theoretic arguments to fix Z at the value Z=3. In this paper we leave Z
in as a parameter to be determined by the data.

Using the A propagator (21) and the interaction (22), we obtain the following A -exchange contributions
to the invariant amplitudes'®:

*2

Aj= 9‘%"4*(0;“ +a§"t)<VA1_V + VA1+V>— 2ﬁ;i(E*+M)(2M*—M)

_29ﬁ4*<4+%> 2, gM*(2“ -t)[]z|2<z+ﬂ> +(ReZ)<1+—Ai>], (24a)
Bi= et a0 (2 - ) - B8 (M) i 21, (24)
oo ool - ) ) (o (s )],
Br=-~ l‘g;;*(ﬁ*+32*t)<v —u+;_Al+_u>+£;_2<l+%>2

¥ ;MLizz{(ReZ)[ZM(M+M*) - w4 | ZP[2M(M+2M*) +(u? - 58]}, (249)
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where the relevant kinematic quantities are defined by

EX+tM=

ZL*[(M*iM)Z_MZ], q*2=E*2_M2,

- t N el '
Va=eT+ar W= oM ’

(25)
aF=3(M+M*)g*2 +(M* - MY E*+M)}, a}=3(M+M*),

B¥=3¢** - (E*+MY, B =

(M%)

To evaluate the o-exchange contribution, we keep only the o one-particle reducible part of R%, using an
approximation recently developed by Schnitzer.? He assumed a form for the 7m0 vertex valid at small ¢
that follows from unitarization of 77 scattering. The resulting approximate o exchange contribution, when
combined with the 0 commutator contribution in Eq. (17a), leads to the total ¢ contribution

o1 Ta_ _ 2t
AG——N(N+2)F"2[4 N(N+2) “z}go(t), (26)

where N denotes the representation (3N, $N) of chiral SU(2)® SU(2) to which 8+ A and the ¢ field belong.
Our complete model for the 7N scattering amplitude can be summarized as follows:

A*-A_++£2-————l-——-[4—N(N+2)—2—t (t) 217

TAAT M T N(N+2)F,? uz}go ’ (27a)

B* =B}, (27b)
- = 1 (1+6)t

A =AA_ ZF“Z[I- 4mp2 }VFZVU)’ (270)
I 1y (48w v

B=B3 -~ i+ gpr 1= gt |[FIO+F W), (274)

where the pseudoscalar-coupling Born terms have been separated out,

1 1
+_pt _ 2 -
B* =B g<M2—s;M2—u)’ (28)

and where the A contributions are given by Eqs. (24).
The expansion (4) of the amplitudes given by Eqs. (27) about the symmetry point (v =0, ¢=0) can be car-

ried out easily. We present the nucleon, p, A, and o contributions to the various expansion coefficients
separately.

A. Nucleon Contributions

Since the Born terms of pseudoscalar coupling theory have been separated out, only the extra pieces of
pv coupling theory remain. They yield the contributions

2

a = £, (292)
2
S

2M2 (29b)
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B. p Contributions

The p contributions affect only the antisymmetric isospin amplitudes. The results are

ar=-29,
P=- G gy FLO),
b7 = sl FLO)+FL ),
by = 2F1"2[F2’V(0)+F;V(0)] - EF‘lfian[Fr(o“Fg(o)]-

C. A Contributions

1. Z-independent contributions:

[ ) [, Mw* AM*+M ,17
a, 1- W[Z(E*i-M)(ZM*—M)ﬁ- 'M_*[J,z]
a; aX/a¥-1/4Mw*
. 2 % 2 ax*
@ | =% ot /w2 ’
ag (1/w*3)aX/a¥-3/4Mw*)
al 1 w*q
o | I / |
’-b;1 o 1 -
by BY/B¥~-1/2Mw*
2 * 2 B*
e
by (1/w*2)(8F/BY¥ - 1/Mw*)
b; 1/w*4
— J — -
pal'— i 1 7
a; af/af-1/2Mw*
- *2q ¥
@ | == e 1/ws :
a; (1/w*2)a} /ot -1/Mw*)
a; 1/w**
[ a5 | | / ]
_b_-‘ " 1 Mo*( M+M* 2 9
1 “ T\
by X/B¥ = 1/4Mw*
* 2 %
- =_g Bl * 2
b3 IMw* 1/w
by (1/w*2)(B/B¥ = 3/4Mw*)
bs' 1/w*4
— - - .

3449
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2. Z-dependent contributions:

R 4g*2p’2
&= Tgprx Vo
. 4g*2
Y Ve
. 16g*:ym
bl =-—gar 1212,
(32)
_ 8g*2M
Ve
_ 8g*2 M 4 g%22
b=+ ‘gM* y+ gg;w*‘: (|1Z|? -ReZ),
_ 2 *2
b2= —Q-Ag/I*ZIle,
where

y= IZIZ(Z+ML/I;>+(ReZ)<1+—A%/I;> .

D. o Contributions

The o contributions to the expansion parameters
can be expressed in the form

‘. 4 80(0)

% __[N(N+2) '1} F.2 (33a)
. _ 8o(217) 4 £+(0)

% = oF 22 +[N(N+2) ‘1] 2F 2u% " (33b)

IV. COMPARISON WITH THE EXPERIMENTAL
CROSSING-SYMMETRIC EXPANSION

We have displayed in the preceding section the
theoretical expressions for the coefficients in the
power-series expansion (4). The twenty indepen-
dent expansion coefficients will now be compared'’
with their experimental values. The experimental
expansion coefficients have been evaluated directly
in terms of derivatives of fixed-¢ dispersion rela-
tions by Hohler et al.®'® and are reproduced in
Table I.

The theoretical contributions discussed in Sec.
III are the (i) pv-nucleon pole, (ii) p-exchange,
(iii) A-exchange, and (iv) c-exchange contribu-
tions. Each of these will be considered in turn.

A. Nucleon and p Exchange

If we use the conventional 7NN coupling con-
stant'®

2
£ -14.64:0.6,
4n

the pv-nucleon contributions in Eq. (29) are

TABLE I. Experimental values for the coefficients of
the crossing-symmetric expansion (4) as determined by
Hohler e al. (Ref. 8). The pseudoscalar-nucleon pole
contribution has been removed.

i 1 2 3 4 5

aj 26.1:0.3 1.15%0,1 4.4 0 1.1
aj -8.4 ~0.45 -1.15 0 -0.3
b} -3.3 0.2 -0.9 0.1 -0.3
b{ 8.0+0.4 0.3 %02 1.0 -0.05 0.25

2
aj =& =27.421.1

and

2
bf=—§§—/{7 =-2.0+0.1.
The p-exchange contribution is given by Egs. (30).
If'®* F,=0.657, 6=-3%, and the nucleon electromag-
netic form factors'® and slopes at ¢t =0 are

FY(0)=1.0, F!"(0)=0.046,
F}(0)=3.7, F}Y(0)=0.22,

then the p-exchange contributions are
a;=-4.3, a; =-0.25,
br=5.4, b,;=0.30.

Subtracting the pv-nucleon pole and p exchange
contributions from the experimental expansion pa-
rameters of Table I results in a new set of param-
eters given in Table II. The entries in Table II
should depend only on the A contribution and o ex-
change.

B. Z-Independent A

The A contribution given by Egs. (31) and (32)
has been separated into two parts:

(i) Z-independent,

(ii) Z-dependent.

TABLE II. Expansion coefficients of Table I with the
pseudovector-nucleon pole and the p-exchange contribu-
tions subtracted. The coefficients in this table depend
on only A and o contributions,

i 1 2 3 4 5

aj -1.3:1.2 115201 4.4 0 1.1
a;y -4.1 -0.2 -1.15 0 -0.3
b} -3.3 0.2 -0.9 0.1 -0.3
b7  4.6+0.4 0+0.2 1.0 -0.05  0.25
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The Z-independent part is nearly the same as the
“pole” terms of all previous analyses, the main
difference being in the coefficient a; where large
“pole” and “nonpole” contributions nearly cancel
in the Z-independent form.

The Z-independent coefficients depend on only
one parameter, g*2. This constant is often evalu-
ated using the perturbation expression for the A
width. However, since the pole term prediction
for the A phase shift near the resonance position
is quite poor,'® the value of g*? found by fitting the
A width will not be reliable. Héhler ef al.® com-
pare a dispersive calculation of the real part of
the resonance amplitude with the pole approxima-
tion and find a value of g*2? about 40% smaller than
by the width method.

Since the expansion coefficients have been calcu-
lated dispersively, a direct experimental compar-
ison involving those coefficients which depend on
only the Z-independent A part can be used to eval-
uate g*2. The twelve i=3, 4,5 coefficients are de-
pendent upon only the Z-independent terms. Of
these the largest is

a; =4.4.

Using the Z-independent expression for a; from
Eq. (31a)

. zg*za*
3 = 9Mw*3

and taking M *=8.67 (1211 MeV), which is the real
part of the second sheet pole position,?° we find
that

g*%=2.90.

The remaining Z-independent A contributions now
can be calculated by the expression in Egqs. (31)
with the above value of g*. The Z-independent A
parts of the expansion coefficients are given in
Table III.

When the Z-independent A coefficients of Table
III are subtracted from the entries of Table II, we
are left with the coefficients of Table IV which de-
pend on only the Z-dependent A and o terms. One
should note that all of the large coefficients in Ta-

TABLE HI. The Z-independent contribution to the co-
efficients of the crossing-symmetric expansion.

ble I with the exception of a; have thereby been
reduced by an order of magnitude. Thus the Z-de-
pendent contributions are expected to be small.

C. Z-Dependent A

The parameter Z which is a measure of the form
of the AN interaction is in general an arbitrary
complex number. The Z-dependent expansion co-
efficients in Eqs. (32), neglecting terms of order
(1/M)?, can be written as follows'":

_ 8 p*2 M
bl = gg (m)yy

a1-=_b1.’

1
a:=_b1-7

2M (34)
a; =-ay ,

16 M

b;=""§g*2<M*z>'Zl2;
-1
b; =Wb1’

where we have defined as before

y=<2+—1£-4;>12|2+<1+—13i*>1?e2.

In Fig. 1 the limits on y are plotted as a function
of |Z|. The minimum value of y is -0.28, occur-
ring when Z=-0.32. As can be seen from Eq. (34)
only the coefficients b = —a[ =~ 2y are appreciable.
By referring to Table IV, one sees that both a7
and b prefer a negative value of y. The total the-
oretical contribution to the coefficients a7, a;,
and b; are plotted in Fig. 2 as a function of y and
compared with their experimental values. One
may observe from Figs. 1 and 2 that the value Z
=% implies a value of y quite inconsistent with the
data. However, the choice Z=-3, which is also

TABLE IV, Expansion coefficients of Table I with the
N, p, and Z-independent exchanges subtracted. The
entries of this table result from the difference between
Table II and Table III. The remaining coefficients are
explained by the Z-dependent and o -exchange contribu-
tions in our model.

i 1 2 3 4 5 i 1 2 3 4 5
af -1.3 0.70 4.4 0 0.95 a} 0x1.2 0.45+0.1 0 0 0.15
a; -4.75 -0.1 -1.0 0 -0.2 a; 0.65 -0.1 -0.15 0 -0.1
by =3.7 0.15 -0.8 0.05 -0.15 b} 0.4 0.05 -0.1 0.05 =-0.15
by 5.0 -0.1 0.85 -0.05 0.2 by -0.4x0.4 0.1 0.2 0.15 0 0.05
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4
M M JD
X y=(2+v)lzlz+(l+-ﬁ-)ReZ :A\,
N
2..
- F

allowsd reglon f

1Z1

FIG. 1. The quantity y as a function of |Z|. Allowed
values of y lie between the two curves. The bounding
curves correspond to positive and negative real Z,

attractive from a theoretical point of view, is con-
sistent with the data.

If a slightly higher value of g*2 were chosen,
then the =3, 4, 5 coefficients would exhibit slightly
better (and a; slightly worse) agreement with the
data. The magnitudes of a; and b; in Table IV
would be larger, making it even more likely that
y is near its minimum value.?!

Finally, the o term contributing to a; and a,
will be considered in the following section.

V. ¢ TERM

The matrix element between nucleon states of
the 0 commutator, g,(t), introduced in Egs. (1)~
(3) has been the center of considerable interest
and controversy. This term will be discussed in
detail in this section.

Using Eq. (27a), one obtains the A* amplitude at
the unphysical point v =0, ¢=2 [henceforth referred
to as the Cheng-Dashen (CD) point] 22

(73
.4
c a4t
@
Q
< 2} ot
3 3 +
8 a;t exp.
c Oof
x=}
[
[ =4
c-2|
Q
x
(]

_4 -

‘G =

a; exp.

FIG. 2. Theoretical expressions fora7, a3, and b7
as a function of y compared to their experimental values.
One should observe that negative values of y are pre-
ferred by ay and b and that a3 is not strongly y-depen-
dent.

2
_ 2
A(0,2)=a} +2a] =A%(0,2) + £ + £22) (2) . (35)
M F,

From Table II we see that A}(0, 2) is negligible.®
The above equation provides the basis for a direct
determination of g,(2) by extrapolation. Unfortu-
nately the quantity A*(0, 2) - g2/M is experimental-
ly uncertain and the resulting g,(2) is poorly de-
termined.

From Table IV we note that the coefficient (a;),
is relatively well determined and has the value

(a;);=0.45+0.10. (36)

In our model this coefficient represents the o-
term contribution as given by Eq. (33b),

2F )0 =800+ | Fryrmy = 1] 8O- GO

The difference between the ¢ term at the CD point
and at £ =0 can be defined as

&o(2)=g,(0)=2. (38)

We expect that A is small but may not be negligi-
ble. Most authors have neglected the difference
between g,(2) and g,(0). However, Pagels and
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Pardee®? have noted that the two-pion-state con-
tribution to g,(¢) gives

A=0.1. (39)
Combining Eqs. (37) and (38) we obtain
£o(2)=5N(N +2)F %(a} ) +AF [ 1 - 1NN +2)].
(40)

With the common assumption that the chiral sym-

metry breaking transforms as a (3, 3) representa-

tion of SU(2)®SU(2) (i.e., N=1), we have
go(2)=%F1r2(a;)o+%kFﬂ2- (41)

Using the Pagels-Pardee value of A=0.1, the A
correction, Eq. (41), is less than 4% and yields

g5(2)=42+10 MeV . (42)
The corresponding value for g,(0) is
g,(0)=28+10 MeV . (43)

The above value of g,(2) can be used to predict
the magnitude of g2/47 by use of Eq. (35):

2

&M ggr - L ]
47 411[“‘ +2a; - 2802)

= 24—11 (a} +3a; +1.02)

=14.940.2, (44)

where, from Table III, (a,),=a, —0.70. This pre-
diction can be compared to the usual'® value of
2

£ -14.6410:%

4." -0.72

and to the analysis of Lichard and Presnajder,?®
who find
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2

£ -145240.18

4

by use of the technique of analytic extrapolation.
The symmetric scattering length a;, can be

written in terms of the expansion parameters as®®

2
4m Mlv;la;,, =a} - —gM— +1.31
=g(2)/F 2 =2a} +1.31. (45)

For our value of the ¢ term in Eq. (42) the value
of a;, is predicted to be

ag, ==0.022+0.004. (46)

A specific model for calculation of the o term is
provided by the generalized 0 model discussed by
Turner and Olsson.?” The ¢ term in this model is
given by

go(2)= N2 Ma (an)

o]

where a is the fraction (any positive or negative
number) of the pion mass contributed by the chi-
rally symmetric nonderivative portion of the La-
grangian and m, is the 0 mass. If N=1and a =1
we recover the original Gell-Mann-Lévy ¢ mod-
el.?® If m, is taken to be the p mass and N=1, we
find numerically

£5(2)=31a MeV. (48)

The primary attempts to find g,(2) by direct ex-
trapolation using dispersion relations have been

24(2)~110 MeV
24(2)~40 MeV

(Cheng-Dashen, Ref. 22),
(HShler et al., Ref. 26).

TABLE V. The o term as found by various authors.

Authors Reference o term (MeV)
F. von Hippel and J. Kim 31 ~26
T. P. Cheng and R. Dashen 22 ~110
E. Osypowski 4 ~60
G. Hohler et al . 26 ~40
G. Altarelli et al . 32 8030
M. Ericson and M. Rho 33 ~34
S. J. Hakim 34 51+9
B. Renner 35 33 or 43
C. C. Shih and H. K. Shepard 30 —46+140
H. Jakob 29 43t
This work

4210
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The analysis of Cheng and Dashen® emphasized
the low-energy data (below the A resonance). This
analysis was criticized by Hohler ef al.,?® who ob-
tain a value?®® in the vicinity of 40 MeV. Recently
Shih and Shepard?®® have used the technique of ana-
lytic extrapolation to obtain

25(0)=-46+140 MeV .

A number of other authors®' % have calculated
the 0 term under a variety of theoretical assump-
tions. Table V contains a collection of these re-
sults.

Finally, we present in Table VI the expansion
coefficient residue after all the contributions of
our model have been removed. The entries in this
table differ from those in Table IV by the subtrac-
tion of

(i) Z-dependent terms with Z=-3,

(ii) a; and a; calculated from Egs. (33), with
25(2)=42 MeV and g,(0) =28 MeV.

The success of the model can be evaluated by
comparing Table VI to the experimental coeffi-
cients in Table I.

VI. CONCLUSIONS

We have shown that a pole model with current-
algebra constraints can adequately account for the
experimentally determined 7N scattering amplitude
at low energy. The experimental data®'® used are
the twenty coefficients of the power series in 1?
and ¢ given in Eq. (4). This set of coefficients
serves to fix the free parameters of our model
much better than the conventional s- and p-wave
scattering lengths .®

The free parameters of our model are deter-
mined separately. Only the Z-independent A ex-
change amplitude contributes to the twelve i
=3, 4, 5 coefficients, thus fixing g*2. Information
on the parameter Z is obtained by examining the
residue left after the p exchange and Z-indepen-
dent A exchange contributions are subtracted from
the experimental values of the coefficients a; and
b;. Since this residue is small, a small value of
Z is preferred as is shown by Figs.1and 2. A
value of Z as large as Z=1 is clearly ruled out,
and if Z is chosen real it should fall in the range
-0.8 <Z <0. Once the A contribution is removed
from the coefficient a; the remainder must be due

=3

TABLE VI, Residues of the experimental expansion
coefficients left after all of the model contributions have
been removed. The entries of this table differ from
those of Table IV by the subtraction of (i) Z-dependent
terms with Z =—3 and (ii) values of af and aj calculated
with g (2) =42 MeV and g,(0) =28 MeV.,

i 1 2 3 4 5
af 0.15:1.2 001 0 0 0.15
ai  0.35 0.1 -0.15 0 -0.1
b} 0.50 0.05 0.1 -0.05 =-0.15
by -0.1 0.4 0.1%0.2 015 0 0.05

to the o-commutator contribution. Using the work
of Schnitzer® we can immediately relate the a, co-
efficient to the o term.

We noted earlier that when the A contributions
to the scattering amplitudes are calculated with
the propagator and interaction given in Egs. (21)
and (22), the amplitudes will be a function of Z and
independent of A. Without loss of generality, we
can choose A = -1 which yields the simplest form
of propagator [Eq. (23)]. The interaction in Eq.
(22) then becomes ©,,=8,,—(Z +3)y,v,. The
choice Z=-3 used by many authors®'*'* leads to
the simplest interaction [Eq. (23)]. We have shown
that this choice is consistent with the experimental
data.%®

Finally, we have noted that the o-term contribu-
tion to a; is easily extracted from the experimen-
tal data. Under the assumption that the chiral
symmetry breaking is characterized by N =1, the
o term at the CD point is®®

25(2)=42+10 MeV .

Using this value of g,(2), the 7NN coupling con-
stant and the isospin symmetric s-wave scattering
length are predicted to be

2
8 _14.9:0.2
47

and
a;, =—0.022 +£0.004,

respectively.
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FIG. 1, The quantity y as a function of |Z|. Allowed
values of y lie between the two curves. The bounding
curves correspond to positive and negative real Z.
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as a function of y compared to their experimental values.
One should observe that negative values of y are pre-
ferred by ay and b; and that a3 is not strongly y-depen-
dent.



