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%e have investigated Dominguez's Veneziano-type m'NN form factor by attempting to use it to fit der!dt
data for np —+pn and pp ~in at 8 and 23.5 GeV/c in the interval 0 & —t& 0.1 GeV2. With n= 5/2 as
proposed by Dominguez it is not passible to fit the data. A fit can be obtained for other values of n.

1. INTRODUCTION

Dominguez' has proposed, in analogy to the par-
metrization of the electromagnetic form factor' by

cr(1-n, (t)}
( }E,tt r(i ~ (t)}

the form factor of Eq. (3}we have used it to com-
pute the average of the differential cross section
for np- pn and pp nn.

Bongardt, Pilkuhn, and Schlaile' pointed out that
these reactions provide a test of the mNN form fac-
tor. They show that for 0& —t & 0.15 GeV

a Veneziano-type expression for the ANN form
factor. For the divergence of the axial-vector cur-
rent, he then writes

(m +m „)G„(t)+ t G,(t) =f,p'F (t),
with

v2 Gr (n)r( —tr„(t)}
r(n —a, (t))

where, with n gt) = t —p, ',

From Eq. (1) Dominguez assumed that Fo(t) has
the same asymptotic behavior for large negative
t as G„(t), which in turn appears to scale like
G(t)a „(see Ref. 3} (an assumption we consider
further in Sec. IV). Dominguez chose n to be equal
to —,'. (n must be a half-integer so that Fo(t) is
built up from an infinite number of resonances-
an integer would only give a finite number of res-
onance poles. ) Thus Dominguez's final f orm for
F,(t) is

-which gives as a value for the corrections to the
Goldberger- Treiman relation

(4)

which is not unreasonable when compared to other
theoretical estimates of hG~„.' To provide a fur-
ther experimental test of the reasonableness of

(5)

where C, is the real part of the negative-G-par-
ity, helicity-O, slowly varying background ampli-
tude and is parametrized as C, =Ae~' to a,ccount
for the exponential dependence of the differential
cross section on t. The data are averaged'to elim-
inate the interference bebveen, the p- and A, -ex-
change terms, which produces about 40%%uo differ-
ence in the cross section above -t = 0.03 QeV'.
D' represents all other non-tt-exchange terms and
was found to be less than IO%%uo for 0& - t & 0.1
GeV'. '

Further, Bizard and Diu' have done a phenomen-
ological analysis of np charge-exchange (CEX}
data for 1 GeV/c & pt, t,

& 25 GeV/c, using an equa-
tion which isolates the pion contribution but is es-
sentially model indeperident. Their expression for
small negative t looks like Eq. (5}, with F re-
placed by an exponential form factor constrained
to have the same slope as C,. [This type of form
factor would give AG~a=0 and F(p, ')=e'" ts=1.06
for a= 6, the value found by Bizard and Diu. j Their
results indicate that the data in this range is not
inconsistent with a negligible value for the irico-
herent background (D') and further that the nonzero
amplitudes remain reinarkably energy independent,
despite the expected competition between pion ex-
change with its associated background, and the p,
A, exchanges which are expected to dominate at
higher energies. (See however, Ref. 16, in which
Bouquet and Diu show that at Fermilab energies
the growth of energy-dependent terms iri Pri CRX
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scattering is too rapid for compatibility with p and

A2 exchange dominance. ) In the spirit of this anal-
ysis, we set D'= 0. A. is not expected to be very
different from 1, and b must not be too large (less
than 6, say'} otherwise we no longer have a slowly
varying background.

The w NN form factor E is related to ED(t) by

D2 GE
~2 f D

since ED(t) already includes the pion pole. With
Dominguez' parametrization of ED(t), this gives

Figure 2(a) shows the best fits to the 8-GeV/c data
for n= 2, » and -', . There is quite a change be-
tween the n= -,'(It2 of 6.2 per point} and the n= -',

curve (X' of 0.48 per point}, but a lesser change
between the n = -'2 and the I2= -2' curve (It2 of 0.11 per
point), and in fact higher values of n also fit the
curve to a similar degree of reliability. In partic-
ular we note that n= —",, which cannot be distin-
guished from n= -,'in Fig 2(a) gives a It2 per point
of 0.14.

'The behavior can be understood as follows: it
can be shown using Stirling's formula, that for
large n and 0& -t&0.15,

r(-,')r(1+ I
'- t)

l(2 +II, -t) (6) 1
„(I 2 I) r-(1+(LI' —t), as n-~.

The data on —2'[ do/dt(nP) + dv/dt(PP)], along with
Eq. (5), provides a constraint on the otherwise un-
known behavior of the form factor.

II. RESULTS

Fits have been made to experimental data at
P„b = 8 GeV/c" and 23.5 GeV/c. ' " The data have
been smoothed and scaled to allow averaging and
the value at t= 0 has been obtained by extrapola-
'tion. In each case, the values for the constants
A and 5 in C„have been chosen to give the best
fit. As can be seen from Fig. 1(a) and 1(b), Dom-
inguez's expression, with the choice of n= 2,

' does
not satisfactorily account for the behavior of the
data. We therefore turn to the possibility of vary-
ing n, which is the other parameter in Dominguez's
form factor.

%e now take as our form factor, for any general
half-integer n,

r(n)r(1+ p2 - t)
r(n+ p2 —t)

(This approximation is good to within about 2% for
n as low as -', in this range of t.)

In other words, for n larger than say -', , E„(t) is
a very slowly varying function of n. The first rea-
sonable fit occurs at n= 7 for the 8-GeV/c data.

I

HI. THE GOLDBERGER-TREIMAN RELATION

With the form factor written as in (7), then

r(n) I'(1+ p2)
r(n+ Ii2)

For n= —', , 4G« = 0.033. As n increases, the value
of +GTR increases and at 6=

2 v AGTR = 0.061 com-
pared to the experimental value of 4GTR = 0.06
~ 0.01."

Figure 2(b) shows best fits to the 23.5-GeV/c
data for n = '-,', '-,', and '-,'. Surprisingly, . in this
data there is a transition from an "undesirable"
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F&G. 1. {a) Plotof Eq. {5)with n= z C&:0 97 exp (4.0t). The smoothed and averaged data atPy~=8 GeV/c are from
Refs. 6 and 7. (b) Plot of Eq. (5) with n= ~, C~= 0.95 exp (3.9t), against smoothed and averaged data (Refs. 9 and 10) at
P,~= 23.5 Gev/c.
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FIG. 2(a) Plots of n=&, C, =0.97 exp (4.0t); n=, C, =0.98 exp (4.5.); n=2, C, =0.97 exp (3.2t); n= &, C, =0.96 exp
(2.2t) against the P,@,

——8 GeV/c data (Refs. 6 and (). (b) Plots of n= 2, C, = l.os exp (7.7t); n= &, C, = Q.99 exp (4.lt);
n= 2, C, = 0.95 exp (2.9t); against the P&~&= 23.5 GeV/c data (Refs. 9 and 10).

value of A and 5 (a large b leading to a rapidly
varying background, and A. & 1 1'eading to a large
value for do/dt at f = 0) to "desirable" ones at n
= —", as shown in Table I. This value, n = '-,', cor-
responds to &GTR = 0.046 roughly within the limits
of the theoretical value for 4GTR. This transition
behavior is not seen in the 8-GeV/c data.

As in this case we are trying to fit the region of
small t(i.e. , th-e peak), then the first reasonable
fit at 23.5 GeV/c is for n= '-,'. To summarize these
results, a good fit of Eq. (5) to the data at 8 and
23.5 GeV/c can be obtained for n='-,'. The values
of A, 5, and g' per point are shown in Table II.

It is clear from our analysis that a Dominguez-
type form factor with n= 2 . .does not give a suffi-
ciently rapid variation of the form factor with -t.
Higher values of n are. required, and there is an

TABLE I. Best fits for various n, at p1, =2.35 GeV/c.
[Apparent decrease in y for increasing n does not con-
tinue indefinitely —eventually (n -770.5, g - 7.18) ther~
is a turn around. As n ~, E-O, g -18.1.]

added bonus that the required n values give a much
better value for the Goldberger- Treiman discrep-
ancy.

The absence of PP- nn data makes it difficult to
test the form factor at.other energies. (A fit was
attempted at P~,b

= 0.7 GeV/c"'" but results were
inconclusive, as is to be expected at such a low
energy. n of about —", was required for X'= 0.65
per point. ) For completeness, we mention that a
contradiction has been found" between measure-
ments of do/dt in PP- nn at 40 GeV/c and expected
theoretical behavior. The type of form factor dis-
cussed cannot reproduce the data without the pres-
ence of a very rapidly varying background (C,
= 2.0s"~). Inclusion of p and A, contributions, "
while affecting the final curve, still do not improve
the fit. It is interesting to note however, that no
such anomalous behavior is seen in either the
Serpukhov' or the Fermilab data" for nP-Pn, the
crossed reaction.

IV. DISCUSSION
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TABLE II. Fitted parameters for the n =~2 form factor.

Beam momentum

8 GeVtc
23.5 GeVy

0.96
0.99

2.2
4.-1

per point

0.14
0.47-

Dominguez originally chose G„. (t) to scale like
Gs „(f),' which according to Di Vecchia and Drago'
scales like
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which is not inconsistent with the asymptotic be-
havior found for G„(t) by Di Vecchia and Drago.
Thus G„(t) has the same' or possibly a slower"
asymptotic behavior than G„(t).

Since for a general value of n one can write '

)I 2 Gl (n) I'(p' —f)
F(n+ i),

' —t)

FD(t)~t ", as (t( —~
(10)

and our results indicate that n& —,', one can con-
clude that FD(t) has a faster asymptotic behavior
than G„(t), and moreover a faster asymptotic be-

.havior than G„(t), in direct contradiction with
Dominguez' original assumption that FD(t) scales
like G„(t).

Ilt is interesting to note here that in their phen-
omenological analysis of nP CEX scattering, Biz-
ard and Diu use as a form factor E' =e" where
a is found to be approximately energy independent-
and equal to 6 in the range 1,4& p„„&25 GeV/c.

However, Frampton" has shown that it is possible
to obtain equally good fits with

G (t) as iti-
G„(t)

and phenomenologically he finds that

G ($) ~ f (1 75&0 2)

G (,)„,-(.-"..) as I&l-"

This type of form factor (necessitated by the data)
has an even faster asymptotic behavior for large
negative t than F„(t).]

There are two possible explanations of this.
Either there is a cancellation at large t between
the G„and G~ terms of Eq. (1), which leads to FD

approaching zero more rapidly than G„, or the
PCAC (partial conservation of axial-vector curr-
ent) connection between the pion form factor F,
and the form factor &D of the divergence of the
axial current does not hold at large t.

Further evidence for this separation of the as-
ymptotic behavior of I"D and t"„comes from the
form factor used to fit the 8-GeV/c data by Bon-
gardt, Pilkuhn, and Schlaile. ' Their form factor
gives the reasonable value 4'~ = 0.05, but does
not scale like G„.

To conclude, we reiterate that the Veneziano-
type md% form factor of Dominguez can fit the
available data on the average differential cross
section for nP and PP scattering, and at the same
time give a reasonable value for the Goldberger-
Treiman discrepancy. However, at large -t, the

asymptotic behavior implied for the md% form
factor is not that of the axial-vector form factor-
the decay is more rapid.
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