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BACIGVARD PEAK IN HIGH-ENERGY n-P ELASTIC SCATTERING*
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A sharp backward peak in n-p scattering has
been observed by Palevsky et al. ' at 2. 04-Beg
and 2. 85-BeV lab energy. Two different explana-
tions for this peak have been proposed: (i) Phil-
lips has suggested that the narrow peak is due
to a strong and destructive interference between
the pion term and a slowly varying background;
(ii) Muzinich' has suggested that the peak is due
to JD exchange where the p meson behaves as a
Regge pole. In Phillips' explanation the back-
ground is put in phenomenologically, while in
Muzinich's explanation the pion contribution is
disregarded. In our present approach, we con-
sider both the p-meson exchange and the pion ex-
change in the t channel as well as in the g channel.
%e calculate the amplitudes due to these exchanges
using second-order perturbation theory. How-

ever, for both p and m we introduce form factors
in the amplitudes. %e also consider the electric
coupling constant of p meson with nucleon as a
parameter to be determined by fitting with the ex-
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FIG. 1. Feynman diagrams for n-p scattering due
to p and w exchanges in t and u channels.

perimental distribution. Vile shall show later that
our approach, though perturbative, actually in-
cludes Muzinich's treatment of p as a Regge pole.

The diagrams we are considering are shown
in Fig. 1. The p-N interaction is taken as'&'

jgenus yp&+ (g~/4m)qou~ry(a~p~- s~p&), and
the v-N interaction as igvy+5rgm The. ampli-
tudes can be written down using the rules for
Feynman diagram. ' To illustrate our calculation,
we write down the p-exchange amplitude due to
its electric coupling:
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where $, and $, are the initial, and $, and (,~ are
the final isotopic spin states; p 6' and pp
are the form factors; f =-a'=- q, - p, )', u =-8'
=-(q, - p, )'. The total amplitude M is related to
the S matrix by

S . = e . - f (2m)'a'( p +p - q - q )
1 Z

4 1/2
(2)

and to the c.m. differential cross section by

(Ifo/dn) = (m'/2v W)'in i'.

M will be the sum of a number of terms like M& .

As can be seen from Eq. (1), if ],=p,
=n, and $, =p, then the 7 's in the first term in
Eq. (l) give a factor 2 (using Tf"'7;"'=2T "'y+"&
+ 2T+ T + T~ T3 '), and those in the second
term give a factor of -1. Thus, the relative sign
of the two terms is positive. In the case of scat-
tering of identical nucleons, there will not be any
factor of two and the relative sign is negative. '

We have assumed +&(d, ') =e / and F&(Z )
=g, where 0 and g are considered as adjustable
parameters. ' The electric coupling constant g~
has also been taken as an adjustable parameter.
The ratio g~/ge is considered approximately
known from the form-factor data. The contribu-
tions of the p meson to the form factors Qev and
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Q~& of Hand, Miller, and %ilson~ are, respec-
tively, [fge/(m&'+q')+(q'/4m')fgm/(m&'+q')]
and [fge/(m&'+q') fg-m/(mp'+q')], where f is
the coupling constant of p with the electromag-
netic field. " From their result, we obtain gm/
gz =-5.71. The results of our calculation are
shown in Figs. 2(a) and 2(b) for lab energy 2. 04
BeV. The parameters used by use are ge'/4v
=0.384, fl =2. 50'', )(=~p, and gm/ge =-5.5. We
have taken the v-N coupling constant to be f '
=(g ~'/4v)(4m'/g') '=0. 06. For the pion form
factor, we have used the empirical formula ob-
tained by Ferrari and Selleri"

F (5') = 0.72[1 + (5'+ p, ')/4. 73''] '+ 0. 28

(52 g2 g2)

%e now want to show how Muzinich's treatment
of p as a Regge pole is included in our approach.
The differential cross section in the c.m. system

obtained by Muzinich' can be written as

dQ c.m.
(4)

where

(2++1)r(n+-', )(s, '+m ')"
bA f (u-1K
2t, f (n+1) cos 2wn

T& = lab incident energy, and K=in[2(s- 2m')/f, ].
On the other hand, in our perturbative approach,
the p exchange in t channel due to electric cou-
pling gives the following differential cross sec-
tion for small values of b, '.

tg ')' 1 [4m(T +m)]'
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Comparing (4) and (5), we find that they represent
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FIG. 2. (a} Continuous curve represents the calculated differential cross section for lab energy 2.04 BeV. Dashed
curve represents the cross section for lab energy 2.85 BeV with p coupling constant changed; dot-dash curve rep-
resents the same distribution with p coupling constant unchanged. Experimental results are those of Palevsky et al.
{reference 1). (b) Contributions of different terms to the calculated cross section (continuous curve) for lab energy
2.04 BeV. Curve (a} represents the contribution of the p-exchange amplitude alone; (g) represents the contribution
of the 7).-exchange amplitude alone; and (c) represents the contribution of the p-~ interference term. Continuous
curve is the sum of {a), (5), and {c). Curve (d) represents the differential cross section due to p exchange in t
channel with electric coupling.
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the same angular distribution if me identify

g '/4v =y(s, 0) (6a)

F (&') =y(s, f)/y(s, 0). (6b)

*Work supported in part by the U. S. Atomic Energy
Commission.
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This identification is, however, significant. Equa-
tion (6a) predicts that if p behaves as a Regge
pole, then its coupling constant is energy depend-
ent.

We can verify this s dependence of the coupling
constant using the 2. 85-BeV data. With g /4m

= 0.317 and the same form factors" as at TI
= 2. 04 BeV, we obtain the angular distribution
shown by the dashed curve in Fig. 2(a), for 2. 85-
BeV lab energy. On the other hand, if me use
the coupling constant obtained at the lower ener-
gy 2. 04 BeV, we get the angular distribution
shown by the dot-dash curve in Fig. 2(a). As can
be seen, the latter distribution gives too large a
cross section at b, '= 0. An estimate of a(0) can
be made in the following way. Equation (6a) gives

g '(s') y(s', 0) - — (m+r ')
=exp o(0)-1 ln~ —

~
. (7)

g s y st~0 m +T
e

Taking T&'=2. 85 BeV, 7& =2. 04 BeV, gs'(s')/4m
= 0. 317, and ge '(s)/4w = 0.384, we find n (0) = 0. 2.

%e can now dram the following conclusions:
(1) The p-nucleon coupling constant shows an

s dependence, "thus indicating that p behaves as
a Regge pole. "

(2) The narrow angular distribution of the n p-
backward peak is due to a sharply decreasing form
factor of the p meson exchanged in the I; channel,

(3) p exchanged in t and u channels interferes
strongly and destructively mith m exchanged in @

and t channels, respectively. The slowly de-
creasing tail of the angular distribution is due to
large cancellation of the p and m contributions by
their interference term. "

(4) The pion form factor is important. Without
it the pion contribution at higher values of 6'
comes out too large. "
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the hospitality at Brown University.
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a four-divergence is igzgy& zgp + (ig&/2m}(gyB g
—~p$ TP)P~, where Z~ =pe++~ and Zy =@~. This inter-
action is somewhat simpler to use in the evaluation of
traces.

5We use a b=a b-aobo, the index p takes the values
1,2, 3,0. Our yz (i =1,2, 3) is Hermitian, and yo is anti-
Hermitian. m = nucleon mass, p = pion mass .

6The propagator for the vector meson, in our notation,
is -i(g»+k k /m )(k +m& };see T. D. Lee and
C. N. Yang, Phys. Rev. 128, 885 {1962). We find a
mistake in the sign of the vector propagator given in the
book of N. N. Bogoliubov and D. V. Shirkov, Introduc-
tion to the Theory of Quantized Fields (Interscience
Publishers, Inc. , New York, 1959), Eq. (14 ~ 29). This
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the interference term for single pion exchange in n-p
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The sign of the interference term between p meson and
pion in identical nucleon scattering given in reference
17 should be positive, while for n-P scattering, it is
negative.
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not e + / ~ is that, in our case, & is small (& 7p ),
while & is very large, -200p~; thus the simple phenom-
enological form that we assume for the unknown func-
tion F (4 ) for small 4 (=& ) cannot be expected to holdp
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