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A precise value of the P’ Regge-trajectory intercept at i=0 is calculated using a modified form of the Igi
sum rule and new data on pion-nucleon total cross sections.

ECENTLY, new experimental data on pion-
nucleon total cross sections have appeared in the
literature. This paper reports on the use of these data
with the Igi sum rule! in an attempt to measure the
possible Mandelstam-cut? contribution to the scattering
amplitude at high energy. The high-energy cross-
section data,® however, are not sufficiently accurate to
give a precise value? of the P’ Regge-trajectory intercept
at t=0. (¢ is the crossed-channel total energy squared.)
Consequently, the sum rule was used to determine this
intercept. The optimum value of ap/(0) was found to
be ap(0)=0.69+0.01.5 If future high-energy data
become exact enough to determine ap:(0) independ-
ently, and if this value is found to be in conflict with
our determination, we can then obtain a measure of the
Regge-cut contribution to the sum rule.
The sum rule we used is essentially Igi’s, but our
formulas are somewhat simpler. The amplitude which
describes forward (¢=0) scattering in the s channel is®

FH(w)=A%(w)+wBt(v), M

where w is the pion total energy in the laboratory
system, and Ft(w) is related to the =V total cross
sections (or) by the optical theorem

ImF* (w) =3 (=) *[or(xtp)+or(xp)];  (2)

F+(w) corresponds to pure isotopic spin=0 exchange in
the ¢ channel. We assume Regge behavior for the
amplitude at high energy:

—wra;'_i_l w
Pr) > E—C—(=)
i sinmra;

W,

3)

Only even-signature trajectories contribute because of
Bose statistics in the # channel. wg is a scale factor taken
to be 1 BeV in the numerical calculation, so that the
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¢ The total-cross-section data alone could be fitted with a value
of aps(0) ranging from 0.8 to 0.2.

8 The error is determined by the usual procedure of finding the
values of the varied parameter apr which give an upward change
of one unit in the optimum x?. (See Table I in the text. ) Perhaps
a more realistic estimate would be ap:(0) =0.6940.05.
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C; will correspond to those of Rarita and Phillips.” The
arguments of C; and «; are {=0, and will be omitted.
Both these functions are real in this region.

Using the normal dispersion relation for F*(w) and

the fact that
1 o g (—2)=
;/; x——z— B sinta
we can write
F+(w)=pole+-— / do’ [~———+ ]{ImF*‘(w’)
w—w o'+t

o) Frel [ o]

x<§)aidw'+~——(_w)m+ww}. )

(wo) % sinmre;

4)

The second bracket in the first integral is expected to
vanish in the Regge region, so we cut off the integral at
x, which we arbitrarily take to be 6 BeV. The results of
the calculation were found to be insensitive to variations
of x down to values as low as 3 BeV. We can then
write, using Eq. (2),

ReF+(w)=pole+1 (w)— Z CiR(aiyw) , ©)

where
1 s o (w2— ”2 1/2
I(w)=-P / do’
T Ju

Lor(atp)+or(rp)],

w—w
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0]

1 = 2w fa’\® w\ @
R(a,w)=—P / <——> do'+ <——> cotima.
7 Jo w?—w\wg wo,

At w=p, threshold, R(a,w): can easily be evaluated
analytically for a=1 and a=3%. With a>>u, R(1,u)
=~ (2/7)(x/wo) and R(,u)= (2/71-)17.(ac/w0)”2 which sug-
gests that we can approximate R (a,u) by the formula

R(ap)= (2/)(1/e) (/o). ()

At a=0.69, Eq. (7) agrees with Eq. (7) to 1 part in
4000. The use of this simple formula for R(e,u) elim-
7W. Rarita and R. Phillips, Phys. Rev. 139, B1336 (1965).
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inates the need for a numerical integration of Eq. (7)
for each value of o chosen in the sum rule below [Eq.
(8)]. For w=u, ReF*+(u)=4r(14+pu/m)a,, where a,
=%(a1+2a;) and ey and a3 are the I=% and =3
scattering lengths. In Eq. (6) only the P and the P’
trajectories are considered, denoted by subscripts 1 and
2, respectively. This gives the sum rule, assuming a;=1,

47 (14+u/m)as= pole+1 (u) —C1R(1,u) — CoR(az,u) . (8)

The pole term with® g2/4r=14.624-0.2 gives — (0.152
#0.002) in pion Compton wavelengths. All other
numbers quoted will also be in these units. 7(u) was
evaluated numerically,® giving 44.64:0.3. Equation (8)
with Eq. (7’) for the P’ trajectory was put into the
Rarita-Phillips program,” and the experimental scatter-
ing length® ¢;=0.0013+0.0030 was taken as another
datum point to be fitted. The best fit to all the data
occurred for ay=0.69, C'=5.40, Cy’=12.0, C5s'=2.43.
(The C{ here are in BeV mb.) Subscript 3 denotes the p
and C/=C:/a;(2a;+1). The variation of X? with a»
is shown in Table I. The fit corresponds to solution 1
of Ref. 7, but with the extra datum point, giving 335
wN data points with 21 adjustable parameters.

This method of determining a; seems much more
accurate than a method in which one considers only a
power-law decrease of the high-energy total cross

8 J. Hamilton and W. Woolcock, Rev. Mod. Phys. 35, 737
(1963).

9 The total-cross-section data used are: 7,=0 to 350 MeV,
N. Klepikov et al., Joint Institute for Nuclear Research Report
No. JINR-D-584 (unpublished), a summary of many experiments;
T-=350 to 1600 MeV, Brisson ef al., Phys. Rev. Letters 3, 561
(1959) ; Devlin éf al., Phys. Rev. 125, 690 (1962) ; Amblend et al.,
Phys. Letters 10, 138 (1964); and Devlin et al., Phys. Rev.
Letters 14, 1031 (1965); T'»=1600 to 6000 MeV, Diddens et al.,
ibid. 10, 262 (1963); Citron et al., ibid. 13, 205 (1964).
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TABLE I. Variation of x2 with «2.

0.67
500

0.70
499

0.71
528

s 0.65
x> 508

0.66
503

0.68
499

0.69
497

sections. We were able to fit the total-cross-section
data?® alone with a wide range of values of a,,? contrary
to what has been stated in a recent paper by Sertorio
and Toller.® It was also stated in that paper that
ReF*(w) at high energy is not given accurately by the
Regge term Cz(w/wo)* cotimas. We have calculated
the additional terms

C: z 20’ w'\ @1
pole+1I (w)——P / do' (——)
T Jo w'2—w?\w,

C, z 20’ w’\ @2
——P / do' <——) . 9
T Jo o?—w?\w,
For w=7 BeV, we find formula (9) equals 0.034-0.02
with Ca(w/wo)® cotdma=15.3, so that ReF*(w) is
indeed given by the Regge term alone in this region.

With the parameters from the a;=0.69 fit we checked
the sum rule for the amplitude corresponding to I=1
exchange in the ¢ channel, keeping only the p trajectory
in the calculation. We obtained a scattering length of
a—=(9.64:£0.90)X 102 compared to the experimental
value of? a_= (8.7720.20) X 102

The total cross section and the ratio of the real to the
imaginary part of the elastic scattering amplitude for
both m+p and 7~p can easily be calculated in terms of
Regge poles. This has been done for three sets of
parameters: (a) best fit, described above; (b) solution 1
of Rarita and Phillips”; (c) best fit to the total cross
section data from 6 to 20 BeV only,® with a;=0.5. The
curves for the total cross sections are all essentially
the same, and fit the data well (see Fig. 1 of Ref. 7).
They continue to do so down to about w=3 BeV, where
resonance formation begins. The curves for the ratio of
the real to imaginary part of the amplitude for the first
two sets of parameters are plotted in Fig. 1 with the
experimental data.!! The curve for parameter set (c)
is essentially the same as that for parameter set (b).
The curves fit the ratio equally badly, a fate of most
fits to these particular data.
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