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TABLE 1. Elasticities and fitted slopes.

50 100 200
b at —£=0.2 (GeV/c)?
TP 7.74+0.10 8.16+0.11 8.46 + 0.15
P 7.920.10 8.22+0.11 8.46+0.10
K*p 6.86 + 0.45 7.38+0.21 7.54 + 0.40
K™p 7.26 = 0.40 7.77+ 0.20 7.91+0.55
pp 9.61=0.20 10.06 £ 0.12 10.40+0.15
bp 11.13+ 0.25
ael/atot

T™p 0.155+0.012 0.149+0.012 0.146 + 0.012
P 0.156 £ 0.012 0.149+0.012  0.145=+ 0.012
K%  0.139+0.012 0.134+0.012 0.141+0.012
Kp 0.147+£0.012 0.139+0.012 0.142+0.012
pp 0.209+0.015 0.197+0.015 0.192 % 0.015
7 0.207+0.015 0.196+0.015 0.193+ 0.015

at 100 GeV/c. However, comparison of our 100
GeV/c data with the data of Antipov et al.® leads
one to conclude that the pp slope continues to de-
crease slightly with energy.

The ratio of elastic cross section to total cross
sections is shown in Table I. The errors are es-
sentially all due to the absolute-normalization
uncertainty, The ratios are remarkably similar
for all the mesons but differ markedly from those
for pp and pp scattering,
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The alternative soft-pion approaches to threshold 7N — nmN provided by the phenomeno-
logical-Lagrangian and current-commutator theories are shown to differ only in their
pion-pole contributions. Since the data for the reaction 77p — 1"1"n seem well fitted by
the former theory for £ =0, and by the latter for ¢ =—3, where ¢ is the chiral-symmetry-
breaking parameter introduced by Olsson and Turner, threshold total-cross-section data
for this charge state will not be able to determine a unique ¢ value.

It is well known'"® that chiral symmetry alone
is insufficient to fix the m-7 scattering lengths
a, and a, without some further assumption as to
how the symmetry is broken. Of all those re-
actions® which could serve to discriminate ex-
perimentally among the various chiral-symme-
try-breaking models?~* that have been suggest-
ed, threshold 7N — 72N has long been most fa-
vored.? 5”7 In addressing themselves to the sub-
ject of this predictive ambiguity and its possible
removal through the study of single-pion produc-
tion, Olsson and Turner,® working in the frame-
work of the phenomenological Lagrangian,® were
able to show that the most general Lagrangian
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derived in accordance with current algebra and
the hypothesis of partially conserved axial-vec-
tor current introduces a single symmetry-break-
ing parameter ¢ into the 7-7 scattering lengths
which can then be determined only through addi-
tional assumptions. Moreover, £ is the only pa-
rameter® which enters the threshold one-pion
production amplitude with external pions on the
mass shell. In their® comparison with the best
data then available near threshold® for the re-
action 77p =7 7*n, Olsson and Turner® find that
the data seem to converge to the predicted thresh-
old curve specified by &£ =0 (Weinberg’s model*)
or 4.5, with the latter value apparently ruled out
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after comparison with nonthreshold data for the
other charge-state reactions, 7*p = n*71*n and
m°p—w%°n. These results for £ =0 were ob-
served to agree with those obtained by Chang,”
who used Weinberg’s current-commutator theory
of multiple-pion production.’® Possibly because
of Chang’s overdetailed presentation, however,
Olsson and Turner did not attempt to explore the
points of difference between his current-algebra
approach and theirs, especially in the case of
£+ 0, which Chang did not treat.

The advent of meson factories has made thresh-
old-pion-production experiments practicable,®
and in fact, such an experiment,!! in the case of
the charge state 7°p -7 n*n, is presently in
progress at the Clinton P. Anderson Meson Phys-
ics Facility (LAMPF) with total-cross-section
measurements to be pushed below pion labora-
tory kinetic energy T, =250 MeV when the beam
intensity reaches 100 pA., This significant im-
provement in the experimental outlook has sparked
the present reexamination of the relationship of
these alternative current-algebra approaches to
threshold pion production. As I show in the fol-

3 .
£= Z;g’mvm +& 11,
i=1

‘f' 1|'N(1) = (g/2M)Z-I)-Yu75? ‘p.a ﬂ-(; ’
£y D = — (g/2M (g, /g VY ;TV@ %04,
£ 1r1v( 9= (g/ZM)3(gv/gA)2 57,175-7: Ped ”5‘/’2,

&L an= (g/ZM)z(gv/gA)z[_ 03 !l(p )2+%(1 —%g)mwz(‘pz)z],

lowing, the two theories of threshold production,
the phenomenological-Lagrangian theory and the
current-commutator theory, with the latter the-
ory now generalized for arbitrary &£, can now
make rather different predictions of the thresh-
old cross sections for the various charge states.
The apparent agreement of the latter theory” with
the former® for the “magic” value £ =0 noted ear-
lier by Olsson and Turner® must be accounted as
spurious.?

It is generally accepted’!® that the N* contri-
butions to pion production may be neglected in
the energy region near threshold,* so that the
threshold world consists of only pions and nucle-
ons. Moreover, both current-algebra theories,
the phenomenological-Lagrangian theory and the
current-commutator theory, may be analyzed in
terms of three-point (nucleon-pole terms with
three soft-pion-nucleon vertices), two-point
(nucleon-pole terms with two soft-pion—nucleon
vertices), and one-point (pion-pole and three-
pion contact terms)'® tree graphs.'® One might
then be puzzled on referring to the effective La-
grangian'?*'? relevant to single-pion production,

1

(2a)
(2b)
(2¢)
(2d)

by the remark of Olsson and Turner® that they “calculate the contributions from all diagrams to two
charge-state amplitudes™ since their results go as (g/2M)*(g, /g,)>. However, it is straightforward to
calculate the “apparently” omitted threshold contribution from three-point graphs [which must go as

(g/2M)*]. These terms, with!®
(N(p g )m ) (a,)|TIN (Pl septy

_ aay<i___%11_> (__2_@13_> . 3
* perm(an. Bz.)’s)u(pf)T T 2044, +4,° 7542. 295 -4q5° u(ps), ®)

make contributions to the various charge states of order m ,2/M?, so that the results of Ref. 5 are cor-
rect to order m /M. Precisely the same three-point terms, e.g.,

(8/M)3(g, /g o) Ja*x d*y d*z exp(iq, x +iq,*y +iq 32)id, a0 N (D ITTA, % (0),4, 5 3),A Y @1IN (),

occur in the Bose-symmetric reduction’ of the T matrix in the current-commutator approach.” For the
two-point contributions, we again find identical results to order m /M at threshold.!® [Note that Chang”

includes the magnetic contribution of

NENVOIN(p) =u'7(F (8)y, +iF (t)o,,9" /2M]u,

in his calculation, while Olsson and Turner,® as is customary in effective- Lagrangian calculations, ®
omit this. However, such terms can be shown to contribute only to order m,2/M2.] In the case of the
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one-point contributions, one finds the contact term, which is O (m /M), identical in both approaches
because of the explicit Bose symmetrization of the three external pions there [note the absence of a
mediating pion in this term]; however, one does not expect the pion-pole term to be the same- in both
approaches, since only the external pions participate in the Bose symmetrization in the current-com-
mutator theory, while that symmetry of the effective 7-7 Lagrangian includes the virtual exchanged
pion as well.?® Specifically, in the phenomenological-Lagrangian (PL) theory, the one-point contribu-
tion is

TRABIW (p,)~ N (p ) +7%(q,) +7%(@,) + 77 4,)

=—i(21)%8(Q —p;+p,)2 (—57) 3<§f>2i‘—(pf)

am | .
o [ras (0, - gl s = a5, = m o1 ~30]) 8, o+ cyctic-perm(at, 82,7 |u(s.), (@)
T
while, since to first order in ¢ one has

R.7,[Q,%,0:AP) =6 m 20 Y (1 =5£) - (6%7@ P+ 85 Y0%)f 1m 2 /2, (5)

the £ =0 current-commutator (CC) calculation of Chang”*!? generalizes for arbitrary £ to the analogous,
but different, expression

TCCAPIN(p,)~N(p,) +7%(q,) +78(,) +77 (q5)

=—i(21)%8@Q —p;+p,)2 @Wg—) 3(2) (o,

X [Ta'ys <q’1 _QZ_Z_A/,Im—F[Q°q1+m7r2(1 - 2&)]) 6,8+ cyclic-perm(a1,82,73)1 u(p;). (6)

In Fig. 11 plot the threshold cross-section [
curves for the two theories calculated accord-
ing to the prescription of Ref. 5 against data near
threshold for the reaction 7°p =7 7*n. Note that

with (I take® f, =82 MeV)
ap,(—+n)=-1.36+0.6¢,

while data seem well fitted by the phenomeno- acc(-+n)=0.69 - 1.2¢,

logical-Lagrangian theory for £ =0, an equally _

viable fit is obtained in the current-commutator ap(++n)=1.51+0.6¢, ®)
theory, but now for £=-3%. Thus, threshold total- accl++n)=1.02-1.2¢,

cross-section data for this charge will not be

able to detevmine a unique & value. The follow- ap(00n)=2.11 - 0.3¢,
ing sumrr{arizes tt.le present results for the charge acc(00n)=—0.18+0.6¢.
states of interest in the two approaches®’?!;

I wish to thank Dr. P. Gram for informing me

o(mp ~n"1"n) of the experimental situation at LAMPF, Profes-
sor E. Lomon for his interest, and the Physics
=|a(~ +n)|%2x (phase space), Department and Cyclotron Laboratory of Michi-

gan State University for their hospitality.
O(,”-l-p ~7*rtn)

=|a(++n)| 23> (phase space), (7)
*Permanent address: Department of Physics, Rut-
gers, The State University, New Brunswick, N. J.
o(n™p = °1%) 08903.
1S, Weinberg, Phys. Rev. Lett. 17, 616 (1966).
=|a(00n)| 232X (phase space), %P, Chang and F. Giirsey, Phys. Rev. 164, 1752
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FIG. 1. Scatter of data for the reaction 7p — "7
near threshold (cf. Ref, 9). The curves drawn repre-
sent predictions for different values of the symmetry-
breaking parameter ¢ in the two current-algebra ap-
proaches. Above threshold the cross-section predic-
tion is made by multiplying the square of the threshold
amplitude by the physical phase space (also plotted).
The data appear equally well fitted by the curves la-
beled £ =0 in the phenomenological-Lagrangian theory
and ¢ =—% in the current-commutator theory.
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Uynfortunately I can find no precise numerical esti-
mate of the resonance contribution in this energy re-
gion in Ref. 7. However, there is an explicit, confir-
matory calculation of the contribution to o reshoia(™ P
— ") associated with the N** tail given in Ref. 12.

15The pion-pole and three-pion contact terms are
shown, for example, in Fig, 1 of Ref. 5.

16411 the tree graphs which contribute to the process
mN — N at threshold are shown in Fig. 1 of Ref. 13.
Figure 1(e), loc. cit., is an example of a three-point
graph, Figs. 1(c) and 1(d) are examples of two-point
graphs, and Figs. 1(a) and 1(b) are the one-point graphs
consisting of pion-pole and three-pion contact terms.

171 use the somewhat simpler effective Lagrangian of
Ref, 12 here,

8For convenience I “cross” the incident pion 7 (g,)
here so that for calculational purposes, one has g,*
=(—E,—wk) in the center-of-mass frame,

Note the neglect of two-point terms involving the
scalar density in the current-commutator calculation
of Ref. 7.

%Ncf, the discussion in Appendix B of Ref, 7.

YOne sees that this matching of the two theories per-
sists for the charge state m*p — w7y, while for 17p
— %% one finds ooc(£ =—3)/0pL, (6 =0) < 4. Note that
in the CC theory, the value &= 1,8, which is close to the
¢ value for the “minimum-coupling model, ”’ also pro-
vides a viable fit to the (- +#) data; moreover the
(++n) and (00n) predictions in this case are down from
those of the PL theory (£ =0) by factors of 2 and 4,
respectively, so that they appear in better accord with
the experimental data in the above-threshold region at
T, =357 and 400 MeV.
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