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In the Last years a few papers have appeared referring to the application of the PCAC
condition (1) (or Adler’s theorem) to hadronie proeesses of multiparticle produetion (25).
Comforted by the good results obtained from the analysis of some low-multiplicity ex-
chusive reactions (%), in the present note PCAC is applied to available inelusive distri-
butions; the result is however negative in the sense that the sum rules predicted. by
PCAC are not phenomenologically satisfied.

We reproduce below the sum rules which can be derived, disregarding interference
terms. for the inclusive processes ap - n¥ + anything

1) lim o, P {d Ipl® [Eiv(ap—W) N dU(HP—>F)] ’

k0 k2dk 4a® 2m? YN dp dp
@ lim o, do(ap>=t) 1 ¢ lliilscl2 oo [ap IPL2 do(ap - p) , do(ap 1) ,
k=0 k2dk 472 2m? | K, b dp dp

where we have assumed the existence of final nueleons and antinucleons as the only
possible baryons into which insertions of axial currents are considered. g*/dn ~ 15
is the 7\ coupling constant and m the nueleon mass. (Fine » Pine) Tepresents the mo-
mentum of the initial proton. For the ease a = p, an additional factor 2 appears in
the first term of the r.hus. of eq. (2). Some commnients are in order:

i) Whercas the Lh.s. of (1) and (2) correspond to the experimental distributions
for [k|->0. @~ p (pion mass), the r.h.s. result from Adler’s theoreni, 4.e. for (Ko, k)— 0.
Therefore (1) and (2) ean be expected to hold only if the continuation from w,= p to
@, = 0 is smooth.
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it) In the r.h.s. of (1) and (2) the interference terms corresponding to insertions
into two different final (or initial) nucleons or into one initial and one final nueleon are
negleeted. These terms cannot be easily evaluated, but it is very likely that, since
they are not positive definite, their inclusion is not able to restore the systematic strong
disagreement which is deseribed below between both sides of eqs. (1) and (2)

iii) As they stand, sum rules (1) and (2) should be valid for soft pions in any
reference frame. Following the general practice, the values reproduced below correspond
to soft pions in the e.m. frame. It must be noted however that the application of PCAC
in laboratory system does not change things too much: the Lh.s. decreases only a small
amount because, for large energy, soft pions in the laboratory frame correspond to
@~ 0.15 instead of x ~ 0; as for the r.lus., the only relevant change is in eq. (2), where

the first term disappears, leaving however unchanged the general conclusions de-
seribed below.

iv) There ecould be objections against the possible validity of (1) and (2) on the
basts that Adler’s theorem seems to suggest the emission of soft pions only from ex-
ternal nucleons. However, it must be stressed that, as shown in ref. (%), the insertion
of an axial current into an external line corresponds to the sum of a true nucleon pole
plux an internal-emission term which may take over at high energy (see Fig. 1).

Fig. 1. — Adler’s insertion equivalent to pole termy with pseudoscalar w.\’ conrpling plus internal
bremsstrahlung.

v) Another objection can be that, if scaling is valid, for high energy the Lh.s.
of (1) should be independent of s, whereas the r.h.s. should increase as Ins. But it
must be remembered that interference terms have been neglected and that, moreover,
the approach to scaling is slow for the pionization region which corresponds to the Lh.s.
Therefore it does not scem possible to test such fine details with sum rules (1) or (2).

Regarding the evaluation of r.h.s., the major problem is the absence of experimental
data for the process ap—>n-anything. In Table I this eontribution is computed by
means of the one-pion exchange (OPE) model of ref. (*) plus factorization (see Fig. 2):
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It is remarked that with another mechanism, the novel model of ref. (8), the contribution
of ap—nX turns out to be around 509, of the value reported here, so that it seems this
choice is not critical.

It is clear from Table I that the Lh.s. of the PCAC sum rules is systematically larger
than the r.h.s. by about an order of magnitude. This result is so define that it seems

(°) K. SCHRAUNER: D’hys. Rev,, 131, 1847 (1963).
() M. Bismanr: Nucl. Phys., 48 B, 325 (1972).
() R. SLANSKY: .4 diffraction dissociation model of hadron production, Yale report (1972).
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therefore to be independent of the rather strong assumptions made in the evaluation
of the r.h.s. It must be noted moreover that a similar result has been obtained in a
recent paper (3) for the reaction pp— n® -4 anything.
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Fig. 2. — Onc-pion exchange model. Aecording to ref. (") {, =0.7 (GeV)?, x =0.7.

Table 1. — Numerical evaluation fo sum rules eqs. (1) and (2) for soft pions in the c.m. frame.
Reaction Prab Ll.s. Contributions to r.h.s. r.hs.
(GeV)  (mb/(GeV)?) (mb/(GeV)?) (mb/(GeV)?)
pp —~nX 285 400 (%) pp —nX 37.6 (OPE) 37.7
pp —~pX  0.1()
1000 900 () pp —nX 49 (OPE) 56
pp ~pX 7 (%)
pp >mtX 285 600 (%) pn =X 196 267
pp ~pX 71 (%)
1000 800 (*) pn —~X 232 387

pp —pX 148 (1Y

pp —0X 7 (assuming
pp—>0 = pp—>p)

K#p—»=-X 12 230 (19 K+p—->nX 9 (OPE) 9
Tp > X 16 700 (1) = p—->nuX 12 (OPE) 12
mp -mX 16 550 (19) on X 57 125

©p >pX 68 (estimation
with p ~ E, and
f(do/dp)dp A Opy)

The experimental reason for this disecrepancy can be understood by looking at Fig. 3.
where typieal curves for (v/s/M)(1/k)do/dM are plotted; the extrapolations for
k>0 give the Lh.s. of the sum rules. As a comparison, when an exelusive reaction of
low multiplicity is considered, e.g. m p— n+(soft)n®p, the corresponding graph is almost

(") M. Jacon: report of NI International Conference on High-Energy Physics (Batavia, 111., 1972), TH.
15370-CERN, NAL-THY-63 (1972), and referenees therein.
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Particle Data Group LBL-80 (1972).

(') J. ¢ NENS: report of IV I'nternational Conference on 1ligh-Energy Collisions (Oxford, 1972), CERN
preprint (1972), and refercnees therein.
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constant for small k. The reason of the comparatively large value of do/dM for high M
in inelusive processes-is clearly due to the large-multiplicity final states. These final
states contribute- considerably to the Lh.s. because they affect particularly the large-M
region; their influenee on the r.h.s. is much smaller sinee the main contribution, because
of the factor (p/H,)%, comes from the opposite region of small M.
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Fig. 3. — f=(\/‘§'/m )(I//.')do'/dJ[, where 1 is imissing mass, vs. L, momentum of the soft w, at

Py =16 GeV., X wp—a-+anything: 2 = p —xt+anything.

From the point of view of Adler’s theorem, the explanation of the disercpancy
of the sum rules is that the analytie extension of the Lh.s. from the experimental limit
g == 4 to w, — 0 is not smooth. The possibility of such a problem had been pointed out
in ref. (12). This difficulty can be attributed to the contributions of the resonances from
which the soft w is obtained (see also ref. (). The effeet of these insertions into reso-
nances would vanish for u-— 0, as considered in the derivation of the swmn rules. It is
clear that for low-multiplicity exelusive reactions the influence of low-mass resonances
is negligible at high encrgy and, as a matter of fact, it was found in ref. (®) that the
PCAC suin rules were well satisfied. On the contrary, in an inclusive process the large-
multiplieity final states allow subenergies containing the soft pion to be near the mass
of the prominent resonances enhanecing their contributions. Therefore, discrepancies
in the sum rules should appear for inereasing-mvltiplicity final states and, as a conse-
quence, for the inclusive distributions.
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