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Abstract
Results of full-kirematics measuremenis of 7~ p — n z%n, 7=p — 7 7% and
7tp — xtxtn in the threshold region are compared with current-algebra calculations,
Discrepancies can be largely attributed to isobar production, but even the threshold
behavionr is not adequately described by existing calculations. :
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1 Introduction

The low encrgy mr scaltering is in many respects one of the most inferesting hadronic
processcs. Hs simplicity and conneclion Lo chiral symmetry makes il a sensitive tool of low-
energy QCI. As a means to stady the pion-pion scallering the production of pions, mp —
7wV, close (o the reaction threshold seems to be particularly suitable [1]. Ilistorically,
current algebra and PCAC made a number of firm predictions aboul the behaviour of
the pion-nucleon and pion-pion interaclions at low energy, Bxplicitly the amplitudes for
mp — wr ¥ at threshold were prescribed in lerms of a single parameter € which s relaled
to the structure of the chiral symmetry breaking termi in the Lagrangian [2). Weinberg's
agrangian leads to a value of £ = 0, whercas models pul forward by Schwinger [I] attribute
o § the values +1, +2, and -2. In QCD the chiral symimnelry breaking occurs via the gquark
mass term (£ = 0). A systemalic non-perturbative QCD bascd description of low cnergy
processes, has been developed as an expansion in powers of external momenta and of
quark masses [3]. Whilc pion-pion scatlering has heen examined in the framework of this
theory and substaniial corrections to the current algebra predictions were established, no
calculation was performed to find the corresponding prediction for #p — 77N at threshold.

There exist a multiplicity of measurements of the cross-section of #=p — = 7*n and
a few measurements of the other channels (see Rel. [{] for a review), The threshold
behaviour of the amplitudes has been rendered uncerlain by the lack of adequate statistics
and complele kinematical information. o supplement the (r-xis[‘ing data we have performed
good statistics, full kinematics measurements of the reactions mp — ax N using 7~ and
7 heams at several energies near threshold. The experimenis were carried oul, wilh
the Quucron spectrometer at the CERN §C. The apparatus and ils performance were
described in detail in Rell, [5]. Resulls of measurements of (he reactions 7=p — = 7ntn,
" p — 7 7p and ©tp — wtxta, were reported elsewhere [6]. In this contribution
we compare our cross-seclions wilh current-algebra calevlalions and give an account for

discrepancics.



2 Results

From the many attempls to calculale cross-sections for mp — o N reaciions [2,7] within
the framework of current algebra, the most elaborate is the one of Arndi, et al. [8]. Tn their
work, integrated cross-scctions for all the mp — 77N reaction channels are calculated by
summing diagrams up to the trec-level, The cases of € = 0 and € = -2 arc cvalnated.
Comparison of our integraled cross-sections with their caleulations is shown in Ig. 1.

The measured values for 77p - 7~ 7*n are well above Lhe £ = 0 line which would
resull in a negative value of £. In our dilferential distributions we observed, however, the
influence of a broad s-wave 77 resonance with a mass lying outside the invariant-mass
region covered by our experiment. ‘The fit of a relalivistic Breit-Wigner resonance was
very unstable and gave values around 600 MeV Tor the mass. The resulting widlh was
comparable to the mass. On the other hand, we see no significant effects of A and p
production in our data. Thus, we concluded thal a broad s-wave resonance in the 7= 7+
system enhances the 77 p — 77 7% n cross-section even very close to threshold. Hs influence
makes this reaction unsuitable for simple studies neglecling isobar production.

The agreement of the measured 7= p — 77 70p cross-section with the £ = 0 tree-lovel
caleulation is remarkable. All the data points Tie within le from the prediclion while the
cross-seclion spans more than two orders of magnitude. No signs ol isobar production were
seen in the differcotial distributions, neither in the 77 nor in the mp systems, although the
small number of events (up to 430) makes these statements somewhat weak. The absence
of the structure in the 777 invariani-mass distributions fixes the 7 FeSORAnce 1sospin Lo
I =0.

The behaviour of the 7%p — 7t rtn cross-section is wofold. Up to 360 MeV/e it lies
above the € = 0 line, indicaling a positive value for £. AL higher momentia it Natiens off
and geis even below the & = —2 prediction. This kink in the cross-section we belive to
be connected wilth the-influence of the A+ production in the final state, of which we sce
evidence in our differential distributions at inomenta above 360 MeV/e. No other structure
except for the reflection of the A* resonance is observed in the rtx+ syslem, confirming

the isospin assignment to the 7 resonance.



3 Discussion

From the comparison made we conclude thai the mr systerm at low energies cannotl bhe
described by simple curreni-algebra calculations, the mp — =7V reaction bearing addi-
tional complications in terms of the nV isobars. A resonance-like belraviour is observed
in the 777+ system. We were unable to define precisely the mass and width of the res-
onance but the spin isospin and parily values of 7 = 0,./ = 0% were determined. The
absence of 77 resonances with I = | and I = 2 yiclds bni..l.cr agreement of 77p — w7 x '
and 7¥p — w¥rtn cross-scclions in the region where the influence of TNV isobars is not
significant. Iven there, current algebra predictions differ for both reactions considered.
As non-perturbative QCD calculations give substantial corrections o current-algebra 77
scatlering-lengths, they might also clarify the threshold behaviours of the ap — 7N re-
action cross-section. We hope that our dala present cucugh molivalion o theoreticians Lo
perform the necessary calculations.

In order to clarily the behaviour of the 7 system in the 7 =0 state a Tull kinematics
measurement of #~p — 7%7°n reaction in the threshold region would be highly appreciated.
In addition, we have started to extract the fourth charged channel, m*tp — wta%p, for which

we can quote a preliminary integrated cross-section of (189 +8 + 28)pb al py = 4 18MeV /e
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Figure captions

Figure 1 Measured integrated cross-sections for 7=p - 7 atn (a). 7= p — 7 7% (b
g 7 )

and 7Fp — wtatn (c) in comparison with caleulations of Arndt el al. [8].
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