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The total cross section for the™p — 7~ 7 *n reaction has been measured at incident pion
kinetic energies of 200, 190, 184, and 180 MeV. In addition, thep — 77 n reaction was
measured at 200 and 184 MeV. A fit of the cross sectionshésvy baryon chiral perturbation
theoryyields values oB.5 = 0.6(m,?) and2.5 + 0.1(m?) for the reaction matrix elementél, and
A3, which correspond to values for thewave isospin-0 and isospin-2-7r scattering lengths of
ay = 0.23 = 0.08(m_") anda, = —0.031 = 0.008(m_'), respectively. [S0031-9007(98)05375-7]

PACS numbers: 13.75.Gx, 13.60.Le, 13.75.Lb, 25.80.Hp

Though widely successful in particle physics, QCD isancy of more than a factor of 2 between the data of the
notoriously difficult to apply at low energies. However, OMICRON collaboration [5] and that of Seviet al. [6],
with the development of chiral perturbation theory (ChPT)the only two experiments for which data were obtained
which exploits the chiral symmetries of QCD [1], a meanswithin 40 MeV of threshold.
is now available for addressing low energy questions such Given the importance of a precise determination of the
as the determination of the strength of the simplest of ther-7 scattering lengths, it is essential that near-threshold
strongly interacting systems, the-7 interaction. One of cross-section data be measured lboth charge channels
the most fruitful ways of investigating this interaction ex- by a group other than OMICRON in order to provide a
perimentally has involved the measurement of thresholdonsistent set of data for extracting both isospin reaction
pion-induced pion production cross sections. Such rea@amplitudes. To this end, the “active target” system
tions have traditionally been analyzed using the model ofleveloped by Sevioet al., for the 7 p — w7 *n
Olsson and Turner [2] which involves representing thereaction [7] was adapted for the p — 7=~ 7" n case.
-7 interaction in terms of the chiral symmetry breaking Although it involves a cross section which is about
parameter¢. In a recent publication [3], Olsson and co- 10 times larger than that for the™ reaction, the method
workers found that the inclusion of higher-order terms,has to contend with the fact that only a single positive
which were neglected in the earlier work, complicatedpion occurs in the final state. This paper presents
the extraction ofr-7 scattering lengths from threshold the results of measurements of p — 7~ 7" n cross
pion production data. Subsequently, Bernard, Kaiser, angections at incident pion energies of 180, 184, 190, and
MeiRner [4] used heavy baryon chiral perturbation theory200 MeV, together with measurements of the p —
(HBChPT), which incorporates the effects of higher#* 7" n cross section at 184 and 200 MeV to check the
baryon resonances, to obtain new relationships betweeeproducibility of the previous Seviat al. results [6].
the threshold amplitudes for pion production and ther The experiment was performed at TRIUMF on the
scattering lengths. M11 beam line at 200, 190, 184, 180, and 172 MeV

The 77~ p — @~ 7" n reaction involves both isospin 2 for the negative pions and at 200, 184, and 172 MeV
and isospin Qr-7 interaction amplitudes and thet p —  for the positive. In each case, the data obtained at
7+ 7 n reaction involves only isospin 2. Consequently,172 MeV provided background information, since this
cross-section measurements of both reactions near threstnergy is below the threshold for the reactions of interest
old can be used to determine both isospin amplitudes. A§l72.3 MeV). The beamline was tuned for 20.1%
shown in Fig. 3(b), a consistent body of experimental datapread in momenta forr* and +0.5% for #—. The
exists for ther ~p — 7~ 7" n reaction at energies above typical beam rates in both cases were 1.7 MHz.
200 MeV. However, Bernardt al. [4] state that only data The apparatus, similar to that used by Sebal. [6],
below 200 MeV can be used to extragts scattering is shown in Fig. 1. The beam-tracking system consisted
lengths. The situation for the * p — 7+ 7 *n reaction, of the three plastic scintillators. The third of these was
as shown in Fig. 3(a), is less satisfactory with a discrephalf of the transverse size of the target, while the first
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FIG. 1.

Experimental layout of the apparatus.

Incident pions were identified by a combination of
time of flight through the M11 channel together with
the amount of energy deposited in the beam-tracking
scintillators. Positive pions that were produced (and
stopped) in the target were identified by their signature
decayn™ — u*v,, using three different techniques to
identify and measure the height and relative time of
occurrence of the pulses following the initial pion pulse in
any target segment [7]. One of these techniques included
the use of TRIUMF 500 MHz transient digitizers attached
to the target scintillation counters.

The calibration of the pulse height response of the
active target was obtained from the energy losses of
200 MeV incidentzr* which, when traversing the target,
deposited 1.3 MeV per 6 mm segment. The response of
the neutron bars was studied using two monoenergetic
neutron reactions#®~ p — ny and 7~ d — 2n) whose
energies (8.9 and 68 MeV), spanned the expected energy
range ofwrp — 77 n neutrons [6].

The experimental yields were evaluated from peak
areas in histograms dfy,,, the sum of the kinematic
energies of the reaction productd + XT,, which is
constant for thewp — 7an reaction but produces a
continuum for the background. The neutron Kkinetic
energyT, was determined from the time of flight from
the active target to the detection array whereas the kinetic

two were large enough to detect pions from adjacenenergy of the produced piorsT,, was taken as the total
beam bursts. The active target consisted of five segmen&nergy deposited in the active target.

of 6 mm thick PILOT-U scintillators(C;H; ;) and was Tam Spectra were accumulated with two different
followed by a veto scintillator that was used to defineconditions for the#* channel. The first (“onen”
beam interactions. Beam particles that did not interacinethod) required only the coincident detection of a
were swept away by a dipole magnet and the neutronseutron with a single stopped™ (and its subsequent
were detected in an array of scintillator bars placed 3 ndecay) in the target. In this method, the substantial
downstream of the target. This arrangement minimizedr *C — 7 "nX background was suppressed by restricting
the effects of the substantiat™C — 7 *nX background the allowed kinematic ranges for tig, and7, spectra.

by exploiting the kinematics of the near-threshold reactioriThe remaining background was determined by subjecting
of interest, particularly the restriction of the neutrons to athe data at 172 MeV to the same kinematic restrictions as

narrow forward cone.
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FIG. 2. Tyn spectra for (a)l, = 184 and 200 MeV#* for both the “oner” and “two 7" methods, and (bY, = 180, 184,
190, and 200 MeVsr~ for the “one#” method.
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TABLE I. Total cross sections form=p — =7 *nx. The uncertainties include both
statistical and systematic errors.

Cross section$ub)

mtp—atatn TTp— 7w wn
T, (MeV) Oner Two 7 Averaged Oner
200 1.4 = 0.3 1.4 = 0.3 1.4 = 0.3 6.5 £ 0.9
190 3.0 £ 0.5
184 0.30 £ 0.07 0.30 £ 0.07 0.30 £ 0.07 1.9 £ 0.3
180 0.7 £ 0.1

In order to obtain the best background fit to the signalcode employed to simulate the experiment. Backgrounds
the 172 MeV (background) spectra were scaled to théor this channel were obtained at both 172 and 176
leading and trailing edges of the signal spectra. The bedfleV. Although 176 MeV is above threshold for the
fits are shown together with the respectifig, spectrain 7~ p — « "7 n reaction, the yield at this energy is
Fig. 2(a). negligibly small. The results obtained using the different

The second technique employed to extract yields (“twdbackgrounds were the same within errors.

7" method) required the detection of two positive pionsin Ty, spectra from therp — 77 n reaction are
the target, each in a different target segment. The requireshown in Fig. 2(b), and the cross-section results are
ment of detecting a second™ substantially reduced the summarized in Table | and shown in Fig. 3(b).
background. The backgrounds for this “twd analysis This experiment, like that of the OMICRON Collabo-
were determined in similar fashion to those for the “oneration, provides cross-section data for beth and 7~

7" analysis. For each of the two methods, the experiincident beams. These are shown in Fig. 3 along with
mental acceptances needed to enable determination of tkiee results of several other measurements. However,
cross sections from the measured yields were determindtlis experiment provides the only data within 8 MeV
by Monte Carlo simulations. The results are summarize@f threshold. Although ther~ data agree with the

in Table | and shown in Fig. 3(a). OMICRON results (as well as with other data sets)

For the #~ channel, only one positive pion was at the higher energies, the* data agree with the
present in the final state. Thus, only the first (“ong results of Sevior rather than with OMICRON. Using the
method of analysis could be employed. Stopped negativiermulation of Bernardet al. [4], our cross section data
pions are rapidly absorbed by carbon nuclei which theryield threshold values for the matrix elemenitsa | =
eject energetic fragments. However, about 50% of thé8.5 + 0.6)m_3 and | A3,| = (2.5 = 0.1)m_>, and for
time only neutral particles are emitted [8]. When thisthe 7-7 scattering lengthszy = (0.23 = 0.08)m_ !, and
occurs ther~p — @7 n event falls in a well-defined a, = (—0.031 = 0.008)m,!. Our value for| A | is in
Twm peak. Such behavior was confirmed in calibrationgood agreement with the value &b * 0.3m_3 obtained
runs when negative pions from M11 were stopped inby Bernardet al.[4] from an analysis of ther p —
each segment of the active target in turn. The resultant’7%: data of Loweet al.[9] and our values of the
pulse height distributions were used in the Monte Carloscattering lengths are consistent with the one-loop chiral
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FIG. 3. Total cross section as a function of incident pion kinetic energy forrta) — 7#*#w*n and (b)m p — 7w 7" n. The
data ofoMICRON, Kravstovet al., Sevior et al., Bjork et al., and Kermaniet al. were taken from Refs. [5,6,14—17]. The solid

lines are fits to previous data by Burkhardt and Lowe [18]. The dotted lines are the ChPT predictions of Bernard, Kaiser, and
Meil3ner [4].
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