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Two-pion production reactions in proton-proton collisions near thresh-
old are measured using an internal cluster-jet hydrogen target and the
WASA/PROMICE detector at the CELSIUS storage ring. Four out of the
five possible two-pion production reactions are measured simultaneously.

PACS numbers: 13.75.–n, 25.10.+s, 25.40.Ve

1. Introduction

Two-pion production in the near threshold region is an important tool
to study the fundamental nucleon-nucleon, pion-nucleon and pion-pion in-
teraction. The theoretical understanding of the contributing processes is
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improving, but more data, especially close to threshold (∼ 0.6 GeV, are
needed. Recent calculations for all reaction channels can be found in [1].

Within the WASA/PROMICE collaboration data on ππ production in
proton-proton collisions have been collected at 650, 680, 725, 750 and 775
MeV. All possible two-pion reaction channels except pp → nnπ+π+ are
measured simultaneously.

The WASA/PROMICE detector (Fig. 1) is well suited to measure meson
production reactions close to threshold. The charged outgoing particles are
measured in the forward part (FD) of the detector. The neutral mesons
are measured by their decay into two γ’s in the central part (CD) of the
detector.
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Fig. 1. The WASA/PROMICE detector at CELSIUS storage ring, TSL in Uppsala.

2. The experiment

The pp → ppπ+π− events are selected by detecting two protons and
at least one pion in the FD. The protons are identified using the ∆E/E
information from the different layers of the FD. The pions are also identified
using the ∆E/E information from the FD. In addition, the positive pions
can be identified by detecting the delayed pulse from the decay of the π+,
π+

→µ+νµ→e+νeνµ, with an efficiency of about 60 percent [2].
The dominating background comes from single neutral pion production.

The γ’s from the decay of the π0 can convert into e+e− pairs in the material
surrounding the target region. If an electron ends up in the FD together
with two protons, a pp → ppπ0 event can be misidentified as a pp → ppπ+π−
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Fig. 2. The missing mass of the two protons plus the pion when the pion is identified

using only the ∆E/E information (left) and when a delayed pulse from the pion is

requested in addition (right).
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Fig. 3. The result of the kinematical fitting. The missing mass of the two protons

plus the pion when the pion is identified using only the ∆E/E information (left)

and when a delayed pulse from the pion is requested in addition (right).

event. The background from single pion production is seen clearly as a broad
bump to the left of the pion peak in Fig. 2 (left), where the missing mass of
the two protons plus the pion is plotted. In Fig. 2 (right) the condition that
the pion causes a delayed pulse is added, which leads to a great reduction
in the background from single pion production events.

An alternative way to select the pp→ppπ+π− events is to use kinematical
fitting. Several hypothesis are fitted to the data and the reaction which gives
the highest fit probability is selected. The result of the fit can be seen in
Fig. 3, where the missing mass of the two protons and the pion is plotted
without (left) and with (right) the requirement of a delayed pulse from the
pion decay. In addition of giving higher statistics, the use of kinematical
fitting also improves the missing mass resolution.
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Fig. 4. The missing mass of the two protons when at least two γ’s are identified in

the CD, below the two-pion production threshold (left) and at 70 MeV above the

threshold (right).

The pp → ppπ0π0 events are selected by identifying two protons in the
FD and at least two γ’s in the CD. In Fig. 4 (right) the missing mass of the
two protons is plotted. In Fig. 4 (left), data recorded below the threshold
for two-pion production but analysed using the same routines as for data
recorded above the threshold are plotted. As can be seen, the dominating
background comes from single neutral pion production, also for this reaction
channel.

The luminosity is determined from data on elastically scattered protons
recorded in parallel. One proton is detected in the FD and one proton in
the CD. Using the the relation tan(θ1) ∗ tan(θ2) = 1/γ2, where θ1 and θ2

are the scattering angles for the two protons, it is possible to select a clean
sample of elastically scattered protons.

3. Summary

All but one of the possible two-pion production reactions in proton-
proton collisions at several energies close to threshold are presently being
analysed within the WASA/PROMICE collaboration. The cross sections
for the the pp → ppπ+π− reaction at 650 and 680 MeV as well as the cross
section for the reaction pp → ppπ0π0 at 650 MeV will be presented in [3].
When all data have been analysed, the statistics should be good enough to
study various event distributions, even at the lowest energy, 650 MeV.

The cross sections for the pp → ppπ+π− reaction at 725, 750 and 775 MeV
will be presented in [4]. In addition to the analysis of the π+π− and π0π0

reaction channels, the π+π0 reaction channels are also being investigated
and a status report of that analysis can be found in [5].
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