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Abstract. The study ofNN-interactions with production oS proton pairs (diprotons) provides
a new approach to hadron interactions at intermediate mserghe use of the polarised COSY
beams and the ANKE polarised internal target allows one talaot single and double polarization
experiments. A number of processes includpdy— {pp}sn, production of one and two pions in
PN collisions, and thepp — {pp}sy process, have been investigated.

Information on the near-threshold single pion productigthviormation of a diproton in the
processe®p — {pp}s® andpn— {pp}siT is urgently needed for further development of chiral
perturbation theory. The measurementsafdQ, A, and the spin-correlation coefficierigyx and
Az will permit an amplitude analysis that should provide a riavial test of thex PT predictions.
A combined study of these processes will lead to the isolatiibthe strength parametdrof the
four-nucleon-pion contact interaction ¥PT. Preliminary ANKE results odo /dQ andAy in these
processes are presented, and the future experimentabpnoge is discussed.
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REACTIONSWITH DIPROTON FINAL STATE AT ANKE

A two-nucleon system consisting of protons with small extogin energy in the pair (a
diproton) is one of the simplest hadronic systems. Seleaifoow excitation energy
greatly enhances th&, state of diproton which simplifies significantly the thedat
analysis. Study of diproton production is especially instive due to the comparison
with processes where a deuteron is produced in the same &iiosm

The ANKE spectrometer [1] is particularly well suited foetktudy of reactions with
a final diproton. The excellent resolution in the excitatemmergy of the proton pair,
Og,, < 0.5 MeV, allows one to select the range of I&jy, < 3 MeV. This ensures the
dominance of théS, state of the final proton pair.

The diproton programme at ANKE involves several experirmestudy of meson-
less deuteron break-upd — {pp}sn [2-5], study of one and two pion production in
pN collisions [6, 7], and of inverse diproton photodisinteégma pp — {pp}sy [8].
Investigation of single pion production and the chargehexge reaction are the key
double polarization experiments in the future physics pogne at ANKE.

NEAR-THRESHOLD SINGLE PION PRODUCTION

With the advent of chiral perturbation theoryRT), the low-energy effective field the-
ory of QCD, accurate predictions have become possible firdméc reactions. The ap-



proach has been also extended to describe pion productmutiaon-nucleon collisions
[9, 10]. This process is of special importance because @raekeasons:

+ being the first inelastic channel of NN interaction it continformation about NN
inelasticity that is needed to extend NN models above piodytion threshold;

« it provides nontrivial tests g{PT in the regime with large momentum transfer [11];

« it allows one to quantify the pattern of charge symmetry kirgaby studying the
forward-backward asymmetry of the differential cross isecin pn— dmP [12];

« the pion production mechanismiN — NNrtnear threshold is closely connected
to the physics behind the other low-energy hadronic reastas demanded by
chiral symmetry.

Let us focus on the last issue in more detail. The generalafiehiral effective field
theory is based on clean separation of hadronic scalesétbarchiral limit. According
to the scheme, all long-ranged operators related to thel ¢dyadamical) scale, such
as one-pion exchange, pion loops etc., are explicitly ihetliin the evaluation of the
transition amplitude whereas all short-ranged mechanemsgarametrised by local
contact operators. Specifically, the short range physigs-whve pion production in
NN — NN (when the pion is produced in p-wave with respect to the besat)sorbed
in the local 4Nt contact term the strength of which — the low energy constaBCj
d — is unknown and may be extracted from the experimental dawilabe discussed
below. This LEC is very important in the few body sector sititcalso contributes to
the three-nucleon force, to electroweak processes sughasde v, to triton 8 decay
and muon absorption on deuterignrd — nnv, as well as to the reactions involving
photonsrd — yNN andyd — nnrrt. Thus, it is of high importance to identify what is
needed to allow for a reliable extraction of this LEC frodtN — NNrt. Since the LEC is
connected to the p-wave pion while the nucleons are stilliveSes the efforts should be
focused on measuring the observables that would allow oexttact the corresponding
p-wave amplitudes from data.

Of especial interest are thus the procegsps+ {pp}sm® andpn— {pp}sT, with
the formation of alS proton pair (diproton) in the final state. The measurements
of do/dQ, Ay and the spin-correlation coefficients,x and Ay, for both reactions
will permit an amplitude analysis that is necessary to grwilt the relevant p-wave
amplitudes from the rest.

As afirst step in the programme, measurements with a potgpisgeon beam incident
on unpolarised hydrogen and deuterium cluster targets per@rmed at ANKE in
2009 at a beam energy @, = 353 MeV. Figure 1 shows the results obtained for the
pp— {pp}s reaction. Sincédy must be antisymmetric about 9Ghe acceptance is
effectively complete. If one considers only pion waves wWith 2, a non-zero value of
the analysing power in this process must arise from theferemce between theand
d waves. The strong signal observed here shows immediatelynthortance of this
interference.

The results for thggn — { pp}smT~ reaction are presented in Figs. 2 and 3. The ANKE
data are shown together with the results from TRIUMF [13] anel compared to the
prediction of the IKP theory group [14]. The value of LEIC= 3 is favoured, though it
must be stressed that the pidtwaves have not yet been included in the calculations.
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FIGURE 1. Analysing power, of the pp— {pp}s° reaction afl, = 353 MeV.
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FIGURE2. Ayinthepn— {pp}sT reaction aff,=353 MeV (blue squares). Also shown are the results
of xPT calculations fod = 3 (red solid line)d = 0 (black dashed line), ardl= —3 (magenta dot-dashed
line). The data from TRIUMF are shown as black circles.

The results were obtained with a 40 MeV wide range of effecbeam energy in
the freepn-scatteringj.e., Tiree = 353+ 20 MeV. TheEpp < 3 MeV cut was imposed
on the data but, to facilitate the comparison with previasilts, the cross section has
been recalculated for tHg,p, < 1.5 MeV cut used at TRIUMF. This was done using the
Migdal-Watson approximation for the final state interactio thelS, proton pair. The
main advantage of the ANKE measurement is the extended aniguige compared to
the pre-existing data.

The transitions involving the M7t contact interaction correspond fewave pion
production in thenp — {pp}srt reaction. The initial nucleons in this case appear in
the partial waves that are couplet®; — 1Sp and3D; — 1Syp. Due to the coupled
channel effect the contact term contributes to both pan@ales which may provide a
richer dependence of the observables on the DERote, that a linear combination of
thesep-wave amplitudes may be fixed by only one measuremet efA, x)do/dQ
for np— {pp}sT under the assumption that the interference of pion p- andwkwis
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FIGURE 3. ANKE Preliminary results for the cross section of tifm — {pp}srt~ reaction at
Th=353 MeV in theEp, < 1.5 MeV range. The conventions are the same as those used imttierc
to Fig. 2.

small. This linear combination could be compared diredlthe x PT calculation. Thus,
the double polarisation experiment for the measuremen pfandAy,y, scheduled for
2011, will greatly improve our knowledge of the LEL This experiment will provide
the most systematics-free way to fix the valuelof

At the same time, the magnitudes of thavave amplitudes individually and their
relative phase should be deduced from a combined analydfsesé results with our
cross section and analysing power datagpr— {pp}s7® andnp — {pp}siT, which
have already been taken. Two determinations of the @l therefore be possible.
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