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ISOSPIN VIOLATION IN PION PRODUCTION*
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The charge symmetry breaking forward-backward asymmetry of the
cross section in np — dr® is discussed near threshold. Among standard
sources of isospin breaking the mixing of the m and n mesons shows up as
strongly dominant at these energies. This contrasts elastic np scattering
or np — dr° in the A region, where other mechanisms dominate. How-
ever, QCD based effective field theory suggests an even more important
symmetry breaking mechanism.

PACS numbers: 11.30.Hv, 24.80.Dc, 25.40.Qa

1. Introduction

Charge symmetry is the best known and most accurate flavour symmetry,
a property of quarks. However, it is broken also in strong interaction, not
only electromagnetic, and this breaking (CSB) may have potential use in
testing our current understanding of QCD. It has been studied for decades
in the mirror systems nn vs pp using low-energy NN scattering and mirror
nuclei [1,2|. However, here the responsible interaction, proportional to the
total isospin operator Ty + 790, acts only in isospin one states and cannot
change the value of the isospin. In contrast, a CSB force proportional to
either 719 — 790 or (74 X Ty)¢ necessarily changes the isospin and so must
act only in the np system, where both isospin zero and one are allowed.
These so called class IV forces have three main sources, which are roughly
equally important in elastic scattering: (i) the np-mass difference, (i) p’w-
meson mixing and (%) the magnetic interaction of the neutron with the
proton current. A decade ago their effect was first seen experimentally as
a difference of the neutron and proton analyzing powers AA = A, — A, in
polarized np scattering and now there are data at three different energies [3].
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Class IV forces can also show up in pionic inelasticities. Namely, isospin
conserving mechanisms in NN — dn would allow only isospin one initial
states. This sets strict constraints to the spins and parities of the initial
states vs the angular momentum of the final state pion: for odd [; only
singlet-even initial states are possible and for even [; only triplet-odd. This
separation of initial spins for different parities leads to a symmetric unpolar-
ized cross section [4]. Obviously a class IV force can generate some allowed
isospin one component in otherwise forbidden isospin zero initial states with
opposite spin-parity assignments. Then the cross section will no more be
exactly symmetric about 90°. This minute asymmetry in np — dn¥ is being
measured at TRIUMF |[5].

As an interference of opposite parity amplitudes, s- and p-wave pions,
the asymmetry should vanish at threshold faster than the cross section.
However, there are experimental advantages at threshold allowing smaller
relative asymmetries to be detected than at higher energies [5|. Theoretically
it is intriguing that at threshold there is less cancellation of possible nm
mixing effects than at higher energies studied in Ref. [6] suggesting this
mixing as dominant. This talk discusses predictions for the asymmetry in
the threshold region where the experiment is performed. A more detailed
account can be found in [7].

Normally the CSB effects are very small, the scale being of the relative np
mass difference. However, in QCD the mass difference of the u and d quarks
is not small compared to their current masses. QCD based effective field
theory suggests an isospin symmetry violating part due to this difference in
pion-nucleon scattering [8]. The influence of this term in pion production
and its possibly important implications are also shortly discussed.

2. Theory

A standard source of the class IV force, dominant in np elastic scat-
tering experiments above pion threshold so far, is the np mass difference
in pion exchange. Taking this into account in the pion-nucleon vertex the
nonrelativistic coupling becomes

Hovy ==L [#:93-7406- Y +55- G+7)Fx Do) (1)

with § = (M, — Mp)/(My + M,). Here the first term is the normal isoscalar
interaction giving rise to the standard OPE potential. The initial and final
momenta p and p’' operate on nucleons and V on the pion field assumed a
plane wave. The latter two isovector terms give rise to a CSB potential of
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the form (using the usual notations of the literature |6])

= E%’ { 7'1 + 7'2 SuVT(,u’r’) + 07 - O'QVC(,U,T)]
~6(7 x 7)o(F1 x 32) - LVis(ur) } - )

The first part conserves the isospin, while the latter term changes both
the spin and isospin, i.e. it couples the two possible spins for a given L = J
partial wave. This source of isospin breaking in the present reaction is shown

in Figs. 1a, b.
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Fig.1. Isospin breaking mechanisms in np — dn°®: isospin mixings in the initial
state due to mass difference § dependent potentials (a—d), CSB production vertices
(e and f) and transition potential due to n7 mixing (g). CSB vertices are denoted
by a cross or box.

In pion physics the coupling of the pion and nucleon to the A(1232)
resonance is always essential. As above for nucleons, one gets an isovector
transition potential from the mass differences (also between different charge
states of the A, Figs. 1c,d)
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Here the transition spin (isospin) S (T') changes spin (isospin) 1 particles to
those with % [9]. The mass difference between consecutive charge states of
the A has been assumed to be the same as for the nucleons. In the tensor
operator S{IQ one spin operator has been replaced by the relevant transition
spin operator. Contrary to the case of the NN interaction, now also the
first term in (3) can cause a transition from an isospin zero NN state to an
intermediate AN state which can participate in pion production.

In addition to isospin mixing in the initial np state, the pion coupling (1)
gives a possibility for isospin breaking also in the final pion producing vertex
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(Fig. le). Namely the middle term is in form equivalent to an isoscalar meson
production operator and so there is a finite amplitude of direct transition
from an initial isospin zero state to the deuteron state plus a pion.

Analogously with the above effective isoscalar meson coupling, also pro-
duction of first a true off-shell isoscalar pseudoscalar meson (n or 7') is
possible with its subsequent transformation into a pion, because there is
a nonvanishing mixing between the 7 and 7 mesons [10] (Fig. 1f). The
coupling of pions to nucleons via this mechanism is of the form

fn (nlH|m)
pop® —n?
Using the mixing matrix (n|H|r) = —5900 MeV? [10] and the n N N coupling
G} /4m = 3.68 [11] with f, = Gy,u/2M it can easily be seen that the strength
of this contribution should be about 15 times larger than the isoscalar cou-
pling of the pion from the np mass difference in Eq. (1). So one would
expect this to be a very important effect which is further enhanced by the
7' meson mixing with the mixing matrix element —5500 MeV?2 [10]. (The
coupling of the 7’ to the nucleon is taken to be the same.)

In the NN sector 7 mixing cannot mix isospins, but it can produce an
NN — AN transition potential, which can act also in isospin zero initial
states (Fig. 1g). Due to the rather strong effective coupling seen above, also
this should have a significant effect in pion production. In the A region,
however, the two different n7-mixing contributions tend to cancel to a large
extent [6].

There are great uncertainties in the NN and 7’ NN coupling strengths.
Much smaller values are also quoted from pion photoproduction [12] and
a sensitive probe for this coupling is desirable to clarify the situation. The
value used above is obtained in a meson exchange N N potential model fit to
elastic NN scattering and is consistent with the range 2-7 given in various
versions of the Bonn potentials [13]. Another uncertainty is related to a
controversy of off-shell pw-meson mixing and is not considered here.

In calculations of the above mechanisms also pion s-wave rescattering
from the second nucleon is taken into account in production, but no isospin
violation has been associated with mN scattering. However, QCD via ef-
fective field theory indicates that there is a low-energy isospin asymmetry
violation arising from the up and down quark mass difference, which can be
described as [§]

H,g’;od - G- V. (4)

om 2 -
H((lg = —TN <7'0 - mﬁboﬂs : 7') ) (5)

where F, = 186 MeV is the pion decay constant, D = 1 + ¢?/F2 and dmy
is the quark mass difference contribution to the nucleon mass splitting typ-
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ically estimated to be of the order of 3-4 MeV. Here the second term would
contribute to pion production as isospin symmetry violating rescattering off
the second nucleon. One may note that the strength of this term in the
wN interaction is comparable to the strength of the standard chirally sup-
pressed isoscalar scattering at threshold. By its very size this new term is
then of great interest for the potential success of experiments. Even more
importantly, this term is rather an automatic consequence of QCD in effec-
tive field theories and has even less uncertainty in its parameters than the
above discussed nIN coupling constant. So the measurement of CSB in pion
production can be an essential test of these theories, if for some reason this
new effect is not dwarfed by the 7 mixing.

3. Results and conclusion

The quantity of experimental interest here is the integrated forward-
backward asymmetry divided by the total reaction cross section

w/2 ™
Ap = 0/ [0(6) — o ( — )] sin 0d0 / 0/ o (6) sin 0. (6)

Here the angle is the CM angle between the detected deuteron and incident
neutron directions. The results are shown in Fig. 2 at the energy 279.5 MeV
of the TRIUMF experiment [5]. The two dotted curves show the effects
due to the np (and the A) mass differences, while the larger nm mixing
contributions are given by the dashed curves. The contributions from the
production vertices and meson exchange potentials are separated. The total
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Fig.2. Contributions dependent on the relative mass difference ¢ (dotted) and
meson mixing (n|H|n) (dashed) to the total integrated forward-backward asym-
metry (solid). The “data” point expresses the energy and expected error of the
experiment [5].
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sum is the solid curve. In comparison to meson mixing the mass difference
effect is hopelessly small, but if the /NN coupling is as large as used here
its effect could be seen in the experiment.

However, the isospin conserving reaction is dominated by s-wave wIN
rescattering at threshold and so the explicit CSB contribution suggested
in [8] must also be considered. A preliminary calculation [14] indicates its
effect to be 3—4 times the size of the total nm mixing effect making it by
far the dominant mechanism. It is unlikely that any reasonable nN cou-
pling constant alone could make the conventional hadron level mechanism
competitive.

Also one might note that the p and pw-mixing effects as well as the elec-
tromagnetic interaction are probably significantly smaller than n7 mixing
or the above QCD effect at threshold. They tend to be in the same order of
magnitude as the pion effects. As a summary, it is likely that CSB thresh-
old production is strongly dominated either by 7 mixing or the quark mass
difference effect in wIN rescattering. In either case CSB measurements have
a great potential of yielding important information on very basic physics.
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