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Introduction

Pion production in NN collisions is not only
sensitive to short range NN interaction, but
includes also NN transitions between singlet
and triplet spin states, which are forbidden in
elastic scattering. At threshold energies, par-
ticipation of only a few partial waves in the
final state is involved, which in turn limit the
initial partial waves through Parity conserva-
tion and Pauli principle.
Ever since the total cross section measure-
ments [1] for pp→ ppπ0 were found to be more
than a factor of 5 larger than the then avail-
able theoretical predictions, experimental and
theoretical study of the reaction excited con-
siderable interest. Advances in storage ring
technology led to detailed experimental stud-
ies including measurements [2] when both the
colliding protons are polarised. Theoretical
models including the more advanced Julich
meson exchange model [3] failed to provide an
overall satisfactory reproduction of the data.
A model independent approach developed ear-
lier [4] was employed [5] to analyse the findings
of the Julich model. This study identified not
only some of the short comings of the model,
but also revealed that the ∆ contributions are
important. It was pointed out subsequently [6]
that there was a phase ambiguity in [5] and it
was shown how this drawback can be removed
through additional measurements of spin ob-
servables.
The purpose of this contribution is to present
a simple isospin analysis of the NN → NNπ
and identify also the partial waves in those
channels, which allow ∆ contributions.
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TABLE I: List of partial wave amplitudes for
NN → NNπ with Ii = 1 and If = 0.

Initial NN Type Final NNπ M
If Ii;j

l(lf sf )jf ;lisi

state state
3P1 Ss 3S1, s M01;1

0(01)1;11 = f01
1

1S0 Sp 3S1, p M01;0
1(01)1;00 = f01

2
1D2

3S1, p M01;2
1(01)1;20 = f01

3
3P0 Pp 1P1, p M01;0

1(10)1;11 = f01
4

3P1
1P1, p M01;1

1(10)1;11 = f01
5

3P2
1P1, p M01;2

1(10)1;11 = f01
6

3F3
1P1, p M01;2

1(10)1;31 = f01
7

Isospin Analysis

In the particular case of pp→ ppπ0, the two
nucleon system makes a transition from an ini-
tial state with isospin Ii=1 to a final state with
isospin If=1, whereas in pp→ pnπ+, the ini-
tial state of the NN system is Ii=1, but the
final state is a linear combination of If= 0,1.
In pn → ppπ−, the initial state is a linear
combination of Ii= 0,1 while the final state
has If=1. In pn → pnπ0, the NN system in
the initial as well as in the final states involves
linear combinations of isosinglet and isotriplet
states. Since a pion with isospin Iπ = 1 is
produced in the final state, isospin conserva-
tion in the reaction demands that the reaction
amplitudes must be related through Clebsch-
Gordan coefficients C(If , 1, Ii;mf ,mπ,mi), if
mf ,mπ,mi denote the respective eigen val-
ues of the z-components of isospin. Thus
the reaction matrices M in spin space for a)
pp → ppπ0, b) pp → pnπ+, c) pn → ppπ−,
d) pn → pnπ0 and e)pn → nnπ+ are given
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respectively by

M = M1,1/
√

2 (1)

M = (
√

2M0,1 −M1,1)/2 (2)

M = (
√

3M1,1 +
√

2M1,0)/2
√

3 (3)

M = (
√

3M0,1 + M1,0)/2
√

3 (4)

M = (
√

3M1,0 −
√

2M1,1)/
√

6 (5)

Each of the M If ,Ii may be expressed in the
NN spin space in the form [4, 6]

M If ,Ii =
1∑

sf ,si=0

|sf +si|∑
λ=|sf−si|

(Sλ(sf , si).Mλ),

(6)
where the irreducible tensor amplitudes Mλ

µ =
Mλ

µ (Ifsf ; Iisi), of rank λ are given in
terms of partial wave reaction amplitudes
M

If Ii;j

l(lf sf )jf ;lisi
. These are dependent on c.m

energy E and the invariant mass W of the
final NN system. In the particular case of
pp → ppπ0, it clear from (1) that only the
If = Ii = 1 partial waves are involved. It
should also be noted that ∆ contributions
[7] can arise in M1,1 and M0,1 and not in
M1,0, since ∆ with isospin 3/2 and N with
isospin 1/2 cannot combine to give the con-
served isospin Ii = 0. Focusing attention on
the ∆ contributions [7], the partial wave reac-
tion amplitudes with Ii = 1 and If = 0 have
been worked out with lf , l going up to lf = 1
and l = 1. The M

If Ii;j

l(lf sf )jf ;lisi
forIf = 0, Ii = 1

are shown in TABLE I. It is clear from (1) that
the M j

l(lf sf )jf ;lisi
listed in the Table I of [6] are

M
If Ii;j

l(lf sf )jf ;lisi
with If = Ii = 1. There are 12

allowed amplitudes with If = Ii = 1, whereas
there are only seven allowed amplitudes with
If = 0, Ii = 1, as shown in TABLE I here.
In general, one has to work out also the al-
lowed M

If Ii;j

l(lf sf )jf ;lisi
for If = 1, Ii = 0 and all

the three have to be used together following
Eqs. (1) to (6) to discuss the NN → NNπ
reactions and assess the importance of ∆ con-
tributions. Moreover, the identification of
the spin observables in b) pp → pnπ+, c)

pn→ ppπ−, d) pn→ pnπ0 and e)pn→ nnπ+

becomes more complicated than in the case of
a) pp→ ppπ0 to empirically determine the re-
action amplitudes as in pp→ ppω [8]. Further
work is in progress.
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