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ABSTRACT

Results are presented on the three single-pion production
reactions vP-"|Ji~Prr+ > vn-V>~n~ > a n^ vn-ii"Prrc- Measurements
were made from threshold to a neutrino energy of 1.5 GeV using
the Argonne National Laboratory 12-foot bubble chamber filled
with deuterium and exposed to a broad band neutrino beam. In
addition to a resonant isospin I = 3/2 N^ amplitude, we find a
large I = 1/2 amplitude as predicted by Adler.

We present updated (1) results on the study of the three weak
charged current single pion production reactions

PTT^ris (1)
nrr p s (2)
Prr°Ps (3)



With the usual assumption that the v;eak charged current has a
V,A spatial structure; detailed calculations have been made by
S. Adler' » ' for low mass II— syr.terns.

We have measured reaction (1) ire- threshold to a neutrino energy
E v = 6 Cc:V. Reactions (2) and (3) have a cut E v < 1.5 GeV to
minimize backgrounds from two-picn-production events (8±47, with
this cut on neutrino energy). The study of these reactions
allows one to measure the I = 3/2 V.r; and I -= 1/2 NTT amplitudes.
Results of the study of the reaction vP-',i~Prr+ have been reported
previously'f). Using the present data we can directly test the
usual assumption that the weak charged current is pure isovector,
and limits can be set on the magnitude of the isotensor contri-
bution.

Our results are based on the analysis of 1,089,000 pictures taken
in the Argonne 12-foot bubble chamber exposed to a broad band
neutrino beam. The neutrino energy spectrum peaks at 0.5 GeV and
has decreased by about an order of magnitude by 1.5 Ge\K '.

The mean overall scanning efficiency was greater than 95%,. We
have double scanned more than three-fourths of the pictures used
in this analysis. The events were measured and then processed
tnrough the TVGP-SQUAW geometrical reconstruction and kinematic
fitting programs. The mean overall measuring efficiency was

1 greater than 97%,. Each event candidate was examined by a phys-
icist who checked the results of the measurement and estimated the
track ionization densities. See Ref. (1) for a discussion of the
event selection procedure and background corrections. Table 1.
lists the present rate correction:; for reactions (1), (2) and (3).

Events arc assigned to reaction (1) on the basis of a three con-
straint ^ probability greater than 1%. For reactions (2) and
(3) the event assignment is in general unique. The positive
track can be recognized as a proton or a pion on the basis of
track, shapea ionization, or decay. In 7%, of the events con-
sidered as candidates for reaction (2) or (3) the positive track
remains ambiguous. These events are therefore weighted 1/2 in
their assignment to reactions (2) and (3).

Fig. (1) shows the N u mass spectrun for reactions (1), (2) and (3)
respectively. The shaded events in Fig. (la) are those which sat-
isfy the energy cut imposed on reactions (2) and (3). The isospin
of the final state hadrons in reaction (1) is 3/2 and Fig. (la)
shows nearly pure production of the A*"1" (1232), although phase
space allows masses above 2 GeV. Figs, (lb) and (lc) show that £
production still occurs; it does not dominate either channel.
In particular, there is significantly greater production of high
mass NJT systems in these two channels.
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Fig. (2) shows the four-momentum transfer Q distributions.
Again the shaded events in Fig. (2a) are those which satisfy the
energy cut of reactions (2) and (3). The shaded events in Fig.
(2c) are those repopulated due to losses into tha v^ -* )i PPS

channel.

Fig. (3) shows the excitation function for the three reactions.
The cross section for the ^"prT~ final state (Fig. (3a)) given
for E v up to 6 GeV exhibits a plateau between 1 and 1.5 GeV.
Since the data for the other two reactions are cut off at a
neutrino energy of 1.5 GeV, the expected turnover cannot be seen
with the present statistical accuracy.

After making the appropriate rate corrections and background
subtractions we find, for neutrino energies less than 1.5 GeV,
the following number of events 363.4+29.7, 110.6±14.9 and
120.3±16.5 for reactions (1), (2) and (3) respectively.

(2 3)
In the region of Adlcr's calculation ' ,(N- masses below
1.4 GeV), we find the corresponding numbers 363.3±29.4, 94.0±
12.8 and 105.7+14.3, respectively.

Assuming the A S = 0 weak hadronic charged current transforms
as an isovector plus a possible isotensor contribution we can
write the amplitudes for reactions 1, 2 and 3 in terms of three
reduced amplitudes which correspond to the 1=1/2 and 1=3/2
states of the N^ system. These amplitudes are

(V
(5)

(6)A(n°p)=(/2/3)A3-(./2/3)A1+/2/533



where A. and A~ arc jsovfcctor exchange a.T.glitudoG and B_ ic the
hypothetical iSotr-n^or exchange ."•"•plitud-::̂ "3''. If E3 is zf̂ ro then
the amplitudes A ^ ' p ) , A(TT

+n) and A(Tr°p) r.ust satisfy a set of
triangle inequalities. Moreover, if B3 = 0, it is still possible
with minimal assumptions to set an upper lirr.it on |B3/A3 |.

Assuming 1-3/2 dominance (A3 > >^i) and B3 =• 0 we expect from
eqs. (4), (5) and (6) that

R+=ff(n"nir+>/cr(>4'prrO) = | (7)
and

^(aC^TrVo-^'prrVoVp-rV I (8)
Experimentally we find (for MC^r) < 1-4 CeV) , R+-0.89±0.l7 and
R+"^=0.55±0.07. These results imply the existence of at least an
Al amplitude in addition to the A3 amplitude.

Adler predicts' ' values of R+=0.7S and R++=0.60 in the basic
model. In the extended nodal for weak pion production the Adler
predictions^3) for (RH, R++") are (0.79,0.49) and (0.71,0.53)
depending on the recipe used for modifying the Born approxima-
tions to conform to the soft pion limit. We sea that the theoret-
ical predictions are in agreement with the present experimental
results. For comparison the theoretical area-normalized invar-
iant raass and Q distributions are shown on Figs. (1) and (2);
the agreement in shape is seen to be reasonable.

If we assume that isotensor exchange is absent, i.e. B3 = 0, we
find that our data satisfy the resulting triangle inequalities.
Consequently, 1=2 exchange is not required by the data. Solving
for the magnitudes of A\ and A3, as well as thoir relative phase
cp forM(«vr) < 1-4 CsV: we obtain |Aj \l [A3 |=0.57±0.06 and p =
89.218.7 deg. These data are consistent with a resonant 1=3/2
amplitude in the presence of a larga ncnresonant 1=1/2 ^N back-
ground .

Finally if we allow B3 to be nonzero but require that it feed
only the A. (1232) resonance, as does A3, then it must be real
relative to A3. One then finds the following relationship
between the amplitudes:

where a = B3/A3- The resulting triangle inequalities for the
magnitudes are satisfied only if -0.5110.01 £ ̂ 3_ s 0.1410.04.

A3
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Figure Captions

Figure 1.

Kucleon pioa f^o-body effective masses for reactions (1), (2) and
(3), respectively. The theoretical curves (Ref. 2,3) have been
folded with the experimenfral K^ mass resolutions of ±25 MaV for
(b) and ±40 MeV for (c). For (a) the shaded events are those
which satisfy the en-;rgy cut applied to reactions (2) end (3).

Figure 2.
2

Four-mor.iantum transfer squared Q (v,ji ) distributions for events
with N(Kn-) < 1.4 GeV. For fn^ rh" ' ••l.-i rtvuts are those which
satisfy tlio energy cut applied to reactions (2) and (3). For (c)
the shaded events are those added to make up for losses into the
^ pp channel. The curves are all from Ref. 2.

Figure 3.

Excitation function cross sections for reactions (1), (2) and (3),
respectively. The errors include a 107. uncertainty in the flux
normalization. Theoretical curves are not shown for (b) and (c)
since the Adler model only describes N77 masses balow 1.4 GeV.
The theoretical curves in (a) (Ref. 3) are for tvo different cases
as described in the te::t.
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