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NEUTRAL mp ENHANCEMENTS PRODUCED IN 8-GeV/c n'd INTERACTIONS*
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Enhancements in the A region and at 1.670 GeV are observed decaying into mp. The A,
enhancement is not well described by a simple charge-exchange Deck effect. The iso-

scalar character of the 1.670-GeV enhancement is confirmed.

Previous studies® at 5.1 GeV/c of the channel
n*d ~n*n~ n1°%p indicated an enhancement in the
A, region which was interpreted as a charge-ex-
change Deck effect.? In addition, the existence of
an isoscalar mo enhancement of mass 1.636 GeV
was suggested, although the isospin assignment
has not been considered conclusive.® The analy-
sis presented here confirms the existence of an
isoscalar 7p resonance of mass 1.670+0.02 GeV
and width 0.10+ 0.04 GeV and shows that the en-
hancement in the A, mass region is not described
well by a Deck effect.

From the measurement of 56 000 three- and
four-prong events produced in an exposure of the
Brookhaven National Laboratory 80-in. deuterium
bubble chamber to a beam of 8-GeV/c 7* mesons,
we have identified* approximately 4100 events
fitting the channel 7°d —~ 7"7~ 71%p.

Figure 1(a) shows the 77~ 7° mass distribution
from this channel; 7, w, and A, resonances are
evident, and also there are enhancements in the
A, mass region and at a mass of about 1.670 GeV
which we refer to as the ¢(1670). Figure 1(b)
shows the results of a p selection; evidently the
A,, A,, and ¢(1670) are predominantly mp en-
hancements. We confine this paper to a discus-
sion of the A, and ¢(1670) enhancements and first
discuss the ¢ (1670).

From a fit of Breit-Wigner distributions and a
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smooth hand-drawn background to Fig. 1(b) we
obtain a mass and width for the ¢(1670) of 1.670
+0.02 GeV and 0.10+0.04 GeV in agreement with
the previous measurement.! The cross section
for production of this enhancement is 19+ 5 ub.

The isospin of the ¢ (1670) may be determined
from its decay branching ratios intop*, p~, and
p% a 7°0° decay mode in particular rules out iso-
spin 1. In Fig. 2(a) the 7p mass distribution is
shown for a p° selection and a clear peak is pres-
ent in the ¢(1670) region, which persists when p~
and p* events are removed.® From Fig. 2(b),
which shows that p° is produced in the ¢ (1670) re-
gion, and the increase in signal-to-background
ratio when a p° selection is made, we conclude
that the ¢(1670) has a p°7° decay mode and hence
has isospin 0 or 2,

The number of events decaying p™7~ +p~ 7" and
p°m° are 58+ 15 and 30 10, respectively; this is
consistent with isospin 0 and eliminates isospins
1 and 2 by approximately 3 standard deviations.

An attempt was made to determine the spin and
parity of the ¢(1670) assuming an isospin of zero
by fitting the mass distribution in the three p
bands. The character of the background in the
¢(1670) region was determined by Dalitz-plot fits
above and below the enhancement. It was found
that the background was well described by 75%
phase space and 25% incoherent 7p with the p as-
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FIG. 1. (a) m*7~ 1" mass spectrum with N**(1236) re-
moved. The shaded area corresponds to the further re-
moval of mp events. (b) (mp)? mass spectrum with N**
removed. The 1% mass spectrum is shown shaded.

sumed to appear equally in all charge states.

The )® of a fit, with six degrees of freedom, of
this background and different fractions of 07, 1%,
and 2° states to the sum of the mass spectra in
the three p bands is shown in Fig. 3. Figure 1(b)
shows that the fraction of resonance in the ¢(1670)
region is about 0.3. From Fig. 3 it may be seen
that with this fraction of resonance 0~ is least
likely (fit probability 0.001%) and 1" and 2~ are
most favored (fit probability 50%). 0~ is also
made unlikely by the fact that the angular distri-
bution of the normal to the 37 plane shows an in-
crease in the amount of Y,° moment in the ¢(1670)
region with no indication in the odd moments.
From this we conclude that the ¢(1670) has spin

1 or greater.

We have searched for other decay modes of the
©(1670) by both removing p*~° events [Fig. 1(a)]
and selecting f events [Fig. 1(b)]; for both selec-
tions no enhancement in the ¢(1670) region is ob-
served, indicating that its dominant 37 decay
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FIG. 2. (a) The %% mass spectrum with N**(1236)
removed. Shown shaded is the m%? mass spectrum
with p~ and p* also removed. The solid curve shows
the expected distribution for the background. (b) n*n~
mass distribution for the ¢ (1670) region, 1.580-1.740
GeV. (c), (d), (e) Respectively, the n*r~, r*r% and
7~ 7% mass spectra for the A, region 0.940-1.2 GeV.

mode is mp. This observation, independently of
the isospin assignment, shows that the ¢(1670) is
different from the A,* in that the latter enhance-
ment has a strong 7f and a weak mp decay mode.®
No significant enhancements in the ¢(1670) re-
gion are observed in the 57 or w7m mass distribu-
tion from 7'd -ppr*n*n 7~ 7°. The branching ra-
tio for 57 to 37 decays is estimated to be 10
+10%.

In addition we are able to rule out isovector ex-
change as the production mechanism for the A"
since the observed cross section for this state in
the reaction 7*n—nr"71"7" would result in an Ag°
production cross section of about 80 ub in our
experiment. The predominance of small momen-
tum transfers between the incident pion and the
A" strongly suggests that the A, is diffractively
produced.
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FIG. 3. X? for six degrees of freedom from a fit of
the p-band mass distribution for the ¢(1670) as a func-
tion of the fraction of resonance for the spins and pari-
ties shown.

We consider next the enhancement in the A, re-
gion, Two points may be noted: (a) The enhance-
ment is present before p selection and (b) there
is negligible production of ¢ or ¥° in this experi-
ment. Hence, we conclude that while the 4, en-
hancement is associated with p production, it is
not merely a kinematic effect due to p selection
nor is it due to ¢ or misfitted x° decays.

Earlier analyses” have shown that the (7p)" en-
hancement in the A, region in both coherent and
incoherent 7d interactions is well described by a
Deck effect, it is therefore appropriate to consid-
er this model in the present case. A simple
charge-exchange Deck mechanism with 7* and n°
exchange® would suggest that the 7"7° and 777~
mass spectra in the A, region would be identical.
As may be seen from Fig. 2, this is not the case;
more p* than p° is present (the probability that
the mass spectra originate from the same distri-
bution is 1.5%). The cross section for mp produc-
tion in the A, region is also in disagreement with
the model. If it is assumed that the relative
cross sections of the charge-exchange and non-
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charge-exchange Deck effects are in the ratio of
the charge-exchange to elastic 7-p scattering,
the cross section for (mp)° production is predict-
ed® to be about one tenth of that for (mp)" produc-
tion in the same mass range. Experimentally,
the cross section for (mp)° is about twice that pre-
dicted by this model.

The above discussion shows that the charge-ex-
change Deck model is not adequate to explain
completely the A,° region at 8 GeV/c.*

From the proportion of charged and neutral p’s,
no particular isospin state appears to dominate
this enhancement; in this connection we examine
the possibility of A,° production by p exchange in
this channel. If it is assumed that the A,° en-
hancement discussed here is produced by isovec-
tor exchange, a background of <15% of nondif-
fractively produced 7*p° is predicted to be pres-
ent in the predominantly diffractive A, " region in
m-nucleon interactions. A nondiffractive back-
ground of this magnitude is not in disagreement
with our previous analysis,” and consequently it
is interesting to speculate that the A,° enhance-
ment is due to the interference of approximately
equal amounts of an isospin-1 object, which may
or may not have the same characteristics as the
diffractively produced A, " region, and an isosca-
lar background. The possibility that this back-
ground is a resonant state!’ cannot be ruled out.

In conclusion, we have confirmed the existence
of an isoscalar mp resonance of mass 1.670+0.02
GeV, width 0.10+0.04 GeV, negative G parity,
and spin 1 or greater; we have also shown that
the enhancement in the A, region is inconsistent
with being due only to a charge-exchange Deck
effect.
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Muon-proton elastic scattering has been studied in the range 0.15 <q%<0.85 (GeVv/c)?
with u* and p~ beams of 6 and 11 GeV/c and a u~ beam of 17 GeV/c. Cross sections
have been determined with uncertainties as small as 2%. Rosenbluth straight-line plots
and comparisons of the u* and p~ cross sections show no deviation from the one-photon

exchange approximation,

Electron-proton elastic-scattering experi-
ments are consistent with a one-photon-exchange
approximation to the electromagnetic interaction
between the two particles.! The present experi-
ment used muons to study this interaction with
the objectives of extending the previous tests to

the very high energies available at the alternat-
ing-gradient synchrotron (AGS) and of searching
for deviations from the theory due to a possible
W-e universality breakdown. A detailed discus-
sion of the u-e comparison is presented in the
next Letter.
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