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Evidence is presented for the production oflV"(1720) (M=1719+6 MeV, 1 =63+12 MeV)
and subsequent decay to A{1236)x in ~+p interactions at 13.1 GeV. Analysis of the se-
quential decay N*(1720) Z++n —pm+w limits the spin to values greater than 2.

Enhancements in the p&'& mass spectrum
near 1700 MeV have been observed in production
experiments from &p, Kp, and pp interactions, "
but there has been disagreement on the mass,
width, and decay modes. The experiment with
the best statistical significance has been recently
published by Barnes et al2 From K P interac-
tions at 4-7 GeV they reported a mass of 1712
MeV, width of 70 Me V, and a decay to p» with
no &(1236)v intermediate state.

In this Letter, we submit data of comparable
statistical accuracy from the reaction

at 13.1 GeV. The mass and width of the N*(1720)
are shown to be 1719 and 63 MeV, respectively,
in excellent agreement with the values stated
above. In contrast, evidence is presented for a
dominant 4& decay mode of the enhancement re-

ported here. Also, we give an analysis of the
sequential decay N*(1720) —6 n' —p7r+m show-
ing that ~ is greater than 2.

The events used in this analysis were obtained
from a 230000-picture exposure of the Stanford
Linear Accelerator Center 82-in. hydrogen bub-
ble chamber to a 13.1-6eV & beam. Of the
60 000 four-prong events measured, approximate-
ly 10 200 fit Reaction (1). The p&, 'n mass spec-
trum below 3.2 GeV is shown in Fig. 1(a), where
Tt ~

' was chosen as the positive pion with the
larger four-momentum transfer from the inci-
dent pion. The N*(1720) appears as an 8-stan-
dard-deviation peak over a smooth background.
A fit using an s-wave Breit-%'igner shape plus
a smooth hand-drawn background yields

M = 1719+ 6 MeV, I' = 63+ 12 MeV.

The shaded portion of Fig. 1(a) contains only
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FIG. 2. The P~ m mass spectnxm below 3.2 GeV.
The shaded histogram contains events in a narrow d++
mass band, 1160&M(Pm+) &1280 MeV,
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& 1280 MeV] was calculated assuming (a) a phase-
space distribution:

fz, = j~dy/fdic =0.268; (2)

and (b) a & & intermediate state:
FIG. 1. (a) The pm+x mass spectnnn below 3.2 GeV.

The shaded histogram contains events with 1136&M(p7t')
&1336 MeV. (b) Same as (a) for the "clean" sample of
events.

those events for which M(P&, +) lies in the &

band. ' A histogram of .'he events not in the &

band (not shown) shows no enhancement at 1720.
A large fraction of the events used in Fig. 1(a)

is the result of the intermediate states 4 p',
f, Pv+p, and P&+f, and is background to the

reactions of interest here. These background
channels do not contribute to that subsample of
events (hereafter referred to as "clean") for
which the angle between the & and &,

' in the
p&, & rest system is greater than 90'. The
P&~+& system is peripherally produced (98@of
the events have a c.m. production angle ~, such
that cos(), & 0.9); consequently, the clean sample
does not contain & 's produced at small four-
momentum transfer nor events with M(&, '~ )
less than about 1500 MeV in the region of the
pv ~

'm enhancement. This "clean" subsample
was used to produce Fig. 1(b); again, events in
the 4 band are shown shaded. Mass and width
values obtained from a fit to Fig. 1(b) are con-
sistent with those obtained from Fig. 1(a).

To determine the fraction of N*(1720)'s which
decay to», two methods were used. In the
first, the fraction of events remaining after a
narrow cut on the P& mass [1160&M(p&,+)

lalfsw(m, 1)I'dy
flfBw(m, f') I'de

where f~dp represents integration over the nar-
row Pv' mass band of phase space; fdic, integra-
tion over the entire phase space; and

IfBz (m,
1') I', the Breit-Wigner function for the & res-
onance. ' The branching ratio for [N*(1720)

]/(& n' +Pm'w ), a, was determined
from the relation

Nn/N =(1-a)fz, +af&„

where Nz, is the experimentally observed number
of events above background after the narrow cut,
and N is the observed number of events above
background with no cut. The P~, 'n mass spec-
trum is shown again in Fig. 2; the shaded area
contains the events remaining after the narrow
p&,

' mass cut. Using smooth hand-drawn back-
ground estimates on Fig. 2, the value of 0.70
+ 0.15 was obtained for a.

For the second method, an approach similar to
that used in Ref. 2 was adopted. The maximum-
likelihood method was used to obtain the fractions
of 4 events, e, and a parameter associated
with the & decay, b, for a series of 40-MeV
bins in the region of the N*(1720).' The tota. l
number of events in each bin was multiplied by
the value of E for that bin to produc e the mass
spectrum for 6 &, which is shown in Fig. 8(a).
By dividing the number of 4 Tr events above
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Table I. Parameters obtained from the production
and decay angular distributions for the sequential de-
cay N*(1720)—6++m —pm+@
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FIG. 3. (a) Number of 6++ events vs M(pm+a ),
(b) Same as (a) for the "elean" sample of events. The
solid curve is the result of a double-Hegge-pole model
calculation

background in the N*(1720) enhancement by the
number of total events above background, the
value of 0.75+ 0.20 was obtained for the branch-
ing ratio.

This second method was used to produce the
mass spectrum for the *'clean" sample

shown in Fig. 3(b). An estimate of the b. '+m

background was calculated from a double-Regge-

pole model. ' The solid curve represents this
background. Although the curve was normalized
to the number of events in the plot, it is appar-
ent that a significant enhancement above back-
ground exists at 1720 MeV.

The observed ratio of & +/6 events on the
Dalitz plot of the N*(1'120) is consistent with the
ratio 9:1 expected for an isospin- —,

' object. Such
an isospin assignment would allow the decay
N*(1720) -&It. However, the &K+ mass spectrum
from the final state ~ AK shows no enhance-
ment near 1720 Me V using all events in this
mass region, the upper limit on the branching
ratio [N*(1720) —(AIf') ...]/[iV*{1720)—P~'~ ] is
0.025.'

Assuming that the N*(1720) enhancement is the
result of a single resonant state, a spin-parity
analysis of the sequential decay N*(1 t20) —6"&
-P&'v was carried out. The angular distribu-
tion of the ~ for a particle of. spin J decaying«» may be written'

I(8) =( Q (2L+ 1)'~ [IA,~ I 'C(JLJ; 20a) + IA, , I 'C(JLJ; a0—')] t~,I",(8) I/Wv,
J g

where 8 is the angle between the target proton and the & in the P&+7/ rest frame, Aq is a helicity
amplitude, C is a vector addition coefficient, t» is a statistical tensor, ~~, is a spherical harmonic,
and I-, indicates that the sum is taken over even values of I-. The decay distribution of the &+' may
be written

I (y) = -'--'(3 cos'y- 1)(I&„,I

'-
I
&„,I '),

where g is the angle of the decay proton with respect to the line of flight of the 4 in the b."rest sys-
tem. The helicity amplitudes are constrained by the relation

I&„,l'+ I&. .l'= l.
Projection operators were used on the "clean" sample of events to obtain the coefficients of ~L,, and

Results are shown in Table I. Coefficients for I- ~ 6 are consistent with zero, indi-
cating that J & ~ is excluded. There is, however, one special case for which the coefficient of ~«may
vanish, i.e., if ~ =-,' and only the lower-l wave contributes to the decay. In this case the term in
square brackets in Eq. (5) equals 0 for L =6 and l&,~, l

'- I&», I'= 1/7 {because of the small Q value of
the decay, the contribution from the I = 2 wave may well dominate that for I = 4 for &= —,').
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In order to determine the helicity amplitudes and the density matrix elements of the N*(1720), a
maximum-likelihood fit to the sequential decay was made assuming ~= &, 2, and —,'. The correlated
distribution may be written'

3/2 3/2
I(8, q) =(2J+1)f 2 l&~l' 2 ) ..&„.""(8)-[2 (-(l2l;) 0) )i&gl'

X&o m&o X&o

with Z '(8) =[I q (8)]a+[6 z (8)]'where the
d „(8)are rotation matrices, '0 and p are the
density-matrix elements of the N*(1720) in the
Jackson frame. The density-matrix elements
are constrained so that

1
~mm= ~ ~

m&o

Results for J=2 and ~=-,' are presented in the
first two columns of Table II. Goodness of fit for
~= 2, 2, and —,

' was tested by the g' method. The
confidence levels were 0.0001, 0.40, and 0.63
for ~=g, 2, and —,', respectively. The production
and decay angular distributions are shown in
Fig. 4, with results of the correlated fit repre-
sented by solid lines for ~=-,' and by dashed lines
for ~= —'.

The fitting procedure was repeated assuming
that only the lower-E wave contributes to the de-
cay; thus, the values of l&,~, l' and l&,~, l' were
fixed. The confidence levels were 0.20 and 0.63
for J=2 and ~=&, respectively. These results
are presented in the last two columns of Table II.

No attempt has been made to correct for back-
ground in the spin and parity analysis. With the
limited statistics available from 50-MeV bands
on each side of the N*(1720) the production and
decay distributions are consistent with isotropy.

In conclusion, an enhancement in the P&+a'

mass spectrum at 1719 MeV with dominant &&

decay mode was observed. In contrast, Barnes

Table II, Parameters obtained from the maximum-
likelihood fit to the correlated decay N*(1720)—6++~
-pr'r ~

x Q p Z ~"'(8)]5"'(Scos'y-I)/2f,
m&O

20 (a}
l90 EVENTS

O
O

M+ IO-
LLJ

LLl

cos 8

IA
O

IO

COI-
R
LLI0
4J

~~~a+
~ ~ ~ H~O ~ ~ ~

! et al. recently reported an enhancement with
mass and width values in excellent agreement
with those found in this Letter for the N*(1720),
but they observed no h?t decay. The spin of the
N*(1720) is greater than a, but both a and ~ give
acceptable fits to the angular distributions.
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their assistance in obtaining these excellent
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FlG. 4. (a) The folded angula, r distribution of the &++
relative to the target proton in the N+(1720) rest, sys-
tem. (b) The folded angular distribution of the decay
proton relative to the A++ line of flight in the E++ rest
system. The solid curves represent the most likely
fit to the correlated decay for J=2.
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