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We report on evidence in the ~~N mass spectrum for the production of bvo nucleon isobars,
the N*(1500) and N*(1700). They appear to be produced very peripherally, and have the same
production cross section at both 7.0 and 25.0 GeV/c, indicating that a nuclear diffraction-dis-
sociation process is dominant. The N*(1500) seems to be J =~+ and decays principally via
po and not A++& as previously suggested. The N*{1700)could be the N*(1688) ~ decaying
partially into 6,++~", or it could be the N*(1700) ~~ decaying in a non-4 +7t mode riding on
a large E+ m ~+ nonresonant Deck-type background. Finally the AK decay of the N*{1700) is
observed and evidence presented for it being a J =2 object. Production of this 2 isobar
should be forbidden by the Morrison ~={-1)~~rule.

Studies of the nucleon-dipion system in the reac-
tions xp-xpw'm, where x=m, K, or p, at momenta
from 1.5 to 28.5 GeV/c, have revealed the pres-
ence of low-mass pw'm enhancements at 1.5 and
I.I GeV/c'. ' In addition, counter experiments have
revealed evidence for a 1.4-GeV/c' effect in both
mp and pp collisions at momenta ranging from 5 to
30 GeV/c. ' Fits to the wvN data using nonresonant
dissociation models have been rather unsuccessful
for these purely kinematic effects; while reproduc-
ing the general characteristics of the data, they
are unable to account for the sharper structures
observed. ' Only Gellert et al.' conclude that all of
the 1.5-GeV/c' enhancement is a kinematic effect.
The remaining groups generally conclude that the
1.5-GeV/c' enhancement is a bona fide resonant
state, probably the nuclear isobar P»(1470), which
rides on a large nonresonant Deck-type back-
ground. ' Further evidence for these low-mass iso-
bars has been seen in the AK final states appearing
as a threshold enhancement in the AK system in the
reaction mN- mAK.e

The mechanism for producing these isobars
seems to be independent of the nature of the in-
cident particle, strongly suggesting a nucleon dif-
fraction-dissociation process (NDD). Such pro-
cesses have the following additional characteristics:

(1) Constant total cross section at high energies
(& 5 GeV/c).

(2) d&x/d t strongly peaked toward small momen-
tum transfers.

(3) The larger the mass change in the dissocia-
tion process, the less the probability and the high-
er the energy required. The matrix elements show

a general P»/(M*' —M') dependence, where M*
is the dissociated object, and M the mass of the
target. '

(4) There should be no change in isospin.
(5) Only orbital angular momentum may be

transferred. With baryons no final states are dis-
allowed; however, Morrison' has proposed the rule

b, d' ~ ~ g+ g+ 3 5+)P = (-1) requiring —,

The energy independence of the cross section is
what one expects from "vacuon" exchange, since
total cross sections of hadrons tend to become
nearly energy-independent. The most general type
of diagram for this process is shown in Fig. 1(a).
It is an inelastic vacuon exchange (i.e. , an ex-
change in which the quantum numbers exchanged
are those of the vacuum). Another diagram which
is expected to make a strong nonresonant contri-
bution is the elastic vacuon exchange shown in Fig.
1(b). It is basically a "Deck" mechanism which,
from purely kinematical effects, produces a broad,
very peripheral, low-mass Nmm background. It is
essential to understand the kinematic background
when trying to determine the characteristics of
genuine resonant states, since these kinematic-
background amplitudes are large and can be ex-
pected to interfere strongly with the diffractively
produced resonant amplitudes. Finally, in Fig.
1(c) is shown a Deck-type elastic scattering, fol-
lowed by a final-state interaction which produces
the N final state. Such a two-step process has
been discussed in detail by Rushbrooke. '

In our studies, we have looked at the m m'p mass
spectrum from the reaction m p- w m m'p at both
'I.O and 25.0 GeV/c, and the v v'P spectrum from
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the reaction m'd-PsPv'v v' at 7.0 GeV/cP Fur-
ther, we have observed similar low-mass enhance-
ments in the AK mass spectrum in the reactions
mN- mAX at incident beam momenta between 6 and
7 GeV/c. '0

In studying the Nmm mode we always choose the
combination m, m'P, where m, is determined by
demanding t„-&t„,-, where t„- is the momentum

2
transfer between the incident beam and the ith out-
going m . Figure 2 shows the m w+p mass spectra
at 7 Oa.nd 25.0 GeV/c, andthe w v'pmas sspectrum
at 7.0 GeV/c. The v v'A data show small, yet clear

-enhancements around 1.5 and 1.7 GeV/c', and
these signals remain when a A~[M(v'P) ='1.24+0.1
GeV/c'] is demanded. Evidence for similar struc-
tures in the v v'p data is not so clear [Fig. 2(c)].
The data are not statistically convincing, and while
there is no clear evidence of either a 1.5- or 1.7-
GeV/c' enhancement, there are hints of signals at
both 1.5 and 1.7 GeV/c'. The data, however, are
also consistent with what one expects for peripher-
al pmm phase space.

These isobars are produced very peripherally,
with characteristic forward peaking of e "~'~J (see
Table 1). Although copious A production is ob-
served in the m+m p channel, it is hard to estimate
the percentage due to the strong enhancement of the
low-mass pm'g spectrum. This feature is shown
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in Fig. 4 below.
In light of the small signal-to-noise ratio of these

states, it is necessary to test their statistical sig-
nificance, as well as estimate the nature and
amount of background before central-mass values,
widths, production cross sections, and spin-parity
assignments can be made. To do this, we fit the
7.0- and 25.0-GeV/c v'w P data with two Breit-
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FIG. 1. Baryon diffraction-dissociation graphs: (a) in-
elastic-vacuon-exchange production of the N* nucleon
isobar; (b) elastic vacuon-pion scattering —the "Deck"
mechanism; (c) same as (b), followed by a final-state
interaction which produces the N*; (d) OPE diagram.

FIG. 2. Nxm mass spectra: (a) 7) x+p mass spectrum
for the reaction m p x x m+p at 7.0 GeV/c; (b) same as
(a) but at 25.0 GeV/c; (c) m m p mass spectrum for the
reaction 7('+d p,pm+ad mo at 7,0 GeV/c. b++ events are
shaded. The curve in (a) is a fit to the E++m data using
a matrix element proposed by Stodolsky.
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TABLE I. Characteristics of the N*(1500) and N*(1700).

Final state Mass (Mev) r (MeV) a (pb) P (GeV/c)-'
Reaction

(energy in GeV)

1490 + 10
1510+ 10
1460 ~ 10
1510+20
1427+ 23
1443+15

80 +15
110+ 30
120 ~30
100 +30
116+43
100 +15

N*(1500)

8+3
25 +7
8+5

22+8
15

155+30

12.4
8.0

14.0
9.6 + 1.5

18.0+2.3

7 0 7t-p a

70mp
70 x+2

25.0 7t' p~
24.SPPb
22 pp~

1r+n

r'r p
r r'p
7r'7r p
r'r p
r'7r p
r'r p
AK
AK

1670+10
1690 +10
1730+30
1700+10
1707 +8
1698+ 11
1693~15

1700
1700+25

100 +20
110+20
120 + 30

70+20
65+20

100 +32
235+ 50

N *(1700)

28.8 +4
24+7
10 +5
25+ 6
17
73

1.9~0.9
2.6+0.5

4.7

6.6+0.9

5.9+2.0

7.0 7r Pa
7 0 ~-pa
7.0 7t+d ~

25.0 7t p~
7 3K-p d

24.SPPb
22 ppc
7.3X p d

6.0 ~-p'

'Heference 9,
bReference 14.

' Reference 15.
d Reference 13.

~~Reference 6.

Wigner resonances and a Deck background (the
details of the Deck calculation are given in the
next section). While the 7.0-GeV/c A v data can
be fitted quite well with a single resonant term,
they are fitted better with two resonances, and the
uncut data clearly require the two-resonance fit in
this region [Fig. 2(a)]. The 25.0-GeV/c w+v p data
again require a two-resonance fit. We thus con-
clude that the 1500- and 1700-MeV enhancements
are statistically significant in that only the two-
resonance terms plus Deck background give a rea-
sonable fit to the data. %'e summarize these re-
sults in Table I.

with the much steeper (dP/dM*) at 25 GeV/c. This
peripheral nature and the rapid rise in the m m'P

mass spectrum is extremely suggestive of the NDD
process. Here the dissociation process P- 4 m

[see Fig. 1(b)] would account for the large "Deck"
background observed in the b,"v mass spectrum
[shaded events in Figs. 2(a) and 2(b)).

In the spirit of Stodolsky, ' we write the ampli-
tudes for nonresonant production as

where

PRODUCTION MECHANISM

Figure 3(a) shows the momentum-transfer dis-
tribution ~t,„~ for the N*(1500) and N*(1700) at both
7.0 and 25.0 GeV/c. The curves are least-squares
fits to the functional form

ge-8 (~*)l c,~ l

d t'„

to determine P's dependence on M*. The extreme
peripheral nature of this process is especially
evident in the M(1500) ca,se where P = 8 at 7.0
GeV/c and increases to P = 14 at 25.0 GeV/c.

The dependence of P on M* is shown in Fig. 3(b)
for both the 7.0- and 25.0-GeV/c data. It is a
monotonically decreasing function of ~*, falling
from P =9.5 (GeV/c) ' at 1.4 GeV/c' to about 4.6
(GeV/c) ' at 1.8 GeV/c'. This should be compared

and M* is the mass of the dissociated system. The
inverse diffractive width, P ~8-12 (GeV/c) ',
was obtained from mm scattering data proceeding
via the diagram shown in Fig. 1(d)."

This amplitude yields a dv/dM* with a broad
Deck-type enhancement as shown in Fig. 2(a). It
is a shape calculation only, and no attempt was
made to calculate absolute rates with it. While the
calculation shows that our data around 1.5 GeV/c'
cannot be explained as entirely kinematic in origin,
it does manage to explain the gross features of the
b,"w- background. Using this model as a back-
ground, we calculated the N*(1500) and N*(1700)
production characteristics. They are presented in
Ta,ble I.
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DECAY CHARACTERISTICS

N (I500)

25 GeV

I 0-

OJ

(oj C)

0)
I— 30-

20- ~6' m'vrs.a t

(a) Two-body mass spectra. The low-mass
Per'm system is dominated by b."(1288) production,
and the pm mass spectrum shows only a very
small 4' signal. In Fi.g. 4 we present the m'p mass
spectrum for the ¹(1500),¹(1700),and three
adjacent p1I' 1l control regions for the 7.0-GBV/c
g p data. Note that in all pm'm mass regions a
strong 6' signal is present. Similar strong 4
signals are also present in the 25-GeV/c data

However, the presence of such strong 4 signals
should not be interpreted to mean that the M de-
cays principally via 6 m ." Due to the limited
Q value for the ¹(1500)decay, the two-body mass
projection of the Dalitz plot is useless, since it is
almost impossible to differentiate between the 4"
signal and phase space. In addition, the strongn" signal could also be partially due to background
from the reaction ~~m m proceeding by one-pion
exchange (OPE) [Fig. 1(d) or Fig. 1(b)]. These two
sources of background make it quite difficult to
draw any sound conclusions concerning the decay
modes of the PP's from analysis of the m'p mass
spectrum In. fact, in the case of the ¹(1700),a
noticeable reduction of signal occurs when a b is
demanded. This effect obtains at both V.O and 25.0
GeV/c, as shown in Figs. 2(a) and 2(b), suggesting
decay modes of the ¹(1700)other than b ~v ."

(b) Isospin analysis. Additional information
about the decay modes of the ¹(1500)and ¹(1700)
can be obtained from an isospin analysis of the
Pw'w /Pv m' ratios once the initial isospin is estab-
lished as I= —,'. As is well known, the pmm system
can be formed in an I=—,', or & isospin state which
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FIG. 3. (a) 4o/C distribution for theN*(1500) and
N*(1700) at both 7.0 and 25.0 GeV/e; (b) plot of P (I*)vs
I*,obtained vrhen the data frere fitted vrith exp[P (M~)t„~].

PIG. 4. m+p mass spectrum for events arith m+7( p
mass in the N ~(1500), N*(1700), and three adjacent con-
trol regions for the 7.0-6eV/e data.
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then decays via &w, pp(I=1, J=1), or directly to
Pmm. In addition, the I= —,

' state can also decay to
Po(I=0.J =0}. Now the I=2 assignment can prob-
ably be ruled out because of the small amount of
pm-m decay observed, since it requires that
Pw'w /Pw w'=1. 6, or 2.0 depending on whether the
decay is 4w or Pp. From Table I we estimate
Pw'w /Pw w =3.1+2 for the M(1500), and 2.4+1.2
for the N*(1700).

The I=-,' assignment, which is in agreement with
previous studies" " and the NDD model, ' requires
Pw'w /Pw w'=2. 5 or 0.5 for b w or Pp, and no Pw wo

signal for the Po decay. Table I allows us to rule
out the pp decay, but the Pw w' data [Fig. 2(c}]are
unfortunately not enough to single out either the
6"m or the Po mode, though the small Pm m' sig-
nal at 1.5 GeV/c' suggests that the N*(1500) decays
mainly via Po.

(c} SPin-Parity analysis. If the NDD mechanism
dominates the ¹ production, as well as the Deck
background, then we expect p;&, the density matrix
describing the production process, to have p~ 1

=0.5 and all other entries to be zero." Following
the analysis scheme of Berman and Jacob,"we
plot the polar angle distributions PN, defined as
the angle between the normal to the Pm'm decay
plane and the target nucleon in the pm'm rest
frame. In Fig. 5(b), Ps is defined graphically,
along with the distributions expected assuming that
the states in this mass region have spin —,', 2, or
5 ].8-20
P ~

In Fig. 6 we present the cosP„distributions for
the 2P(1500) and PP'(1700) regions, for both the
7.0- and 25.0-GeV/c pw'w final states. Requiring
a ~ has very little effect on these distributions
below 1.75 GeV/c'.

N*(1500). The N*(1500) normal distribution for
the 7.0-6eV/c data exhibits a mixture of J = —,

' and
—,', and a X' fit yields (34 + 10}%J= —,'. The 25.0-
GeV/c data are consistent with a (85+10)%J=-,'
signal. A Deck mechanism leads naturally to a
&"m, J = 2 state which decays isotropically in
both cos8& and cos$. A J = —,

"state decaying via
4m is isotropic in cos8&, but we expect to see a
(1+3cos'$) helicity distribution" which is exper-
imentally not observed. The 7.0-GeV/c N*(1500)
data presented in Fig. 6(a) thus appear consistent
with a J =-,' object decaying via Po, sitting on a

w Deck background. This interpretation is
possible, not unique, since no attempt has been
made to account for the interference effects be-
tween states of different spin-parity. However, it
seems safe to rule out a J =-,"decay via ~"m .
This conclusion is consistent with the results of
Rhode et al."

The 25.0-GeV/c M(1500) cosP„distribution is
quite different from the 7.0-GeV/c data [see Fig.

6(a)]. As noted previously, it appears to be most-
ly J = —,", and the cos8& distribut'ion is isotropic,
consistent with a —,"or -', state decaying via ~ w .
However, the cosg distribution is not entirely con-
sistent with the (1+3cos'&) expected for the b w

decay, and the resulting distribution could be due
to interference from the competing Pa channel. As
to why the 25-GeV/c PP(1500) data appear to be
nearly totally J = —,", one might conjecture that at
higher energies the same ~* is obtained at much
smaller t„, thus favoring the 6l =0, —,'+- —,"NDD
transitions over the &l =1, —,"-

& transitions ob-
served at 7.0 GeV/c. The amount of —,

' is related
to the total w -m cross section for the mass range
sampled. The result found might indicate a small
I =2 ~-m cross section. Note also that the respec-
tive P's are 14.0 and 8.0 (GeV/c) '.

We conclude that if the observed enhancement at
1500 is the P» isobar N*(1470), then it decays
principally via Pv. This is reasonable in that a ~m

decay would go via P wave, and would thus be sup-
pressed by the centrifugal barrier. Finally, in-
spection of the region below the 1P'(1500) for the
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FIG. 5. Coordinate systems used for angular distribu-
tions: (a) 6++ helicity angle (, the angle between. the 7l+

and the direction of the 4++ in the 4++ rest frame. On
the right are shown the expected distributions for various
J'~ assignments. (b) decay normal P, the angle between
theN7l7l decay normal and the target in theNmm rest
frame, (c) E++ scattering angle 8& in the N7l7r rest frame.
The distributions shown assume sequential decay.
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FIG. 6. (a) cos), cosp, and cos6& for the N*(1500) at 7.0 and 25.0 GeV/c; (b) same as (a) for the N*(1700) isobar.

7.0-GeV/c data shows this region to be consistent
with an almost pure 6 m J = —,

' diffractively pro-
duced state, that is, I(cosP„)= sin'P„, and the

cos8z, and cosg distributions are isotropic. In ad-
dition, the very peripheral production, e " '"'I,
strongly suggests we are seeing a —,"-—,

' NDD

transition, and this process is likely to be most
responsible for the & & 7I background seen in the
N*(1500) region.

N*(1700). The N*(1700) normal distribution
shown in Fig. 6(b) is suggestive of J =-', or —,

"for
both the 7.0- and 25.0-GeV/c data; one might ten-
tatively identify this enhancement with either the
N*(1670) JP =-,' or the N*(1688) J =-,'" isobar.
The Ns(1688) state is preferred, since it should be
easier to produce in a NDD process requiring
El=2, whereas b. l =3 is required for the & state.
Finally, the —,

' state can be ruled out if we believe
the stronger b.P=(-1)~ selection rule of Mor-
rison. '

If the N*(1700) state decays mostly into Av, then
the nonisotropic cos8z, distribution [see Fig. 6(b)]
allows us to rule out the J = ~ state since it pre-
dicts isotropy. The cos0& distribution agrees best
with the —,

"distribution [see Fig. 5(c)], but the
over-all agreement is not that good, and interfer-

ence effects seem to be present. The cos( distri-
butions are not incompatible with these results,
the data being consistent with either the & or —,"
hypotheses.

It should be noted from Figs. 2(a) and 2(b), how-

ever, that the Ns(1700) displays a sizable non-hs
mode, and the —,

"signal could be due entirely to the
nonresonant NDD process, which means that the
N*(1700) could also be the N*(1700) -', above a
large —,

"Deck background. Such a hypothesis is
not inconsistent with the angular distributions and

agrees with other results. " We conclude that if the
Ns(1700) decays via b, m, it is —,", but one cannot
rule out the J= —,

' assignment on a 2' Deck back-
ground. The —,

'- assignment is very interesting in
that NDD production of this isobar is forbidden by
Morrison's AP = (-1) rule s

STRANGE-PARTICLE DECAY MODES

We now investigate the possibility of alternative
strange-particle decay modes of the PP'(1700). In

Fig. 7 we present the AK mass spectrum for the
reactions mN- wKA between 6 and 7 GeV/c." A

low-mass AK enhancement is clearly seen in Fig.
8(a) in the reaction v '+N"- v 'K"A centered



ANALYSIS OF THE )V*(15 00) AND )V*(1 70 0). . . 139

20—

jo—

+ 0

~ N~AK vr

7r ~sr 7f

K

IO—

P 8GeV

7T N =7TA K

CA

LLI

l0—

! t I l

~~~ &0.4 {GeV/c)

(VXX
l.2 .4 .6 I.8

(GeV/c)
2

NPi vi fl

l.5 2.0 2.5 3.0 3.5 4.0
M(RK)

7r N~RK 7T'

lo—

IO—

2 5
UJ0
UJ

N

(c) (

lo

(d) ~ t~~ & 0.4{GeV/c)

I

3.5 4.0
I

I.5 2.0 2.5 3.0

I

cos GNn
I.O

FIG. 8. (a) t«distribution for AK events in the
N*(1750) region; (b) cosg, the NA scattering angle.
Shaded events show X*(1400) effects.
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FIG. 7. (a) AX+' mass spectrum; (b) same as (a) for
~t«~ &0.4 (Gev/c)~; (c) hK+ mass spectrum for events
requiring a charge exchange; (d) same as (c) for ~t~~
& 0.4 (GeV/c) 2. Shaded events show%*(1400) overlap.

around 1750 MeV/c' with a width of = 100-200
MeV/c'. Its production is very peripheral, since
the signal remains almost undiminished when

~ t„~ &0.4 (GeV/c}' is demanded IFig. 8(b)]. There
is no possibility of K*(890) overlap, and the events
which overlap with K*(1400) are shaded. Their
small number demonstrates that we are seeing a
bona fide effect and not a kinematic enhancement.
Finally, the very peripheral nature of the inter-
action strongly suggests that we are seeing a NDD
process N- AK.

If the NDD process dominates, then one should
not observe similar enhancement in the reaction
m 'N"- m'K 'A which requires an I=1 exchange.
Inspection of Figs. 7(c) and 7(d) shows no such en-
hancement. This is especially clear when a

~ t„~
& 0.4 (GeV/c)' is demanded, indicating that the

dominant process at low AK masses is NDD. If
this is true, then we expect to fit the do/d t dis-
tribution with an ea' form. In Fig. 8(a) is pre-
sented the t„,distribution for the N*(1700) region.
Although the data are poorly fitted by this form,
yielding a value of P =8+ 2.1 (GeV/c) ' for ~t,„~
& 0.3 (GeV/c)', they do suggest a very peripheral
pl ocess.

The isospin is established as I =-,' by virtue of the
AK decay mode. To establish the J, we look at
the N-A scattering angle cos6)~A. The results are
shown in Fig. 8(b} along with the definition of
cos8». The distribution is fitted with 1+0.47
cosO„A. If one removes the events associated with
the Z*(1400), then the results are consistent with
isotropy. We might be seeing either a J = —,

"or
state." With this result it is tempting to identify

the AK enhancement with the decay of either the
S»(1700) or P»(1780), or possibly both with inter-
ference. Identification of the AK enhancement with
the —,

'- M(1700) isobar would represent a violation
of Morrison's bP=(-1) rules Other evidence for
a possible violation of Morrison's rule has also
been seen in Pm'm data."
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