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From a large-statistics 7+p experiment at 7.1 GeV/c, data are presented on the reactions 7*p—p°A*+(1238)
and m*p—wA**(1238). Cross sections, differential cross sections, and vector-meson single-density-matrix
elements are presented and a general comparison of the production properties of the two reactions is given. In
addition to (p,w) A**(1238) production there is also strong evidence for production of a 7*p enhancement
with mass ~ 1880 MeV, I'~200 MeV, and J> % produced in association with the p and  resonances.
Detailed properties of this structure are presented and its production mechanism is compared with that of the
corresponding A(1238) reactions. This state is also observed in the reaction K*p— K*°(890)A**(1880) at 12.0

GeV/ ¢, for which data are also presented.

1. INTRODUCTION

From a large sample of events of the final
states

mtp=~ntn 7" p: 80000 events (1)
~ 1t 7 11 p: 81000 events , (2)

at 7.1 GeV/c, data are presented on the quasi-
two-body reactions

7t p-p°A*t*(1238) (3)
- wA**(1238). (4)

A systematic analysis, from which the cross sec-
tions, differential cross sections, and vector-
meson density-matrix elements are extracted,
allows for a comparison of the production prop-
erties of the two reactions. The unnatural- and
natural-parity exchange contributions are exam-
ined, and some general comments on the nature
of the exchange mechanism are given.

In addition to the A**(1238) + vector meson
reactions, the analysis of (1) and (2) along with
that of

K*p-K*n n*p: 29968 events (5)

at an incident K* momentum of 12 GeV/c yields
evidence for a 7*p enhancement with mass ~1880
MeV and width ~200 MeV. This state is produced
in association with the p, w, and K*(890) reso-
nances, respectively. An examination of the de-
cay angular distribution reveals significant struc-
ture in the H(LM) [ < Y(LM)] moments up to L

=6, which implies that this broad structure can
most readily be associated with the JF=1"

A**(1950) found in mp phase-shift analyses. Its
production properties are found to be very sim-
ilar to, though not exactly the same as, those of
the A**(1238) produced in (3) and (4).

The data sample is discussed in Sec. II. The
results of the extraction of the cross section,
differential cross section, and vector-meson
density-matrix elements are presented in Sec. III.
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FIG. 1. Number of p events, plotted as a function pmr*
effective mass, from the reaction 7*p —n*r*r~p. The
resulting fit to this mass spectrum, for the number of
A**(1238) events, allows for the extraction of the m*p
—plA*+(1238) cross section.
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In Sec. IV the production properties of reactions
(3) and (4) are compared with current theoretical
ideas on the nature of the exchange mechanism.
In Sec. V the properties of the high-mass 7*p
state are explored. Comparisons of

(p, w)A**(1880) with (o, w)A**(1238) are given in
Sec. VI. Section VII is reserved for summary and
conclusions.

1I. DATA SAMPLE

The data for the 7*p and K *p samples are both
derived from 700 000-picture exposures of the
82-inch hydrogen-filled bubble chamber at Stan-
ford Linear Accelerator Center. They correspond,
after appropriate corrections, to 38- and 32-
event/ub experiments, respectively. The event-
selection criteria and other pertinent hypothesis-
dependent details can be found in Ref. 1 [reaction
(1)], Ref. 2[reaction (2)], and Ref. 3 [reaction
(5)].

I1I. PRODUCTION PROPERTIES
A. Cross-section determination

1. m*p—>p°A*t(1238)

The number of p A** events in reaction (1) was
extracted using the slice technique of Aguilar-
Benitez et al.* For the present channel, following
a -1<1.0 GeV? selection (where ¢ is the square of
the momentum transfer between target proton
and outgoing pr* system), the method consisted
of dividing the pr* effective mass spectrum into
ten slices in the range

1.07 sM(p1*) <1.70 GeV . (6)

Fits were then performed on the corresponding
7"~ effective mass spectrum to a form with a
P-wave p° Breit-Wigner shape multiplying phase
space and a second-order polynomial in mass as
representative of the background. The resonance
mass and width were determined from an over-all
fit to the n* 7~ effective mass spectrum for events
in the A** region (6). Because of the distortion
of the mass plot in the high-mass side of the p°
due to the S* effect it was not possible to fit these
distributions with any simple polynomial form for
the background.® Therefore, we have chosen to
fit essentially “half the p” region,

0.40 <sM(n*71~)<0.82 GeV,

and have corrected for the events in both the upper
half and the tail of the p in the manner described
below. The fits to the resultant 7" 7~ mass spec-
tra, which were in excellent agreement with the
experimental distributions,® produced the results

displayed in Fig. 1, in which a large A**(1238)
signal is observed over a relatively small back-
ground. The spectrum shown in Fig. 1 was then
fitted to a A** Breit-Wigner shape multiplying
phase space and a phase-space background. The
number of resonance events so obtained represents
the background-subtracted p°A** events in the
fitted region. This number was then corrected
(by a factor 1.93; see Ref. 7) to correspond to
events in the p° tails including + four resonance
widths. The resulting number of events is 23 303
+ 672 in the mass region defined by

1.07 <M(pn*) <1.70 GeV,
Mp - 4Tp sM(n*7n~) <Mp + 4T'p,

which corresponds to a cross section:
o[n*p—~p°A**(1238)] = (613 25) ub.®

2. p - WAt (1238)

The number of A**w events in reaction (2) was,
again, extracted through the use of the slice tech-
nique. The mass and width of the w were de-
termined from an over-all fit to the n* 7~ 7° effec-
tive mass spectrum for events in the A** region
(6). A matrix element was used which included
a Breit-Wigner shape for the w plus a second-
order polynomial background. The mass (0.780
GeV) and the effective width (0.025 GeV) of the w
were then fixed at the values determined from
this fit, and each 7" 7~ 7° effective mass spectrum
corresponding to ten 7*p mass slices was fitted
to determine the resonance fraction in the region
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FIG. 2. Number of w events, plotted as a function of
pr* effective mass, from the reaction m*p —w*rnlr*p.



0.68 sM(r*7~7°) <0.88 GeV .

The number of w events so obtained in each pr*
mass slice is shown in Fig. 2. The fit to this
mass spectrum, in which a large A**(1238) signal
is observed, yields 4830+ 107 events of reaction
(4). After correction for the neutral/charged
branching ratio® of the w, a cross section

o[m*p~wA**(1238)]=(140+ 3) pb

is obtained. (The quoted error is statistical.)
3. Comment on cross-section determination

Note that the pA** and wA** cross sections have
both been obtained in the same interval of pn*
mass and correspond to events included within
the same number of resonance widths (i.e., 4T').
Hence, the pA/wA cross-section ratio and all
comparisons dependent on the relative normaliza-
tions should be more reliable in the present work
than in experiments in which the cross sections
are extracted without regard to the intervals of
mass spectrum used to determine the resonance
fractions. Large discrepancies can result in
cross-section determinations dependent upon the
relative ratio of the fitted interval of the mass
spectrum to the number of resonance widths.
Clearly, in a comparisor. of cross sections it is
absolutely essential that the ratio be made the
same in all cases.

B. Differential cross section and density -matrix elements

1. Method of extraction

For both reactions (3) and (4), the mass-depen-
dent partial-wave analysis proposed by Aguilar-
Benitez ef al.'° was employed to extract the num-
ber of resonance events and the vector-meson
density-matrix elements as a function of momen-
tum transfer. We briefly outline the method of
analysis; more details are to be found in Ref. 10.
This approach yields the resonance density-matrix
elements free of the need for any substantial back-
ground corrections. In the case of the wA** reac-
tion, the method assumes that the background in
the w region has no angular dependences'!; for
the A**p°the approach allows for a P-wave res-
onance, which may interfere with an S-wave back-
ground. The mass-dependent probability function
can then be written, in both cases, as

dcr(cos@,qi))= do . do
dmdSQ dmdf | ygoma . AM AR ’

resonance
(7

where the S-wave (or flat) background is paramet-
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erized by
do _ 551 p0m)|?
amdQd background - 4m

and the resonance mass and angular dependence by

do
amdQ)

=ex?|alm) |2 1x(@),
resonance
where €g® (€52) is the fraction of background (reso-
nance) in the region over which the fit is per-
formed, with €52+ €z2=1. [fgtm)|? (|fz0m)|?) is the
background (resonance) mass dependence through
the region of interest, and which in the present
analysis is assumed to be linear in mass (assumed
to have an energy-independent Breit-Wigner
shape). Any small deviations from the assumed
mass dependences have been found to have no sig-
nificant effect on the values of the resonance den-
sity-matrix elements. For the analysis of the
(m*7)A**(1238) the method explicitly assumes
that the so-called €° effect does not produce a
large bump under the p° resonance; this assump-
tion is in agreement with the results of the 77
phase shifts obtained in this channel.! In the
above,

‘#[u Z HR(ZM)B,,Z(Q):' )
M=0

where  =(cosb, ¢) represents the usual Jackson
(J) or helicity (H) frame angles and B,%(Q)

=(2 = 8yy) X 5dy2(6)cosM¢p. The Hzr(2M) moments
are related to the usual P-wave density-matrix
elements, p,n.+, as follows:

Poo=3[1+5H(20)] ,

IR(Q)=

5
P =-— 7'6'_ HR(ZZ):
pu=%[1- %HR(zo)] ’
5
Repm=mﬂg(21) .

Maximum-likelihood fits to the form (7) were per-
formed on the events selected to have

1.14 sM(n*p) <1.34 GeV

and
0.40 sM(m*7~) <1.0 GeV, reaction (3),

0.68 <M(n*n~7°) <0.88 GeV, reaction (4),

and the p,..+ and €z® were extracted as a function
of momentum transfer. We reserve for discussion
until Sec. I B3 a description of the resultant
Pmm+ distributions; we now proceed to describe
the do/dt.

With €z in a bin of —¢ and the corresponding
total number of events Ny, the number of p (w)
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events is simply €x*Ny;. The background from the
process 7' p—p°1*p (1" p— wa*p) is small in the
narrow pn* interval defined above [see Fig. 1 (2)]
and, as such, should have little effect on the ex-
tracted pA** (wA**) production angular distribu-
tion. Therefore, the distribution of €x?Ny as a
function of —¢ should be proportional to the do/dt
of the p°A** (wA**) reaction. The number of
events in the pA** (wA**) region is given in Table
I and the fraction obtained from the maximum-
likelihood fits in Table I (IIT). The number of
pA** (wA**) events was normalized to the total
reaction cross section, as obtained from the slice
technique described above, so that

feEZ(-t)NT(-t)dth,

where the integral extends over all |#[< 1.0 GeV?,
and the conversion factor E was determined. The
value of the differential cross section in each bin
of momentum transfer is then

do _ €x°Ng

dt ~ EAl
The values of do/dt so obtained are given in Table
I.

2. Description of do/dt

a. m'p—~p°A**. The do/dt distribution is shown
in Fig. 3. Disregarding the kinematically pro-
duced dip*® at small || (s0.05 GeV?), the dis-
tribution exhibits a large forward peak with no
turnover in the forward direction. A gradual
change in curvature is observed into the large-
momentum-transfer region, with a possible break
in slope at [# |~ 0.7 GeVZ.
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FIG. 3. Differential cross section, do/dt, for the reac-
tion m*p—pYA**(1238), shown plotted as a function of mo-
mentum transfer.
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action 7% — wA**(1238), shown plotted as a function of
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b. m*p-wC®A**. The distribution shown in Fig.
4 is observed to be more or less flat for ||
<0.20 GeV?, with some evidence for a dip in the
very small |¢| region (disregarding the |¢| <0.05
GeV? points; see above). For larger values of
|t | the distribution shows an exponential falloff
with momentum transfer.

3. The py - distributions

a. m*p—~p°A**. The values of the p%Z, are given
in Table II and in Figs. 5(a)-5(f).!* The large
statistics of the present experiment allow us to
provide the density matrix elements in finer bins
of momentum transfer than was possible pre-
viously: The p,,,- distributions in the small -t
region (|¢]<0.1 GeV?) are given in great detail
in Table IV.

We note the following features of the distribu-
tions:

(i) p%,, shown in Fig. 5(a), measures the un-
natural-parity (UNP) contribution to the #-channel
helicity-zero vector-meson states. We observe
the dominance of UNP at small |¢| through its
large (=~ 0.9) value. Note that, even at the small-
est value of |¢]| investigated, pJ, is smaller than
1, which implies the need for contributions in
addition to simple 7 exchange. Such corrections
can come from, for example, absorptive correc-
tions."''® For |¢| values beyond 0.2 GeV? pJ,
starts to decrease, and by |¢|=0.6 GeV? it has a
value consistent with zero.

(ii) p/_,, shown in Fig. 5(b), is proportional to
the difference between the natural- and unnatural-
parity contributions to the ¢{-channel helicity-one
states. p;., is negative (UNP>NP) for |¢]|
<0.35 GeV? and becomes positive in the large —¢
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TABLE I. do/dt vs. t for reactions m*p —pA*+*(1238), T*p — wA*+(1238).

—t bin No. of do/dt No. of do/dt

(GeV?) events (ub/GeV?) events (nb/GeV?)
0.030—0.035 20 124.4+31.1 749 5149.1+224.6
0.035—0.040 35 217.7+44.0 954 6558.4+ 263.6
0.040—-0.045 53 265.5+45.4 1032 7517.0+ 270.2
0.045—0.050 41 205.4+38.3 1046 7618.9+272.5
0.050—0.055 54 257.5+42.2 919 6092.2+ 251.0
0.055—0.060 69 329.0+49.7 952 6311.0+ 257.1
0.060—0.065 58 275.8+45.3 873 5308.5+ 274.2
0.065—0.070 69 328.1+51.1 783 4761.3+252.0
0.070-0.075 65 339.6+50.5 755 4560.1+248.8
0.075—0.080 61 318.7+48.5 680 4107.1+229.5
0.080-0.085 53 304.4+46.9 598 3406.3+213.3
0.085—0.090 63 361.8+52.1 551 3138.6+200.1
0.090—-0.095 56 287.5+46.4 509 2728.6+ 186.2
0.095—-0.100 58 297.8+47.4 434 2326.5+164.5
0.100-0.110 139 418.3+40.3 792 2437.2+135.1
0.110-0.120 107 322.0+34.5 686 2111.0+120.7
0.120-0.130 114 330.9+35.3 583 1653.3+£109.8
0.130-0.140 116 336.7+35.7 533 1511.5+102.2
0.140-0.150 138 435.8440.5 492 1320.7+87.7
0.150-0.160 141 445.3+41.0 373 1001.3+71.2
0.160—0.170 121 375.0+ 38.7 348 996.8+74.1
0.170—0.180 109 337.8+36.4 341 976.8+72.9
0.180—0.190 118 338.8+35.0 282 746.6+ 67.5
0.190-0.200 112 321.6+33.9 257 680.4+62.8
0.200-0.225 274 352.9+23.2 512 559.8+ 38.4
0.225-0.250 249 320.7+21.9 434 474.5% 33.7
0.250~0.275 226 279.2+19.8 329 333.9+29.2
0.275-0.300 209 258.2+19.0 255 258.8+23.9
0.300-0.325 200 258.5+19.8 246 263.7+26.2
0.325-0.350 193 249.4+19.4 190 203.7+£21.5
0.350—0.375 141 179.9+16.6 166 189.7+21.4
0.375-0.400 147 187.5+£17.0 143 163.4+19.1
0.400~0.425 126 155.2£15.0 135 152.5+16.9
0.425-0.450 115 141.6+14.3 140 158.1+17.3
0.450—-0.475 116 136.6+14.8 118 118.2+17.4
0.475—-0.500 88 103.6+12.5 96 96.2+14.7
0.500—0.525 77 96.3+£12.0 80 83.9+14.2
0.525—0.550 69 86.3+11.3 86 90.2+15.0
0.550-0.575 66 73.0+£11.0 75 87.4+13.9
0.575—-0.600 56 61.9+9.8 71 82.7+13.4
0.600—0.625 36 43.5+8.0 74 89.0+13.2
0.625—0.650 41 49.6+8.7 68 81.8+12.4
0.650~0.675 34 43.9%8.2 65 74.6+12.8
0.675—0.700 29 37.5%£7.5 78 89.5+14.7
0.700-0.750 54 26.5+4.6 105 65.0+ 8.0
0.750~0.800 48 23.6+4.2 82 50.7+ 6.8
0.800—0.850 40 20.5+4.0 58 34.2+6.2
0.850—0.900 32 16.4+3.4 58 34.2+6.2
0.900-0.950 23 11.4+3.0 48 28.7+4.9
0.950-1.000 19 9.5+2.7 41 24.0+4.5
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FIG. 5. (a)—(c) The values of the p° density-matrix elements from the reaction *p —pIA*+(1238) as evaluated in the
Jackson frame. (d)-(f) Same as (a)-(c), but the p,,,+ are evaluated in the helicity frame.

region, where natural-parity (NP) exchange be-
comes important.

(iii) Rep],, shown in Fig. 5(c), is negative at
low It[, as observed in many other reactions in-
volving vector-meson production. The distribu-
tion reaches a minimum at ||~ 0.2 GeV? and then
rises to become zero for |t |2 0.45 GeV?.

(iv) p4,, shown in Fig. 5(d), measures the UNP

contribution to helicity-zero s-channel production.

The p#, distribution is observed to be large at
small |¢ l, and to fall more rapidly than does the
corresponding p?, distribution. For |¢| values
between 0.3 and 1.0 GeV?, pf is essentially con-
stant at a value of =0.25. Note that this is in con-
trast to pf,, which appears to fall to zero for
[t]>0.6 GeV?2.

(v) pE,, shown in Fig. 5(e), is proportional to
the difference between the NP and UNP contribu-
tions to the s-channel helicity-one states. Like
pl., plL, is observed to be negative for |¢|<0.4

GeV? and positive in the large —¢ region. How-
ever, p appears to decrease more rapidly at
small |¢| than does p;_,. A minimum at |#|=0.25
GeV? is observed whose absolute value is larger
by a factor of 2 than that of p;_, and signals a
proportionally larger amount of helicity-one UNP
in the s channel.

(vi) Rep?,, shown in Fig. 5(f), is observed to
rise more rapidly than Rep{o decreases in the
small |¢| region. This same behavior is also
observed, for example, in the reaction K *p
- K*°(890)A* *(1238)."*

We proceed to examine linear combinations of
the above p,,+ which serve to project out NP and
UNP helicity-one contributions.

(vii) p, =p,, + p,-, (frame invariant) projects out
the total NP contribution to the helicity-one states
and is shown in Fig. 6(a). A small, but signifi-
cant, value is observed for |#|<0.2 GeV%. Beyond
this value of |#| the NP contribution increases
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rapidly so that by |# |~ 0.5 GeV? it exceeds the
total UNP contribution (i.e., py, +p-).

(viii) p? =p7, - p._, is proportional to the helicity-
one UNP contribution and is shown in Fig. 6(b).
The small, but significant, component at small
| #| increases in value with increasing || and
for |t| =0.4 GeV? is relatively constant at a value
=~ 0.20-0.25.

(ix) p? =p¥ -p[, projects out the s-channel
UNP helicity-one contributions and is shown in
Fig. 6(c). p? is observed to rise rapidly from a
significantly nonzero value at low |¢]| to a max-
imum of ~0.45 at ||~ 0.3 GeV2. Beyond this
value of momentum transfer it decreases rapidly,
and for |#|>0.6 GeV? it is quite small though
significantly positive.

The behavior of the p,,+, discussed above, leads
to the conclusion that UNP exchange is the dom-
inant contributor in the low-momentum-transfer
region. However, even at the smallest ~¢ in-
vestigated (=~ 0.03 GeV?) there are still a significant
NP and UNP contributions to helicity-one vector-
meson production. Natural-parity exchange be-
comes significant in the high |¢| region where
pf and pf | become small, pJ, is consistent with
zero, and p’ has a value of ~0.2.

b. m'p—-wA**. The values of p,,’ are given in
Table III. They have been previously determined,
using a somewhat different technique, by Buhl
et al.® Their results are similar to those pre-
sented here.

(i) pl, is shown in Fig. 7(a) and is quite large
(~0.5) in the low-momentum-transfer region. A
decrease in value results in a broad minimum in
the region 0.2 < [t|<0.5 GeV?. At larger values
of |¢]| the helicity-zero UNP fraction is observed
to increase in value. Note that, in contrast to
the observation of Abrams et al.,'® who studied
reaction (4) at 3.7 GeV/c, there is no indication
for a sharp dip in pJ, at or near -¢ =0.25 GeV>.

(ii) p{_,, shown in Fig. 7(b), is observed to rise
from 0.0 to a value of ~0.15 at | ¢|=0.1 GeV? (at
the same time pJ, is falling; see above). It re-
mains constant in value until |¢]|~0.5 GeV?, at
which point it decreases to near zero and remains
so until | |~1.0 GeV2.

(iii) Rep’, is shown in Fig. 7(c). As inthe p°A**
reaction, Rep’, is negative at small |#|. In con-
trast to that observed in pA there is no turnover
toward zero, but rather a further decrease at
larger |¢].

(iv) pf, is shown in Fig. 7(d) and has a value of
~0.4 at low —-¢. The distribution shows a gradual
decrease in value into the large-momentum-
transfer region.

(v) pf,, shown in Fig. 7(e), appears similar
in shape to the corresponding p;_; however, in
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FIG. 6. (a) The natural-parity helicity-one projection,
(014 +Py-1), shown as a function of momentum transfer
for the reaction m*p —p°A*+(1238). (b) The unnatural-
parity helicity-one projection, p; —p4 . (in the Jackson
frame), for the reaction m*p —p%A**. (c) Same as ()
but evaluated in the helicity frame.

the region | |>0.5 GeV?, pf_| is observed to be
significantly negative.

(vi) Rep” is shown in Fig. 7(f) and is observed
to increase from zero at low —-¢ to ~0.10 at larger
values of momentum transfer. As for Rep},,
the turnover at large —f observed in pA (and
K*°A)* is not observed here.
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FIG. 7. (a)—(c) The values of the w density-matrix elements from the reaction n*p — wA** (1238) as evaluated in the
Jackson frame. (d)—(f) Same as (a)—(c), but the p,,,’ are evaluated in the helicity frame.

(vii) p, [Fig. 8(a)], the natural-parity projec-
tion, rises from a value of ~0.15 at low |#] to
~0.50 between 0.1 and 0.5 GeVZ2. It then decreases
rapidly to a constant value of ~0.25 for |¢|>0.5
GeV?.

(viii) pZ [Fig. 8(b)] is rather featureless at a
constant value of ~0.20 for all values of |¢].

(ix) p” [Fig. 8(c)] shows a factor of ~6 increase
between low and high values of momentum trans-
fer.

Therefore, in reaction (4), there appear three
momentum-transfer regions in which the relative
NP and UNP contributions are different:

For |t|<0.10 GeV?, p, ~0.15 with pJ; dominat-
ing in the ¢-channel and p#, in the s-channel
frame. UNP dominates.

For 0.1 < |t|<0.4 GeV?, p, is large (~0.50) and
constant over the interval. pJ, (p7) is also con-
stant at a value of ~0.3 (0.2). Likewise, pf (o¥)
is constant with a similar value. Here, then,

UNP=NP.

For |t|>0.4 GeV?, p, decreases dramatically
to an approximately constant value of 0.25 over
this interval. pj, increases in value while p’
remains fairly constant; p¥ decreases slightly
with p# showing a sizeable increase. Hence, in
this region, UNP dominates.

IV. COMPARISON OF PRODUCTION PROPERTIES
A. poo dojdt

The distribution p}, do/dt (pf, do/dt), which
directly measures the strength of the UNP con-
tribution to ¢- (s-) channel helicity-zero states,
is shown in Fig. 9 (10) for p°A**. In both frames,
Poo do/dt is observed to have a strong forward
peak which is as expected from the dominant 7-
exchange contribution to the nonflip (2 =0) s- and
t -channel amplitudes. Note the change in slope of
p¥ do/dt at |t|~0.4 GeV?. A similar structure
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FIG. 8. (a) The natural-parity helicity-one projection,
P11+P1 -1, shown as a function of momentum transfer for
the reaction m*p —wA**. (b) The unnatural-parity heli-
city-one projection, p;; —p; _y, in the Jackson frame, for
the reaction 1*p —wA**(1238). (c) Same as () but eval-
uated in the helicity frame.

has been observed in the reaction 7~p—-p% at
6.0 and 17.2 GeV/c. However, the amplitude
structure of pf do/dt in p°z and p°A** is quite
different, so that arguments'” which conclude that
the break in slope (in p%) cannot be fitted within
the framework of 7 exchange plus only n=0 cuts
may not be applicable to the A** associated reac-
tion.

Expecting the 7 propagator, even in the presence
of absorptive corrections, to dominate the helicity-
zero amplitudes, we have fitted p,, do/dt to the
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FIG. 9. The p{,do/dt (UNP ¢-channel helicity-zero)
distribution shown as a function of momentum transfer
for the reaction 1r+p——p°A“ (1238). The solid curve re-
presents the results of a fit to the form A e/ #l/ (¢ -u?)2.

simple form
do Aebl t|
Poo at (t—_—u?)—z ’

where p?=m,?. The results of the fit for |#[<0.5
GeV? are shown as the solid curve in Fig. 9 (10),
with
Pho Gp» A=(405£1.4) ubGeV?,
=-4.2:+0.3 GeV 2,

Plo 5p» A=(40.8+1.2) ubGeV?,

=-2.7+0.2 GeV~2.

The results indicate that neither of the distribu-
tions can be represented solely by the 7 propaga-
tor; an additional exponential damping factor
is needed to fit the distribution away from the near
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FIG. 10. The pf{, do/dt (UNP s-channel helicity-zero)
distribution shown as a function of momentum transfer
for the reaction m*p —p’A**(1238). The solid curve re-
presents the results of a fit to the form A ebltl/ (t-u?2.

forward direction. It is important to note that,
in the analysis of the corresponding distributions
for the reaction™

K+p_. K*0(890)A++

from 4.6 to 16.0 GeV /c, for all energies, the
value of b in the ¢-channel (s-channel) frame was
consistent with zero (~1.0 GeV~2) with no shrink-
age indicated. It can be seen from the larger,
significant value of |b| in the 7*p- p°A** reaction
(where only 7 exchange can contribute) that the
small value and energy-independent behavior of

b in K*p-K*°(890)A** (where 7 and B exchange
contribute) cannot be used to argue either for a
nonshrinking pion or for a universal fit to

1/(¢ = p2)? to all'® UNP helicity-zero cross sec-
tions. What we do learn is that p,,do/dt for pA
and K*°A have dominant contributions from 7
exchange as exhibited by the excellent fits to

12 STUDY OF VECTOR MESON + BARYON RESONANCE... 705

forms which include the 7 propagator.

In contrast to plefdo/dt (p°A**) the correspond-
ing distributions for 7*p— wA** [see Figs. 11(a)
and 11(b)] which cannot have a m-exchange con-
tribution, show no strong forward peaks and are
cather flat for |¢|< 0.2 GeVZ2. Of interest is the
relative p/w ratio of the respective py, do/dt dis-
tributions. If the only contribution to py,do/dt is
from exchange-degenerate 7 and B Regge poles,
then it can easily be shown that'®

do ++
pOO d—t (POA ) . 1ra(t)
-dO—H=ACOt (T) s (8)
Poo E (wA™™)

with a(¢)=a’(0)(t —m,?) and where A is a constant
independent of momentum transfer. The require-
ment that the sum of the 7 plus B pole terms in
K*p- K*°A*" be real leads to the expectation of
m-B strong exchange degeneracy. This and SU(3)
at the meson vertex produce the prediction A=1.'*
The p/w ratio in the Jackson (helicity) frame is
shown in Fig. 12 (13). In each case, the solid
curve represents the result of the fit to the ex-
change-degenerate (EXD) from (8) which, especial-
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FIG. 11. (a) pJy dao/dt for n*p —wA™. () p¥, do/dt for
T = wA*t,
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FIG. 12. The p/w ratio of their respective pJ, do/dt
distributions shown as a function of momentum transfer.
The curve represents the results of a fit of this distribu-
tion to a form suggested by strong r-B exchange degen-
eracy.

ly in the Jackson frame, is an excellent parametri-
zation of the data for all |#|. Inthe H frame there

is some deviation from form (8) at large |¢|. The

results of the fit are

pgo%: A=0.19:£0.01, @’(0)=0.57+0.005,

P,2=0.93,

pgo%: A=0.1920.01, «’(0)=0.69+0.02,
P,2=0.04,

in disagreement with the SU(3) and strong-EXD
prediction of A=1. The data are, however, con-
sistent with a picture of weak exchange-degenerate
m-B Regge poles in which the square of the ratio
of the 7 and B residues equals 0.19. The data
cannot rule out, in the framework of this simple
description, some over-all small differences in
the ¢ dependence of the different exchange cou-
plings .20-22

The values of A and a’(0) for pl,do/dt, in par-
ticular, are in disagreement with a similar de-
termination'® at 3.7 GeV/c in which A=0.41 and
a@’(0)=1.12 were obtained, which leads to a wrong-
signature nonsense zero in the 7 amplitude, and
prediction of a dip in pJ,do/dt at —£~0.75 GeV?
for p°A**. The data of the present experiment
show no significant evidence for a dip-rise struc-
ture in this distribution near this |#| value. In
addition, the difference between the values of A

and @’(0) at 3.7 GeV/c and the present experiment,
in light of the excellent fits with form (8) to the
respective distributions [Figs. 12 and 13 of this
paper and Fig. 4(a) of Ref. 13], results from the
relatively much smaller p/w cross-section ratio
in the lower-energy data. It is possible that we
are observing a strong energy dependence of this
ratio, which would suggest that form (8) is no
more than a useful parametrization of the data
with very little physical substance. Alternatively,
the discrepancy in the two experiments may be
caused by the method of extraction of the relative
cross sections. Even if the latter were true, one
would expect more than just 7 and B pole exchange
contributions to p,,do/dt (e.g., m and B cut) which
might be expected to destroy relationships derived
from simple strong-exchange-degeneracy argu-
ments for the pole terms.

B. p. do/dt

In Fig. 14(a) is shown the natural-parity ex
change projection, p,do/dt, for the p°A** reac-
tion. Invoking current theoretical ideas'®*"*2® on
the phenomenology of vector-meson production
we first observe that the NP pole A, contribution
should be small at small -¢, so that the large
value of p, do/dt for |¢|<0.10 GeV? is most nat-
urally associated with 7 and A, cut contributions.
At large values of momentum transfer (| |>0.20),
the A, pole contribution dominates. The dip at
[¢]~0.15 GeV? is interpreted, as in a similar
structure in p, do/dt in 77p-~p°n,?® as arising
from interference between the A, pole and 7 and
A, cut terms.

100.0 g——T———

1

10 F E

1.0 ‘54
0.l L

O 02 04 06 08 10
-t (Gevd)

FIG. 13. Same as Fig. 12, but here the p/w ratio of
the p¥, do/dt distribution is shown.
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In Fig. 15(a), the corresponding distribution for
the wA** reaction is exhibited, and should receive
contributions from B cut plus p plus p cut. Note
the lack of a dip in the distribution at [#]~0.6
GeV?. If we were observing purely p pole, then
expectations are for a dip in p,do/dt correspond-
ing to the wrong-signature nonsense zero of the
p. The lack of dip structure at or near this ¢
value is explained by (p + B)-cut contributions
filling in the dip from the simple p-pole exchange.
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FIG. 14. (a) p,do/dt[x*p —pOA*+(1238)], shown as a
function of momentum transfer. () [(c)] Corresponding
pZ[pf] do/dt distribution.

C. p2H doldt

pldo/dt (p* do/dt) is shown in Fig. 14(b) [Fig.
14(c)] for n*p—~p°A** and in Fig. 15(b) [Fig. 15(c)]
for the 7n*p—- wA** reaction, and is observed to be
rather structureless. Inthehelicityframe this un-
natural-parity exchange component receives contri-
butions from UNP poles plus cuts and from NP cuts,
and any simple description is masked by the problems
of interferences among the different contributions.
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FIG. 15. (a) p, do/dt[n*p —wA**(1238)], shown as
a function of momentum transfer. ®)[(c)] Corresponding
plde/dt (o7 do/at) distribution.
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p’l do/dt should receive no contribution from the
(m, B) or (A,, p) pole terms and is expected, there-
fore, to have contributions from only the respec-
tive cut terms. However, Michael®* has pointed
out the possibility that there is a nonzero n-ex-
change coupling to ¢ channel helicity-one states

so that 7 pole could contribute to p’ do/dt .

V. RESONANT STRUCTURE IN THE =*p MASS SPECTRA
NEAR 1.9 GEV

A. Properties of the A** (1880)

We now turn to a discussion of our investigation
of reactions (1), (2), and (5) for 7*p enhance-
ments®® with masses greater that of the A**(1238).
To conduct this investigation we explored the 7*p
mass spectra for events in the corresponding p,
w, and K*°(890) mass bands. In addition, cos6”
[where 67 is the (helicity) angle between the direc-
tion of the pr* system in the over-all center of
mass and the outgoing 7* in the p7* rest frame]
was required to be greater than zero. Thus cut,
which essentially selects events in one half of the
(p, w, K*) 7* -7*p Dalitz plot, was required in
order to look at the 7*p mass spectrum without
having to contend with the large reflections of the
A (p7), B(wm),?® and Q(K*7) low-mass enhance-
ments. The resultant M(n*p) mass spectra are
shown in Fig. 16(a)-16(c), in which large, statis-
tically significant signals are observed. The
peaks in the mass spectra are all observed to lie
somewhat lower than 1.90 GeV. The mass and
width of the state were obtained from fits to the
respective mass spectra in the interval 1.6-2.2
GeV. A form consisting of a linear background
in mass and an S-wave Breit-Wigner shape multi-
plying phase space gave®’

T p—~p°(n*p): M=(1882%7) MeV,
I'=(172+ 31) MeV;

T P=~w(m*p): M=(1879x 11) MeV,
I'=(235x61) MeV;
K*p—~K*(1*p) (Ref. 28): M=(1881% 15) MeV,

I'=(294+41) MeV .

The values of mass and width are all consistent
with each other and give a weighted average value
for this A** state of

M=(1881.2+5.5) MeV,
I'=(219+ 23) MeV .

We used an s-wave (rather than f-wave) Breit-
Wigner form because at this high mass it is prob-
ably just as good a parametrization. Our quoted
errors for I" and M are statistical only and do not

take into account possible shifts due to changes
in parametrization.

The mp phase-shift analyses® have established
three different /=3 states in this mass region, viz.,

A(1890): JP=3*;
~17%branching ratio into N,

“L t 0
N _

80
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FIG. 16. (a) pn* effective-mass spectrum for events
in the p region from the 7% —m*r~r*p final state (cos6¥
>0). @) pr* effective-mass spectrum for events in the
w region from the 7*p —r*r~rr*p final state (cosé”> 0).
(c) pr* effective-mass spectrum for events in the K *
region from the K *p —K*1~r*p final state (cosé?>0).
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A(1950):
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JP=3"
~25% branching ratio into N7,
IF=1"

~40% branching ratio into N7 .

Also, the S;, wave (quoted mass 1650 MeV) has

its maximum contribution to the mp elastic channel

cross section around 1850 MeV; its contribution
to our 7*p channel may be substantial.
In order to decide if the enhancement observed

in Fig. 16 can be associated with any one of these

states, its partial-wave content was explored.

This was accomplished by investigation of the un-

normalized NH(LM) moments as a function of p7*
mass (after a cos6’ > 0.0 selection,?® see above,

where

and (6;, ¢,) correspond to the Jackson angles of

47
2L+1

-

NH(LM) = (

Z Y‘l (ela (P )
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the outgoing p7* system. The summation extends
over all events in a given mass bin. The values

of NH(LO) for even L up to L=8 are shown in Figs.

17(a)-17(1) for the three reactions. Structure is
observed in the region of the A(1880) enhancement
for H(LO) up to L=6, with no evidence for L=8.

This implies that, if we are to attribute the ob-

served signal to one resonant state, then it must

is the JP=Z* A**(1950).

Even though the statisiics become marginal it
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FIG. 17.
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(e), h), k) Same as (a), (d), ®), (), but for the reaction 7*p —wnip.
reaction K*p —K *0(890)1*p
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have J>3 L=%. Hence the most likely candidate

(@),(d),(®), (J) Unnormalized moment NH (L 0) (L =2,4, 6,8, respectively) from the reaction m*p —p'r*p. (),
(), ®, (@), @) Same as (a), @), ®), (), but for the
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FIG. 18. Application of the slice technique: (a) Distri-
bution of the number of p® events as a function of px+
effective mass for events with cos® > 0.0 (see text) so
as to eliminate the A, reflection under the pr* peak.

(b) Same as (a), but for the w final state. (c) Same as
(a), but for the K * final state.

does appear that the structure in the moments
(see Fig. 17) has nearly the same mass and width
as in the over-all mass spectra (see Fig. 16).
Hence, the identification of a large portion of the
bump primarily with one state and not with a
series of different states with different J¥ seems
most likely.

Of interest to note is that, if the mass obtained
from the phase-shift analyses is taken for the
JP=1" A state (i.e., 1930-1980 MeV), and if the
same mass spacing as for the JP=3 " decimet is
assumed®® (i.e., Am=m, =140 MeV), then the =
state is predicted to have a mass value of between
2070 and 2120 MeV. The J¥=21" £(2030) has been
determined® to have a mass value of between 2020
and 2040 MeV. If we take the value of the mass
of the A state determined here and again assume
the same mass spacing as for the %+ decuplet then
we predict the Z state to have mass (2021 6)MeV,
which better agrees with the experimentally de-
termined value.

B. Production properties
1. Cross-section determination

The number of events of the reaction

7+ p— p°A**(1880) (9)
-~ wA**(1880) (10)
~ K*A**(1880) (11)

was extracted with the slice technique described
in Sec. III. For events with cos8?>0.0 the dis-
tribution of the number of p, w, and K*(890)
events, obtained in each 100-MeV interval of pr*
mass, is shown in Figs. 18(a)-18(c), respective-
ly,3! in which large signals for A(1880) produc-
tion are observed. The numbers of events in
reactions (9)-(11) were extracted from these
mass spectra from fits which included an S-wave
Breit-Wigner resonance form (with mass and
width fixed at 1880 MeV and 200 MeV, respective-
ly) multiplying phase space and a second-order
polynomial background term, and the following
numbers of events were obtained:

reaction (9)=(617+45),
reaction (10)=(451%52),
reaction (11)=(224+ 32).

The cross sections were obtained under the as-
sumption that the number of resonance events
obtained with the cos6” cut corresponded to one-
half the total resonance cross section. This as-
sumption is of course not valid in general if there
is significant interference with background waves.
After correction for unobserved neutral decays,



and for resonance tails, the cross sections cor-
responding to + 4T" (vector mesons) are*

reaction (9)=(41+5) pb,
reaction (10)=(26+ 3) ub,
reaction (11)=(21+3) ub.

It should be emphasized, from an SU(3) point
of view,?° that production of A**(1880) associated
with both p (G=-1 exchange) and w (G=+ 1 ex-
change) implies that K*(890) A**(1880) proceeds
through both G=+1 and G=-1 exchange. This is
contrary to the suggestion of Colley et al.,?® who
studied the K* associated reaction at 10 GeV/c
and claimed it to be mediated almost entirely by
a one-pion exchange mechanism.

2. da/dt

The differential cross section and p,,,: of reac-
tions (9)-(11) were extracted in a manner similar
to that described in Sec. III. Here, the A**(1880)
mass slice was defined by

1.76 sM(p7*) <1.96 GeV,

a region which contains ~1 to 1 (~2 to 1) signal-
to-noise with the associated p (w) mass selection.
This background has not been corrected for in the
following discussion; however, an investigation

of the vector-meson density matrix elements cor-
responding to pr* mass bands adjacent to the
A**(1880) region reveals no significant differences
from the resonance region in the |t I-dependent
Pmm+ distributions. This provides ample justifica-
tion for our neglect of the background, even
though, with more statistics, it would be clearly
desirable to obtain the true A**(1880)

+ vector meson p,,,+ distributions free of back-

100

do 2
gt (mb/Gev™)
L N N B
—+
+ -
T N |

0 0.2 04 0.6 0.8 1.0
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FIG. 19. do/dt for the reaction *p —p °A (1880).
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TABLE V. do/dt vs t for reactions m*p —pA*+* (1880),
mp =~ wA** (1238).

—t bin No. of do/dt
GeV?) events (ub/GeV?)
o
0.150-0.175 68 207.1+33.2
0.175-0.200 62 188.9+ 31.
0.200-0.225 61 185.8+ 30
0.225-0.250 60 182.8+30 !
0.250—-0.300 76 72.1+14.3
0.300-0.350 55 52.2+11.3
0.350—-0.425 47 34.2+6.3
0.425-0.500 31 22.5+4.8
0.500—0.750 73 16.5£2.9
0.750—-1.000 44 10.0+2.0
w

0.150-0.200 40 61.9+11.5
0.200—0.250 31 48.0+9.8
0.250—-0.300 60 79.2+14.6
0.300-0.350 38 50.1+£10.5
0.350-0.425 44 38.7+£7.4
0.425-0.500 37 32.5+6.¢
0.500--0.600 34 20.9+4.4
0.600-0.700 43 26.4+5.2
0.700-0.850 46 17.3+3.4
0.850—-1.000 24 9.0+2.2

ground contamination .?®

With the above proviso, the differential cross
section for reaction (9) [(10)] is shown in Fig. 19
(20) and is listed in Table V. The “t_;.” cutoff
does not allow us to explore the very-low-momen-
tum-transfer region. Like the A**(1238) associ-
ated reactions, the do/dt of the p[A(1880)] is ob-
served to be markedly more peripheral than that
of the w[A(1880)] reaction.

3. pmm’

a. T p—p°At*(1880). The phns (pf,+) distribu-
tions are shown in Figs. 21(a)-21(c) [21(d)-21(f)]
and are listed in Table VI. For |t|<0.3 GeV? the
contribution of UNP exchange is apparent in the
observed large values of p,, in both the ¢ and s
channels, with the former being larger in absolute
magnitude. Inthe same momentum-transfer region
e |>1pi,| and p, [Fig. 23(a)] is observed to
be consistent with zero. Therefore, UNP entirely
dominates the low-|¢ | region. The helicity-one
UNP components are shown in Fig. 23(b) (¢ chan-
nel, and Fig. 23(c) (s chanrel), and p” is observed
to be larger than the corresponding p’. For
|¢]>0.5 GeV? p, ~ 0.5 and, as in p°A**(1238),

NP exchanges becomes comparable to the total
UNP.
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4. ntp—> wA(1880)

The pJ.+ (p.F,:) distributions are shown in Figs.
22(a)-22(c) [22(d)-22(f)] and are listed in Table
VI. For |#[<0.35 GeV?, pf and pl, are quite
large, implying, as in wA**(1238), a large heli-
city-zero UNP exchange contribution. For larger
values of |¢ | Poo 18 still sizable, with a value
~ 0.4 in both frames. The errors in p;*? are
large. Its values show some deviation from, but
are consistent with, zero in the momentum-trans-
fer region of interest. p, [Fig. 24(a)] is, as for
pA(1880), consistent with zero for |#[< 0.35 GeV?,
and increases at larger values of |¢|. The errors
in the values of p? (p¥) are too large to allow any
strong conclusions as to the behavior of UNP
helicity one. However, as seen in Fig. 24(b)
[24(c)], the distribution shows nonzero values in

JACKSON HELICITY
T T T T T T T T 1T 0.8 T T T T T T T 71
1.0 +++ Poo (@) : + Poo (d)
0.8~ 4 7 oeh H‘ _
0.6 — 04
0.4 ~ ' —
0.2 0.2 -
[ | | T I T NN N |
L L 024 T T T T T T T T 1
0.2+ p'_' L P,_, (e) _
i o.12+ —+—,
O.lF ‘.:l» - -
L 0 .
0 I + ]
R 1 o T4 .
| I N R R S| 024, | Loy oy o007
T T T T T T T T T4 N R N D A N
oos | Relpg) © ] oa G
T T
| - i
Or— 02 -
-0.08 - o i ]
-0.16 — B 7]
_ TR Y NN M N NN B 0 TR I S N B N S
O 02 04 06 08 10 02 04 06 08 1.0
-t (Gev?)

FIG. 21. (a) Distribution of pJ; for the p° as a function of —¢ from the reaction n*p —~p’A(1880). () Distribution of
p{_;. (c) Distribution of Rep{y. (d) Same as (a), but for pf. (e) Same as (b), but for pff_;. () Same as (c), but for
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TABLE VI Density-matrix elements vs ¢ for reaction m*p —pA*++(1880).
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0.267+0.047
0.101+0.057

-0.109+0.056

0.315+0.065
0.290 +£0.079

—0.141+0.046
-0.042+0.056

0.088+0.064
0.125+0.078

0.711+0.067
0.258 +0.082

0.716 +0.082
0.743 £0.100

78

117

0.350—0.500
0.500-1.000

0.142+0.068

the momentum-transfer region examined.

Therefore, for both the pA(1880) and wA(1880)
reactions, UNP exchange dominates, especially
in the smaller-momentum-transfer region.

VI. COMPARISON OF (p,w)A** (1238) AND
(p.w)A"* (1880)

As noted above, the properties of the
A**(1238) + vector meson are qualitatively similar
to those of A**(1880) + vector meson reactions.

In all reactions UNP dominates, with the m-ex-
change (p =vector meson) reactions more per-
ipheral than the corresponding B-exchange (w
=vector meson) processes.

In order to quantitatively compare the reactions
the observables are now compared in the different
reaction sets. In Fig. 25(a) is shown the ratio,
A**(1880)/A**(1238), of the differential cross
section for the p° reactions. Figure 25(b) shows
a similar ratio, but for the associated w reac-
tions. In the p° reaction, disregarding the obvious
~2-standard-deviation fluctuation (see Fig. 19)
in the 0.20-0.25 GeV? |¢| interval of pa(1880),
the ratio of the two do/dt’s is constant as a
function of |¢| with an observed value of ~0.22.
For the w reactions, the ratio for |¢|<0.6
is consistent with a constant whose value is
close to that found in the p set. The statistics
are not good enough, however, to rule out a rise
with momentum transfer in this ratio. For larger
values of |¢| the relative A(1880)-to-A(1238) ratio
is observed to increase to a value of ~0.7.

We look more closely at the exchange contribu-
tions in these reactions and plot in Fig. 26 the
relative ratio of the dominant UNP (p,, +p_=1-p,)
exchange in the A(1880) and A(1236) reactions.
The fine |t|-dependent details observed between
the p and w sets are somewhat different but both
show a relative increase in going from A**(1236)
to A**(1880).

We pursue this approach and remark that Hoyer,
Roberts, and Roy*® have related through finite-
mass sum rules the low-mass resonance region
and the triple-Regge region for processes of the
type a + b= c + X. For the specific case of in-
terest, n*p—vector meson + X, their approach
leads to the expectation that the average resonance
cross section (i.e., with mass M =M, ) due to Reg-
geon exchange has the behavior

Oy~ (sz Y (0)-20 g(#) ,

where a,(0) is the intercept of the Reggeon cou-
pling to pp and ax(¢) is the Regge trajectory which
couples to 7*p° (~7*w). This leads to the expec-
tation, based upon the assumption that
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aynp(t)=a,(t)=ag(t)=0.0+¢
and

anp(t)=a,(t)=0,,(t)=05+t,
that

One 1

oune My’ (12)
at fixed s and ¢t. That is, the relative NP /UNP
cross section should decrease with increasing
mass.

In Fig. 27(a) [27(b)] is shown the NP/UNP ratio
for the pA(1238) [A(1880)] and wA(1238)[A(1880)]
sets. We immediately observe that, within the
rather large errors, both the w and the p data
are in agreement with (12) since this ratio is
smallest for the larger mass resonance. The
solid curve in Fig. 27(a) [27(b)] is an eyeball “fit”
to the p(w)A**(1238) data. The dashed curve rep-

JACKSON
T T T T T T T 7
0.8 + fo @ A
0.6 "' —
o4l H—+—
0.2 —
oL—L R N TR S N N B
024 T T T T T T T T T3
LA (b)
0. 12— | —
O 4
-0.12F —
T SR R B R R B
T T T T T T T 7
Re(p, ) () |
-0.8- 4{7 —
-0.I16— A]L l
-0.24- l

O 020 040 OGO 080 IO

resents the predicted NP /UNP fraction derived
from the corresponding solid curve scaled by a
factor M,,;> /M 442 as dictated by (12). This curve
is in remarkably good agreement with the trend of
the data; however, the large errors in the
A**(1880) sets added to our inability to adequately
take into account the background under the pr*
enhancement in our determination of the p,,

do not allow us to be more quantitative. The re-
sult is in agreement with that found in a study3?

of the reaction 77p = (p, f° g)n in which oyp/Oynp
has been found to decrease similarly with increas-
ing resonance mass.

VII. SUMMARY AND CONCLUSIONS

From a large sample of events of the reactions
T p~ (p, w)A**(1238) a systematic analysis has
yielded cross-section, differential-cross-section,
and vector-meson single density-matrix ele-

HELICITY
— T 1
0.8} + P (d) -
08l + -
os- _
0.2 —
oL—L Y N SUN NN AN S |
T T T T 1 T T 71
0.24 A (e) -
0.12— —
0 i ——
0.2 | -
L1 TR I R B S B
1 T 1 T T T 1 7T
- Re(p,,) (f) -
0.24 —
0.6~ —
- 4
0.08+— —
10) L [ IR N S
O 020 040 060 0.80 10

-1 (Gev?)

FIG. 22.
p{.;. (c) Distribution of Rep{,.

(2) Distribution of p{, for the w as a function of —t from the reaction 1*p — wA (1880).
(d) Same as (a), but for pf, (€) Same as (), but for pf_;.

() Distribution of
(f) Same as (c), but for Repm.
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ments. No significant structures, as previously
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sizeable UNP exchange has been observed. The | | I I

pA/wA relative cross section ratio as a function 0.4 — + (a) —
of —t is determined here to be larger than in pre- ]l
vious experiments'® in this energy region. The i

possibility that the discrepancy results from the 0.2 — ++ 'H—+ _+_——+—— —

method of cross-section extraction has been sug-
gested.
In addition, data have been presented with strong

(b)

0.8 — —

0.56 4

[auss0)] /% [sz38)]

06 - ]
0.40+} .

de
dt

0,4 [— —

i | e

P | | 1 |
_ i . 0.2 0.4 0.6 0.8
0.42} ~1 (Gev®)
FIG. 25. (a) Ratio of the differential cross sections:
r da/dtlp A** (1880)/ (0°A*+ (1238)] . (b) Same as (a), but
for the corresponding w reactions.
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FIG. 24. (a)p, for the w from the reaction m*p —wA FIG. 26. (a) Ratio of the UNP contributions:
(1880). () Same as (a), but for p7. (c) Same as (), (1-p+)[p°A“‘ (1880)1 /(1 —p+)[p°A“(1238)1. () Same as

but for p#. (a), but for the corresponding w reactions.
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T I 1 T T ] T 1 T
(a)
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FIG. 27. (a) (Natural-parity)/ (Unnatural-parity) fractions for pA*+*(1880) compared to p°A*+ (1238). () Same as @),
but for the corresponding w reactions. The solid lines represent “eyeball” fits to the p (w)A**(1238) ratio. The dashed
curves represent “predictions” for the corresponding p (w)A**(1880) reaction.

evidence for the production of a high-mass pn*
state with M=(1881.2+5.5)MeV and I"=(219

+ 23)MeV with a most probable J¥=Z" assignment
corresponding to the A**(1950) observed in mp
phase-shift analyses. The state is produced in
association with the p and w resonances, so that
m exchange alone cannot be the only exchange con-
tribution to the production in the reaction K *p

- K*(890) A**(1880), which we also observe. In
agreement with theoretical predictions, the UNP-
to-NP fraction appears to be larger in the 7*p

- (w, p) A**(1880) reaction than in the 7*p

- (w, p) A**(1238) reaction.
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