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Abstract

The annihilation channel pp — wr%z®, where w decays to 7%, was studied with antiprotons

stopped in liquid hydrogen. This reaction is dominated by the production of b¢(1235) with
contributions from £5(1270) and the 77 S-wave. The branching ratio for pp — wr°7° is (2.00
£ 0.21) % of all annihilations. The branching ratios for b(1235)7° (b; — w=®) and f5(1270)w
(f2 — 7°7°) are (0.92 £+ 0.11) % and (0.57 & 0.07) % of all annihilations, respectively. Upper
limits for the production of vector mesons decaying to wx are given and the =7 mass
distribution around 1 GeV is discussed.



The reaction pp — wr°r? has not been studied previously due to the lack of experiments having
efficient detection for final states with several photons. This process is of interest to search for
vector mesons decaying to wn? and for scalar mesons decaying to 7°r°. Under the assumption
that 5-state annihilation dominates in liquid hydrogen [1], only the 35, initial pp atomic state
contributes to wn’n®. Furthermore, the 7°4® amplitudes are purely isoscalar. In contrast, the
reaction pp — wrtw~ is rather complex due to contributions from both 'S, and 38, initial
states and the strong isovector 7w P-wave (p meson). The final state wrtr~ (where w decays
to 7¥7~7?) has been investigated in bubble chambers [2, 3] and by the ASTERIX collaboration
in gaseous hydrogen where P-state annihilation contributes strongly {4]. The analysis of w7~
required, apart from b;(1235), a radial excitation of the p meson around 1250 MeV decaying
to wr [3]. Another radial excitation, p(1450), has also been reported in e*e™ annihilation into
wr [5].

Potential models of the NV interaction predict a band of 07+, 177, and 2%+ deeply bound
isoscalar NN states [6]. The f5(1520), observed in the annihilation channel pp — fyx° (7, 8, 9],
has been interpreted as the 2** member of this band [10]. With f,(1520) setting the mass
scale, one would then expect the 0** partner to lie around 1100 MeV {10]. An analysis of
the wr*x~ final states with 2400 events indeed required a scalar structure around 1115 MeV
in the 7z S-wave, although the fit was rather insensitive to the precise mass value [2]. An
isoscalar 0*+ state with a width of 80 MeV has been reported at 1080 MeV in the 7+7~ mass
spectrum of the reaction Bp — p°7rt7~ [11]. An isoscalar with a width of 117 MeV has also
been reported at 1107 MeV in the reaction $n — p~x*n~ but spin and parities (0++ or 2++)
were not determined [12].

In order to clarify the situation, we have studied with 16’852 events the reaction pp —+ wr%7°
at rest, where w decays to #%y. The experiment was performed with the Crystal Barrel detector
on beam line G2 at the Low Energy Antiproton Ring (LEAR) at CERN. Antiprotons with a
momentum of 200 MeV/c are stopped in a 4 cm long liquid hydrogen target. A matrix of
four silicon counters in front of the target defines and monitors the incident p beam (typically
10* p/s). The target is surrounded by two cylindrical proportional wire chambers, a jet drift
chamber to detect charged particles and a barrel-shaped calorimeter consisting of 1380 CsI(TI)
crystals, 16 radiation lengths deep, with photodiode readout. The Csl calorimeter covers the
polar angles between 12° and 168° with full coverage in azimuth. The useful acceptance for
shower detection is 0.95x4r sr. The energy calibration is provided by 7° — 2~ decays. The
energy resolution is ¢ /K ~ 2.5 % for 1 GeV photons and the angular resolution is typically o
= 20 mr in both polar and azimuthal angles. The assembly is located in a solenoidal magnet
providing a homogeneous field of 1.5 T parallel to the incident p beam. A more detailed
description of the apparatus can be found in Ref. [13].

The data presented here are based on 2.21 x10° annihilations into neutral events which were
collected by vetoing events with charged particles, using the inner layers of the jet drift chamber.
Events with residual tracks are removed in the offline analysis, leaving 2.05 x10° truly neutral
events. Kvents with exactly seven electromagnetic showers with energy deposits exceeding
20 MeV are then selected, and those with a shower induced in the last crystal rows around
the beam entrance and exit pipes are removed to suppress energy leakage. These cuts leave
86’839 events. An important background contribution stems from events with six photons (e.g.
from pp — 3x°), for which one of the showers develops a small neighbouring satellite which
is interpreted as an additional shower. These so-called ”split-off” events are suppressed by
requiring the relative energy deposition of two neighbouring showers, the centroids of which are
separated by less than 14°, to be larger than 0.18. This split-off cut reduces the data sample to



37°334 events and removes 99% of the 37° events while rejecting only about 7% of wn®z° events.
This was established by Monte Carlo simulations based on GEANT3.14 [14] which reproduces
electromagnetic split-offs very well.

Next, the total momentum is required to be less than 100 MeV/c and the total energy to
lie between 1700 and 1960 MeV. A kinematic fit to the hypothesis pp — 3%%y is then applied
by imposing energy and momentum conservation and three 2v- invariant masses equal to mo.
This leaves 27’677 events which satisfy the fit with a confidence level of more than 10%.

Figure la shows the energy distribution of the single 4. The low energy peak is due to
residual split-offs. For the channel pp — w7, one expects the energy of the v from w decay
to lie in the range 160 to 860 MeV, as observed in fig. 1a. Figure 1b shows the 7%y mass
distribution after requiring a minimum single « energy of 160 MeV. A fit between 700 and 900
MeV with a Gaussian superimposed on a second-order polynomial gives for the w mass:

m,, = (781.96 £ 0.13 £+ 0.17) MeV. (1)

The first error is statistical and the second error reflects the uncertainty in the precise shape
of the background. This result is in excellent agreement with the world average (781.95 4 0.14
MeV) [15]. The width of the w signal (I' = 38.1 & 0.3 MeV) is dominated by the experimental
resolution.

Events of the type wn®r® are selected by requiring the 7%y mass (3 possible combinations)
to lie in the mass window between 750 and 815 MeV. About 13% of the events have more
than one entry in this mass window. In this case we adopt the combination with the #%y mass
closest to m,,. Simulation shows that this assumption is correct for 95% of the wn°#° events.
The mass cut leads to 16’852 events consistent with w#®x°.

The Dalitz plot 1s shown in fig. 2a and the corresponding mass projections in fig. 2b, c.
As will be discussed, the peak in the wr spectrum is due to by(1235) while the 7r spectrum
is mainly described by the nx S-wave. The peak in the 77 mass distribution near 1050 MeV
arises from coherent contributions from the 77 S-wave and the tail of £,(1270).

The background under the w peak (fig. 1b) arises (i) from genuine wr®x® events with more
than one 7%y combination in the w mass window or (ii) from 7y background events, among
them wrong 7% — 2y combinations, residual split-off events and feedthrough from 47° events
with a soft undetected v. The background (ii) is estimated by counting the fraction of events
in side bins left and right from the w peak with no entry in the w window. The side bins
are chosen as the mass intervals 700 to 732 MeV and 832 to 864 MeV. A small correction is
applied to accournt for the probability for genuine wa%#® and background 7+ events to have
entries in the side bins and no entry in the w window. This correction was estimated by Monte
Carlo simulation assuming a phase space distribution. The background (ii} contributes 1699
+ 70 events to the w mass window. Hence (10.1 £ 0.4) % of the events in the Dalitz plot are
background events. This leaves 15'153+147 genuine wr®r® events, a figure that will be used
to extract branching ratios. A background Dalitz plot, generated with events from the w side
bins, appears to be uniformly populated.

The detection and reconstruction probability for the channel wr®r®(w — x%) is calculated
with 10* Monte Carlo events generated by GEANT, assuming a phase space distribution. These
events are tracked through the detector, reconstructed and submitted to the same cuts as real
data. Typical mass resolutions are o(m? o) = 0.031 GeV? and o(m2, o) = 0.018 GeV?2. The
simulation leads to a detection and reconstruction efficiency ¢ = (16.9 + 0.4 + 0.7) %. The
first error is statistical while the second error includes systematic uncertainties in the simulation
and in the determination of the annihilation vertex. They are described in another publication
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dealing with branching ratios for pp annihilation into neutral mesons [16]. The reconstruction
efficiency will be used below to determine the absolute branching ratio for wn®x®.

The GEANT sample is however not statistically sufficient to permit a meaningful Dalitz
plot analysis. We have therefore generated 10° wx®r® events with a phase space generator,
ignoring detector acceptance and reconstruction efficiency. The w was allowed to decay with a
width consistent with the observed one (I' = 38.1 MeV). Events with photons softer than 20
MeV or satisfying the split-off criterion were removed, and the 7%y mass combination closest
to m,, was adopted as the correct one. This led to 8 x 10 w#"#° events. The simulated Dalitz
plot population was compared to the corresponding 10* GEANT events by using a x? test.
Both data sets turned out to be consistent (x?/v = 1.2 for v = 52 degrees of freedom, dof) and
hence we used the events from the simple phase space generator for the following amplitude
analysis.

The experimental Dalitz plot (fig.2a) is analyzed in the helicity formalism [17] in terms
of the isobar model in which the pp system is assumed to decay to wn®7® through two-body
intermediate states. The decay chain is assumed to be a succession of two-body decays A — BC
followed by B — B1B; and C' — €. Suppose an isobar with mass m and spin J decays into
two mesons with spins Si, 53, total spin S and relative angular momentum L. The amplitude
for this decay is given by the matrix [18]

A(JLS) = D{3 (8, ¢) < JALSOX >< SAS S5y, — Ay > xFL(q) x BWy(m) (2)

where the row index A = A; — A; runs over the (25 4+ 1)(25, + 1) helicity states and the column
index M over the 2J 4 1 magnetic substates; ¢ is the final state momentum and 8 and ¢ refer to
the decay angles in the isobar rest frame. F} is the damping factor and BW}, the Breit-Wigner
amplitude, both defined below. We shall describe the cascade to wa®r® from the initial Pp state
through intermediate isobars by a product of amplitudes A describing successive steps in the
cascade,
Owing to parity and C-parity conservation annihilation into wz°z® occurs from the 35, (JFPC =

177) or from the 'P;(JFC = 1+-) pp atomic orbitals following P capture at rest. As will be
shown, a good description of the Dalitz plot population is achieved by assuming S-wave domi-

nance in liquid hydrogen [1] and hence neglecting annihilation from the ' P, level. The expected
contributions are therefore:

1. pp(177) — 6,(1235)7° by — wr”, where by is produced with angular momentum I =
0 or 2 and’ decays to w with angular momentum ¢ = 0 or 2. For w — 7% the relative
angular momentum is £ = 1 (magnetic dipole). Four amplitudes therefore contribute:

A = A*(11) A" (101)APP(1L1), =1,...4 (3)
with (L,£) = (0,0), (0,2), (2,0) and (2,2), respectively. Since there are two possible
combinations of 7 and w to form by, A; must be symmetrized and is in fact the sum of

two amplitudes of the form (3).

2. pp(177) — w(n®7%)s where w is produced with L = 0 or 2 and the 2x° system is in a
relative S-wave (£ = 0). The two amplitudes are:

Asg = A®(111)APP(1L1). (4)



3. pp(177) — f2(1270)w, f2 — #%7°, where f, is produced with L = 0 and its decay pions
with £ = 2. Although the threshold for this reaction lies above two-nucleon masses, it
may nevertheless contribute due to the large width of f,(1270). The amplitude is:

Az = [A¥(111) ® A" (220)] APP(101) (5)

where @ denotes a tensor product. Contributions from higher angular momenta (L > 2)
are assumed to be negligible due to phase space limitation.

The damping factors F7,(g) are given by [19)]

2z 1322
= F = _ = —_—
FU(Q) 17 I(Q) z+lv FZ(Q) J (Z*—3)2+92 (6)
where z = (%%1)2. The Breit-Wigner factors are given by
morg
B =

Wi(m) ma — m? — imol'(m) (")

where 2
I(m) = T, 4 £1(9) (8)

m gy Fi{qo)
with mg and Ty the nominal mass and width of the resonance and ¢ the corresponding decay
momentum. For the initial pp system BW=1. The mass and width of f, are fixed at 1270 and
185 MeV. The mass and width of by are fixed at 1235 and 155 MeV. For the rx S-wave we
adopt the parametrization K; from Au et al. [20] in terms of the S-wave phase shift § and the
melasticity 7 in elastic 77 scattering, and replace the Breit-Wigner amplitude by

BWe(m) = %(”e’“p(gzé) =L, (9)

The transition probability w is then given by the coherent sum of all amplitudes

7
W = wpg XTT|ZajAj|2 (10)

i=1

where wpg is the phase space weight and a; = a; exp(i¢;) are unknown constants. The weight
w can be rewritten in terms of the real constants a; and ¢; to be determined by the fitting
procedure:

w = Z G?Pii +2 Z a,-ajRe[P,-j] COS((ﬁ,‘ — QSJ) + 22 aiajlm[Pij] sin(qB,- — (,‘ﬁ_j.) (11)
i 1< g i<j
where
RJ = Wpg X TT'(AgAI) (12)

One phase @; being arbitrary, we choose ¢; = 0. This leads to 7 parameters a; and 6 phases
6.

We consider only the Dalitz plot (fig. 2a) and ignore for the fit the additional information
on the angular distribution of the ¥ from w decay. The fit predictions are then compared to
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the v angular data as a consistency check. An analysis of a ten times larger wx®x® sample,
including the v angular distribution, is in progress and will be published later.

The Dalitz plot is folded around the main diagonal and divided into 265 cells, 0.065 x 0.065
GeV* wide. A constant background (7 events) is subtracted from each cell to take into account
the 10% uniform backgound distribution of 7y events. Cells with less than 5 events are not
used in the fit. They are mainly distributed along the periphery of the Dalitz plot and are
correctly described by the fit. This leaves 234 cells for a total Np=15’032 wr7° events.

Monte Carlo Dalitz plots weighted by F,; are generated for each pair ¢, (t <j). The P;
(eq. 12) and correspondingly the weight w (eq. 10), are normalized to the total number of

events Np:

Py — Py/\[ff; (13)
with

fi=Y_ Pi/Nr (14)

where the sum extends over all (8x10*) Monte Carlo events. We then build the x?

=)

where the sum extends over the contents n of 234 cells and o, are the statistical errors on the
Monte Carlo weights.

The first fit uses the 7r S-wave amplitude from Ref. {20] (solution K;) and leads to a y?/dof
of 1.66 for 221 dof. The main features of the Dalitz plot are explained as follows: the depletion
at the center of the Dalitz plot is due to destructive interference between the b, bands for each
of the L = 2 amplitudes A; and A4, and to destructive interference between the b; bands and
the wm S-wave which is strong near 750 MeV. As a result, the b,(1235) peak moves down in
mass. The interference with the =x S-wave is responsible for the reduction of the b, intensities
at low w7 masses. The enhancement in the region where the b; bands intersect is due to
interference with f,(1270).

The D/S ratio of £ = 2 to £ = 0 amplitudes for b, decay can be obtained from the ratio

(n —w)*

2
n+aw

(15)

D/S = %a(ﬂ — 9)/a(€ = 0). (16)
We obtain D/S = 0.68 £ 0.14 for L = 0, and D/S = 0.40 £ 0.05 for [, = 2. The D/S ratio
has not been measured before in Pp annihilation. The world average from &; production in #p
and vp interactions is 0.26 + 0.04 [15]. Since the D/S ratios are in fair agreement for I = 0
and L = 2, we repeat the fit by constraining them to be equal and obtain D/S=0.45+ 0.04 (fit
Al). This leaves 12 free parameters and the x? does not change significantly (x?/dof = 1.66
for 222 dof). The amplitudes and phases are given in table 1.

- To compare the fit predictions with mass projections and since the fits have been performed
on the background-free Dalitz plot, we have subtracted from the data in fig. 2b and ¢ a 10%
contribution of phase-space-distributed wr®7® events. The grey areas in fig. 2b and c show the
predictions from fit Al. The agreement with data is good except in the 77 mass spectrum
around 1 GeV. All residuals are uniformly distributed across the Dalitz plot.

The dip in the 2r-mass distribution around 1 GeV is produced (1) by the 7= S-wave am-
plitude A; (destructive interference between the broad €(750) and the narrow fo(975) [20]) and
(ii) by the amplitude A; which increases with = mass (tail of £,(1270)). The data however



show a more pronounced dip displaced by 40 MeV below prediction. The precise location of
the minimum may depend on the 77 S-wave parametrization and on the f5(1270) width which
is not accurately known. Accordingly, we have tried to match the observed minimum by using
the alternative solution K3 of Ref. [20] and have also varied the f,(1270) width. None of these
attempts were successful in matching the dip position.

We have also tried an additional Breit-Wigner scalar contribution to the 7% mass spectrum
around 1050 MeV. The mass was varied between 1000 and 1100 MeV and the width between
50 and 200 MeV. The x*/dof decreased to 1.47 although the fit was not very sensitive to the
precise mass and width. The dip moved to lower masses and became broader, in accord with
data, but the additional scalar contribution remained small (10% of the f,(1270)w intensity).
The procedure is however not rigorous as it may violate unitarity and we therefore regard this
attempt as inconclusive.

A similar shift is also observed in our data for pp — 37° and p#°z° [21]. The precise dip
position depends on the couplings to (750) and f,(975) which may be different in pp and in
ww scattering. A more detailed K-matrix description including KK production introduces six
additional free parameters and will be published later with the larger statistical sample. On
the other hand, the results presented in this letter are not sensitive to the dip position. The
solid line in fig. 2c shows the result of fit A2 in which the £,(975) mass is reduced by 40 MeV
by rescaling the mm amplitude. Fits Al and A2 (table 1) give rather similar results.

We then introduce an amplitude B for the production and decay of a vector meson p = wr.
Conservation of parity requires L, = £ = 1. In a first attempt we introduce a p’ with mass 1270
MeV and width 166 MeV. This state was reported recently by LASS in 7+7~ from an analysis of
the reaction K ~p — 7¥7~A [22]. The amplitudes remain reasonably stable while the intensity
b* for p’ production is nearly consistent with zero (Fit B1 of table 1). A vector meson at 1256
MeV with a width of 130 MeV was also required in pp — wr*7~ [3]. The L = 2 amplitude
A4, which we find rather strong (see table 1), and the amplitude A6 were however neglected in
this analysis.

The contribution of a p(1450) with a width of 310 MeV [3] is also nearly consistent with zero
(fit B2). Vector states like C(1480) decaying to ¢x but not to wn [23] cannot be ¢g. They could
be produced in the annihilation channel ¢7%#° but should be suppressed in wn°x°. Introducing
the C(1480) with a width of 130 MeV [23] leads to amplitudes very similar to fit B2 and to an
intensity consistent with zero.

Next, we introduce a contribution from the tail of p(770) (fit B3). The x? decreases sig-
nificantly while the significance of 6 is only 34. Figure 3 shows the ¢- distribution of the v
in the mass range m? , < 1.12 GeV? which is sensitive to a p(770) contribution. The angle
¢ refers to the azimuthal angle of the y with respect to the normal to the plane spanned by
the three momentum vectors of the wr%7® event. The prediction from fit Al (grey area) is
in reasonable agreement with the data, although possible structure cannot be resolved due to
statistical limitations. Fit B3 however predicts oscillations in ¢ for which no evidence is seen
in the data (solid line in fig. 3). We shall therefore only quote an upper limit for p(770) — wr.

The data presented here are taken from a sample of 0-prong annihilations. The absolute
number of stopped antiprotons is calculated by reconstructing annihilation events from the
channel pp — 7%7° in the same data set (16’996 + 466 events) and by using the absolute
branching ratio for 797, (6.93 + 0.43) x10~*, which was determined earlier by this collabora-
tion [24]. With a reconstruction efficiency of 0.47 % 0.02 for 7°7° events one finds a total of N
= (52.7 £ 3.6) x10° annihilations in liquid hydrogen. The ratio of 0-prong annihilations (2.05
x10°) to the total number of annihilations N is (3.9 + 0.3) %, in excellent agreement with the



known 0-prong branching ratio (4.1 T5:2)% {25]. The branching ratio for wr®r® is given by

N,
B(p °r%) = . (17
(Pp — wrr) eB(w — 709)N (17)
where Ny is the number of wr%7® events (15153 £ 147), € the reconstruction efficiency, (16.9
+ 0.8) %, and B the branching ratio for w decay into 7%, (8.5 £ 0.5) %. This leads to the
branching ratio

B(pp — wr’7%) = (2.00 £ 0.21)% (18)

which is determined for the first time.
The branching ratios for annihilation into by(1235)r, w(n#)s and f;(1270)w are in principle

not uniquely defined due to interferences beiween the three channels. We define the branching
ratio, relative to wr®7°% as the sum of the contributing intensities a? normalized to the total
incoherent intensity 3°7_, a?, thereby ignoring interference effects. We find, using the amplitudes

from fit Al (table 1):

B(pp — w[7°7°%s) = (0.51 £ 0.07)% (19)
B(pp — b7, by — wr®) = (0.924+0.11)% (20)
B(ﬁp - fgw, f2 — ‘:TOTI'D) = (057 + 007)% (21)

The branching ratios include all w decay modes. The branching ratio for fyw, corrected for all
fy decay modes, is (2.01 4 0.25) %.

The branching ratio for the channel wr*r~ was determined earlier by a bubble chamber
experiment [2] as (6.6 + 0.6) %, with contributions from wp® (2.26 + 0.23) %, b r¥ (0.79 +
0.11) %, w(x*z~)s (3.29 £ 0.33) % and fow (3.26 £ 0.33) %. Subtracting from the wrtn"
branching ratio the #+7~ P-wave contribution (wp® rate), one predicts for wr%%® a branching
ratio of (2.2 + 0.2) %, in excellent agreement with our result. The figure for bix¥ refers to
the total rate for both charged b;. Our value for bx® is larger while our branching ratios for
fow and w(z°7%s are smaller. We emphasize, however, that the rates are defined neglecting
interferences which are different for the charged and neutral channels.

Upper limits for the production and decay rates of vector mesons can be given using the

amplitudes from table 1 and the branching ratio for wx®r® We find (95% confidence level
upper limit):

B(pp — p(1270)x°, p(1270) — wr®) < 7 x 1074, (22)
B(pp — p(1450)%°, p(1450) — wr®) < 3 x 1074, (23)

B(pp — p(770)7°, p(770) — wr®) < 9 x 104, (24)
B(pp — C(1480)7°, C(1480) — wr®) < 6 x 107°. (25)

Summarizing, we have performed a Dalitz plot analysis of the annihilation channel Pp —
wr®n®. This channel is dominated by the production of b{(1235) and no additional state
decaying to wr is observed. The contribution from vector mesons is negligible. The 27% mass
spectrum is dominated by the 77 S-wave and by the tail of f2(1270}), largely responsible for the
peak observed around 1050 MeV.
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Table 1: Results of various Dalitz plot fits assuming the b 1(1235) D/ S ratios equal for L = 0
and 2. Fit Al refers to the minimum assumption with no additional contribution and fit A2

to the rescaled xw amplitude. Fit Bl refers to inclusion of p(1270), B2 to 2(1450) and B3 to
p(770) decaying to wx.

| Al A2 B1 B2 B3
x?/dof 1.66 1.52 1.60 1.63 1.46
dof 222 222 220 220 220
by 70 D/S 45 (.04) ] .44 (04) (.48 (.04) [ .45 (.03) | .46 (.04)
a1(L = 0) 26 (.02) .30 (.02) |.20(.03) |.25(.03) |.19 (.02)
as(L=2) | 48 (.04) | .45 (.04) | .46 (.04) | .46 (.03) | .48 (.03)
b2 345(39) 398(38) 3.26 (.51) 339(46) 2.71 (.57)
b3 7(.26) |.71(.25) |-.06(.39) |.34(.37) |.16 (.31)
o 58 (.16) 133(16) 28 (.29) | .61 (.25) | .28 (.26)
w(nr%)s [ as(L=0) | .57 (02) |.53(02) .56 (.02) | .55 (.02) | .56 (.03)
a(L = 2) | .10 (.05) 3 (.05) | .09 (.05) |.15(.05) | .19 (.07)
s 1.12 (0.10) 138(08) .79 (.23) 101(16) 1.13 (.18)
P6 5.57 (.41) |6.03 (.38) [ 5.17 (.50) [ 5.39 (.40) | 2.76 (.32)
fw ar 61 (.02) .63 (.02) |.59 (.03) [.60(.02) | .62 (.02)
b7 2.37 (:25) | 2.96 (.26) | 2.38 (.34) | 2.81 (.31) | 2.31 (.32)
o b 14 (.05) [.09 (.03) [ .19 (.03)
s --88 (.42) | -.05 (.37) [-.68 (.27)
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Figure captions

Figure 1: (a) Energy distribution of the single v for events kinematically fitted to the hypothesis

pp — 37%; (b) 7%y-invariant mass distribution (3 entries/event). The inset shows the fit to
the w signal.

Figure 2: (a) Dalitz plot for pp — w#r® (2 entries per event). The population increases from
white to black in steps of 30 entries/cell, each cell being 0.065 x 0.065 GeV* wide (statistical
fluctuations in the contour lines have been smoothed out); (b) 7% invariant mass projection
(2 entries per event); (¢) 7°#” invariant mass projection. In (b) and (c) the dots represent the
data, the grey areas the result of the Dalitz plot fit Al and the solid line the result of fit A2
described in the text.

Figure 3: ¢-angular distribution of the v from w decay for events with m? o < 1.12 GeV2. The
grey area shows the predictions from fit A1 and the solid line the prediction from fit B3 which
includes a contribution from p(770) decay to wx®.
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