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Differential cross sections for the exclusive reactiim— pp» observed via they— 7+~ #° decay channel
have been measured Bi.,,=2.15 GeV, 2.50 GeV, and 2.85 Ga¥xcess energies 324 MeV, 412 MeV, and
554 MeV). The influence of theN\(1535S;, resonance is clearly seen in the invariant mass and momentum
dependent differential cross sections. The extracted resonance parameters are compatible with existing data. No
significant evidence for further resonance contributions has been found. In addition, angular distributions of the
pp7 final state have been measured. The polar angle distribution of #ews an anisotropy with respect to
the beam axis for the lowest beam energy, which vanishes for the higher energies. The sign of this anisotropy
is negative and expected to be sensitive to the dominant production mechanism. In contrast, the proton polar
angle in thepp rest frame tends to be more strongly aligned along the beam axis with increasing beam energy.
The analyzing poweA, is compatible with zero for all beam energies.
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[. INTRODUCTION region with beam energies of less than 2 GeV at SATURNE
) . Il [2—-4], CELSIUSI5,6], and COSY[7-1Q. These data have

In recent years the production of mesons in proton-  peen interpreted in the framework of one-boson exchange
proton reactions has_ ralsed_ significant |ntere§t both eXperhwodels[ll—lﬂ, which differ in predictions for the dominant
mentally and theoretically, since modern techniques allow tQ qtribution of thez, m, p, and w exchange mesons. The

determine total and differential cross sections more precisel)generaﬂ conclusion was that the knowledge of the total cross
After early bubble chamber experimerjty that measured ¢ ction is not sufficient for a clear discrimination of the con-
total cross sections, in the last decade a new series of expefliy ytion of the individual mesons and therefore differential
ments have provided high statistics data in the near threshold ,ss sections and/or polarization observables such as the
analyzing power are needed.
At CELSIUS[6], angular distributions of they emission
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aiseau, France. =\Js-5=16 and 37 MeV. It has been shown that the
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zerland. 7 mesons perpendicular to the beam direction. The angular
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USA. ergies shows, however, no deviation from isotropy, which is
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The shape of the angular distributions measured aidentification, which allowed a separation of protons and
CELSIUS has been interpreted by Faldt and WilKii§] as  pions over the relevant large momentum range.
due to a dominant excitation of tHe(1535S;, by the ex-
change ofp vector mesons with destructiye = interference. )
The angular distributions should be forward peaked i#x- B. Data analysis
change would be dominant. In a recent calculation of Na- Exclusive » production has been observed via the kine-
kayamaet al. [17], however, it has been shown that this matically overdetermined reactiopp— ppn— ppm* @ 7°
shape could as well be explained by a excitation of the resabranching ratio 22.6+0.4%18]). The three-momentum of
nance by pseudoscalar mesons with mesonic current interfeeach charged particle has been calculated from its deflection
ence. Since both scenarios, the dominant pseudoscalar aimdthe magnetic field. The tracks were reconstructed using the
vector meson exchange, lead to similar predictions for thdit pattern information of the MWPC. In order to get the
angular distributions, additional data such as the analyzinfpur-momentum vector, the protons and charged pions in the
powerA, as a function of cdsff ™) are needed to disentangle final state have been identified and assigned to the individual
these two scenarios. In this context the COSY data on thtracks.
analyzing power aQ=40 MeV [9] seem to favor vector me- The particle identification was performed by applying a
son exchange. mass hypothesis to each particle simultaneously. This
For excess energies larger th@r 100 MeV, no differen- method selects the hypothesis with the minimum joift
tial cross sections have been measured so far. Such measuvelue which is calculated for each possible combination of
ments are needed to investigate the contributions of the inthe measured tracks to the expected charged particles in the
dividual exchange mesons at higher energies where findinal state(pps*="). We calculated thg? by comparing the
state interactions are small. measured’erenkov light output to the expected value based
In addition, detailed knowledge of the production on the mass hypothesis and the three-momentum. The lowest
mechanism is important for the interpretation of thex? has been used to assign the particle masses to the tracks.
N(1539S,, resonance which has a large branching ratio intoThe condition onyZ./ NDF <3, whereNDF is the number
pn of 30-55%(18] and a mass pole slightly above tpey  tracks withCerenkov light output, has been set. This selec-
threshold. Despite theoretical effofts9] to understand this tion suppresses background from events with other particles
large coupling to they channel of theN(1535S;,, the un-  in the final state and incorrectly reconstructed events of the
derlying structure of this resonance is still not clear. type ppm*7. It has been determined by means of Monte
In this paper, differential cross sections for the exclusiveCarlo simulations that less than 7% of the remaining events
reactionpp— ppy are presented, which have been measurediave been incorrectly reconstructed.
with the DISTO spectrometer[20] at Q=324 MeV, After the identification of all four charged particles in the
412 MeV, and 554 MeV. First, an overview of the apparatusfmal state, energy and momentum conservation can be used
and the data analysis techniques are given. In the secorid reconstruct the invariant maddy’ and missing mass
part, thep invariant mass, momentum, and angular differ- MY of individual part|cle comblnatlonx in the final state.
ential cross sections as well as the analyzing power are préA order to enhance thepw* 7~ #° final state compared to the
sented. dominant reaction chann@lpﬂ ppm*nT, a missingn® has
been selected by requiring 0.002 Gé¥'<(M_ > )?
<0.037 GeV¥/c* and (M'nv )2<(M”“S 2. These selection
Il. EXPERIMENT criteria improved the signal-to- background ratio by over a
factor of 4 at the expense of a 40% reduction of the signal. It

has been confirmed that the results presented below are not
miss

The DISTO magnetic spectrometer was located at th&ignificantly affected by 30% changes to thd ™ )? se-
SATURNE Il accelerator. Polarized proton beams with ki-lection range. A further suppression of background and gain
netic energies of 2.15 GeV, 2.50 GeV, and 2.85 GeV werdn resolution has been achieved by a kinematic refit, where
directed to a liquid hydrogen target. The detector consistethe momenta of all four tracks have been redetermined with
of a large dipole magnet which covered the target as well athe additional constraint thaﬂm'si -=M 0 [22].
two sets of scintillating fiber arrays. Outside the magnetic The acceptance of the detector has been determined by
field, two sets of multiwire proportional chambeaidWPC) means of the Monte Carlo simulations, which were pro-
were mounted, along with segmented plastic scintillator hocessed through the same analysis chain as the measured data.
doscopes and wate€erenkov detectors. The large solid The simulations indicate a very low acceptance of the appa-
angle of the detector allowed final states with four chargedatus for events in which the were produced in the back-
particles to be measured. It should be remarked that undevard hemisphere in the c.m. reference frame. However, since
the same conditions of four charged particles in the final statéhe initial system consists of two identical particles, a reflec-
various reactions have been measured simultaneously, likéon symmetry abouts“™=90° exists, thus the backward
PpK*K™, pprta (79, and pKY, Y=3,A [21-23. The ho- data are redundant for the cross section determination. In the
doscope and the fiber arrays were used for the trigger condferward hemisphere the detector acceptance was found to be
tion whereas the MWPC and the watéerenkov detectors nonzero over the full kinematically allowed region after tak-
were employed for momentum determination and particléng all symmetries into account, thus eliminating the need for

A. Apparatus
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model dependent extrapolations of the cross section into un-
measured regions of phase space. The data presented below
have been corrected on an event-by-event basis via a weight-
ing factor as a function of all relevant variables.

The three bodyppz final state can be fully described by
five independent variables. We have chosen the invariant
masses\/l',;‘l"n, Mg‘z"n and three Euler angles to fully param-
etrize the three body final state. Two of these three angles are
the azimuthal and polar angleg;™ and ¢;™) of the 5 c.m.
momentum vector. The third anglgy,") describes the ad-
ditional rotation of the decay plane about the axis defined by
the » c.m. momentum vector. For the differential cross sec-
tions, the¢§7'm' distribution must be isotropic for symmetry
reasons because we integrate over both beam polarization
directions and the relative luminosities were equal. Therefore
the kinematically allowed phase space has been divided into
four-dimensional kinematic bins, corresponding to the re-
maining independent varlablaﬂg‘l"n, Mg‘;’n, 6™, and g
However, for the determination of the spin-dependent ob-
servables we included®™ as an additional dimension in our
matrix. The efficiency correction factor was determined for
each bin separately by dividing the number of generatesg
events by the number of reconstructed events in the corre-
sponding acceptance bin. It has been shown that this method
is independent of the primary distribution used by the event
generator. For a detailed discussion see R2S].

After all selection conditions, the data still contain back-
ground from nonresonant* 7 7° production. In order to
extract they yield, the pp missing mass spectrum was ana-
lyzed via ay? minimization routine with a function describ-
ing the resonany shape and nonresonant contributions. The
background has been parametrized by a polynomial. The line
shape of they signal was derived from Monte Carlo simu-
lation for each individual bin of the corresponding observ-
able. Figure 1 shows thel™ differential cross section for
four ranges of the polar angle of thg meson in the c.m.
system at each beam energy after correction for detector ac-
ceptance.

Due to the large systematic uncertainty of the beam cur-
rent normalization, we do not provide values for the total
cross section for thepp— pp» reaction. However, a large
amount of data on the total cross section for this reaction are
known from many other experiments, allowing us to obtain
the absolute normalization of our data, as shown in R&.

The values of the total cross sections used to normalize our
data were 85+20b, 115+3Qb, and 135+3pb for the
Thean=2-15 GeV, 2.50 GeV, and 2.85 GeV beam energies,
respectively. Since the absolute normalization enters only as
a global scale, the related error bars have not been included
in the errors of the individual bins in the data presented here.

Each bin of the differential cross sections has an indi-
vidual error due to systematic effects, which are dominated
by the acceptance correction and background subtraction. To
evaluate the bin-by-bin errors, both the statistical error from
the minimization routine and the bin-by-bin systematical er-

tial cross sections presented in this work.
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FIG. 1. Differential cross sections of the proton-proton missing
ror have been taken into account. The systematic error hagass squared for four different cé§™ ranges before absolute nor-
been obtained by comparing different background parametrimalization (a) 2.15 GeV, (b) 2.50 GeV, and(c) 2.85 GeV data.
zations with similary? values and is included in all differen- Dotted line: 7 line shape from Monte Carlo simulation. Dashed
line: polynomial background. Solid line: signal plus background.
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4.2 e e

C. Experimental results

L
-

1. Dalitz plots and invariant mass spectra

The presentation of the data in the Dalitz plot is a power-
ful method to investigate structures in thp» system, such
as the excitation oRl" resonances and final state interactions.
One possible choice of the invariant mass combinations is
M'g‘l",] and M',;‘ZV,?. Figure 2 shows Dalitz plots for all three
beam energies, where the yield in each phase space bin has
been evaluated as described above. The solid curve repre-
sents the kinematic limits of the reaction. In order to correct
for effects due to the kinematic limit, the bins at the edge
have been divided by the fraction of the kinematic allowed
region within this bin. The data points that appear to be 22 54 26 28 3 32 34 36 38 4 a2
outside the kinematic limit arise from the finite bin size. M2( ) [GeV2/04]

All Dalitz plots show a clear enhancement at the PM
threshold, which can be assigned to tNEL535S;; reso- 420
nance. This signal is in agreement wifhwave behavior
of the N(15395S;,; and consistent with a width of
100-200 MeV[18]. Since both outgoing protors andp,
are randomly selected by the analysis procedure, the Dalitz
plots have a reflection symmetry with respect to the diago-
nal.

Due to the limited detector acceptance, protons from the
decay of theN(1535S,; are predominantly observed in the
forward c.m. hemisphere. Thus, the protgprcombination
most likely originating from theN(15395S,; can be deter-
mined by sorting the outgoing protons according to the ab-
solute value of the four-momentum transfgrfrom the in-
coming beam proton to each of the outgoing protons. The
final state protons are now labelgd. and p- such that 5 2 4
|t(p-)| <|t(p~)|, and the invariant masses of the systems M*(p,n) [GeV /c7]
are now denoted aEs/I',;‘;’,7 and er?:v' Figure 3 shows the
invariant mass distributiomg‘:n, divided by the volume of

-—
(&4
available phase space, which is proportional to the square of “';
]
O]

MZ(p,n) [GeV /c’]
c

42T

c.)

the decay matrix elemeni|? of the p_# system. All data
sets at our three beam energies are in agreement within the
errors. The data points have been normalized by setting the

h 3] —
integral in the range 1.485M"¥ <1.81 GeVt? to the 2 34 ]
same value. = 37 E

As pointed out in Ref[24], the deviation fromiM|? due to 3 .
the near-threshold resonangél535S;; can be described by 2_3
a Breit-Wigner distribution 26 /1

212 B

(M) = AMgI'R B 2.4 ]

(MZ=M?)?2+ ME'2x(M,Mg)’

whereMg andTI'k are the resonance mass and width, &gl M2(p1n) [Gevz/c“]
the correction
FIG. 2. Dalitz plots for all three kinetic beam energié®
a,M o &M (2) 215 GeV,(b) 2.50 GeV,(c) 2.85 GeV. The solid curves indicate
"q,(Mg) g, (Mg) " the corresponding kinematical limits.

=b

for the energy dependent width. The parametgrs(M) are

the c.m. momenta of the respective mesons. The branchirifje data. The best fit result is presented as the solid line in
ratios have been set tg,=0.55,b,=0.45, andb,,=0 asin  Fig. 3 with the result Mg=1530+7 MeVkE? and I'g

Ref. [24]. It should be noted that a possible modification of=120+30 MeV£?. However, the shape of the fit function
the fit results due to the uncertainties of these branching raising the parameters Mg=1540 MeV/? and Iy

tios is much smaller than the statistical error from the fit to=150 MeV/c?, taken from photoproduction data which cov-
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FIG. 3. (Color onling Differential cross section divided by the —
phase space as a function of the invariant rrM%‘é’,]. The solid 5
curve is a fit using formulal) and the dotted line shows the same Z:200
function but with the resonance parameters taken from [R&f. %

S 450 R £ it % 0 02 04 06 08 0 02 04 06 08
g T Jaso O cos 6;™ cos 65
00 8
E:gg g FIG. 5. Angular distributions of they with respect to the beam
150 -E direction (left column and of thepp system in thepp rest frame
-100 (right column. The solid line as a fit with the first two even Leg-
g" endre polynomials. The error bars include both statistical and the
§ relative systematical uncertainties, but do not include the global
i = uncertainty of the absolute scale.
1500 O
—400 S . . . L
7= ered the full resonance signg@s, is still within 2o of our
PO & data
~200 3
oo 2. Momentum differential cross sections
Tl _
jﬁm g In addition to the invariant masses as used in the Dalitz
500 3 plot, two independent momenta can be used to describe the
400 internal motion of a three body final state. Here, we have
Jaoo % selected the momentum of thpmeson in the c.m. sy§teﬁ1
. and the momentum of a proton in thmp rest framep. A
100 ©, projection of the yield ont@ andq allows a sensitive test for
~ } the presence of higher partial wa@$] in the cross section
0 02 04 06 080 02 04 06 08 not associated with th&l(15395S,,. Figure 4 shows these

q [GeV/c] p [GeV/c]
TABLE I. Summary of the fit parameters to the angular distri-
butions for the measured beam energigs,,and excess energies
FIG. 4. Differential cross sections vs the c.m. momentum of theQ.
7 meson(q, left column and vs the proton momentumin the pp

rest frame(right column compared to simulations based on equal T, (GeV) Q(MeV) cy(7) c,(pp)
s-wave phase space populatigsolid curve and simulations in-

cluding theN(1535S,, contribution with the parameters from our 2.15 324 -0.32+0.10 0.17+£0.12
Breit-Wigner fit (dashed histograyjn The error bars include both 2.50 412 -0.18+0.11 0.40+0.15
statistical and the relative systematical uncertainties, but do not in- 2.85 554 -~0.01+0.10 0.46+0.15

clude the global uncertainty of the absolute scale.

064003-5



F. BALESTRAet al. PHYSICAL REVIEW C 69, 064003(2004)

TABLE II. Summary of the analyzing power and the fit result to 3 F ‘ A pp anisotropy
formula 5 for the measured beam energlgs,,and excess ener- 7 o8-
giesQ. S osf
° =
max 2 04 %
Tbearr(GeV) Q(MeV) Ay Ay % 02 F %
2.15 324 0.13+0.10 0.28+0.17 _05 %
2.50 412 0.03+£0.12 0.00+£0.11 _0_2:_ %
2.85 554 0.10£0.12 0.10+£0.16 = %
04—
) ) ] 0.6
momentum differential cross sections compared to Monte ~ .E
Carlo simulations. The solid line represents eqgs:alave “E | | | H n anisotropy

population of the available phase space and the dashed lin o0 350 400 450 500 550 500
accounts for our observeM'”" distribution parametrized by Q[MeV]

the Breit-Wigner fit in Flg 3 The errors of the absolute

normalization of 22%, 30%, and 33% for th&ean FIG. 7. The anisotropy of they (solid data pointsand thepp
=2.15 GeV, 2.50 GeV, and 2.85 GeV beam energies, are n@{stem(open data poinis
included in this figure.

It can be seen that the momentum differential cross sec-

tions exhibit a strong influence of the resonance signal and TABLE lll. Differential cross sections in Fig. 3.
differ clearly from phase space, as already pointed out by - 5 )
Vetter et al. [12]. Beside theN(1535S;, contribution, no Mp~,(Gevic)) IM[?(a.u)

further higher partial waves are needed for the interpretation Tpean=2.15 GeV
of these data.

1.50 2.41+0.55
3. Angular distributions 1.53 1.81+0.40
After having presented the dependence of thproduc- 157 1.25+0.30
tion cross section on the andg momenta, we consider here 1.60 0.75+0.20
- 1.63 0.57£0.16
E + 1.66 0.79+0.24
0.2E- | 1.70 0.68+0.22
0.1E- / N 1.73 0.63+0.22
o1E 1.76 0.50+0.18
02E- 1.79 0.63+0.24
0.3~ @ Thean=2.50 GeV
04E . . . : 151 2.43+0.56
‘g 04E- 1.55 1.70+0.37
2 oE L 1.60 0.72+0.17
% 015 R [— | 1.64 0.59+0.15
& 0= i 1.68 0.51+0.14
g p A o 1.73 0.53+0.16
03E- 1.77 0.43+0.14
04 . E@' 1.82 0.44+0.15
0.4E- S T 1.86 0.33+0.12
0.3F 1.91 0.58+0.22
gf: P Toear=2.85 GeV
e 1.51 2.34+0.54
01E -1 1.57 1.33£0.29
Pyl 1.62 0.63+0.15
04E 1.68 0.53+0.14
o o0z o4 os o8 1 1.74 0.46+0.13
COS(G;’m') 1.79 0.57+0.17
1.85 0.45+0.14
FIG. 6. Analyzing powerA, for all three beam energies as a 1.90 0.42+0.14
function of co¢65™). The solid curves are fits to the data using 1.96 0.43+0.16
formula (5).
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TABLE V. Measured differential cross sections in unitsah/GeV/c.

Toean=2.15 GeV Tyean=2.50 GeV Toean=2.85 GeV
q,p(GeV/c) do/dq do/dp do/dq do/dp do/dq do/dp
0.04 6+1 2+0 10+1 3+0 6+1 3+0
0.11 49+6 6+1 53+7 12+1 85+11 12+1
0.18 157425 21+3 228+36 27+4 205+33 36+5
0.25 242+46 57+9 277+53 57+9 260+49 61+10
0.33 224+49 138+25 233+51 99+18 300+ 66 142+26
0.4 223+56 265+53 265+ 66 208+42 285+71 219+44
0.47 187452 360+79 194+54 346+76 204+57 365+80
0.54 64+20 317+£76 124+39 5391129 129+40 468+112
0.62 11+4 7+2 24+8 125+33 41+14 218+57
0.69 11+4 0+0 9+3 0+0 11+4 1+0

the cross section behavior as a function of the three othgwerpendicular to the beam direction. The anisotropy is
variables describing th@pz final state. When integrating smaller for the 2.50 GeV data and vanishes for the highest
over both polarization states, the system has rotation symmenergy. Thec, contribution of the protons has the tendency
try around the beam axis. In that case only two angles carrjo increase with the beam energy.

significant information: coec,]'m', which is the polar angle
between they meson and the beam direction in the c.m.
system(as used in our acceptance majrind cog®, which _ _
is the angle between the relatiy motion and the beam  The analyzing poweA, has been evaluated by determin-
axis in thepp rest frame following the notation in Refi6]. ing the » cross section after a full acceptance correction for
Because the two protons are identical, we have chosen the mesons emitted right and left of the beam, and for each
ang|e of the proton in the forward hemisphere_ These twcpeam pOIarization direction. Since the relative |Umin08ity of
angular distributions are given in Fig. 5 for each measuredoth beam polarization directions was equal, the measured
energy. Because c6’ is only defined between 0 and/2, ~ SPin-dependent cross section pfmesonso|'; can be di-

we have scaled the related differential cross sections by Eectly used to calculate the analyzing power,

factor of 1/2. Both distributions have been fit with

4. Analyzing power

_or-1 (= O{O'lR @
do Y ppr+1)’  Volat
——~ =Co[1 +c,L,(cosh)] (3 b R¥L

dQ . . L
The magnitude of the vertical beam polarization pg
to evaluate the anisotropy of the angular distribution de=0.73+0.05 for the 2.85 GeV and the 2.50 GeV beam en-
scribed byc,. ¢y is a normalization factor and, the second ergy, andp,=0.80+0.01 for the 2.15 GeV beam energy, de-
Legendre polynomial. The, values for the different beam termined by the proton elastic scattering. All measubgd
energies are listed in Table I. At the lowest beam energysummarized in Table Il are consistent with zero within about
these results indicate an anisotropy of the produgedeson 1. In addition, we have investigated the analyzing power as

TABLE V. Measured differential cross sections@lo/dQ) in unit of ub/sr.

Thean=2.15 GeV Thean=2.50 GeV Toean=2.85 GeV

Coty X=n X=pp X=n X=pp X=n X=pp
0.05 97+10 7347 142+14 86+9 141+14 104+10
0.15 96+10 7547 135+15 91+9 122+13 99+10
0.25 95+11 81+8 112+13 112+11 138+16 106+11
0.35 95+12 84+8 112+14 99:+20 141+18 111+11
0.45 90+12 82+8 115+15 96+10 136+18 120+12
0.55 85+12 97+10 105+15 102+10 137+19 126+13
0.65 88+13 87+9 117417 129+13 129+19 126+13
0.75 77+12 89+18 108+17 160+32 133+21 180+36
0.85 69+11 99+30 101+16 156+31 140+23 215+43
0.95 58+10 83+17 104+17 118435 133422 164+49
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TABLE VI. Measured analyzing powek,. The sign of the n anisotropy in our data point aQ
=324 MeV is the same as observed in photoproduction at the
cosd;™ Thean2.15 GeV 2.50 GeV 2.85GeV  MAMI [24] and GRAAL facilities[25], which corresponds

to » mesons being emitted preferentially perpendicular to the

0.1 0.01£0.22 0.07£0.23 ~0.02£0.11 beam axis. They production anisotropy with pion beams

0.3 0.34£0.13 0.1920.37 -0.08+0.21 [27], however, has the opposite sign. According to the vector
0.5 0.18+0.16 0.11+0.26 0.10+0.23 dominance model, where the photon is coupling via an inter-
0.7 0.18+0.25 -0.20+0.29 0.42+0.38 mediate vector meson to the proton, this could be a hint for a
0.9 -0.07+0.29 0.00+0.10 0.08+0.33 dominant exchange of vector mesons for #hproduction in

pp collisions. For a more detailed interpretation, however,
theoretical effort is needed since the interference between the
a function of ™. Figure 6 shows the measured analyzingdominant resonant production and the small nonresonant
powerA, as a function of cc(59§7-m-)_ The error bars reflect the contribution involving mesonic current may lead to a flip of
individual error from the differential cross section bins andthe anisotropy sigf17].

the difference between the right and left analyzing powers. For the near-threshold CELSIUS data, Faldt and Wilkin

The data points have been fit with concluded from the shape of thgangular distribution that
e e . the resonance excitation via exchange is the dominant
A, = 2A7Sin g Mcose ™, (5  term. However, in the model of Nakayaregal. [17], which

which is the predicted formula fgs exchangd16]. All data has been modified recent]28] to describe the new invariant

sets are in agreement to this formula within one sigma. Th&Nass spectra fr.om.CO_SYQx:15 andQ=40 MeV[10], the
results forA;‘"aX are listed in Table Il. These values are com- dominant contribution is the exchange of pseudoscglar me-
patible with zero at the two highest beam energies, wherefons' It should be noted that even the angular distributions

the analyzing power of the 2.15 GeV data shows a ver rom the higher statistics COSY ddii0] are not sufficiently
slightly positiveA;“aX sensitive to distinguish between the model of Faldt and

It should be noted that the analyzing power @t Wilkin and the model of Nakayamat al. In this context,

=40 MeV seems to favor the exchange[9]. Theoretical spi_n observ_ables may help to disentangle thos_e models, as
predictions on the behavior of both tlm;(cosec'm') and the pointed out in Refs[17,28. Our measured analyzing powers
n

" allowing a direct interpretation of our data are not yetat all beam energies are compqtlble Mt}h:o Using the fit
. X X to the p exchange formula, a slight deviation from zero can
available for higher excess energies.

be seen for the lowest beam energy.
Since the existing calculations are only done for the near-
I1l. SUMMARY AND DISCUSSION threshold regime, a direct comparison of our data with these
) . models is not yet possible. However, the behavior of the
In this paper we piesent the results of exclusive measure:,;mguh,jlr distributions and th&™ of our data should be
ments for the reactiopp— pp at the beam kinetic energies (axen into account together with the new near-threshold data
Of Theani=2.15 GeV, 2.50 GeV, and 2.85 GeV. The relevanttoy cOSY in upcoming model calculations. In addition,

variables describing a three body final state were fully deteréxperimental effort is needed for the region of 40 MeV
mined in the whole kinematic range of interest. Taking the<Q<300 MeV.

invariant massesl\/li,?l",] and Mg‘z"n we constructed thepzn
Dalitz plots that clearly show the signal from th€1535S;; ACKNOWLEDGMENTS

resonance, whose peak position and width are compatible to
existing datg18,24,25. When thez momentum in the c.m. We acknowledge the SATURNE Il accelerator staff and

system and th@ momenta in thepp rest frame are chosen technical support groups for de_Iivering an excellent_proton
evidence for theN(1535S,, also appears. Beside the influ- beam and assisting this experimental program. This work
ence of theN(1535S;; and a small nonresonant contribution, was supported by CNRS-IN2P3, CEA-DSM, NSF, INFN,
no significant contributions of higher partial waves or KBN (5P03B1402pand GSl.

proton-proton final state interactions can been extracted from
the data.

In addition, angular distributions of differential cross sec- In this appendix the differential cross sections presented
tions have been investigated indicating that the polar anglén the figures above are listed in Tables IlI-VI. In Tables IV
anisotropy of they in the c.m. system gradually vanishes and V, additional global systematic uncertainties of the ab-
with increasing beam energy. Moreover, the protons in th&olute scale of 22%, 30%, and 33% for thBye.m
pp rest frame have the tendency to be more strongly alignee2.15 GeV, 2.50 GeV, and 2.85 GeV beam energies, respec-
with the beam axis at higher energies, as shown in Fig. 7tively, have to be included.

APPENDIX: DATA TABLES
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