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Abstract 
Recent experimental results in antinucleon-nucleus interaction obtained by the OBELIX 

collaboration at LEAR are presented. Preliminary results concerning the total antineutron- 
nucleus annihilation cross section at low energy are reported. They represent the first complete 
set of meas~men~ on medium and heavy nuclei available in the ~mentum region below 300 
MeVlc. A new measurement of the exotic one-meson annihilation at rest j5 d + K- p (Pontecorvo 
reaction) with the better statistics and precision up to now, is reported. Finally, the measurement 
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of the K+K-/ tirr- production ratio in p annihilation on gaseous D2 at NTP is presented. From 
this ratio an upper limit of the P-wave contribution to the pp annihilation in GD2 is inferred. 

1. INTRODUCTION 

The high performances of the OBELIX apparatus in terms of timing, momentum and angular 
resolution, together with the capability to measure with great accuracy the final state 
multiplicities for both charged and neutral particles allowed to develop a nuclear physics 
program in parallel with the meson spectroscopy program, for which the apparatus was 
originally designed. 

Antineutron-nuclear interaction has so far concerned only one nucleus, in two experiments of 
the first LEAR era. The OBELIX measurements on five targets, ranging from light to heavy 
nuclei, give the fist set of systematic data in the energy region below 300 MeV/c. The study of 
the rare reaction Ii d + n- p , a Pontecorvo reaction, allows to investigate the small distance 
region or, accordingly, the high momentum components of the target wave function, with the 
aim to look for an evidence of quark degrees of freedom in nuclear matter. The OBELIX 
measurement in a dedicated experiment, with data taking specifically designed to select the 
topology of a Pontecorvo event, with experimental parameters and systematic uncertainties 
carefully evaluated and, finally, with a sample of good events more than fifteen times greater 
than the number of events collected by the only counter experiment done up to now,can 
represent a point of reference forthe studies in the field. The determination of the angular 
momentum states from which the NN annihilation at rest occurs is of great importance for the 
comprehension of the annihilation dynamics. The experimental situation concerning the 
antiprotonic deuterium is far from being established. For gaseous deuterium, only one 
measurement is available with a great error. A new determination of the P-wave contribution in 
the annihilation on gaseous deuterium at NTP has been obtained at the OBELIX spectrometer by 
measuring with high statistical accuracy the ratio of the K+K- to the rt+r annihilations. 

2. THE ANTINEUTRON ANNIHILATION ON NUCLEI 

2.1. The antineutron facility 
The antineutron beam is a facility installed in the OBELIX apparatus [l] , which produces 

antineutrons via charge-exchange (CEX) in a LH2 target put upstream the whole apparatus. A 
sketch of the facility is given in fig. 1. A detailed description of the set-up, together with the 
operating principles, are given in [2-t-4] . The antiprotons of 300 MeV/c delivered by LEAR, 
after passing a 100 pm Be window, crossed a 80 pm beam scintillator counter, then impinged 
on the LH2 Production Target (PT), surrounded by a Veto Box of plastic scintillators. The 
produced antineutrons were collimated by a long collimator (80 cm lenght, 30 mm diameter), 
passed through the Reaction Target used in iip measurements, obviously empty, and finally 
impinged on the nuclear targets (NT). A set of five nuclear targets, ranging from light to heavy 
nuclei (C, Al, Cu, Sn and Pb), was used in the measurement. They consisted of different discs, 
coaxial to the beam line, 26 cm of diameter and thicknesses inversely proportional to the density, 
in order to have a nearly constant number of nucleons per cm2, positioned along the beam line at 
36 cm from the center of the apparatus, just behind the reaction target. 

The following two subdetectors of OBELIX: 
- the Time-Of-Flight (TOF): two coaxial barrels of plastic scintillators (30+90 slabs at 18 cm 

and 136 cm from the beam axis, respectively; 80 cm and 240 cm long; 1 cm and 4 cm thick, 
covering an azimuthal angle of 120 and 40, respectively) for time-of-flight measurements and 
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charged particle indentification at the trigger level; 
- the Jet Drift Chambers (JDC), from the CERN Axial Field Spectrometer (AFS), for tracking 

and particle identification by dE/dx measurement. The detector consists of two half cylinders 
(160 cm diameter, 140 cm length ) equipped with 3280 sense wires organized in 82 azimuthal 
sectors of 40 and three crowns, 
allowed to measure, with the technique described in [2,3], for each ii -nuclear annihilation: 
a) the ii momentum; b) the prong multiplicity of the final state; c) the annihilation vertex 
position. 

Figure 1. The antineutron facility. 

‘Ihe trigger logic defining the production of an antineutron was given by the antiproton beam 
counter signal in anticoincidence with the Veto Box signal. An antineutron annihilation event 
required, to be read out, at least one hit on the TOF scintillator counter inner barrel: the first slab 
hit after annihilation gave the stop to the time-of-flight measurement, the start being given by the 
p beam counter signal. The antineutron were produced in the momentum range from CEX 
threshold (= 60 MeV/c) up to about the antiproton momentum. The average ii momentum on 
target was 230 MeV/c. In fig. 2 the distribution of the annihilation vertices, as reconstructed by 
the JDC drift chambers, is shown. The peak corresponding to the nuclear target is well separated 
by the background due to the target walls, within the resolution (I 1 cm) of the spectrometer in 
the z direction. 

2.2. The antineutron-nucleus annihilation cross section 
A sample of 103 events was collected for each nuclear target. Multiplicity and quality cuts 

were applied in order to clean the data sample and improve the accuracy on the vertex position. 
The efficiency of the quality cuts and of the reconstruction procedure were evaluated on Monte 
Carlo data with the same procedure used for the ii-H2 measurements [4]. Major effects 
depending on the target finite width, like absorption and energy losses of annihilation products 
as well as differences in capture on proton and on neutron inside the nucleus were taken into 
account in the simulation. In fig. 3 the ii annihilation cross sections are plotted as a function of 
A2n. The evaluation of the detector acceptance being still in progress, the data should be scaled 
by a common normalization factor. The errors quoted include the statistical and normalization 
uncertainties. 



372~ A. Ableev et al. 1 Nuclear physics with OBELIX 

The results are fully consistent with a straight line behavior. For the Pb nucleus the linear fit 
to the A213 scaling law overestimates slightly the experimental results. This discrepancy, 
between the linear behavior predicted by the optical model and the experimental result for Pb 
nucleus, was also observed in p nuclear absorption at higher energies [5]. 

A fit to the law oat,, = creAv gives 

v = 0.65 f 0.04 (1) 

The value of the parameter v is very close to 2/3, which represents an asymptotic value 
reached only at much higher momenta, when antiproton nuclear absorption cross sections are 
considered [6]. 
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Figure 2. Ti annihilation vertex distribution. 
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Figure 3. ii annihilation cross section vs A2B. 

As far as the energy dependent parameter o,(E) is concerned, it includes the global 
normalization, which is still in progress. Therefore the assumption was made that the agreement 
between experimental results and extrapolation to A=1 holds for ii as well as for p [7] and the 
value 

o, = oat,, /Av = oat,, (Hz) = 170 mb (2) 

was chosen, as calculated from the cross section distribution measured by the same apparatus, 
taking into account the ii momentum spectrum. This internal normalization presents many 
advantages: the same ii energy spectrum is used to fix an energy dependent parameter; most of 
the systematic effects coming from the apparatus and the analysis procedure are included in the 
same way in A=1 and in A71 measurements. 

The antineutron annihilation cross sections after the normalization and the fit results are 
displayed in fig.4 together with the few existing data, all concerning the ii-Fe annihilation, 
obtained by other experiments (PS178 and PS199 at LEAR) [8,9]. The comparison with the 
results of PS 178 experiment, which measured o,, from 100 MeVlc up to 531 MeVlc, in steps 
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of 40 MeV/c, was obtained by weighting these results with the present experimental momentum 
distribution. The PS199 result was obtained at300 MeVlc and is a bit lower than the PS178 
one, as predicted by the l/p behavior of the NN reaction cross section. The unique other 
measurement available, concerning ii-C annihilation at 250 MeV/c [lo], is not reported in fig. 4 
because affected by large statistical and systematic uncertainties. There is an excellent 
agreement between the fit to the OBELIX results and the n-Fe data of PS178 experiment. 

2500 
9’ 

, ’ Fe i 
*ff l 

Figure 4. ii annihilation cross section vs A. For the best fit line and the references, see text. 

In fig.4 the 3-A data available in the low energy region [l lt-131 are also shown for 
comp~son. All the meas~ements are limited to light nuclei (A I 20). Where possible (NepHe) 
a linear interpolation was used to report a value corresponding to the average ii momentum of 
230 MeV/c. The agreement between the ii and II data is good, although the p-A reaction cross 
section has a quite irregular dependence on A and on the p momentum at low energy and in the 
light nuclei region [7] . 

3. ~EASURE~E~ OF THE PONTECORVO REACTION ii d + r p AT REST 

The so-called Pontecorvo reactions [ 141 constitute a wide class of antinucleon annihilation 
reactions on nuclei characterized by two-body final states consisting of (not less than) one 
baryon and (not more than) one meson. 
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They include, in particular: 
- Single-meson annihilations, in which the meson is a pion, 
- Mesonless annihilations, with two baryons in the final state: 

p+d-+ rp 

p +3He + n+p 

(3) 

(4) 

ii+d + rr+p 

ii +3He + p+p 

(5) 

(6) 

In an ordinary annihilation of an antinucleon on a nucleon on mass-shell, at least two pions 
must be produced. The process where an antinucleon-nucleon pair is converted into a single 
meson is forbidden on quasi-free nucleons, because the conservation of momentum and energy 
cannot be satisfied simultaneously. For that reason, the processes (3+6), the Pontecorvo 
reactions, in which only one meson, at most, is the product of the annihilation, are called 
unusual annihilations. As for other processes in Nuclear Physics, energy-momentum 
conservation in Pontecorvo reactions can be satisfied by allowing the process to proceed via the 
collaboration of at least two nucleons. A “multinucleon” annihilation presents indeed strong 
reasons of interest. Small distance dynamics between nucleons of nuclei, where quark degrees 
of freedom play an important role, is expected to determine the amplitude of reactions. 

Despite the motivations, the Pontecorvo reactions have not yet been experimentally 
measured, with the only exception of the reaction (3), for which two only published data at rest 
exist, both statistically scarce. They rely upon 6 measured events in bubble chamber [15], with a 
branching ratio 

B.R.(pd + Ic-p)=N(pd + Irp)/N(pd +all)=(0.9f0.4)10-5 (7) 

and on 5 events measured by ASTERIX collaboration at LEAR [ 161, with a branching ratio 

B.R. (pd + x-p) =(1.4+0.7) 10-5 (8) 

For this reason, a new measurement of antiproton absorption in deuterium, with the better 
precision and statistics up to now, was performed using the OBELIX spectrometer at LEAR. 

3.1. Data taking and trigger configuration 
The antiprotons of 105 MeV/c supplied by LEAR were stopped in a cylindrical (0: 30 cm) 

gaseous target filled by deuterium at NTP. The stop distribution was spread, around the center 

of the target, along the beam axis by oz = 5 cm, the transverse spread being ox = oy = 2 cm. 
The contamination from annihilations on the target walls (50 mm thick) was negligible; the 
annihilations in flight were some part per thousand of the total number of annihilations. 

The trigger was designed to select the topology of an event characterized by two correlated 
back-to-back long tracks belonging to high momentum charged particles. The background 
contaminating the signal was constituted mainly by reactions with a neutron spectator p d + 
K+Z- ns and p d + K+K- ns. The data were collected under two different trigger 
configurations: 

- HARD trigger. It required the coincidence of the beam counter signal with a highly 
selective back-to-back correlation in the TOF barrels. Specifically, it was requested: only two 
hits in the inner barrel, on two opposite slabs chosen among three adjacent; only two hits in the 
outer barrel, on two opposite slabs chosen among two adjacent (f8O in azimuthal angle). The 
external slabs were fixed in the measurement, thus selecting the back-to-back trigger 
configuration, 
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- SOFT trigger. It was characterized by a looser request on the outer barrel: two hits on two 
opposite slabs chosen among three adjacent (f12o in azimuthal angle) 

Moreover, a significant difference between the two configurations was represented by the 
experimental lay-out adopted in the two cases. In data taking with the HARD trigger, the SPC 
chamber, with its internal target, was removed and replaced by a large deuterium target of 30 cm 
diameter, 75 cm length and an entrance mylar window of the same thickness. Therefore, in this 
set-up annihilations on the target walls were negligible. An overall number of about 6~10~ 
events using the SOFT trigger and of about 7.104 events using the HARD trigger were 
collected. Moreover, a sample of about lo‘l minimum bias events, characterized by the unique 
requirement of having an antiproton hitting the beam counter scintillator, was also collected. 

3.2. Data analysis and results 
The events were reconstructed by the OBELIX reconstruction program. The program was 

required to perform a vertex fit in the target region; if the tit failed, due to the high degree of 
collinearity of the tracks, track parameters were extrapolated with errors up to the minimum 
approach point to the beam axis. 
Only events with two tracks of opposite sign were accepted. A filter on the track quality was 
applied by restricting the solid angle in the jet chambers to a fiducial volume containing only 
long tracks. The acceptance and the efficiency of the quality cut was evaluated by comparing 
Monte Carlo and real data for the p d + n% ns reaction, assumed as reference reaction thanks 
to the geometrical collinearity and to the high momentum of the tracks. 

P 
l.O- 

OQQQQQQ~~~~~~~~O~~O 

-poQ’ 

OI 

0.8 - 

0.6- 

0.4! 
0.2 0.6 1 1.4 

p (GeV/c) 
0.6 0.8 1 1.2 

p (GeV/c) 

Figure 5. p vs p for positive (full squares) Figure 6. Momentum distribution for 
and negative (open circles) particles. collinear events. 

h 
600 

Fig.5 shows the B distribution as a function of the momentum both for positive and for 
negative particles. The proton contribution is dominant in the momentum region above 1 GeV/c. 

The momentum distribution for collinear events (relative angle 2 1759 in Fig.6 shows the 
peaks of the background channels X+X- n, and K+K- n a. A signal from the Pontecorvo reaction 
at 1.25 GeV/c is visible. 

A first filter was used to select events containing a proton through a 3 o cut on the time of 
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flight of positive particles. The data sample was then submitted to the kinematical fit to eliminate 
any cont~inadon from the X+IF- n, and K-K- ns reactions. A cut at the confidence level of 
0.1% (events with x c 10) was applied. 

0 5 10 15 20 
XW) 

25 

Figure 7. 4Cx2 distribution of events for the IL- p hypothesis vs Xx2 dist~bution for the 

rr- no p hypothesis. 

No one of the rejected events fitted the p K- hypothesis better than the contamination 
channels considered. The attribution to the channel p d -+ K” p and the separation from the 
possible ~ontam~ating reaction p d + 7~~ rt? p was made on the basis of the kinematical fit 
(fig.7). At 4% confidence level 54 and 23 events out of the two data samples obtained, 
respectively, with the HARD and the SOFT trigger configurations, were attributed to the 
Pontecorvo channel. 4 and 3, respectively, of them were compatible with both hypotheses, but 
were attributed to the Pontecorvo channel on the basis of relative probability of the fit. A 
systematic error corresponding to 7 and 3, respectively, not attributed events should be 
considered. They are due to the difficult calibration of the global system in such high momentum 
region, that in~uences the ~nernati~~ fit selectivity. 

The absolute branching ratio for p d + X- p is defined as 

B.R. = 
N@d-+n-p) = Nev k 
N@ d -_) all) N‘&nn(l + en)(l + am) 

where: N($ d + x- p) is the number of Pontecorvo events 
N@ d -_j ail) is the total number of annihilations in deuterium 
Nev is the number of measured Pontecorvo events 
Ndann is the number of detected annihilations 
E is the product of the various efficiencies = E~Eg*&v*Eq*&r-E~ 
ER is the loss factor due to unseen “zero-prong” events 
Em is the ~n~ination factor due to the target mylar walls. 

(9) 
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Table 1 summarizes the relevant experimental parameters of the measurement for deducing 
the Pontecotvo branching ratio. 

Table 1 
B.R.@ d + K p at rest) - experimental parameters 

HARD trigger SOFT trigger 

Data sample 

Ndann number of detected annihilations 

7.104 6.104 

9.94.108 3.66~108 

NW number of Pontecorvo events 54 27 

En “zero prong” loss factor 0.018 0.018 

Em target wall contamination 0.04 

Et trigger efficient y 0.91 0.87 

Eg geometrical trigger acceptance 0.008 0.0119 

av fiducial volume acceptance 0.90 0.82 

aq quality cut efficiency 0.76 0.72 

&r reconstruction efticienc y 0.94 0.89 

r?c kin. fit confidence level 0.96 0.96 

From (9) and Table 1, one gets the values reported in Table 2. 

Table 2 
B.R. of the Pontecorvo reaction for the two OBELIX data samples 

HARD trigger 

B.R. @d + 7c-p) (1.19 + 0.16).105 

SOFT trigger 

(1.23 f 0.26).105 

By properly combining [17] the branching ratios obtained with the HARD trigger and with 
the SOFT trigger, one gets: 

B.R. @d + n-p) =(1.20&0.14). 105 (10) 

A certain number of systematic effects have been studied. For some of them, which affected 
the total number of annihilations in the target, value and sign of the correction were identified 
and thus it was possible to include them in calculating the branching ratio (see En and am). The 
most important of other systematic effects affected mainly the: 
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- trigger efficiency: in evaluating the efficiency of the group of slabs of the TOF barrels 
participating to the trigger, a systematic component of uncertainty, coming from the single slab 
fluctuations around the average number of hits and from the normalization criteria adopted, 
could be estimated to be of the order of 5%; 

- reconstrucfion efficiency: a systematic uncertainty on the reconstruction efficiency could be 
evaluated to be of the order of 1.5%; 

- kinematical fit selectivity: a systematic error coming from the calibration of the whole 
detector had to be taken into account. Considering the number of events which could not be 
assigned, this global systematic uncertainty was evaluated to be around 13% both for the HARD 
and for the SOFT trigger configuration. 

The contamination from cosmic ray events was excluded, by checking that the slabs fired in 
each event had a time sequence proper of a two-prong event coming from the target. 

Due to the above systematic effects, the absolute branching ratio of the Pontecorvo reaction 
must be corrected by a factor 

f,yst = (1.00 f 0.19) (11) 

4. ANGULAR MOMENTUM STATES IN fi; d ANNIHILATION AT REST 

The determination of the angular momentum states from which the RN annihilation at rest 
occurs is of great importance for the comprehension of the annihilation dynamics [18]. 
Following the model of [19], the annihilation fraction in S and P waves from protonium and 
antiprotonic deuterium at rest can be deduced from the ratio of the branching ratios (K+K-/ 
nfr) into two charged mesons and kaons. In general, a precise measurement of this ratio is a 
test for any model dealing with the initial state of the antiprotonic atoms. 

The experimental situation concerning the antiprotonic deuterium is far from being 
established. Data are scarce in the gaseous deuterium, for which only one measurement [20] is 
available with large error. On the side of the liquid deuterium the measurements, obtained with 
different techniques and at different level of statistical significance, are quite controversial [21]. 
The interest for the antiprotonic deuterium comes also from the apparent breakdown of the 
charge invariance in antiproton annihilation on proton and neutron, that could suggest a resonant 
NN behavior at threshold [19] . In this framework,_the presence of effects on the spectator 
momentum would give indication of energy sensitive NN phenomena. 

4.1. New measurement of K+K- / ~c+K- ratio from p d annihilation at rest 
A new determination of the relative S and P wave contributions in gaseous D2 at NTP has 

been obtained at the OBELIX spectrometer by measuring with high statistical accuracy the ratio 
R of the K+K- to the n+n- annihilations [22]. The reliability of the analysis procedure, 
described below, was checked by remeasuring the ratio R for gaseous H;! at NTP. The H2 
events were collected under the same trigger conditions of D2 in the same period of data taking. 

The value obtained for R in gaseous H2 at NTP is 

~H=0.163f0.011 (12) 

in good agreement with the value QH = 0.161 f 0.009 reported by Doser et al [38]. 
The analysis procedure of the D2 data took advantage of the quasi two-body nature of the 

reactions under study, i.e. the average momentum and the average p for the pair of particles of 
opposite charge was considered. This leads to an improvement of the momentum and p 



resolution by a factor 42 with respect to the single track resolution (60 MeV/c FWHM and 20% 
FWHM, respectively). 

Loose collinearity criteria (A&250, A@5!5*) were used to select the events, in order to 
avoid tight cuts on the neutron spectator momentum, which might bias the interpretation of the 
data. The events were furthermore subm~tt~ to the 1C kinematical fit to the K+K* n, and nfrr 
ns hypotheses, ns being the neutron spectator, Only the events passing the fit with a CL>lO% 
were accepted for further analysis. The average momentum distribution of the two tracks for the 
events fitting the kinematical hypotheses are shown in fig.8a. A clean separation between the 
K+K- ns and x+x- ns events is evident even if some residual background from the 
contaminating reactions is expected. The background comes mostly from the x+rr-n;en, channel: 
the resulting Monte &lo distribution for events satisfying the trigger r~u~ements and selection 
criteria described above exhibits a peak cIose to the position of the true K+K- ns events. On the 
other end, the contamination does not reach the tilt ns peak. 

The particle identification by means of the time-of-flight was used to reject the residual 
contamination from pions under the K+K- peak. The cut on <p> to be applied was tuned before 
on Monte Carlo events: with a cut on <p> >0.98 no K+K- events survived, while the efficiency 
for x+x- events is (5til)%. The background from pions identified by <p> cut and corrected 
for the cut efficiency are shown in fig. ga. Finally, corrections for different trigger acceptances, 
arising mainly from the different curvature of pion and kaon tracks, were applied, The 
systematic effects contribution was supposed to cancel out in the ratio. The value obtained 

RGD = 0.27 f 0.02 (13) 

is consistent with the previous result of R = 0.36 f 0.08 1201 , within the statistical error. 
The ASTERIX collaboration at LEAR has obtained the partial widths n = FL/F for the the 

l?p ~nihilation into K+K- and r&r- for inftiai S and P states separately [20]. With the help of 
these partial widths, following [ 191, the fraction of P-wave annihilation 

PGD=( 18 Zt: 7)% 

in gaseous I$ at NTP is derived. This result is consistent with the only existing result obtained 
1371, with a large error, using rbe ASTERIX data: PGD=(-s + 20)%. 

The disagreement observed could be explained in terms of different cuts applied to the n, 
momentum [ 19,231. Due to the Fermi motion of the nucleons, the p N angular momentum can 
be different from the angular momentum of the B-deuteron system. As a consequence, S and P- 
wave annihilations can be reached from both S and P atomic orbitals. Whereas the distribution 
of the n, momentum has a classic Hulten shape for annihilations in S-wave or coming from P 
vrbitals, the P-wave ~~~lati~s from S-orbital give rise to a characteristic high momentum tail. 

Cuts on the spectator momentum can therefom reduce this contribution to a very small level 
Following these observations, a refined study of the spectator momentum distribution for both 
channels K+K- ns and x*x- ns was performed. 

Monte Carlo events were generated for both channels and for different percentages of S and 
P-wave. The simulated events were subject to the same trigger requirements and analysis filters 
as the real data. In fig. 8b the experimental ns momentum dis~butions for the real xfx- ns 
events and for Monte Carlo events generated within the PGD= 20% hypothesis are compared. 

The agreement obtained confirms indirectly the results obtained previously by a completely 
different method. 

As far as the K+K- ns events are concerned, the experimental ns momentum distribution 
obtained after the filter of the kinematical fit looks richer in high mvmentum region in 
comparison with the x+x- n, events (fig.8c). Wowever, when the contamination from pions is 
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rejected by means of the TOF particle identification, the high momentum tail disappears and the 
K+K- ns distribution looks like the X-W ns one. The resulting K+K- ns distribution is presented 
in fig.8d together with Monte Carlo results for the PGD= 20% hypothesis. 
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Figure 8. (a) Average momentum of the two tracks after the collinearity cut and kinematical fit 
selection for K+K- ns and &r-n, hypotheses; rr+n-non, background within the K+K- ns events 
as obtained by particle identification with time-of-flight (hatched histogram). (b) Spectator 
neutron momentum distribution for K+X- ns events; Monte Carlo events relative to the 20% P- 
wave 80% S-wave hypothesis (open squares). (c) Spectator neutron momentum distribution for 
K+K- ns events; +a-icon, background as obtained by particle identification with time-of-flight 
(hatched histogram). (d) Spectator neutron momentum distribution for K+K- ns events after the 
background subtraction; Monte Carlo events relative to the 20% P-wave 80% S-wave 
hypothesis (open squares). 
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In conclusion the OBELIX result weakens somewhat the hypothesis of ref.19, according to 
which cuts on spectator momentum reduce P-wave annihilation. In fact, loose collinearity cuts 
were applied accepting also high momentum spectators, but the high momentum tail resulted to 
be produced mostly by events with misidentified pions. The scarce contribution of the P-wave to 
the p GD, annihilation in respect to the fi GHz one remains an open problem. 
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