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1. Introduction

Specific interest in NN collisions at intermediate energgebe study of excitation of baryons
and their subsequent decays :
® A1230— NTT, Niys0— ATT, Nijso— NO, Niyso— NP,
e AA-production.
Double pion production in NN collisions is one way to obtaiformation about th&IN, 1N
and it states, including:
e dibaryons,
e dipions (narrowo-meson, state with 1=2),
e Missing resonances, etc.
Important task is the test of the models of pions productioNN-interaction:
e Valencia model [9],
e Xu Cao model [10],
¢ (OPER+OBE) model [3, 4, 5, 6, 7].

2. Experiment:
study of inelastic np interactions at accelerator facility of LHEP JINR

The neutron beam was formed due to the stripping of deuteraeederated by the synchropha-
sotron LHE JINR on internal Al target. The position of thegietrand the hole was chosen in such
a way to select the neutrons emitted atrélative to direction of the deuteron beam. The neutron
beam was formed by two steel collimat@dll; andColl,) of the thickness 150 cm and 220 cm
respectively and then made one’s way to 1-meter hydrogebl&whamberd? L BC).

Such scheme of the neutron beam forming (see Fig. 1) pethtdtget the following charac-
teristics of the beamoP/P < 3% and practically zero angular divergence. The admixbfithe
charged and neutral particles different from neutrons &tizally absent. The admixture of the
charged and neutral particles different from neutronsastizally absent.
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Figure1: Neutron channel LHE JINR [1].
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The spectra of the incident neutrons at 4 nominal momenan(f)=1.73 to B=5.20 GeV/c)
are shown in Fig. 2. The unique of fullness and precision degabbtained. It permits to carry out

P,=1.73 GeVic B,=2.23 GeVic P,=3.83 GeV/c P,=5.20 GeVic
0.4}
0.06 0.08f 0.06k
3P,=2.5% 3P,=2.6% 3P ,=2.4% 3P,=2.3%
0.06f "~ © 0
5 B 0.04] 3 S 0.04F
« 0.05] < < <
0.04f
0.02 0.02
0.02f
o ol ol . A f .
16 18 2 18 2 22 24 26 3 35 4 45 45 5 55 6
P, [GeVic] Py [GeVic] P, [GeVic] P, [GeVic]

Figure2: The spectra of the incident neutrons.

the detailed study of inelastic np interactions in a widéaeg@f energies under condition of&
geometry.
The results of the investigations of the following reaciavith 2 -mesons in the final states
are presented:
np — NPT I
np — pprr 1°
np—dmtm
The separation of the reaction were carried out by the stenpdaprocedure.

3. Reaction np — nprrt

In Fig. 3 the cross-section of the reactiop— nprr™ 11 is presented vs momentum of incident
beam.
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Figure 3: The cross-section of the reactiop — nprrt . Our data -Dubna 1986 [2]. Solid line is the
result of the approximation by Lagerre polynomials.
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Reactionnp — nprr" im is characterized by:
e plentiful production of theé\1,3, resonance (Fig. 4),
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Figure4: The distributions oM+ andM,- from the reactiomp — nprr* 1~ atPRy=5.20 GeV/c.

e strong anisotropy of the secondary hadrons,
e domination of the small momentum transfers (

The diagrams in Fig.5 are taken to describe the reactfpr: nprrt 1. Diagrams on the left
upper panel (a-c)describe the production of reresonances. The parameters of the resonances
were taken from PWA. The amplituddgy .y Were used as vertex functions.

Diagrams on the right panel (d-g)describe the productiath®N rirr-resonances. The param-
eters of these resonances were taken from PDG . There arettaiecountall resonances denoted
as(****) and (***). The amplitudesT,n_.-m Were used as vertex functions.

Diagrams on the left lower panel (i-j) descriler — mrr-scattering ("hanged diagrams") and
will be discussed below.
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Figure5: OPER diagrams for the reactiom — npr
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3.1 Reaction np — nprrt 7 at Pg >3 GeV/c

One can see a good description of the experimental distimiby theoretical curve in Fig. 6.
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Figure 6: The distributions for the reactiorp — npmtm— atPy=5.20 GeV/c. Solid line - calculations using
OPER-model

3.2 Reaction np — nprt 7 at Pg <3 GeV/c

However it was insufficient the diagrams in Fig.5 to get a fidlscription of the reaction
np— nprt" 1T atlower energies. The study of effective mass spectra obnbiations aPy=1.73
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Figure 7: The effective mass spectra of of np combinations from thetimanp — nprrtm— atPy=2.23 and

1.73 GeV/c.

and 2.23 GeV/c (Fig.7) shows the clear peak close the thicght, = m, + mp) that can not be
described within the framework of OPER-model using onlydfagrams from Fig.5.
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Therefore the model of Regge poles with baryon exchange antinear trajectories, sug-
gested in [6, 7] was used to describe these features. Thmviolj diagrams of one baryon ex-
change (OBE) including N anty 23> (N;44€Xchange is negligible) were taken into account within

the framework of this model (see Fig.8):
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Figure 8: OBE diagrams for the reactiorp — nprrm

In results, such joint (OPER+OBE)-model permits to get adgdescription of the character-
istics of the reactiomp — nprrt im— at the considered energies. Fig.9 show the mass and angular
distributions of the reactionp — npm" 7~ at Py)=1.73 GeV/c. The contribution of the baryon-
exchange mechanism increase with decreasing of the irtcigmrron energy: fromv 17% at

Py=2.23 GeV/c to~ 37% atPy=1.73 GeV/c.
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Figure 9: The distributions for the reactionp — nprr™m at Py=1.73 GeV/c. Solid line - result of the

calculations using (OPER+OBE)-model.
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The study of 2r mass spectrum close to the threshold results in necessakdédnto account
"hanged" diagram with Pomeron exchange [5]. It leads to #tebdescription of the reaction data
(Fig.10).
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Figure 10: "Hanged" diagram with Pomeron exchange for the reaatipn- nprr* ir— (left panel). The ef-
fective mass spectra aft 1 -combinations aPy=1.73 GeV/c (right panel): dashed line - old (OPER+OBE)
model, dash-dotted line - contribution of "hanged" diagraatid line - new (OPER+OBE) model ("hanged"
diagram is added).

The calculations of the characteristics of the reactipn— nprr™ 1~ were also carried out
using Valencia model [9]. The results showed a good deswnipif the angular spectra, par-
tially satisfactory description of the masses spectra asdlately unsatisfactory description of the
dibaryon masses (Fig.11).
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Figure 11. The effective masses spectra of np-combinations from thetimnp — nprr™m at Py=2.23
GeV/c (left panel) and 1.73 GeV/c (right panel). Dashed Isthe result of the calculation using OPER-
model. Dash-dot line is the result of the calculation usirBEAmodel. Solid line - the sum of OPER and
OBE models. Dotted line - the result of the calculation usfatencia model [9].

May be it is due to the fact that Valencia model do not take atdcount a mechanism of the
baryon exchange.
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4. Reaction np — pprr 1

In Fig. 12 the cross-section of the reactigm— nprtt i1 is presented vs momentum of inci-
dent beam.
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Figure12: The cross sections of the reactiop— pprr 7° (our data are denoted Bsibna 1986 [2]).Solid
line is the result of the approximation by Lagerre polyndmia

(OPER+OBE)-model was taken to describe the charactevisfithe reactiomp — pprr .
The parameters of the model were obtained during the imaggin of the reactionp — nprr .

4.1 Reaction np — pprr 1 at Py >3 GeV/c

The following diagrams of OPER-model were taken to desdhibaeactiomp — pprr 1 at

Py > 3 GeV/c (Fig.13):
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Figure 13: Main OPER diagrams for the reactiop — pprr 1.

The study shown that the contribution of the "hanged" diagrare negligible comparing to
the reactiomp — npr" 71~ at these energies.
In Fig.14 one can see a good description of the experimeatally theoretic curves.
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Figure 14: Mass and angular spectra from the reactipn— pprr 1° at P;=5.20 GeV/c. Solid line - result
of calculations using OPER-model.

4.2 Reaction np — pprr 1 at Py < 3GeV/c

The following diagrams of OBE-model were taken to descriteereactiomp — pprr r° at

Py < 3 GeV/c (Fig.15) in addition to the diagrams of OPER-model:
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Figure 15: Diagrams corresponding to the reactiom— pprr 7 in the framework of the model of one
baryon exchange (OBE) in addition to the diagrams of OPEReho

One can see a good description of the experimental distritmiby theoretical curves calcu-
lated using OPER and OBE models (Fig.16).
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Figure 16: Mass and angular spectra from the reactign— pprr 1° at Py=2.23 GeV/c. Dashed lines -
result of calculations using OPER-model, dash-dot linesult of OBE-model, solid lines - the sum of these
models (OPER+OBE).

Fig.17 show dibaryon mass spectra from the reactigns> nprrt m— andnp — pprr 1 at
Py=2.23 GeV/c. One can see a relative decrease of the comnButfNN — NN vertex functions
in the corresponding OBE diagrams.
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Figure 17: Dibaryon mass spectra from the reactiops— nprr* m— andnp — pprr 1° atPy=2.23 GeV/c.

Dashed lines - result of calculations using OPER-modeh-di lines - result of OBE-model, solid lines -
the sum of these models (OPER+OBE).
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5. Reactionnp — dmr"

In Fig. 18 the cross-sections of the reactiom — drr" 71 are presented vs momentum of
incident beam.
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Figure 18: The cross sections of the reactiop— d7™ 17 (our data are denoted Bsibna 1986 [2]).Solid
line is the result of the approximation by Lagerre polyndsia

The experimental results B§=1.73 and 2.23 GeV/c were published in [2, 8].

As far as concerned the reactiop — drr" m at Py=3.83 and 5.20 GeV/c the only cross-
sections were calculated. An insufficient statistics cawdtto study its characteristics detailed at
theswe energies.

The reactiomp — drr* 71 is characterized by a fusion of neutron and proton into therda.
This fact differs this reaction from two onag — nprrt 1~ andnp — pprr 11°) concidered above
that have only vertecies with elastic and non-elastic N-Attecing (Fig.8 and Fig.15). Thus it
seems to be reasonable to take into account OBE diagram#ishdvig.19 to describe the experi-
mental data of this reaction:
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Figure 19: Diagrams corresponding to the reactiop — drrtm in the framework of the one baryon
exchange (OBE) model.

The vertex fuctionl,,_.q was calculated using CD-Bonn potential.

In Fig.20 one can see clear peaks in the masses af -combinations close te-350 and
~400 MeV/¢ (so called ABC and DEF anomaly). These effects and momentarasses dis-
tributions are good reproduced within framework of OBE modgut the theoretical curve for

11
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angular distributions of deuteron and pions are too sharjs rlecessary further development of
OBE model to improve the description of experimental data.
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Figure 20: The distributions for the reactiamp — drr* m— atPy=1.73 GeV/c. Solid line - calculations using
OBE-model. One can see ABC and DEF bumpsimz2ass spectrum.

As far as concerned dipion masses from the reactjpn: drr™ i~ atPy=2.23 GeV/c (Fig.21)it

is difficult to say that ABC and DEF bumps are confidently otasdr Obviously it is due to an
insufficient statistics.
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Figure 21: The distributions for the reactiamp — drr* m— atPy=2.23 GeV/c. Solid line - calculations using
OBE-model.
6. Other reactions

e np — nnrtt 1° (no data) is isotopically conjugated to the reactign— pprr 7i°.

e np — npr°1P (no data).
Characteristics of these reactions can be calculated (SiIRgR+OBE)-model.

12
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e np — d°1P (no data).
M.b. characteristics of this reaction can be calculatedgusiodified OBE-model.

Moreover (OPER+OBE)-model can calculate the charadiesist the multi-pion production
in the reactions ofiN interactions at a wide region of incident energies..

7. Conclusion

The careful study of 8&meson production was carried out in np-interaction at tbenenta of
the incident neutrons from 1.73 to 5.20 GeV/c in the reastign— nprt* 11, np — pprr i° and
np — drr" ir. It was shown that combined (OPER+OBE) model can succégsfescribe dipion
production in np-interaction at the energies 1-5 GeV undediion of 4T geometry.

It was shown the importance of the "hanged" diagrams forbetéscription of the dipion
masses. at low energies.

The further development of the OBE-model is necessary ®btiter description of the reac-
tionnp — dmrtm.

(OPER+OBE)-model can be used as an effective tool to simukaious reactions of hadronic
interactions.
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