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1. Introduction
This work is devoted to a search for and study of low-mass (M <1.3 GeV/c?)
resonances in the 7"z -system. Their existence can clarify the properties of low-lying scalar
mesons (the so-called G ,-mesons), whose investigation is important both for the mechanism

of realization of chiral symmetry for corresponding Lagrangians and for an adequate
description of an attractive part of the nucleon-nucleon interaction potential [1].
Different theoretical models give various predictions for masses and widths of

0, -mesons. Early quark bag models gave M, >1.5GeV/c* and T, 20.5GeV/c* [2].
Later works predicted M, =500+1000MeV/c® and T, =200+500MeV/c* for
low-lying (gq)-states [3]. Some models of a spontaneous break of chiral symmetry predict
Mg, =700 MeV / ¢’ and I, 2500 MeV / ¢’ [4]. Using QCD sum rules and assuming that
the O,-meson is a low-lying glueball, the calculations give the following predictions:
M, =280+700 MeV /c? and I, =2+60 MeV /c* [5] (see also [6]).

2. Selection of kinematics criteria and results of investigations

This paper continues a series of works, devoted to the study of the 7”7~ -system, with
different kinematics criteria [7,8].

66075 events of the reaction np — mpr*z~at P,=5.20GeV/c have been treated.
The data were obtained in an exposure of the 1m H, bubble chamber of LHE (JINR) to a
monochromatic neutron beam (AP, / P, =~ 2.5%, AQ =107 sterad.) [9].

The events of various reaction channels were separated by the standard
2 —methodic [10-12].

Fig.1 shows the effective mass distribution of 7*7~ -combinations from the total
statistics of the reaction np — npr*z~ at P, =5.20GeV/c . The distribution is approximated

channel

by a polynomial background curve and by 3 resonance curves taken in the Breit-Wigner form.
3 resonance peaks are found at the masses of 418, 511 and 757 MeV / c* . The excess is more
than 3 S.D. above background.

Fig.2 shows the effective mass distribution of 7”7~ -combinations for the events with
a secondary neutron flying in the forward hemisphere in c.m.s. of the reaction, i.e.

cos®, >0. No noticeable deviations above background have been observed in this
distribution.
Earlier, we have already studied the reactionnp — npx*z~ [13], and OPE-exchange

with a dominated exchange of the charged 7#~meson has been shown to be main mechanism of
this reaction. It leads to a plentiful production (up to 70% of the total reaction cross section)
of A™ and A -resonances in the lower and upper vertices of the corresponding diagrams. The
OPE mechanism gives a main part into the events with neutron flying into the forward
hemisphere.

Therefore, it seems reasonable to study the resonances in the 77~ -system of the
reaction np > npr'z” selecting the events on condition that cos®:, >0. The total

contribution of the A** and A -resonances is no more than 17% for these events, and the
background from resonance decays decreases greatly. The number of events with cos @; >0

is equal to 20266, that is approximately 1/3 of all the events from the reaction np - npz*z~ .
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Fig. 1

The effective mass distribution of 7'z -combinations from the total statistics of the reaction
np - nprtr”at P, =520GeV/c.
The dotted curve is the background taken in the form of a superposition of Legendre polynomials up to

the 10-th degree, inclusive.
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Fig. 2

The effective mass distribution of 77~ -combinations from the reaction np—-)npﬂ+7t_at

P, =5.20GeV /¢, selected under condition of cos ®:, >0.

The solid curve is the background taken in the form of a superposition of Legendre polynomials up to
the 8-th degree, inclusive.
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Fig.3 shows the effective mass distribution of 7 ¥z~ -combinations for the events with
a secondary proton flying into the forward hemisphere in the c.m.s. of the reaction.
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a) The effective mass distribution of # 'z -combinations from the reaction np—)npﬂ+7r_at

*
P, =5.20GeV /¢, selected under condition of cos ® p>0.

The dotted curve is the background taken in the form of a superposition of Legendre polynomials up
to the 9-th degree, inclusive.

The solid curve is the sum of the background and 10 Breit-Wigner form resonance curves.
b) The same as fig. 3a, minus background



The distribution is approximated by a polynomial background curve and by 10 resonance
curves taken in the Breit-Wigner form (Fig.3 a). The description of the intervals between the

resonances by the background gives y? =0.98+0.19 and VD =1.47+0.14. This is close to

theoretical values of 1 and 1.41 for the distribution of random values at 1 constraint equation
(normalization to the number of events). The description of the full distribution by the same

background, normalized to 100% experimental events gives ¥ =1.28+0.11 and
VD =1.60+0.14. The description of the full distribution by background and 10 resonance

curves gives x> =0.81%0.11 and VD =133+0.08. The same distribution minus
background is shown in Fig. 3 b.

The results of approximation are given in the Table 1.

Table I

M.+ AM, MeV/E I, + AT, MeV/c’| oy S.D.

1 347+12 36 +35 105 29

2 418 6 39+13 267 52

3 51112 40+ 23 15+6 3.5

4 610+ 5 24+13 55 1.4

5 678 £17 16 + 14 6+4 2.0

6 757+ 5 5115 38+7 8.5

7 880+ 12 45124 14£5 4.8

8 987+ 12 49 £ 36 11+4 3.8

9 1133+ 15 80+ 30 10£3 52

10 1285 +22 94 £ 30 10£2 6.0

The first column contains the experimental values of the resonance masses

(including errors) obtained in the process of approximation.
The second column  contains the experimental values of the resonance widths.

The third column contains the production cross sections for the corresponding
resonances. For the in the cross sections errors, we have taken into account the cross section

error for the reaction np — npr*z~ at P, =5.20GeV/c (o = (6.22 + 0.28)mb) [11].

The fourth column  contains the number of standard deviations of the effects above
background: S.D.=N,_/./N,,, .

The observed resonance at the mass of M, =757 MeV /¢’ has been already inserted
in RPP-2000, RPP-2002 (S.D.=6.0) [16]. 1t should be noted that the increase of S.D. in

comparison with the previously obtained results corresponds exactly to the increase of the
event statistics.

np—nprtn”

3. Spin and isotopic spin of the resonances

To determine the spin of the resonances, the angular distributions of 7-mesons were
studied in the helicity coordinate system [14].

For strong decays, such distributions should be described by the sum of Legendre
polynomials of even degree with a maximum power of 2J, where J is the resonance spin.

The distributions of this angle are shown in Fig. 4. for the resonances at M, =418,

511 and 757 MeV / c*.
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The distribution of decay angle for 717 -resonances

a) for the resonance with M, = 418 MeV/c? s
b) for the resonance with M, = 511 MeV / e,

) for the resonance with M, = 757 MeV/c?,
The solid lines correspond to the isotropic distribution

The solid lines correspond to the isotropic distribution (J = 0). Therefore, the most probable
spin values for the resonances at masses of 418, 511 and 757 MeV /¢ are equal to 0.
The spins of other resonances have not been determined due to low statistics.

From the generalized Pauli principle for the 2 7-system, it follows that the isotopic spin
at J =0 must be only even. As it follows from isotopic relations for I = 2, the effects at the

corresponding masses in the 7~ 7°-system from the reaction np — ppz z°, that has also
been studied by us, could be observed with a statistical significance by 4.5 times more than in
the reaction np — npz 7~ . But there are no such effects in the 7~z ° -system [7].

Therefore, it can be affirmed that at least 3 states have the quantum

numbers  I°0F%)=0°(0"") and may be identified as  oy-mesons
at the masses of 418, 511 and 757 MeV/c.



4. Interpretation of low-masses oy-mesons as glueballs
The fact low-mass 0,-mesons are glueballs is one of the possible interpretations.

The estimate of the width of the T,-glueball given in paper [6] is based on the low
x220

energy theorems: I, , = [(A/%GeV)S] MeV /c?, where 220 and 550 are the values

x550
from a gluon condensate corresponding to 2 variants of the theory.

Let us consider the resonance at of M, =757 MeV /¢c*. In our experiment, the mass
resolution  for  the m*n —system  depends on mass and equals to
T, (3)=0.042(pM —2m_)+2.8 (all the values are in MeV /c?) [15]. The width of the
resolution function is . (757 =23 MeV I’ for M, =757 MeV /c*.
If the mass resolution function has a normal distribution form (realized for
M, =757 MeV/c*), the true width of the resonance can be estimated equal to:

I, =\/rjxp_ -T2, =+/1£15) - (23) =46+:§ MeV/c* and the true width of the

resonance is within the range from 36 to 66 MeV /c?.

If the resonance at a mass of 757 MeV/c> is a glueball, then its width

determined by the formula from the low-energy theorems is:
220

T = (0.757) Lo = [0.249122 =35 Mev /2

Therefore, the width of the og-meson at a mass of 757 MeV /¢* determined in our
experiment does not contradict its interpretation as a glueball.

The widths of the resonances at masses of 418 and 511 MeV /c? do not contradict
their interpretation as glueballs either.

5. Comparison with other data

A large number of publications are dedicated to the search and study of
0, -mesons (see [16]). All of them are based on the PWA of 2V or pp - interactions. The
obtained O,-meson masses ranging from 400 to 1200 MeV / ¢* coincide with the mass

sequence observed in our experiment. We should emphasize that our results of this study are
based on the observed direct signals from the resonances in the effective mass spectra of the
corresponding particle combinations unlike all the works devoted to the search for low-mass
(M <1.3GeV/c*) G,-mesons. However, the resonance widths extracted from PWA are

considerably larger than those obtained in our experiment. It may be necessary to use other
ideas and more complicated methods of analysis to understanding these phenomena better.
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Tposu 10. A. u 1p. E1-2002-214
Pe30HaHCH B CHCTEME 1'% -ME30HOB B PEAKUHMH np —> NP m-
npu P, =520 [B/c: nouck, pe3ylbTaThl NpAMOro HabMoNeHH s, HHTEpIpeTaust

Ha cratucruke 66075 coGbrTuil peakumu np - npn'n”  np-B3auMONEHCTBHIl 11pH P, =
=(5,20 £ 0,16) I'sB/c B onHOMETPOBO# Bonoponﬂon ny3sipbKoBoii kamepe JIBD OHUAHN obuapyxeno
10 DE3OHAHCOB B CTIEKTpe athexTuBHEIX Macc ®'n”-Me3oHoB. IIpH 9TOM HCIOB30BaH KPHTEDHIA
cos©" p>0. 3Hauenus sbdexTuBHBIX Macc pasnbl (3471 12), (418+6), (51 1+12), (610£5),
(678 +17), (757+5), (880 12), (987 £12), (1133 15) u (12851 22) MoB/c? ¢ HPEBHILECHHAMH
Han donoM 2,9; 5,2; 3,5; 1,4; 2,0; 8,5; 4,8; 3,8; 5,2 u 6,0 cTamapTHeIX o'rxnonenun COOTBETCTBEHHO.
DKcnepUMEHTaTbHBIE LIHPUHBI HAXOAATCA B AHAMa3oHe or 16 no 94 MoB/c2. Taxne a¢dexTh He 0OHa-
PYXeHBI B T 7 -KOMOHHALIMAX B peakKLMH np — ppr 10, uTO yKalbiBaeT Ha 3HAYEHHE HIOTOMUIECKONO
crnua [ = 0 19 pe30HAHCOB, HalIEHHBIX B &' & -cHCTeMe. 3HaueHUs CIIMHA ONpeeNeHsI it HanGomnee
CTaTHCTHYECKH OOECIeYeHHbIX pe30HaHCOoB Npy Maccax 418, 511 u 757 MoB/c2. C BrIcoKoil cTe-
neHsio BeposTHOCTH J = 0 I pé3oHaHCOB ¢ MaccaMH MR =757 MsB/c2 u MR =418 MBsB/c>. Han6o-
niee BeposTHOe 3HadeHue J =0 TakXe H I pe3oHaHca ¢ Maccoit MR = =511MsB/c2.

Takum 06pa30M obHapyxeHo no KpaiiHeit Mepe 3 cocrosmHus mnpu Maccax 418, 511
1 757 MaB/c2, uMeomme xBaHTOBbIE HHCNA Gy-Me3oHa 07 (07).

Boauoxma HHTepIIpeTalys HU3KONEXALIUX Op-Me30HOB Kak Iio6osoB. [IpoBeneHo cpasHeHHe
C JaHHBIMH JPYTHX MCCIIEROBAHHI.

Pa6ora BeinonHeHa B JlaGoparopun BhicOKuX 9Hepruii uM. B. M. Bekcnepa u A. M. Bannuna
OMAH.

IMpenpuut O6benHEHHOTO HHCTHTYTA SAEPHBIX MccrenoBanuii. dy6na, 2002

Troyan Yu. A. et al. E1-2002-214
Resonances in the System of n*n~-Mesons from np — npn*n~ Reaction
at P, =520 GeV/c: Search, Results of Direct Observations, Interpretation

Ten resonances were found in the mass spectrum of n*n~ system based on 66075 events
from rip - nprtn” reaction in np-interactions at P, =(5.20+ 0.16) GeV/c in the one-meter hydrogen
bubble chamber of the LHE (JINR) by using the criterion cos e‘p > 0. These masses are the follow-
ing: (347+12), (41816), (511+12), (610+5), (678x17), (757+5), (880+12), (987+12),
(1133 £ 15), and (1285 + 22) MeV/cz, their excesses above the background are 2.9, 5.2, 3.5. 1.4, 2.0,
8.5,4.8,3.8,5.2, and 6.0 standard deviations, respectlvely The experimental widths of the resonances
vary within the regxon from 16 to 94 MeV/c2. Such effects were not found in = r° combinations
from np — pprn° reaction. Therefore, it is necessary to attribute the value of isotopic spin /=0
to the resonances found in the mass spectrum of the #*n~ system. The spin was estimated for the most
statistically provided resonances at masses of 418, 511 and 757 MeV/c2, We determine with a hlgh
degree of confidence that J=0 for the resonances at Mg =757 MeV/c? and Mg =418 MeV/c?
and the most probable value of J =0 for the resonance at Mg =511 MeV/c2,

Therefore, it can be affirmed that at least 3 states with quantum numbers of 6,-meson 0*(0**)
have been found at masses of 418, 511 and 757 MeVi/c2,

The fact that low-mass oy-mesons are glueballs is one of the possible interpretations. The com-
parison with the data of other papers has also been made.

The investigation has been performed at the Veksler and Baldin Laboratory of High Energies,
JINR.
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