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1. Introduction
This work is devoted to a search for and study of low-mass (M <1.3GeV/c?)
resonances in the 7 *7~ -system. Their existence can clarify the properties of low-lying scalar
mesons (the so-called @, -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

,-mesons. Early quark bag models gave M, >1.5GeV/c* and T, 20.5 GeV/c® [2].
Later works predicted M, =500+1000 MeV /c¢? and I, = 200+500 MeV /c* for
low-lying (gq)-states [3]. Some models of a spontaneous break of chiral symmetry predict
Mg, =700 MeV /c® and [y, 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 IG, =2 +60 MeV /c? [5] (see also {6]).

g

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 - npr*zn~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 s =107 sterad.) [9].

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

Fig.l shows the effective mass distribution of "7~ -combinations from the total
statistics of the reaction np —> npz*n~ at P, =5.20GeV /c . The distribution is approximated
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~ -combinations for the events with
a secondary neutron flying in the forward hemisphere in c.m.s. of the reaction, ie.

cos@, >0. No noticeable deviations above background have been observed in this
distribution.
Earlier, we have already studied the reactionnp — npx*x~ [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 7'7” -system of the
reaction np - npr*m” selecting the events on condition that cosG);, >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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n~ -combinations from the total statistics of the reaction

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 777~ -combinations from the reaction np - npx T x " at

P, =5.20GeV [c, selected under condition of cos 9:, >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”7~ -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 1%z~ -combinations from the reaction np - npﬂ'+lr Tat
P, =5.20GeV /c, selected under condition of cos (-);, >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 7* = 0.98+0.19 and JD =147+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 y’ =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 =13340.08. The same distribution minus
background is shown in Fig. 3 b.

The results of approximation are given in the Table I.

Table 1

M.+ AM, Mevicd |, + AT, MeV/c? Oup S.D.

1 34712 36435 105 2.9

2 418+ 6 39£13 2617 5.2
3 511212 | 4023 | 156 35 |

4 610+ 5 24 +13 5%5 14
51 67817 16 + 14 6+4 20 |
6, 757+ 5 51415 38+7 85 |
7 880 + 12 45£24 | 14%5 48 |
B 987£12 49+36 | 114 38 |
91 1133#15 1 80#30 _ 10%3 52 ‘
10| 128522 94 +30 RLEY 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 - npz*z~ at P, =520GeV /c (o . =(622+ 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]. It 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—npr’x

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 2./, 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 /¢*.
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The distribution of decay angle for 7 * 7~ resonances

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

¢) 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 Jow 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 / =2, the effects at the

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

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

numbers IG(JPC) 0"(0™) and may be identified as Go-mesons
at the masses of 418, 511 and 757 MeV/c%.



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

The estimate of the width of the & -glueball given in paper {6] is based on the low
%220

energy theorems: I, ,..) =[(A%GeVY] 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 #'7 —system depends on mass and equals to
[, (M)=0.042(M -2m_)+2.8 (all the values are in MeV /c*)[15]. The width of the
resolution function is T, (757 =23 MeV/c? 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:

=T ~Tl, = JG1£15) - (23) =46i:: MeV/c® and the true width of the

resonance is within the range from 36 to 66 MeV /¢’

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

determined by the formula from the low-energy theorems is:
22

Tomn = (0.757) [n = [0.249F22 =23, MeV I
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 /¢? do not contradict
their interpretation as glueballs either.

S. 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 2N or pp - interactions. The
obtained O, -meson masses ranging from 400 to 1200 MeV /c® 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 <13 GeV/c?) a,-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. w np. E1-2002-214
Pe30oHaHCH B CHCTeMeE '™ -ME30HOB B Peaxiliu np — npr'm
npu P, =520 sB/c: nouck, pe3ynsTaTbl MPIMOr0 HabMONCHHUS, HHTEpNpeTaums

Ha cratuctuke 66075 cobbiTHit peakuMM np — npr'n  np-3aumoneicTsuii 1ipu P, =
=(5201 0,16) 'sB/c B onHOMeTpoOBOil BOXOPOAHOH my3bipbkoBod Kamepe JIBD OMAH obnapyxeno
10 DPE30HAHCOB B CrEKTpe atppexTHBHBIX Macc ntn -me3onoB. [IpH 3TOM HCMOMB3OBaH KpHTepHil
cos© p>0. 3nauenns a¢dextuBHbIX Macc paBHbl (3471 12), (418+6), (511+12), (610t 5),
(678+17), (757+5), (880+12), (9871 12), (1133 £ 15) u (1285+ 22) MsB/c2 ¢ NpeBbIILIEHHAMH
Han douom 2,9; 5,2; 3,5; 1,4; 2,0; 8,5; 4,8; 3,8; 5.2 1 6,0 cTaHAapTHLIX OTXIIOHEHHH COOTBETCTBEHHO.
DKcnepUMeHTATbHBIE LIHPUHB! HAXOOATCK B AManasoHe ot 16 o 94 MaB/c“. Takue adexTh He 06Ha-
pyXeHbl B 1 0-KOMOMHANMAX B PeakLMy p — ppr i, UTO yKaIbIBAET HA 3HAYEHHE HIOTOMUYECKOTO
cnuna [ =0 Ana pe3oHaHCoB, HallieHHbIX B ¥ 1~ -CHCTeMe. 3HadeHUs CMHA onpeneneHs! 1s Hanbomee
CTaTHCTHYECKH obecrieyeHHBIX pe3oHaHcoB pu Maccax 418, 511 u 757 MsB/c2. C BBICOKO# CTe-
neHblo BepoATHOcTH J = 0 A pe3oHaHcoB ¢ Maccamu MR = 757 MaB/c“ u MR =418 MaB/c~. Hau6o-
nee BeposTHOe 3HaveHue J =0 Taxxe W Ana pe3oHaHca ¢ Maccoil MR =511 MoaB/c2.

Takum obpazoM, oOHapyxeHOo no kpaiiHeil Mepe 3 cocToaHuMs npH Maccax <18, 511
1 757 MaB/c®, umeiolMe KBaHTOBRIE YKCna Gy-Me3oHa 07 (01F).

Bo3MoXHa MHTEpNpeTaLMs HU3KOMEXAUIHX Op-ME30HOB KaK rmiobosos. [poseneHo cpasHeHHe
C O2HHBIMU JPYTHX HCCNEROBAaHHIA.

PaGora Beinonnena B JlaGoparopuu Beicokux 3Heprid um. B. . Bexcnepa v A. M. BannuHa
OHAU.

Mpenpunt O6beAHHEHHOrO HHCTUTYTA AAEPHBIX HccnegoBaunit. ybua, 2002

Troyan Yu. A. et al. E1-2002-214
Resonances in the System of n*x -Mesons from np —» npx*n~ Reaction
at B, =5.20 GeV/c: Search, Results of Direct Observations, Interpretation

Ten resonances were found in the mass spectrum of 'z~ system based on 66075 events
from np —» npx*n~ 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 O‘p >0. These masses are the follow-
ing: (347+12), (4181£6), (511+12), (610+5), (678+17), (757+5), (880 12), (987+12),
(1133t 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, respectively. The experimental widths of the resonances
vary within the region from 16 to 94 MeV/c2. Such effects were not found in n°n® combinations
from np - ppr ¥ reaction. Therefore, it is necessary to attribule the value of isotopic spin /=0
to the resonances found in the mass spectrum of the n*n~ system. The spin was estimated for the most
statistically provided resonances at masses of 418, 511 and 757 MeV/cZ. We determine with a high
degree of confidence that J=0 for the resonances at Mg =757 MeV/c2 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 MeV/c2.

The fact that low-mass o,-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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