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THE SEARCH AND STUDY OF THE RESONANCES IN THE SYSTEM
OF 7" 7~-MESONS FROM THE REACTION np — npr*n~
AT P, = 5.20 GeV/c

Yu.A.Troyan', E.B.Plekhanov?, V.N.Pechenov, A.Yu.Troyan, A.V.Beljaev,
A.P.Jerusalimov, S.G.Arakelian

There were carried out the search and study of the resonances in 77~ -system

based on 45388 events from the reaction np — mpm 7w~ in np-interactions at P, =
(5.20 £ 0.16) GeV/c in 1 m HBC of LHE JINR. Using the criterions cos ©; > 0 and
T | < 0.5, nine peculiarities were found at the masses of (350 &= 11), (405 % 10),

(505 £ 8), (609 £ 5), (665 £+ 11), (754 £ 4), (878 £ 10), (1155 £ 11), and (1235 +
23) MeV/c?. The excess above the background for them were 2.3, 4.8, 4.1, 2.5, 2.9,
7.8, 2.2, 4.9, and 4.7 S.D., respectively. The experimental widths of the resonances
vary within the region from 16 to 43 MeV/c?, that is comparable with the experimental
mass resolution. The comparison with effective mass spectrum of 7~ 7°-combinations
from the reaction np — ppm~ 7w’ shows that the corresponding peculiarities mentioned
above were absent in this spectrum. Therefore it is necessary to attribute the value of
isotopic spin I = 0 for the peculiarities found in the mass spectrum of 77~ -systems.
The estimation of spin was carried out for most statistically provided resonances at the
masses of 405, 505, and 754 MeV/c?. It is determined with high degree of confidence
that J = 0 for Mr = 754 MeV/c?; and the most probable value J = 0 for 405 MeV/c?
and Mp = 505 MeV/c?.

Therefore it can be affirmed that there were found at least 3 states with quantum
numbers of oo-meson 07 (01 at the masses of 405, 505, and 754 MeV/c?.

The comparison with the data of other papers was carried out.

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

IToMCK ¥ MCCIIEI0B HUE PE30H HCOB B CHCTEME 7T 7 -ME30HOB
B pe Kuuu np — nprw w upu P, = 5,20 T'aB/c

F0.A.Tpoan u op.

H 45388 cobuITusiX pe KUMH np — npm 7w, BbIIEIEHHON B Np-B3 MMOJEHCTBHAX
npu P, = (5,204 0,16) I'sB/c B 0XHOMETPOBOIi BOXOPOIHOH ITy3bIPbKOBOi K Mepe JIBD
OMU, mpou3BeNeHbl MOMCK M HCCIeNoB HUS Pe30H HCOB B cucteme 717~ . Tlpm wmc-
II0IIb30B HUM KpuTepues cos Oy > 0 u ‘X:hr_ | < 0, 5 BbIIEIEHO OEBATh OCOOEHHOCTEH
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mpu M cc x (350 £ 11), (405 £ 10), (505 £ 8), (609 £ 5), (665 = 11), (754 £ 4),
(878 £ 10), (1155 + 11) u (1235 + 23) MaB/c>. [pesbiieHre H A POHOM COCT BISET
2,3, 4,8, 4,1, 2,5, 29, 7,8, 2,2, 49 u 4,7 cT HA PTHBIX OTKJIOHEHUIH COOTBETCTBEHHO.
DKCIIepPUMEHT NbHBIE IMAPHHBI PE30H HCOB MEHSAIOTCA B IIpefel X oT 16 jgo 43 MaB/c?,
9TO Cp BHHMO C ®KCIIEPHMEHT JIBHBIM P 3pemieHneM 1mo M cc M. Cp BHEHHE CO CIiek-
TpoM >(heKTHBHBIX M cc 7~ 70-KOMOMH WMl U3 pe KIHH np — PPm T° TOK 3bIB €T,
9YTO COOTBETCTBYIOIME OCOOEHHOCTH B ®TOM CHEKTpe OTCYTCTBYIOT. [loaTomy H HieH-
HBIM OCOGEHHOCTSM B CTIEKTPe M CC 77~ H IO TIPUIHC Th 3H YeHHE M30TOMIUECKOTO
civH [ = 0. OueHk CHUH MpOU3BeleH Ui H nbojiee CT THCTUYECKH 0OecriedyeHHBIX
pe3oH Hcos mpu M cc X 405, 505 u 754 MsB/c?. Jlma Mg = 754 MsB/c? ¢ Bbico-
KOH ctemnenbio goctosepHoctu J = 0; ana Mpr = 405 MosB/c? u Mg = 505 MsB/c?
H ubonee BeposiTHOe 3H 4eHue J = 0.

T kuM 00p 30M, MOXHO YTBEpXKJ Th, YTO OOH PYXEHO IO Kp iiHeil mepe 3 cocTos-
HUS ¢ KB HTOBBIMU uuch MU go-Meson 01 (07) mpu m cc x 405, 505 u 754 MaB/c?.

IposexeHo cp BHEHHWE C [ HHBIMH APYTUX p OOT.

P 6ot Bemonnen BJI 60op Topum Beicokux sHepruii OUSN.

This work is devoted to the search and study of low-masses (M < 1.3 GeV/c?) resonances
in the 7+ 7~ -system. Their existence can clarify the properties of low-lying scalar mesons (the
so-called og-mesons), whose investigation is important both for the mechanism of realization
of the chiral symmetry for corresponding Lagrangians and for adequate description of the
attractive part of the nucleon-nucleon interaction potential [1].

Different theoretical models give various predictions for masses and widths of oy-mesons.
Early quark bag models gave M,, > 1.5 GeV/c? and T',, > 0.5 GeV/c? [2]. Further works
predicted M, = 500 = 1000 MeV/c? and T',, = 200 + 500 MeV/c? for low-lying (qq)-states
[3]. Some models of spontaneous break of chiral symmetry predict M,, ~ 700 MeV/c?
and T',, > 500 MeV/c? [4]. The calculations, using QCD sum rules and assuming that
og-meson is a low-lying glueball, give the following predictions: M,, = 280 = 700 MeV/c?
and T',, = 2 + 60 MeV/c? [5] (see also [6]).

45388 events of the reaction np — npmTm~ were used in this work. The data were
obtained in an exposure of the Im Hsy bubble chamber of LHE (JINR) to quasi-monochromatic
neutron beam (P, = 5.20 GeV/c; AP, /Py, ~ 2.5 %; AQchannel = 1077 sr.) [7].

The reaction channels were separated by the y? method for 4-c fit and 1-c fit [8-10]. In
this case, the events of 4-c fit (np — ppm—) were preferred to those with 1-c fit (np — ppr—7°
and np — nprT7~). For events with overlapped hypotheses of 1-c fit, preference was given
to the hypothesis of a lesser value of x%.. Moreover, some additional kinematics conditions
were used to satisfy the isotopic symmetry for the reaction np — npmtm—. Due to this
processing, the admixture of the background in the reaction channels of 3-prong stars of
np-interactions does not exceed 5 %.

Figure 1 shows the effective mass distribution of 7+ 7~ -combinations from total statistics
of the reaction np — npntr~ at P, = 5.20 GeV/c. The distribution is approximated by an
incoherent sum of the background curve (taken in the form of a superposition of Legendre
polynomials up to 11th power, inclusive) and by 3 resonance curves taken in the Breit—-Wigner
form. Three resonance peaks are found at the masses of 406+4, 504+6, and 752+8 MeV/c2.
The exceeding above the background curve is 3, 3, and 4 S.D., respectively.
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Fig. 1. The effective mass distribution of 77~ -combinations from the reaction np — npr 7~
at P, = 5.20 GeV/c (total statistics). The dotted line — the background taken in the form of a
superposition of Legendre polynomials up to 11th power, inclusive. The solid curve — sum of the
background and 3 Breit-Wigner resonance curves
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Fig. 2. The effective mass distribution of 77~ -combinations from the reaction np — nprm~ at
P, = 5.20 GeV/c, selected under condition of cos 6, > 0. The solid curve — the background taken in
the form of a superposition of Legendre polynomials up to 9th power, inclusive

Figure 2 shows the effective mass distribution of 77~ -combinations for the events
with the secondary neutron flying in the forward hemisphere in c.m.s. of the reaction, i.e.,
cos ©F > 0. The considerable deviations above the background are not observed in this
distribution.

We have studied the reaction np — nprn ™7~ earlier [11]. It was shown that the main
mechanism of this reaction is OPE-exchange with the dominant exchange of charged m-meson.
It leads to a plentiful production (up to 70 % of total cross section of the reaction) of A™T™
and A~ -resonances in lower and upper vertexes of the corresponding diagrams. In this case,
the neutron from A~ -decay is moving in the direction of projective neutron and the proton
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from At*-decay is moving in the direction of target proton. 7*-mesons from A-decays

produce the background in the effective mass distribution of 77~ -combinations. This is
especially powerful for the events with cos O > 0. This mechanism describes the structure
of the spectra shown in Figs. 1 and 2.

Therefore it seems to be reasonable that resonances in w7~ -system are necessary to
study selected events of the reaction np — mpm ™7~ under condition of cos ©, > 0. The
total contribution of AT and A~ -resonances is not more that 17% for these events and the
background from their decays is strongly decreased. The number of events with cos ©, > 0
is equal to 13954.

An additional intensification of some effects arises due to the use of some more criterion,
the essence of that is clearly seen in Fig. 3.

Figure 3 shows 2-dimensional plot for the events selected under condition of cos ©,>0.
Here: abscissa is effective mass of w7~ -combination and ordinates are the quantity

- = (P:E +P;I,I) /Py _ the sum of longitudinal momenta of 7t- and 7~ -
mesons divided by the maximum momentum of m-meson that is possible in the reaction
np — nprtmw~ at the momentum of incident neutron for the concrete event. It is seen a
concentration of events at some masses of 77~ -systems along the band with the centre near
X7+ n- = 0. The events inside the band | X7, | < 0.5 were used for the further inves-
tigation. Under this condition, neither the values of resonance masses nor their widths did
change as compared with the selection by more weak criterion cos © > 0, but the statistical
confidences of some resonances have increased. The distribution of effective masses of 77~ -
combinations from the reaction np — npr ™7~ at P, = 5.20 GeV/c is given in Fig.4 for the

events selected under conditions of cos ©; > 0 and | X*, | < 0.5 (totally 11299 events).
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Fig. 3. Plot of M, +,.- vs X _ for the events selected under condition of cos 6, > 0 from the
reaction np — npr T~ at P, = 5.20 GeV/c

The distribution is approximated by an incoherent sum of the background curve (taken
in the form of a superposition of Legendre polynomials up to 10th power, inclusive) and



Troyan Yu.A. et al. The Search and Study of the Resonances 29

Events/0.0158 GeV/c?

e np — npnin a
400 S w0
- =) % o P,=5.20GeV/c
a ° 2 - 8 cos @; >0
< S © L X* <0.5
300 4 g (=) ‘ nt+n— ‘ .
4 -
A =~
s 5
200 1 S P
Vel
vy wy
100 | R
N=11299 events -
0
= np — nprtn” b
100 - w <
3 S P,=520GeVic
Sy cos @7 >0
= P
i v *
75 % X%, 1<05
50 A
251
0
=25 +——— — — . — .
0.277 0.5934 0.9094 1.2254

Mntn, GeV/c?

Fig. 4. a) The effective mass distribution of 717~ -combinations from the reaction np — npr 7~ at
P,, =5.20 GeVl/c, selected under condition of cos 6, > 0 and | X", _| < 0.5. The dotted line — the
background taken in the form of a superposition of Legendre polynomials up to 10th power, inclusive.
The solid curve — sum of the background and 3 Breit—-Wigner form resonance curves. b) The same as
in Fig.4,a for subtracted backgroung

by 9 resonance curves taken in the Breit—-Wigner form (Fig. 4,a). In Fig. 4,b the
same distribution is shown for the subtracted background. The description of the in-
tervals between the resonances by the background gives x> = 0.86 + 0.21 and VD =
1.25 4+ 0.15 that is near the theoretical values 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 background and 9 resonance curves gives x? = 0.68 & 0.17
and /D = 0.68 £ 0.12.

The results of approximation are given in the Table.
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M.+ AM, (MeV/c?) | T. + AT, (MeV/c?) | oub | S.D. P
350 + 11 18148 7+3 | 23 | 45-107"
405+ 10 3219 1545 | 48 | 28-107°
505+ 8 36172 1847 | 41 | 39-107*
609 + 5 16718 8+5 | 25 | 2.6-107!
665+ 11 26135 12+6 | 29 | 3.2-1072
754+ 4 42118 37+£7| 78 | 32-1071
878 4+ 10 18718 745 | 22 | 26-107!

1155+ 11 43133 1143 | 49 | 91-10°¢
1235 + 23 43133 7+2 | 47 | 41-107°

The first column contains the fitted values of the resonances masses (including errors).

The second column contains the fitted values of the resonances widths. The errors for the
widths of the resonances with a good statistics (at the masses of 405, 505, and 754 MeV/c?)
are taken from the approximation. The evaluation values of errors are presented for the other
resonances.

The third column contains the production cross sections for the corresponding resonances.
For these errors, it was taken into account the error of the cross section of the reaction
np — nprtw~ at P, = 5.20 GeV/c (0,p—npr+ - = (6.22 £ 0.28) mb) [9].

The fourth column contains the number of standard deviations of the effects above the
background: S.D. = Nies/vV Npack-

The fifth column contains the probability (multiplied by the number of bins) that observed
peculiarity is due to a background fluctuations.

To determine the spin of the resonances, the distributions of the angle between the
direction of motion of 7w-meson from the resonance decay and the direction of motion of
resonance in reaction c.m.s. are constructed. For all that the values are taken in the resonance
rest system (helicity coordinate system [12]).

For strong decays, such distributions must be described by the sum of Legendre polyno-
mials of even powers with a maximum power of 2.J, where J is the resonance spin.

The distributions of this angle from the events with cos © > 0 and | X7, | < 0.5
are shown in Fig.5 for the resonances at the masses of 405, 505, and 754 MeV/c2. In the
construction of these distributions, the background, taken from the left and from the right of
the resonance region and normalized to the number of events in the resonance region, was
subtracted.

The straight line corresponds to J = 0 (the isotropic distribution). The confidence levels
are equal to 0.42, 0.64, and 0.56 for the corresponding resonance masses. Therefore, the most
probable spin values for these three resonances are equal to 0. The determination of spins of
other resonances was not carried out due to low statistics.

It follows from the generalized Pauli’s principle for 27-system 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¥-systems from the reaction np — ppm~m (that is also
studied by us) will be observed with the statistical significance of 4.5 times more than in the
reaction np — npr 7. But there are not such effects in 7~ 7%-system.
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Fig. 5. The distribution of decay angle for 7+~ -resonances: a) for the resonance with Mp =

405 MeV/c?, b) for the resonance with Mpr = 505 MeV/c?, ¢) for the resonance with Mzr =
745 MeV/c?. The straight lines correspond to the isotropic distribution

Thus one can conclude that there are observed in our experiment at least 3 peculiarities
at the masses of 405, 505, and 754 MeV/c? that have the quantum numbers I¢ (JPC) =
0T (0*+) and may be identified as oo-meson.

A large number of works are connected with a search and study of op-mesons (see
[13]). All of them are based on the PWA-analysis of w/N- or pp- interactions. The obtained
values of o-mesons masses are in the range from 400 to 1200 MeV/c? and coincide with
the sequence of the masses observed in our experiment. Note that unlike all works devoted
to the search for low-masses (M < 1.3 GeV/c?) op-mesons, in our work there were observed
the direct signals from the resonances in the effective mass spectra of corresponding particles
combinations. However, the resonance widths extracted from such analysis are considerably
larger than obtained in our experiment. Maybe it is necessary to use another ideas and more
complicated methods of analysis.

One of the possibilities is an interpretation of low-masses og-mesons as glueballs.

An estimation of the width of og-glueball is given in paper [6] based on the low energy

%220
theorems: T'(o)—rm) = {(M/lGeV)E’} MeV/c?, where 220 and 550 are values from
X550

gluon condensate corresponding to 2 variants of theory.
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Let us consider the resonance at the mass of Mp = 754 MeV/c2. In our experiment,
the mass resolution for 7+m~-system depends on the mass and is equal to Tyes (M) =
0.042 (M — 2m) + 2.8 (all values are in MeV/c?) [14]. The width of the resolution function
is Tyes(754) = 23 MeV/c? for Mp = 754 MeV/c?. If the mass resolution function has the
normal distribution form (that is realized for Mr = 754 MeV/c?), the true width of the

resonance will be estimated as I'r = /T2, — T2, = /(42£5)2 — (23)% = 35127 MeV/c?

and the true width of the resonance is within interval from 14 to 52 MeV/c2.

If the resonance at the mass of 754 MeV/c? is a glueball, then its width determined by the

X220

formula from low-energy theorems is: T'(y_x)= [(0.754)%] __ = [0.244] X220 51 MeV/c?.

Therefore, the width of op-meson at the mass of 754 MeV/c? determined in our experi-
ment does not contradict its interpretation as a glueball.

Of course, the set of the resonances and their properties allows the other interpretations
of their nature, too. But all of them have to result in narrow widths of resonances decaying
into 2m-mesons. We could not generally observe in our experiment the effects at the widths
given in [13] (if, of course, do not take into account various interference phenomena).

We are grateful to Dr. V.L.Lyuboshits for his help in our work.

The investigation has been performed at the Laboratory of High Energies (JINR) with
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