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Abstract

Alde D., Binon F., Donskov S.V. et al. Spin-parity analysis of ηπoπo-system in π−p charge

exchange reaction at 100 GeV/c by Zemach method: IHEP Preprint 96-39. – Protvino, 1996. –
p. 9, figs. 3, tables 2, refs.: 19.

A spin-parity analysis of ηπoπo-system produced in the charge exchange π−p → ηπoπon
reaction is performed in a mass range up to 1,9 GeV. The data have been collected with GAMS-
4000 multiphoton spectrometer in 100 GeV/c secondary π− beam of SPS at CERN. Clear peaks

are observed in the mass spectra, corresponding to the η(1295) and ι/η(1440) mesons in the
pseudoscalar sector, and to the D/f1(1285) meson in the axial-vector sector. Their masses and

widths are in a good agreement with the world average values. Several decay branching ratios as
well as the production cross sections of these mesons are measured. The η(1295) decay to ηπoπo

is dominated by the a0(980)π
o subchannel. Contrary to this, the ι/η(1440)→ a0(980)πo decay is

rather week, the η(πoπo)S subchannel dominates in the iota to ηπoπo decay. This is an argument
towards the iota assignment as an exotic meson with a strong valence gluon component.

aNNOTACIQ

aLDI d., bINON f., dONSKOW s.w. I DR. aNALIZ SPIN-ˆETNOSTI ηπoπo-SISTEM, OBRAZOWAN-
NYH W ZARQDOWOOBMENNOJ π−p-REAKCII PRI IMPULXSE 100 g“w/S, METODOM zEMAHA: pREPRINT

ifw— 96-39. – pROTWINO, 1996. – 9 S., 3 RIS., 2 TABL., BIBLIOGR.: 19.

pROWEDEN ANALIZ SPIN-ˆETNOSTI ηπoπo-SISTEM, OBRAZOWANNYH W ZARQDOWOOBMENNOJ REAK-

CII π−p → ηπoπon W OBLASTI ηπoπo-MASS DO 1,9 g“w. iZMERENIQ WYPOLNENY NA MNOGOFO-
TONNOM SPEKTROMETRE gams-4000 W PUˆKE π−-MEZONOW S IMPULXSOM 100 g“w/S USKORITELQ

SPS CERN. w MASSOWYH SPEKTRAH NABL@DA@TSQ ˆETKIE PIKI, SOOTWETSTWU@]IE η(1295)- I

ι/η(1440)-MEZONAM W PSEWDOSKALQRNOM SEKTORE I D/f1(1285)-MEZONU W AKSIALXNO-WEKTORNOM

SEKTORE. mASSY I [IRINY REZONANSOW NAHODQTSQ W HORO[EM SOGLASII SO SREDNIMI MIROWY-

MI WELIˆINAMI. iZMEREN RQD OTNOSITELXNYH [IRIN RASPADOW “TIH MEZONOW W SEˆENIQ IH

OBRAZOWANIQ. w RASPADE η(1295)→ ηπoπo PREOBLADAET a0(980)π
o-KANAL. w OTLIˆIE OT “TO-

GO, RASPAD ι/η(1440)→ a0(980)πo MALOINTENSIWEN, W RASPADE ι-MEZONA NA ηπoπo DOMINIRUET

η(πoπo)S KANAL. —TO QWLQETSQ ARGUMENTOM W POLXZU INTERPRETACII ι-MEZONA KAK ˆASTICY S

SILXNOJ KOMPONENTOJ WALENTNYH GL@ONOW.
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Introduction

The aim of this paper is a spin-parity analysis of ηπoπo-system produced in the charge
exchange reaction1

π−p→ ηπoπon (1)

in 1 GeV to 1,9 GeV mass region, where several pseudoscalar (JPC = 0−+) and axial-
vector (1++) mesons have been observed in different decay channels [2]. With recent
development of E/ι problem [3], the pseudoscalar sector shows an intriguing structure:
among three 0−+ states observed in the above mass range the lightest one, η(1295), may
be assigned to a radial excitation of the η-meson, while one of two other mesons with
≈ 1400 MeV and ≈ 1490 MeV masses may be considered to be a η′ radial excitation and
the other one then be a candidate to an exotic (non-qq̄) state.

The results of the partial wave analysis (PWA) of ηπ+π−-system have been reported
in the π−p → ηπ+π−n reaction at 8.06 GeV/c and 8.95 GeV/c at KEK [4]. The ηπoπo-
system has not yet been studied in the π−p charge exchange reaction, though ηπoπo is
known as a good system for the PWA because odd JP waves in the πoπo-subsystem should
be omitted due to πo identity and therefore the number of waves entering the PWA of
ηπoπo-system is strongly reduced as compared to that of ηπ+π−-system.

The experiment on a study of reaction (1) with η and πo decaying into two photons (six
photons in total) has been carried out with the GAMS–4000 multiphoton spectrometer
[5] in 100 GeV/c secondary π−-beam of SPS (NA12 experiment at CERN). The GAMS
to the hydrogen target distance was equal to 15 m. The general layout of the experiment,
details of the GAMS–4000 construction and calibration as well as the data treatment
procedures have been described elsewhere [5,6].

At the first stage of data treatment a modified version of SLAC–Berkeley program [7]
was used for the PWA of reaction (1) on a refined event set [1]. In present work a simplified
method based on the Zemach analysis of Dalitz plots in various ηπoπo mass bins is used.

1The first results of the partial wave analysis have been reported by T.Tsuru [1].
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The criteria of event selection are changed from [1] to increase statistics and to suppress
low-|t| background processes.

1. Selection of ηπoπo events, mass spectra

The separation of ηπoπo events from 3πo and ηηπo events detected simultaneously in
the experiment is performed by means of kinematical analysis of all 6γ-events based on 4C-
fit (the masses of a recoil neutron, η and πo mesons are fixed) [8,9]. More than 60,000 pure
ηπoπo events are retained for further analysis. An additional cut, −t > 0, 15 (GeV/c)2, is
applied to reduce a nonresonant continuum in the E/ι mass region.

The mass spectrum of selected ηπoπo events is shown in fig. 1. Besides the dominant
peak of η′-meson, two other peaks are clearly seen in this spectrum: the first one in the
f1(1285), η(1295) region and the second one in the f1(1420), η(1440) region. A correction
for the detection efficiency does not change significantly the shape of mass spectrum.

Fig. 1. Mass distribution of ηπoπo events produced in reaction (1) at 100 GeV/c. Here and
further −t > 0.15 (GeV/c)2.

The spin-parity analysis has been performed independently in 30 MeV ηπoπo mass
bins in 1020 MeV to 1920 MeV interval using about 19,000 events in total. In the mass
distribution of selected events no resonant structure is seen in the πoπo-subsystem, while
clear peaks are observed in the ηπo-subsystem at 980 MeV and 1320 MeV [1]. These are
naturally identified, according to the peak positions and the widths, with the intermediate
a0(980) and a2(1320) mesons produced in the last subsystem.
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2. Spin-parity analysis of ηπoπo-system

The spin-parity analysis of the ηπoπo-system has been performed on a basis of the
isobar model [10] using Zemach representation [11] for the decay amplitudes. The only
Dalitz variables of ηπoπo-system are used in the analysis (see below). For fitting the event
distributions the maximum-likelihood method is applied.

In a framework of the isobar model the decay amplitude of the system with JPC spin-
parity is composed of quasi-two-body amplitudes using Zemach spin-tensors ZJPC and
dynamical factors F , which are Breit-Wigner functions for the intermediate resonances in
dimeson subsystems2

AJPC =
∑
k

αkJPC · A
Lk
JPC =

∑
k

αkJPC · Z
Lk
JPC (p

k1 , pk2 , pk3) · F Lkk (pk1 , pk2). (2)

Here the summation is performed over the k-channel amplitude decompositions, αkJPC is a

complex intensity of the elementary amplitude ALkJPC
3, Lk is a relative angular momentum

of the dimeson subsystem, which includes k1 and k2 mesons, pki is a 4-momentum of
ki-meson in the ηπoπo-system. The amplitudes were constructed symmetrically over the
πo permutations. It is worth noting that the interference occurs only between amplitudes
with the same spin-parity. Thus the Dalitz plot density can be expressed in a form:

Io(m
2
13, m

2
23) =

∑
JPC

| AJPC |2 . (3)

The detected event distribution over the Dalitz plot is defined by the equation:

Iacc(m̃
2
13, m̃

2
23) =

∫
dm213dm

2
23 Io(m

2
13, m

2
23) · ε(m213, m223) · �(m̃213 −m213, m̃223 −m223), (4)

where the measured variables are marked with tilde, ε(m213, m
2
23) is the detection efficiency

for the events with the given masses of meson pairs and �(m̃213 −m213, m̃223 −m223) is the
mass resolution function of the GAMS detector.

The detection efficiency as well as the mass resolution have been calculated for each
ηπoπo mass bin by the Monte Carlo method. The detection efficiency (about 50%) is
rather flat function of masses in the present experiment. It does not influence the PWA
results, whereas the account of mass resolution improves essentially the fit quality.

The maximum likelihood function used in the Dalitz plot fitting is based on an as-
sumption that the event number in each bin of the plot follows the Poisson distribution:

− ln P = −
∑
ij

(Nij lnµij − µij), (5)

where Nij is the detected event number in the ij bin of Dalitz plot and µij is its expected
value:

2We assume that πoπo-subsystem is produced in reaction (1) with zero total isospin.
3Here and further on the normalization

∫
dm213dm

2
23 |ZLkJPC (pk1 , pk2 , pk3)·FLkk (pk1 , pk2)|2 = 1 is applied.
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µij =
∫
dm̃213dm̃

2
23 Iacc(m̃

2
13, m̃

2
23). (6)

The integration is carried out over the ij bin of the plot.

An initial set of elementary amplitudes used in the spin-parity analysis is defined by
resonances (isobars) in dimeson subsystems, as well as by the highest spin of ηπoπo states
whose contribution can still be important in the relevant ηπoπo mass region. At least four
isobars may contribute significantly to the dimeson spectra: ao(980) and a2(1320) in the
ηπo-subsystem and f0, or (π

oπo)S , and f2(1270) in that of πoπo [1]. As for the highest
spin value, all the states with J ≤ 2 have been taken into account.

The Breit-Wigner functions with the table parameters [2] were used as dynamical
factors in equation (2) for the ao(980), a2(1320) and f2(1270) resonances, while the π

oπo

S-wave phase shift parametrization [12,13] was used for the f0.
Initially all elementary amplitudes were included in the fit. But then the amplitudes

with the | αkJPC |2 compatible with zero within a standard deviation have been discarded.
As a result, eight amplitudes4 are left for the Dalitz plot fitting in a mass range up to 1,9
GeV: 0−a0π

oS, 0−f0ηS, 1+a0π
oP , 1+f0ηP , 1

+a2π
oP , 1+f2ηP , 2−a2π

oP and 2−f2ηP
(the elementary amplitudes with a2 and f2 resonances were introduced in the fit starting
from 1400 MeV of the ηπoπo mass). Hence in our PWA model (J ≤ 2) the ηπoπo-system
in the above mentioned mass range is produced in reaction (1) mainly in three JPC states:
0−+, 1++ and 2−+.

The mass spectra of first two amplitudes are presented in fig. 2. The 2−+ spectrum
(not shown) is structureless and contributes to the E/ι region much less than 0−+ and
1++ amplitudes.

The 0−+ amplitude shows two clear peaks, at 1300 MeV and 1400 MeV. The first one
is identified with the η(1295)-meson and the second one with the η(1440)-meson (former
ι(1420)). In the 1++ amplitude the only peak near 1300 MeV is definitely seen. It is
identified with the f1(1285)-meson (former D(1285)-meson).

The mass spectra of significant JPxyL amplitudes are presented in fig. 3. Peaks of
the η(1295), ι/η(1440) and f1(1285) mesons are clearly seen. As for the f1(1420)-meson,
while it gives no signal in the 1++ mass spectrum (fig. 2), an enhancement is visible in
the 1+a0π

oP amplitude around 1420 MeV (fig. 3).
The comparison of fig. 2 and fig. 3 shows that in the η(1295) → ηπoπo decay the

a0(980)π
o subchannel dominates in spite of a very limited phase space. Contrary to this,

the ι/η(1440) → a0(980)π
o decay is rather week (while two times larger phase space is

available), the f0η subchannel dominates in the iota to ηπoπo decay. This is a strong
argument towards a gluonic iota nature: both the low mass S-wave ππ-system and the η-
meson are strongly coupled to gg-pair [14-17] and the decay to η(ππ)S should be enhanced
for mesons built with valence gluons (glueballs, hybrids).

The mass spectra in fig. 2 have been fitted with three Breit-Wigners (convoluted with
the spectrometer mass resolution) and incoherent polynomial continua.

4For Zemach amplitudes we use the JPxyL notations, where JP are the spin-parity, x is an isobar, y
is a bachelor meson, and L is the x and y angular momentum.
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The results obtained for the resonance parameters are collected in Table 1. The param-
eters are in agreement with the world average values [2]. The η(1295) peak width is
governed by the instrumental resolution. In this case we derived a 90% C.L. upper limit
for the η(1295) width.

Table 1.

Meson Mass, in MeV Width, in MeV
η(1295) 1299± 4 < 40
ι/η(1440) 1424± 6 85± 18
f1(1285) 1284± 6 55± 18

The contributions of different subchannels to the ηπoπo decays of resonances

R(k/ηπoπo) =
|αkJPC |2∑
n |αnJPC |2

(7)

are estimated from the mass spectra of the corresponding JPxyL amplitudes (fig. 3).
Three Breit-Wigners with parameters statistically consistent with the table values [2] are
used to fit the spectra. The obtained R values are presented in Table 2.

Table 2.

Meson R(a0π
o/ηπoπo) R(f0η/ηπ

oπo)
η(1295) 0.65± 0.10 0.35± 0.10
ι/η(1440) 0.19± 0.04 0.81± 0.04
f1(1285) 0.28± 0.07 –

The ratio of two iota branchings,

BR(ι→ η(πoπo)S)/BR(ι→ a0π
o, a0 → ηπo) = 4.3± 1.2, (8)

is by an order of magnitude higher than that of η(1295), which equals 0.54± 0.22.

3. Production cross sections

The production cross sections of the resonances have been normalized to the cross
section of the η′(958)-meson, σ(π−p→ η′n) ·BR(η′ → ηπoπo) = 42± 6 nb at 100 GeV/c
and −t > 0.15 (GeV/c)2, which follows from [2,18,19].

The obtained cross section values are:

σ(π−p→ η(1295)n) ·BR(η(1295) → ηπoπo) = 12± 3 nb (2100 events),

σ(π−p→ η(1440)n) · BR(η(1440)→ ηπoπo) = 12± 3 nb (2200 events), (9)

σ(π−p→ f1(1285)n) · BR(f1(1285) → ηπoπo) = 8± 2 nb (1400 events).
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Conclusions

We summarize that in the π−p → ηπoπon reaction at 100 GeV/c and −t >
0.15 (GeV/c)2 clear signals of η(1295), ι/η(1440) and D/f1(1285) mesons are observed
in the ηπoπo mass spectra of the corresponding JPC amplitudes. The measured param-
eters of all resonances are in a good agreement with the world average values. In the
η(1295) → ηπoπo decay the a0π

o subchannel dominates, whereas it is rather weak in the
ι/η(1440) case (in spite of a much larger phase space available in the iota decay); here the
η(πoπo)S subchannel dominates giving an argument to consider the iota to be a meson
with a strong valence gluon component.

Acknowledgments

We would like to thank Ph. Gavillet, S.S. Gershtein, V.F. Obraztsov and A.M. Zaitsev
for useful discussions.

References

[1] D. Alde et al., Proc. Workshop on Hadron Physics at e+e− Collider, IHEP, Beijing,
1994, p. 34; ed. X. Fan, W. Li, H. Ni;
T. Tsuru, Preprint KEK 95-158, Tsukuba, 1995.

[2] Rev. Part. Prop., Phys. Rev. D50 (1994).

[3] A. Bertin et al., Phys. Lett. B361 (1995) 187.

[4] A. Ando et al., Phys. Rev. Lett. 57 (1986) 1296.
S. Fukui et al., Phys. Lett. B267 (1991) 293.

[5] D. Alde et al., Nucl. Instr. Meth. A240 (1985) 343; Phys. Lett. B205 (1988) 397.

[6] D. Alde et al., Nucl. Phys. B269 (1986) 485.

[7] D. Herndon et al., Phys. Rev. D11 (1975) 3183.

[8] F. Binon et al., Phys. Lett. B140 (1984) 264.

[9] D. Alde et al., Phys. Lett. B177 (1986) 115.

[10] C. Dionisi et al. Nucl. Phys. B169 (1980) 1.

[11] Ch. Zemach, Phys. Rev. 133B (1964) 1201.

[12] L. Rosselet et al., Phys. Rev. D15 (1977) 574.

[13] C. Hyams et al., Nucl. Phys. B64 (1973) 134.

8



[14] M.B. Voloshin, Yu.M. Zaitsev, Physics–Uspekhi 152 (1987) 361 (see references
therein).

[15] A.I. Vainstein et al., Elem. Part. Atom. Nucl. 13 (1982) 542.

[16] S.S. Gershtein, A.K. Likhoded, Yu.D. Prokoshkin, Z. Phys. C24 (1984) 305.

[17] S. Narison, G. Veneziano, Intern. Journ. Mod. Phys. A4 (1989) 2751.

[18] O.I. Dahl et al., Phys. Rev. Lett. 37 (1976) 80.

[19] W.D. Apel et al., Phys. Lett. B83 (1979) 131; Nucl. Phys. B152 (1979) 1.

Received May 17, 1996

9



d.aLDI, f.bINON, s.w.dONSKOW I DR.
aNALIZ SPIN-ˆETNOSTI ηπoπo-SISTEM, OBRAZOWANNYH W ZARQDOWOOBMENNOJ π−p-REAKCII

PRI IMPULXSE 100 g“w/S, METODOM zEMAHA.

oRIGINAL-MAKET PODGOTOWLEN S POMO]X@ SISTEMY LaTEX.
rEDAKTOR e.n.gORINA. tEHNIˆESKIJ REDAKTOR n.w.oRLOWA.

pODPISANO K PEˆATI 20.06.96. fORMAT 60× 84/8. oFSETNAQ PEˆATX.
pEˆ.L. 1.12. uˆ.-IZD.L. 0.86. tIRAV 240. zAKAZ 675. iNDEKS 3649.

lr ß020498 17.04.97.

gnc rf iNSTITUT FIZIKI WYSOKIH “NERGIJ

142284, pROTWINO mOSKOWSKOJ OBL.



iNDEKS 3649

p r e p r i n t 96-39, i f w —, 1996


