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1. Introduction

Many data show the presence of weakly excited, narrow, exotic low mass structures in un-
�avoured mesonic spectra. They are called exotic, since the re is no room for them inside the quark
q flq model. Several data have been reported in [1], recalling our previous results, as well as other
results. A partial summary of the results shown in the present paper was recently published [2].
The �rst measurements were done using bubble chambers [3]. A ll these data will be discussed
below.

With exception of the present Fig. 1 (left), which is reprinted, the other data are read and
reproduced in the plotted �gures.

Several extracted mesonic structures are small, hardly �ll ing the 5 σ criterium. Their justi�-
cation lies in the existence of similar observations at the same (or nearby) masses. The number of
standard deviations (S.D.), in units of σ , is de�ned as:

S:D:=
n

∑
i=1

Ni=(∆Ni)
2 =

s

n

∑
i=1

[1=(∆Ni)2] (1.1)

where ∆Ni corresponds to the total uncertainty, namely the uncertainty on peak plus background.
The uncertainty on background is taken to be the same as the peak plus background one. Therefore
the obtained S.D. is pessimistic. N stands for the signal, i.e., total minus background data.

Beyond the con�rmation of the exotic mesonic structures mas s spectrum, it remains a chal-
lenge for theoreticians to explain their nature. It is presently assumed inside the quark model, that
glueballs, hybrids, or q flq plus gluon, have masses above M � 1.5 GeV. In the same way, the lowest
tetraquark π1(1400) 1�(1�+) has mass M = 1354 � 25 MeV from the Particle Data Group (PDG)
[4]. So all these mesons have masses above the mass range discussed in the present paper. Possible
low mass molecules should be close to two pions (or other two mesons).

2. Selection of some data showing low mass narrow mesonic structures

A selection of data is presented here, either reproducing useful spectra from reactions not
discussed up to now, or precise (statistics, resolution, binning) spectra again not always published
in peer reviewed journals.

2.1 The p flp annihilation at rest

The p flp annihilation at rest was studied at LEAR (CERN) [5] with help of the Crystal Barrel.
Since the original data are no more available, Fig. 1 showing the scatter plot of 2γ invariant masses
versus 2γ invariant masses: M(γ3γ4) = f(M(γ1γ2)) is scanned and plotted without any shade of grey.
We get therefore the right part of Fig. 1, where the intensity of the peaks (whose quantitative
information is lost) is simulated by the width of the corresponding basis. The most intense concen-
tration of data appears in spots corresponding to π0π0, π0η , π0ω , ηη , and ηω coincidences. The
diagonal lines are drawn by the author of the original paper, in order to indicate the correspondence
of the blobs discussed by him, namely π0π0, π0η , ηη , and ηω . Table 1 shows the masses of
the various spots located between the π0π0 and π0η spots, in the ranges A and B, and projected
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Figure 1: (Color on line). Scanned insert from Fig. 6 of [5] showing the scatter plot of the two photon
invariant mass M(γ3;γ4) (in MeV), versus the two photon invariant mass M(γ1;γ2) (in MeV). Reprinted
�gure with permission from Claude Amsler, Rev. of Modern Phy sics, Vol. 70, 1293 (1998).

on both axis X and Y. A good agreement between these masses is observed, which supports the
con�dence on their interpretation to be genuine physical pe aks and not background.

Table 1: Comparison of narrow un�avoured meson masses observed in th e M(γ3γ4) = f(M(γ1γ2)) scatter
plot from LEAR (CERN) [5]. AO means "already observed" from different reactions (see table 2 and Fig.
5). All masses are in [MeV].

AO name(1) mass(1) name(2) mass(2)

a1 45 a2 45.7
81.3 h2 85
252 b1 252.5 b2 248.5

c1 275 c2 274.7
309.9 d1 310 d2 309.6
347 e1 345

f1 375 f2 365
675.2 g1 670 g2 674

2.2 The pp ! ppπ+π� reaction

The pp ! ppπ+π� reaction was studied at Saturne (Disto beam line) [6] using proton mo-
menta pp = 3.67 GeV/c. Fig. 2 shows the dσ=dM spectra versus Mπ+π� invariant mass. The
extracted peaks correspond to the following masses M � 488[484.7] S.D. = 5.7, 550[549.7] S.D. =
2.5, 585[584.7] S.D. = 6.4, 670[675.2] S.D. = 4.4. The masses previously observed in the SPES3
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Figure 2: (Color on line). Mπ+π� invariant mass from the pp ! ppπ+π� reaction, Saturne (Disto beam
line) [6].

data are given between brackets. Small peaks poorly de�ned b ut appeared before in other data
correspond to M � 715[700], 760[754.7], and 847 MeV.

2.3 The pp ! ppX0 reaction

Figure 3: Cross sections of the pp ! ppX0 reaction Saturne (SPES3) [1].

The pp ! ppX0 reaction was studied at Saturne (SPES3 beam line) [1]. Missing mass spectra
MX were obtained at �fteen different experimental conditions , namely three incident proton en-
ergies: Tp = 1520, 1805, and 2100 MeV, and several spectrometer angles at each energy. Both
protons were simultaneously detected in the same detection, thanks to its large momentum range
600�pc�1400 MeV/c. Peaks were extracted at the following masses: M = 62, 80, 100, 181, 198,
215, 228, 310, 350, 426, 470, 555, 588, 647, 681, 700, and 750 MeV. A selection of data is shown
in Fig. 3; the S.D. of the peaks from left (l) to right (r) are in (a)l: 2.9, 2.1, and 3.9; (b)l: 5.2, 2.9,
and 6.1; (c)l: 13.8, 7.7, and 2.5; (a)r: 5.0 and 2.3; (b)r: 1.0, 1.4, and 1.9; and (c)r: 4.2, 2.7, and 1.7.
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2.4 The e+e� ! π+π� reaction
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Figure 4: The e+e� ! π+π� reaction, BABAR [7]

The cross section of the e+e� ! π+π� reaction was studied at BABAR [7]. Although small
statistics are expected, since there is no quark in initial state, precise data with small binning were
obtained at this electron-positron collider. Fig. 4 shows several peaks extracted in the invariant
Mπ+π� spectra. They are shown with a 10 MeV binning in insert (a) and 4 MeV binning in the
other three inserts. The masses of the extracted peaks and the corresponding statistical precisions
are: insert (a) M = 360 MeV (S.D. = 3.1), 410 MeV (S.D. = 4.7), 475 MeV (S.D. = 1.4). Insert (b)
M = 546 MeV (S.D. = 2.6). Insert (c) M=635 MeV (S.D. = 4.2). Insert (d) M = 752 MeV (S.D. =
3.4).

3. Short recall of selected results already shown in previous papers

This section recalls several data useful for the present study, using spectra showing narrow
mesonic structure(s) in experiments studied for different aims. The extracted structures, have not
been commented by the authors. They are mostly statistically not signi�cant, i.e., the S.D. are
small, therefore not always calculated. As already said, their justi�cation lies in the existence of
several such observations at the same (or nearby) mass. Table 2 shows some of these results. Some
of these data and other old results are described shortly in [1]. Among them the four two photon
invariant masses measured from reactions involving high energy heavy ions [8].

3.1 The p flp annihilation in �ight

Fig. 2(a) of [9] shows the spectra of π0γ invariant mass using 1940 MeV/c proton momenta
at LEAR by the Crystal Barrel Collaboration. The mass of the extracted structure M = 587 MeV,
with a large S.D. = 7.1, is very close to M = 585 MeV, where a narrow peak was observed in the
SPES3 data.
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Table 2: Recall of several narrow mesonic masses (in MeV), observed in various experiments.See text.

observ. reaction lab. ref.

Mγγ p flp ann. in �ight LEAR(Crystal Ball) [9]
Mγγ η ! π0γγ AGS(Crystal Ball) [10]

Mπ0γγ η ! π0γγ Mainz(Microtron) [11]
MX pp ! ppX Uppsala [12]
Mγγ dC ! γγX JINR(Nuclotron) [13]

Mπ+π� γ p ! pπ+π� Desy [14]
Mπ�π0 γn ! pπ�π0 Mainz(MAMI) [15]
Mπ+π0 γ p ! pπ+π0 Mainz(MAMI) [16]
Mπ0π0 pp!ppπ0 Uppsala(Celsius) [17]

MX ep!e’pX MAMI [18]
MX ep!e’pX JLAB(Hall A) [19]
MX ep!e’pX JLAB(Hall C) [20]

Mπ+π� pp ! ppπ+π� Celsius [21]
Mγγ pp ! ppγγ Celsius [22]

3.2 The Mγγ invariant mass

The π0γγ invariant mass from the rare η decay, was studied at AGS with the Crystal Ball/TAPS
[10] and 716 MeV/c π� beam. In the Mγγ invariant mass, structures at M = 255[251], and
343[349] MeV with a low number of S.D. are extracted. Although these extracted structures are
rather insuf�ciently de�ned, they appear at masses that are close to masses of previously observed
structures (in brackets). The additional peaks at M=84[81.3] and 190[194] MeV, although being
located close to already observed masses can, with a rather large certainty, be an artifact of the pion
subtraction, and therefore they are not kept.

3.3 The Mπ0γγ invariant mass

The doubly radiative decay η ! π0γγ was studied at the Mainz Microtron MAMI with the
Crystal Ball and TAPS multiphoton spectrometer. Fig. 7(d) of Ref. [11] shows the results versus
the Mπ0γγ invariant mass. Statistically poor structures are extracted at M �369[367], 415[415] and
479[482] MeV.

3.4 The MX missing mass of the pp ! ppX reaction

The pp ! ppX reaction was studied at Uppsala [12] with the PROMICE-WASA facility. The
missing mass obtained using the 310 MeV proton beam energy exhibits two structures at M =
61[61.5] and 76[81] MeV.

3.5 The Mγγ invariant mass from the d C ! γγ X reaction

The d C ! γγ X reaction was studied, with the internal 2.75 GeV/c per nucleon beam of the
JINR Nuclotron [13]. A structure at Mγγ = 360�7 MeV [366.7] was observed. It is noteworthy
that these masses agree with the masses already obtained by other experiments.
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3.6 The Mπ+π� invariant masses from the study of the np ! npπ+π� reaction

As already mentioned, the study of Mπ+π� invariant masses, started long time ago, with the
analysis of bubble chamber, from the reaction np ! npπ+π� using pn = 5.20 GeV/c neutron beam
[3]. Their statistics was progressively improved, leading to the following masses in the mass range
studied here: M = 350�3[347] (S.D. = 3.0), 408�3[415] (S.D. = 3.5), 489�3[482] (S.D. = 4.0),
579�5[415] (S.D. = 3.8), 676�7[675.2] (S.D. = 3.0), and 762�11[754.7] (S.D. = 6.1).

3.7 The MX missing mass from the pp! ppπX reaction

The two-pion production in p-p scattering was studied with the WASA/PROMICE detector at
the CELSIUS storage ring. Fig. 5 of Ref. [17] shows the missing mass MX of the pp ! ppπX
reaction. Two structures close to 40 and 80 MeV are observed when the pion is identi�ed using
only ∆E/E information as well as a structure close to 35 MeV when a delayed pulse from the pion
is requested in addition.

4. Careful scrutiny of previous data

The two masses from SPES3, at M = 227 MeV and 235 MeV, are merged by a common one
at M = 231 MeV.

All masses quoted above are presented in Fig. 5, with the attempt to attribute the same rank to
nearby masses from different experiments. Structures extracted from different reactions are often
observed at nearby masses. The mean values of these masses are: M = 25, 45.3, 61.5, 81.3, 100,
181, 194, 215, 231, 252, 274.9, 309.9, 347, 366.7, 415, 482, 549.7, 584.7, 641, 675.2, 700, and
754.7 MeV.

5. π � π phase-shifts

Three types of experiments studied the pion-pion phase-shifts. The �rst one consists to per-
form and analyze the π�p experiments producing two-pion and a neutron �nal states, either π0π0n,
either π+π�n. Since low energy pion beams are dif�cult to use, and the res cattering from �nal neu-
tron is present, the analysis is model-dependent, and the phase-shifts at low two-pion masses are
scarce and not precise. For example below Mππ = 450 MeV, the values of δ 0

0 measured with
2 GeV/c or 7 GeV/c [23] incident pion momentum are very different.

The second type of experiments consist of studying the flNN annihilation in �ight into two nu-
cleons. However the low energy data, at Tp = 66.7 MeV, produce pions which C.M. energy is as
high as 815 MeV. Then these experiments are not suitable for low energy phase shift determination.

The third type of experiments, called Ke4, measures and analyses in a model-independent way,
the K+ disintegration: K+ ! π+π�e+ν [24] [25], or K+ ! π0π0e+ν [26]. In these experiments,
the branching ratios are small; however, these experiments are often used since the two pions are the
only hadrons in the �nal state. The scattering lengths and pr incipally the isoscalar S-wave scatter-
ing length a0

0 are measured (and calculated [27]), since they are connected to the chiral perturbation
theory. But the isospin 2 phase-shift is poorly known [28] and so are the imaginary parts of these
phase-shifts (which should exist at all Mππ masses since the charge exchange π+π� ! π0π0 can
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Figure 5: Masses (in MeV) of narrow un�avoured mesonic structures ext racted from several different ex-
perimental data.

occur). Finally the phase-shifts δ I
l and the inelasticities η I

l are not known between 400 MeV and
600 MeV [29 � 32]. There is a large difference, in the range 1.0 �

p
s �1.3 GeV between η0

0 (s)
determined from ππ ! ππ and from ππ ! flKK [33]. All three inelasticities: η0

0 , η2
0 , and η0

2 are
set to one (no inelasticity) for s�1 GeV in this work [33].

There is no room, in the present pion-pion phase shifts, for signatures of the narrow structures
shown in the previous sections of the present work. Narrow resonances are easy to miss in phase-
shifts, all the more they are narrow and weakly excited.

It is clear that our results will slightly modify the low energy pion-pion phase-shifts. It is also
clearly outside the scope of the present work to give quantitative information on the consequence
of our observations on the low energy pion-pion phase-shifts.
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