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1. Introduction

Many data show the presence of weakly excited, narrow, @i mass structures in un-
flavoured mesonic spectra. They are called exotic, sinage thao room for them inside the quark
gg model. Several data have been reported in [1], recallingpogvrious results, as well as other
results. A partial summary of the results shown in the priepaper was recently published [2].
The first measurements were done using bubble chambers [Bthese data will be discussed
below.

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

Several extracted mesonic structures are small, hardiygfithe 5o criterium. Their justifi-
cation lies in the existence of similar observations at #Hraes (or nearby) masses. The number of
standard deviations (S.D.), in units of is defined as:

n

3 1/(6N7 (L1)

n
SD. = ZNi/(ANi)Z /
1= 1=
whereAN; corresponds to the total uncertainty, namely the uncéytain peak plus background.
The uncertainty on background is taken to be the same as a@keppes background one. Therefore
the obtained S.D. is pessimistid. stands for the signal, i.e., total minus background data.
Beyond the confirmation of the exotic mesonic structuressnsggctrum, it remains a chal-
lenge for theoreticians to explain their nature. It is pnélseassumed inside the quark model, that
glueballs, hybrids, ogq plus gluon, have masses abovexML.5 GeV. In the same way, the lowest
tetraquarkrn (1400) I (1-7) has mas$/ = 1354+ 25 MeV from the Particle Data Group (PDG)
[4]. So all these mesons have masses above the mass ranggsdsin the present paper. Possible
low mass molecules should be close to two pions (or other tesoms).

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

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

2.1 Thepp annihilation at rest

Thepp annihilation at rest was studied at LEAR (CERN) [5] with helpthe Crystal Barrel.
Since the original data are no more available, Fig. 1 showiagcatter plot of Rinvariant masses
versus ¥ invariant masses: Mgys) = f(M(y12)) is scanned and plotted without any shade of grey.
We get therefore the right part of Fig. 1, where the intensitfhe peaks (whose quantitative
information is lost) is simulated by the width of the corresging basis. The most intense concen-
tration of data appears in spots corresponding®a®, °n, n°w, Nn, andn w coincidences. The
diagonal lines are drawn by the author of the original papearder to indicate the correspondence
of the blobs discussed by him, namei§r®, °n, nn, andnw. Table 1 shows the masses of
the various spots located between tifer® and 71°n spots, in the ranges A and B, and projected



Are narrow unflavoured mesons a signature of new physics ? Egle Tomasi-Gustafsson

E (MeV)4 zlﬁ (bit b2 B pn‘c j‘écﬂéﬂ on X
750 -
1 60 Jﬂ
| 0 r ’ b12
500 [L

20 B4 ps b6 g7 b1 #
0 - J i

0 58 115 173 230 288 345 403 460 518 575 633 690 748 805

e
’ ]
—  wk TR GiEeaa AR

(B Ny 2o ‘ . ..'q‘/ ¥ 28

_ 1% 60
P B Bl T |__EMeV)  wif
(b) 250 500 750 0 Al Ll ) At
0 Lox J v

B - ‘ ‘
(©) 4"““'—‘—‘—"‘ TR ‘ 2 0 58 115 173 230 288 345 403 460 518 575 633 690 748 805
. . M (Me\)

Figure 1: (Color on line). Scanned insert from Fig. 6 of [5] showing swtter plot of the two photon
invariant masM(y3, y4) (in MeV), versus the two photon invariant maggyl, y2) (in MeV). Reprinted
figure with permission from Claude Amsler, Rev. of Modern §iby, Vol. 70, 1293 (1998).

on both axis X and Y. A good agreement between these massbsdsved, which supports the
confidence on their interpretation to be genuine physicakpand not background.

Table 1: Comparison of narrow unflavoured meson masses observed M(8y4) = f(M(y1ly2)) scatter
plot from LEAR (CERN) [5]. AO means "already observed" froifferent reactions (see table 2 and Fig.
5). All masses are in [MeV].

AO name(l) mass(l) name(2) mass(2)

al 45 a2 45.7
81.3 h2 85
252 bl 252.5 b2 248.5
cl 275 c2 274.7
309.9 dl 310 d2 309.6
347 el 345
f1 375 f2 365
675.2 gl 670 g2 674

2.2 Thepp— pprtt i reaction

The pp — pprt i~ reaction was studied at Saturne (Disto beam line) [6] usigop mo-
mentap, = 3.67 GeV/c. Fig. 2 shows théo/dM spectra versudl,: - invariant mass. The
extracted peaks correspond to the following masses 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 magsegiously observed in the SPES3
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Figure 2: (Color on line). M+, invariant mass from thpp — pprr™ m~ reaction, Saturne (Disto beam
line) [6].

data are given between brackets. Small peaks poorly defimedppeared before in other data
correspond to Mz 715[700], 760[754.7], and 847 MeV.

2.3 Thepp — ppX° reaction
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Figure 3: Cross sections of thep — ppX° reaction Saturne (SPES3) [1].

Thepp — ppX° reaction was studied at Saturne (SPES3 beam line) [1]. Mjssiass spectra
Myx were obtained at fifteen different experimental conditjomsmely three incident proton en-
ergies: Tp = 1520, 1805, and 2100 MeV, and several spectrometer angksch energy. Both
protons were simultaneously detected in the same detethianks to its large momentum range
600<pc<1400 MeV/c. Peaks were extracted at the following masses: 8,80, 100, 181, 198,
215, 228, 310, 350, 426, 470, 555, 588, 647, 681, 700, and B0 RN selection of data is shown
in Fig. 3; the S.D. of the peaks from left (I) to right (r) are(al: 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; 1.8, and 1.9; and (c)r: 4.2, 2.7, and 1.7.
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2.4 Theete™ — " reaction
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Figure 4: Theete™ — " reaction, BABAR [7]

The cross section of the"e™ — " reaction was studied at BABAR [7]. Although small
statistics are expected, since there is no quark in initeesprecise data with small binning were
obtained at this electron-positron collider. Fig. 4 showsgesal peaks extracted in the invariant
My spectra. They are shown with a 10 MeV binning in insert (a) 4deV binning in the
other three inserts. The masses of the extracted peaks awedrtesponding statistical precisions
are: insert (a) M = 360 MeV (S.D. = 3.1), 410 MeV (S.D. = 4.7)5MeV (S.D. = 1.4). Insert (b)
M = 546 MeV (S.D. = 2.6). Insert (c) M=635 MeV (S.D. = 4.2). Ins@) M = 752 MeV (S.D. =
3.4).

3. Short recall of selected results already shown in previaipapers

This section recalls several data useful for the presenlystusing spectra showing narrow
mesonic structure(s) in experiments studied for diffea@nts. The extracted structures, have not
been commented by the authors. They are mostly statigtioall significant, i.e., the S.D. are
small, therefore not always calculated. As already saigy fhstification lies in the existence of
several such observations at the same (or nearby) mase. Zabbws some of these results. Some
of these data and other old results are described shortfij.imfAmong them the four two photon
invariant masses measured from reactions involving highggnheavy ions [8].

3.1 Thepp annihilation in flight

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

observ. reaction lab. ref.
My, ppann.inflight LEAR(CrystalBall) [9]
My, n — myy AGS(Crystal Ball)  [10]
Mo, n — myy Mainz(Microtron)  [11]
My pp— ppX Uppsala [12]
My, dC — yyX JINR(Nuclotron)  [13]
Mpr  YP— prU m Desy [14]
Mo yn— pIr 1o Mainz(MAMI) [15]
My  yp— prrt P Mainz(MAMI) [16]
M 0,0 pp—ppr° Uppsala(Celsius)  [17]
My ep—e’pX MAMI [18]
My ep—e’pX JLAB(Hall A) [19]
My ep—e’pX JLAB(Hall C) [20]
M  PP— pprm Celsius [21]
My, pp— ppyy Celsius [22]

3.2 TheMy, invariant mass

ThePyyinvariant mass from the rarpdecay, was studied at AGS with the Crystal Ball/TAPS
[10] and 716 MeV/crr beam. In the N, invariant mass, structures at M = 255[251], and
343[349] MeV with a low number of S.D. are extracted. Althbubese extracted structures are
rather insufficiently defined, they appear at masses thatl@se to masses of previously observed
structures (in brackets). The additional peaks at M=84[8dnd 190[194] MeV, although being
located close to already observed masses can, with a ratgerdertainty, be an artifact of the pion
subtraction, and therefore they are not kept.

3.3 TheMy,, invariant mass

The doubly radiative decay — n°yy was studied at the Mainz Microtron MAMI with the
Crystal Ball and TAPS multiphoton spectrometer. Fig. 7(dRef. [11] shows the results versus
the M, invariant mass. Statistically poor structures are exthet M~369[367], 415[415] and
479[482] MeV.

3.4 The My missing mass of thepp — ppX reaction

The pp — ppXreaction was studied at Uppsala [12] with the PROMICE-WAS&#ility. The
missing mass obtained using the 310 MeV proton beam enetgpiextwo structures at M =
61[61.5] and 76[81] MeV.

3.5 The My, invariant mass from the d C — yy X reaction

The d C— yy X reaction was studied, with the internal 2.75 GeV/c per eoclbeam of the
JINR Nuclotron [13]. A structure at I = 360+7 MeV [366.7] was observed. It is noteworthy
that these masses agree with the masses already obtaindtebgxperiments.
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3.6 TheM,:  invariant masses from the study of thenp — nprrt im~ reaction

As already mentioned, the study bF;: - invariant masses, started long time ago, with the
analysis of bubble chamber, from the reactiqgm— nprr* i1~ using p, = 5.20 GeV/c neutron beam
[3]. Their statistics was progressively improved, leadimg¢he following masses in the mass range
studied here: M = 3583[347] (S.D. = 3.0), 4083[415] (S.D. = 3.5), 48%:3[482] (S.D. = 4.0),
579+5[415] (S.D. = 3.8), 6767[675.2] (S.D. = 3.0), and 76211[754.7] (S.D. = 6.1).

3.7 TheMyx missing mass from the pp- ppriX reaction

The two-pion production in p-p scattering was studied whil YWASA/PROMICE detector at
the CELSIUS storage ring. Fig. 5 of Ref. [17] shows the migsimassMy of the pp — ppnX
reaction. Two structures close to 40 and 80 MeV are obsentazh\the pion is identified using
only AE/E information as well as a structure close to 35 MeV whenlaygel 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 mérgadcommon one
at M = 231 MeV.

All masses quoted above are presented in Fig. 5, with theptte attribute the same rank to
nearby masses from different experiments. Structurea&benl from different reactions are often
observed at nearby masses. The mean values of these masskbs=ap5, 45.3, 61.5, 81.3, 100,
181, 194, 215, 231, 252, 274.9, 309.9, 347, 366.7, 415, 482,/5584.7, 641, 675.2, 700, and
754.7 MeV.

5. m— mrphase-shifts

Three types of experiments studied the pion-pion phadesshihe first one consists to per-
form and analyze the p experiments producing two-pion and a neutron final steigeer°r°n,
eitherrr™ mn. Since low energy pion beams are difficult to use, and theattsing from final neu-
tron is present, the analysis is model-dependent, and thgepshifts at low two-pion masses are
scarce and not precise. For example below;M 450 MeV, the values 058 measured with
2 GeV/c or 7 GeV/c [23] incident pion momentum are very difar

The second type of experiments consist of studyingNheannihilation in flight into two nu-
cleons. However the low energy data,Tgt= 66.7 MeV, produce pions which C.M. energy is as
high as 815 MeV. Then these experiments are not suitablevioehergy phase shift determination.

The third type of experiments, called measures and analyses in a model-independent way,
the K* disintegration: K — mtmetv [24] [25], or KT — mPmPet v [26]. In these experiments,
the branching ratios are small; however, these experinagatsften used since the two pions are the
only hadrons in the final state. The scattering lengths aimtipally the isoscalar S-wave scatter-
ing length @ are measured (and calculated [27]), since they are cortherthe chiral perturbation
theory. But the isospin 2 phase-shift is poorly known [28] ao are the imaginary parts of these
phase-shifts (which should exist at allj¥imasses since the charge exchanger — m°n° can



Are narrow unflavoured mesons a signature of new physics ? Egle Tomasi-Gustafsson

[ exp. PP TVYY Ty TYY ¥y My My T My My My,
goo [ Ef- (8) (1) (9) (10) ®.(13) (12)(17) (7) (1) (3) (6)
700 *____
9 : e —
@ [
EGOO jE:::::::::::::::::::::::::::::::T;E:
E E — — T T T T T T T T T T T T T T —_— T T T T T T ——
500 j%:::::é:::::::::::::::::::::::::::::?T:
400 }:—::::::::T:::::::::::::::::::: : ——— ;:::::::::
300 }%:E:::::::::::::::::::::::::::::E:::::::::
200 -
100 -
.

Figure 5: Masses (in MeV) of narrow unflavoured mesonic structuresaeted from several different ex-
perimental data.

occur). Finally the phase-shif§ and the inelasticitieg, are not known between 400 MeV and
600 MeV [29-32]. There is a large difference, in the range<1\s <1.3 GeV betweemg(s)
determined fronvort — om and fromrr — KK [33]. All three inelasticities:ng, né, andn3 are
set to one (no inelasticity) forsl GeV in this work [33].

There is no room, in the present pion-pion phase shifts,ifmatures of the narrow structures
shown in the previous sections of the present work. Narr@emrances 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 emgrpion-pion phase-shifts. It is also
clearly outside the scope of the present work to give quaivit information on the consequence
of our observations on the low energy pion-pion phasesshift
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6. Recall of data showing the presence of narrow low mass unftaured baryons
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Figure 6: Scatterplot ofp, versusp+ at T, = 1805 MeV andd = 0.7% (left), and the correspondirigx
spectra (right) [1].

The experimental evidence for narrow low mass baryons waa@dy observed thirty years
ago [34]. The masses of the narrow corresponding strucareesM = 1004, 1044, 1094, 1136,
1173, 1249, 1277, and 1384 MeV. They were observed in theingisaassMy and in the in-
variant massesMp+ andM,x of the pp—prr" X reaction studied at SPES3 (Saturne). Later
on, these studies were extended to the mass range<M%1680 MeV [35] and to the mass
range 17286M <1790 MeV [36]. The study of the mass range 14R0<1680 MeV, allows us to
make the conjecture that the broad Particle Data Group (Ri26Gpnic resonances: N(1520))
N(1535)S1, A(1600)R3, N(1650)3,, and N(1675)DBs, are collective states built from several nar-
row and weakly excited resonances, each having a (much)esmadith than the one reported by
PDG.

Fig. 6 (left) illustrates the data at, = 1805 MeV andd = 0.7%.

Fig. 7 illustrates several spectra, namely:

insert (a), T =2.1GeV,0 = 0.7, M=1143 MeV, S.D.=6.3
insert (b), T, =2.1 GeV,0 =3°, M=1133.7 MeV, S.D. = 11
insert (c), T, = 1.805 GeV,9 = 3.7°, M = 1130.4 MeV, S.D. = 4.9
insert (d), T, = 1.905 GeVp = 9, M = 1130.8 MeV, S.D. = 3.6.

The mass range 946V1<995 MeV was also studied through the same reaction as us#ukfor
study of mass range above 1000 MeV [37]. Several masses w@gdively extracted, all from a
small number of data. Two masses only are observed in manewtitaspectra, namely at M = 973
and 986 MeV. The same mass range was studied at the protoarlAceelerator of INR [38] with
help of thepd — ppX; reaction. Three narrow masses were observétiat 966+2, 986+2, and
1003+ 2 MeV. The two larger masses are the same as those obsenred Spés3 data. The first
one differs by 7 MeV. Since the precision in Ref. [38] is bettee M = 966 MeV value is kept.

6.1 Thep(a,a’)X reaction
Thep(a,a’)X reaction was studied at Saturne(SPES4) [39] in order toyghedradial excita-
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Figure 7: Selection of several ki spectra (see text).

tion of the nucleon in th@,1(1440) Roper resonance. The data were collected at thesimdiztam
energyT, = 4.2 GeV and two angle8 = 0.8° and 2.
Above projectile and target excitations, the histograrkenaat both energies exhibit well statisti-
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Figure 8: Cross-section of the p( a’)X reaction affy = 4.2 GeV,0 = 0.8 (left), and 2 (right) [39].

cally defined structures with large S.D. values. Their nmaggee with the masses observed in the
SPES3 data as seen in Fig. 9 [40].

6.2 The virtual Compton scattering cross-sections

The virtual Compton scattering cross-sections were medday the Hall A Collaboration at
JLAB [41]. Fig. 6 of [42] shows a good fit when the spectra aralyzed including the masses of

10
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Figure 9: (Color on line). Comparison between masses of narrow bargrimacted from SPES3 and SPES4
[39] data. Insert (a) and (b) correspond respectivel§+6.8> and6=20.

structures from SPES3. All peaks here have the same widttHW 36 MeV). We observe the
need to introduce an additional mass at M=1212 MeV.
6.3 The p(d,2p)\° reaction

The cross section of the p(d,2y) reaction was measured at Saturne(SPES4) using 2.0 and
1.6 GeV incident deuterons at several spectrometer argfi¢sThey exhibit oscillating behaviours
in the low part of theA missing mass range. The corresponding structure masses &gh the
masses observed previously in different data [42].
6.4 Narrow structures observed in charge exchange reacti@n

Several reactions of charge exchange reactions, wereaee@dorf42], where narrow structures
lie above continuous spectra. They are only quoted heresdivesponding references and quan-
titative discussions are given in [42]. In addition to theaion quoted just above, we note the
following reactions mainly measured at Saturne (SPES4) [43

e p(d)¢Het)A*+(X) reactions measured at Saturne (SPES1) and (SPES4),
e p(*?C,2N)A° reactions measured at Saturne (SPES4),
e p(*°*Ne?°Na)A° reactions measured at Saturne (SPES4).

as well as similar reactions on light heavy ion target$’@sand?Al.
Let us also mention systematic studies on p{pn) measured at LAMPF.

11
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Several spectra, concerning narrow baryonic as well agpwatibaryonic structures were also
published in several papers [44]. The mean value of the mdsg as masses of narrow exotic
baryons are obtained, as was done for narrow mesons, bygdivensame rank for close mass
structures. They are: M =966, 986, 1004, 1094, 1136, 1178),11249, 1277, 1339, 1384, 1423,
and 1480 MeV.

The effect of the narrow baryonic structures on NN phasdsstghould be very small, since
their excitation is much smaller than the PDG mass excitati®&o the ratio of M(1004)/M(939.6)
is~1.610°3 atTp, = 1805 MeV andd = 3.7° and decreases for increasing angles. The correspond-
ing quantitative study of the N-N phase shifts is clearlysaie the scope of the present study.

7. Recall of data showing the presence of narrow low mass unflaured dibaryons

The evidence for narrow low mass dibaryons was studied 2i&\ag0 [45]. They were ob-
served in the missing mass spectra of thie(p,d)X reaction measured at Saturne, at the SPES1
beam line, with a proton beaffy = 1.2 GeV, atfy = 33. Narrow structures were observed\k
=2.122,2.198, and possibly at 2.233 GeV. A similar expenitmeas performed at Lamp [46]. The
study of the analyzing power of tRéle(B,d)X reaction. allowed to observed narrow structures at
M = 2.015+0.005, 2.054-0.006, 2.125-0.003, 2.152-0.004, and 2.1810.005 MeV.

The narrow unflavoured dibaryons were also observed in tagiant mass Mx of the already
mentioned ppsprrt X reaction, studied at SPES3 (Saturne) [47]. The first etachmasses, are:
M = 2050, 2122, and 2150 MeV.

In the invariant masklx, of the pd— ppX; reaction, also mentioned before [38], three narrow
peaks were observed at M = 1992, 19262, and 19422 MeV, all with an experimental width
of 5 MeV. The first and third masses correspond exactly to esgaeviously observed. The second
mass M = 1926 MeV is very clearly observed in [38], and is tfaeekept.

The pp — ppyy reaction was studied at the phasotron at JINR [48]. A narreakpat one
photon energy E = 24 MeV, was interpreted as a signature oketicadibaryon resonance with a
mass Mx1956+6 MeV (S.D. =5.30) disintegrating intoppy.

Several other masses, quoted in [47], were observed, aliptei summarize the narrow, low
mass, dibaryon masses at the following values: M = 1902, 19941, 1956, 1969, 2016, 2052,
2087, 2122, 2155, 2194, 2236, and 2282 MeV.

8. Discussion

8.1 Comparison between successive low mass exotic hadrons

The previously reported narrow mesonic masses are showiginlB. After subtraction of
the pion mass, the right part of this figure shows a nice cpomdence of masses larger than pion
with the first masses (lower than the pion) plus the pion m&ss.masses larger than twice the
pion mass, the exotic meson mass is close to two times thenpé@s plus the low narrow meson
masses. As an example, M = 181 Me¥M + 45.5 MeV and M = 215 Me\w M + 81.3 MeV.
This observation suggests that we observe a significantlioguipetween the pion mass and the
low exotic masses. But we observe also similar couplings/éen two (M~ 275 MeV), three

12
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Figure 10: (Color on line). Masses of narrow exotic mesons (left) areldhme (right) after pion mass
subtraction.

(M =~ 415 MeV), or four (M= 549.7 MeV) pion masses. Such nearness suggests that weebser
molecular states. The low mass exotic mesons, below pios,hakave like multiquark-antiquark
balls, with intermediate time lives. The same coupling igmsed to exist with stable nuclei, but
they cannot be observed, being lost among nuclear levels.

Since we deduce from these mesonic low mass states, a sagificupling with stable pion,
we are naturally lead to look at the possible same coupliniy stable baryons. Fig. 11 shows that
is indeed the case.

In Fig. 11, the masses of exotic mesons, baryons, then dibargre plotted, each with its own
scale, and the baryons minus nucleon mass, then dibaryonssrdeuteron mass, are plotted in
the scale of mesons. We observe a good correspondence up paothmass. But between M =
181 MeV and M = 252 MeV, we note that the mesons masses conésgiternatively to a baryon
or a dibaryon mass. This property is not presently undedstoo

8.2 Interpretation within two quark-antiquark clusters

The observation presented above shows that it is sufficiedescribe the mesonic masses.
An attempt is described below in terms of two quark-antigudnsters. As already mentioned, the
narrow mesonic structures discussed above, cannot belmbarithin classicatig. An attempt is
therefore presented below to associate the masses of tlmimssuctures with masses computed
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Figure 11: (Color on line). Masses of narrow exotic mesons, baryongdévatyons with their own scale in
one side, and compared to the narrow meson masses afteactidirof the stable corresponding mass: N
ord.

within a simple mass relation based on two quark clustersassiormula was derived some years
ago for two clusters of quarks at the ends of a stretched biggrits of color magnetic interactions
[49].

A tentative description of the exotic low mass structuresi@sonic, baryonic, and dibaryonic
spectra, using this mass formula in a phenomenologicaloagpr has been previously proposed.
The mesonic structure masses were described, géing?, or o° — ¢ clusters up to M = 620 MeV,
andq* — q* between M = 620 MeV and M = 750 MeV [1]. The narrow baryonic stuwe masses
were described either lly— g2 or qgqq — qq clusters [34]. Finally the dibaryonic structure masses
were described [47] using tt — ¢ configuration. The following equation was used:

M =Mo+Mqfir(i1+1) +iz(ia+1)+ (1/3)s1(s1+1) + (1/3)2 (2 + 1) (8.1)

whereMg andM; are parameters deduced from experimental mass spectrg angds; (sp) are the
isospin and spin of the first (second) quark cluster. The sgpeoach is employed here. Eq. (8.1)
involves a large degeneracy. We made the assumption thaintipdest configuration is preferred,
although additionalqq)? terms allow to get the same results. The addition of gieerm allows
to increase possible spins and isospins, but modifies adspatity.
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Eq. (8.1) is applied to two quark clusteg® — g". The simplesyg — q choice corresponds
to the most strongly excited meson, i.e., to the pion. Siheeefores; =5, =i =i, =1/2, the
previous equation becomés = Mg+ 2M; = 137 MeV. The next cluster configurationgé— o&.
The corresponding minimum mass is obtained sith- s, = i1 = i, = 0. Corresponding to these
values,M = Mg. We associate this mass to our minimum narrow meson masegfdareMgy =

25 MeV, from which one concludes thisk; = 56 MeV.
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Figure 12: (Color on line). The experimental exotic narrow meson m&asge shown with red lines and

empty circles. Calculated masses, using Eq. (1) (see taetshown with blue lines and stars when obtained
by g7 — §? clusters, and shown with green lines when obtained @ith ¢ clusters. The possible spins and
isospins corresponding to the predicted masses are aksn.giv

Experimental exotic harrow meson masses are shown in Figith2red lines overcomed by
empty circles. The masses are calculated with the preWguasndM; values, and are also shown
in Fig. 12. The assumption for tre¢ — g2 quark clusters corresponds to masses drawn with blue
lines and blue stars. The same masses are obtained wittasghmption ofig— qq quark clusters.
The assumption fogq® — ¢ quark clusters, corresponds to masses drawn in green. lallated
masses using? — g% andg® — ° quark clusters, are drawn in Fig. 12.

The figure is limited to M = 600 MeV, since with thdy andM; parameter values; = s, =
i1 =i = 3/2 correspond to M = 585 MeV.

Larger masses can be obtained with introduction of heaviarlgclusters. It is noteworthy
that the assumptiog®g® quark clusters, allows to find several experimental maSsgse 3 shows
these masses, limited to a valuedvi80 MeV.

The predicted possible spins and isospins are obtaineddpims and isospins of both clusters.
The predicted parities for exotic mesons depend on the nuailoe The negative parity of thais
obtained withg— g or g® — §°. Theg? — @2 choice necessitates an orbital excitation between both
clusters to get the negative parity.
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Table 3: Masses calculated withigtq* quark clusters, and some calculated masses withigifequark
clusters, compared to the experimental values.

conf. &1 S 01 i

M(MeV) Exp.(MeV)

2

Td-¢ 0 1 0 2 398.3
1 1 0 2 435.7
1 2 0 2 510.3
1 1 1 2 547.7 549.7
1 2 1 2 622.3
2 2 1 2 697 700
o 1 2 2 734.3
1 1 2 2 771.7
o 2 2 2 803
1 2 2 2 846.3
2 2 2 2 921

®—q 3/2 3/2 3/2 32 585 584.7
12 12 1/2 502 585 584.7
32 1/2 12 5/2 641 641
5/2 3/2 3/2 32 6783 675.2
3/2 312 12 5/2 697 700
1/2 1/2 3/2 5/2 753 754.7

All masses obtained from thg* — q* configurations are shown in Table 3. The first line of
a® — @° configuration in Table 3 shows the largest mass obtainedmiitie g° — ¢ quark cluster
assumption. Starting from the next line, we select the |siee increasing masses, which fit well
the experimental masses, again without any new adjustaipéareter. They are, of course, many
other masses predicted within tlgs— g° quark configuration. The largest mass, corresponding to
5/2 for all four quantum numbers is M = 1331.7 MeV.

The agreement between data and predictions in Fig. 12 isvodtey up to M = 250 MeV, and
above 350 MeV. Three masses at M = 45.3, 81.3, and 231 MeV hayeeticted counterparts.
A mass, predicted at M = 323.7 MeV is not observed. The pionsnaasl the structure at M
= 252 MeV calculated at M = 249 MeV, are obtained at the same tivith °? and ¢® — ¢
configurations. The good agreement between data and daédoglauggests to check if the same
calculation with the same parametéris and M1 allows to reproduce larger masses observed in
thenp — nprr* 1r~ reaction [3]. Table 4 shows that this is indeed the casegubieg® — g° quark
configurations.

Such description is strengthen by the observation that dpebgtween two adjacent exotic
meson masses are rather constant and equaMox~ 18.7 MeV. A comparable situation was
already observed in the studies of narrow exotic baryonécdibaryonic masses. For example in
the dibaryon field, between M = 2016 MeV, and 2194 MeV, five o@rmasses were observed
regularly separated by about 35.6 MeV. A mass gap of

AM =35 MeV =1/2me/a
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Table 4: Calculated masses within tae— g° quark clusters, compared to the experimental valuds,of,-

[3].

conf. s s i1 ip M(MeV) Exp.(MeV)

°—-q® 52 52 1/2 572 8837 887
1/2 1/2 5/2 5/2 1033 103613
1/2 5/2 5/2 5/2 1182.3 117011

wherem is the electron mass arw is the fine structure constant, was observed between several
masses. Such gaps for leptons, mesons, and baryons waresgidesince long time [50 —52].

A model was proposed [53], which associates the narrowtsieicnasses below threthresh-
old production, to the multiproduction of "a genuine vitt@oldstone boson with a mass close to
20 MeV". This model can explain the level spacing of narrowsamgc structures experimentally
observed.

It has been already mentioned that the usual calculatiosscede the multiquark clusters
to masses larger than M = 1.5 GeV. The success of the preses#t fimanula, based on quark
clusters, which is able to reproduce many masses within plsieguation and only two parameters,
suggests to consider the possibility of new physics on thséshaf additional low mass hadrons.
which would interact less strongly than the "classical"one

9. Conclusion

The paper reviews many data exhibiting narrow mesonictsires. Some are statistically well
defined, not all of them. These last data are considered vitesreppear in different publications,
at close masses. The paper recalls also several data edibarrow baryonic and dibaryonic
structures. Detailed discussions concerning these laatwiere presented elsewhere, therefore
they are only summarized in the present work. It is shown thatmasses of all these exotic
structures have a common interpretation, namely that theyspond to a significant coupling of
low mass mesonic narrow masses, with stable hadrons.

The paper tentatively associates these masses to strejoheki bags. A very simple phe-
nomenological mass formula, allows to reproduce the empmrial mesonic structure masses, and
predict some masses of narrow structures at present natvedselr hese predictions concern nar-
row mesonic structures, as well as baryonic and dibarydnictsires.

The effect of these narrow structures mimand NN phase shifts should be taken into account.
Small variations from the present knowledge are anticthafequalitative discussion concerning
it phase shifts was presented, together with similar remamiksezning NN phase shifts.
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