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Abstract

The narrow dip structure, observed by the Fermilab ex-
periment E687 in diffractive photoproduction of3π+3π−,
is studied by means of a new fit function. This new fit de-
scribes this narrow structure as strongly interfering with a
broad resonance, which is compatible with the well known
mesonρ(1700). A simple mixing mechanism is proposed
to explain why this resonance appears as a dip, and a pos-
sible interpretation, in terms of hybrid states, is discussed.
A new analysis of sub-structures in the2π+2π− final state
of the E687 diffractive photoproduction is performed by
means of a procedure, successfully used to observe the
ρ− ω interference, in the two pions final state.
A new measurement of these multi-pions final states with
a statistics, at least, one order of magnitude bigger, such
as the one foreseen for DAΦNE2, would confirm the ex-
istence of the dip, as a genuine resonance in the six-pions
final state, and it would permit a clear identification of the
sub-structures in the four-pions final state.

INTRODUCTION

The E687 experiment at Fermilab has observed [1] a nar-
row dip atM = 1.911±0.004±0.001 GeV/c2 and with a
width Γ = 29±11±4 MeV/c2 in the3π+3π− diffractive
photoproduction. The quantum numbers of this structure,
interpreted as a resonance, and then of the six charged pi-
ons final state, areJPC = 1−−, G = +1, since it decays
in an even number of pions, and consequentlyI = 1.
A similar structure has been observed by the DM2 collabo-
ration [2], with a lower statistics, in the channelse+e− →
3π+3π− ande+e− → 2π+2π−2π0. BaBar is investigat-
ing these channels, in an annihilation process with initial
state radiation.

FITTING STRATEGY

To obtain the quantum numbers of the six pions final
state a connection between diffractive photoproduction and
e+e− annihilation is established. In order to define this
relation we assume that, if the energy of the photon is
high and the momentum transfer to the target is small, the
diffractive process follows the naive diffractive photopro-
duction expectations, that is:

• the produced hadronic massM has exactly the quan-
tum numbers of the photon;
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• Vector Meson Dominance holds [3], then the produc-
tion of the final state is mediated by the coupling of
the photon to a vector mesonV and the relation be-
tween the diffractive photoproduction cross section of
this vector mesonV , and itse+e− annihilation cross
section is:

σdiff
γN→V N ∝ Γee

V · σV N→V N , (1)

where

Γee
V ∼ 1

3π2
·
∫

dM ·M2σe+e−→V (M). (2)

Since, consistent with our assumptions, the elastic cross
sectionσV N→V N should vary slowly withM , by differen-
tiating eq. 1 we have:

1
M2

· dσdiff

dM γN→6πN
(M) ∝ σe+e−→6π(M). (3)

The diffractive photoproduction cross section, as a function
of M and weighted by a factor1/M2 is proportional to
the e+e− annihilation cross section at the center of mass
energyM .
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Figure 1: BaBar and E6872π+2π− invariant mass distri-
bution. The band represents the E687 data normalized to
the BaBar cross section via eq. 3.

This relationship is supported by the agreement between
the annihilation cross section data of [4] and the diffractive
photoproduction data of [5], weighted by the factor1/M2,
in the case of the2π+2π− final state (fig. 1). The agree-
ment, at high invariant mass of these two sets of data, can



be improved by considering a mild dependence onM of
the elastic cross sectionσV N→V N , and then a weighting
factor more complicated than1/M2.
In the following we will use diffractive photoproduction
data weighted by1/M2, to have a direct connection with
thee+e− annihilation data.
The data of the diffractive photoproduction of3π+3π−

have been already analysed in [1] by considering a nar-
row resonanceV0 and a Jacob-Slansky continuum [6]. The
Jacob-Slansky (J-S) function

FJS(M) = c0 + c1
e−

β
M−M0

(M −M0)2−α
(4)

is real and it describes the diffractive continuum as sum-
mation of broad resonances, which may interfere with the
narrowV0.
Since the mass of the dip is near by the mass of the me-
sonρ(1700), to account the possible inteference between
V0 and this particle, we extract from the continuum another
resonance. Then we perform a fit with a function which has
three contributions: two Breit-Wigner (BW) resonances,
the narrowV0 and the broadV1, and a real J-S function
to describe the background (fig.2).
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Figure 2: E6873π+3π− invariant mass distribution. Con-
tinuous line: fit with two resonances and a J-S continuum.
Inset: relative contribution of each amplitude without inter-
ference.

This new fit function describes the invariant mass distri-
bution in the whole data mass range1.4 ÷ 3.2 GeV with
χ2/dof = 1.06 and, withχ2/dof = 0.80, in the selected
mass range1.65÷2.4 GeV . The fit parameters are reported
in tab. 1 and tab. 2. The mass and the witdh ofV0 are con-
sistent with the values found in [1]. The mass and width,

obtained for the BW added to the fit function to describe a
resonanceV1, are well compatible with those of the known
vector recurrenceρ(1700) [7].

Mass Width BeeB6π

M2 Phase
Res.

(MeV/c2) (MeV/c2)
(

Yield
10MeV

)
(deg.)

V0 1910± 10 37± 13 5± 1 10± 30
V1 1710± 34 315± 100 17± 3 140± 10

Table 1: Fit results of the two BW

c0 c1 M0 α β
(GeV −1) (GeV 1−α) (MeV ) (GeV )
84± 55 900± 400 1650± 50 0 1.4± 0.2

Table 2: Fit results of the J-S function.

For detecting theV0 resonance, it is crucial its interfer-
ence with both the background and the broad resonanceV1.
In fact if there were no interference, the amplitude ofV0

would be negligible with respect to the background (inset
fig. 2).

THE MIXING MECHANISM

To understand the reason why the resonanceV0 appears
as a dip in the diffractive photoproduction cross section, we
consider a simple mixing mechanism, which describes the
production of the six pions final state, as a process mediated
by the two resonancesV0 andV1. BecauseV0 has a small
e+e− partial width with respect to the broad resonanceV1,
in the extreme limit of full mixing it cannot couple directly
to the six pions.
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Figure 3: Diagram describing the coupling between the
photon and the six pions final state via aV0, V2 interfer-
ence terms contribution.

Then, as shown in fig. 3, the amplitude of the process



γ → [V0, V1] → 3π+3π− can be written as:

A ∝ 1
M2 −M2

1

(
1 + a

1
M2 −M2

0

a
1

M2 −M2
1

+

+ a
1

M2 −M2
0

a
1

M2 −M2
1

a
1

M2 −M2
0

a
1

M2 −M2
1

+

+ O(a6)

)
=

M2 −M2
0

(M2 −M2
1 )(M2 −M2

0 )− a2
(5)

and it contains the propagators of the two vector mesonsV0

andV1, and their coupling constanta. M0 andM1 repre-
sent the complex masses of the resonances. The amplitude
in eq. 5 gives a cross section with a dip atM ∼ M0,
independent on the nature of the vector mesonV0 and in
agreement with the structure observed in the E687 data.

POSSIBLE INTERPRETATIONS

This resonance cannot be interpreted as a glueball, be-
cause such a state is expected to be an isoscalar. The most
natural interpretation would be a multiquark or molecular
state, which is clustered near the constituent total mass, and
precisely theNN bound state, because it has a mass very
similar to that found forV0, M0 ∼ 1.9 GeV . However, this
possibility has been excluded by the result of the Obelix
experiment [8], which has looked for this resonance in the
processnp → 3π+2π−π0, with a negative result.
Narrow resonances consistent with aNN bound state have
been abserved at∼ 1.87 GeV , just below theNN thresh-
old [9], but this baryonium candidate is hardly in agreement
with the dipV0, because of the∼ 40 MeV mass difference.
The narrow resonanceV0 could be interpreted as an hybrid
qqg bound state. The existence of such a bound states is
predicted in many theoretical approaches [10]. In the color
flux tube model (FTM) [11], these new species of hadrons,
called hybrids, have both quark and gluonic degrees of free-
dom in evidence. The FTM predicts nonstrange hybrids at
∼ 1.9 GeV and strange hybrids at∼ 2.1 GeV . Similar
predictions have been obtained in lattice calculations [12].
Since the gluons do not couple directly to the photons, the
hybrids are characterized by small, but not vanishing, elec-
tromagnetic widths. Moreover, the breaking mechanism of
the color strings, connecting the valence quarks, forbids de-
cay into two identical mesons and imposes spin and parity
of the products [13].
These selection rules, concerning the two-body final states,
should favor high multiplicity channels and relative small
widths for the hybrid decays.

ANALYSIS OF SUB-STRUCTURES IN
FOUR PIONS FINAL STATE

The high sensibility of the E687 experiment permits to
detect clearly theρ−ω interference in theπ+π− final state
[5, 14].
The interference pattern is evident in the residual, fig. 4b,

that is the difference between the E687π+π− final state
data and the fit, performed with only one resonance, as
shown in fig. 4a.
By adding in the fit function another interfering Breit-
Wigner, to account theω resonance, the interference pat-
tern is correctly described. The fig. 4c shows the new resid-
ual once theρ− ω interference has been considered.
The same procedure can be used in the case of the2π+2π−

final state.
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Figure 4: a) E687π+π− invariant mass distribution. Con-
tinuous line: fit with one resonance (ρ). b) Residual (fit-
data). c) Residual once added theω resonance.

In fact, even in this case, the fit (fig. 5a) performed by
using a sum of three interfering broad resonances, does not
describe the fluctuating behavior of the data, as shown in
the residual (fig. 5b).

This oscillating behavior can be interpreted as a pat-
tern of interference among the broad leading resonances
and some other sub-structures, which, since the effect is of
∼ 5%, must have small e.m. widths.
To determine the parameters of these possible sub-
structures we perform a fit of the residual (fig. 6).

We find at least five interfering structures (tab. 3), but
to have a clear identification of this resonances, we need
much more precise data.
However, is under study a new fit based on the formalism
of the K-matrix, which is the most suitable tool to handle a
set of near and interfering resonances.
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Figure 5: a) E6872π+2π− invariant mass distribution.
Continuous line: fit with three broad resonances. b) Resid-
ual (fit-data).

ΓeeB4π Mass Width Phase
Res.

(eV/c2) (MeV/c2) (MeV/c2) (deg.)
V1 40± 20 1209± 6 218± 16 147± 2
V2 50± 20 1465± 8 265± 23 244± 5
V3 1.1± 0.6 1820± 25 100± 30 40± 35
V4 3± 2 2030± 20 170± 80 150± 20
V5 1.3± 0.7 2460± 24 190± 60 140± 20

Table 3: Fit results of the residual in fig. 5b.
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Figure 6: Fit of the residual of the2π+2π− E687 data.

CONCLUSION

We have investigated the nature of the dip, found by
the E687 experiment in diffractive photoproduction, by
performing a fit with a new function. The nature of the
dip appears consistent with a narrow resonance, strongly
interfering with the vector mesonρ(1700).
The interpretation asNN bound state is unlikely accord-
ing to the negative result of the Obelix experiment. An
interpretation ofV0 as anJPC = 1−−, isovector hybrid, is
consistent with the expected mass, width and decay mode.

An analysis of the E6872π+2π− final state data has
been performed. The difference between the data and a first
fit with three broad Breit-Wigner’s, shows a complex inter-
fering pattern. By fitting directly this pattern we found five
sub-structures, weakly coupled to the photon. But the in-
terpretation of these structures in terms of resonances needs
much more precise data.
As already said, a new measurement of the cross-section
of the processe+e− → 2π+2π−, in the energy region
1÷2 GeV , feasible in the “high-energy” DAΦNE2, would
give a value ofσ(e+e− → 2π+2π−) one order of magni-
tude more precise than this, and then the secrets of this rich
energy region could be revealed.

REFERENCES

[1] P.L. Frabettiet al. [E687 Coll.], Phys. Lett.B514(2001) 240.

[2] R. Baldini et al., reported at the “Fenice” Workshop, Frascati
(1988). A.B. Clegg and A. Dannachie, Z. Phys.C45 (1990)
677.

[3] T.H. Bauer, R.D. Spital, D.R. Yennie and F.M.Pipkin, Rev.
Mod. Phys. 50:261 (1978).

[4] R. Stroili [BABAR Coll.], presented at Ahdron 03, Aschaf-
fenburg (Germany), august 31 - September 6 2003, to be pub-
lished on the Proceedings.

[5] P. Lebrun [E687 Coll.], FERMILAB-CONF-97-387-EProc.
of 7th International Conference on Hadron Spetroscopy
(Hadron 97), Upton, NY, 25-30 Aug 1997.

[6] M. Jacob and R. Slansky, Phys. Lett.B37 (1971) 408, and
Phys. Rev.D5 (1972) 1847.

[7] K. Hagiwaraet al., Phys. Rev.D66, 010001 (2002).

[8] M. Agnello et al., Phys. Lett.B527(2002) 39.

[9] A. Antonelli et al., Phys. Lett.B365(1996) 427. A. Antonelli
et al., Nucl. Phys.B517 (1998) 3. J. Franklin, Phys. Lett.
B184(1987) 111. J.Z. Baiet al. [BES Coll.], Phys. Rev. Lett.
91 (2003) 022001.

[10] F.J. Llanes-Estrada and S.R. Cotanch, Phys. LettB504
(2001) 15.

[11] N. Isgur and J. Paton, Phys. Rev.D31 (1985) 2910. T.
Barnes, F.E. Close and E.S. Swanson, Phys. Rev.D52 (1995)
5242.

[12] UKQCD Collab., Nucl. Phys.B63 (1998) 203. C. Bernard
et al, Nucl. Phys.B73 (1999) 264. P. Lacock, K. Schilling,
Nucl. Phys.B73 (1999) 261.

[13] P. Page, E.S. Swanson and A.P. Szczepaniak, Phys. Rev.
D59, 034016 (1999).

[14] S. Ratti, EPS-HEP97, Jerusalem, Aug 19-26, 1997.


