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Abstract. We have studied the φ(1020)f0(980) and φ(1020)a0(980) S-wave scattering at

threshold energies employing chiral Lagrangians coupled to vector mesons by minimal

coupling. Theφ f0 (φa0) interaction kernel is obtained by treating the f0(980) [a0(980)] as

bound (dynamically generated) state and resuming unitarity loops.We are able to describe

the e+e− → φ(1020)f0(980) recent scattering data concluding that the Y(2175) resonance

has a large φ(1020)f0(980) component. We also predict a strong φ(1020)a0(980) interac-

tion that can be studied in e+e− → φπ0η. For some sets of parameters a clear resonant

peak indicates the presence of an isovector companion of the Y(2175).

1 Introduction

A new hadronic spectroscopy has emerged in the last decade thanks to the ex-

perimental activity carried out meanly at e+e− facilities (BES at IHEP, CLEO

at LEPP, BABAR in SLAC, Belle at KEK) but also at pp̄ colliders (CDF,D0 at
FNAL) and in fixed target experiments such as HERA-B at DESY. Indeed, our

understanding of meson spectroscopy has been challenged by the observation of
several exotic states (extensive reviews can be found, for example, in Ref. [1]).

These can be neutral mesons with quantum numbers that are not allowed for

qq̄ pairs (JPC = 0−−, 0+−, 1−+, 2+−, . . .) but also states with conventional quan-
tum numbers that cannot be easily accommodated into the constituent quark

model. One such a state is the resonance φ(2170) (or Y(2175), as we will refer
to it from now on), a light unflavored meson with quantum numbers JPC = 1−−,

IG = 0−, mass of 2175±15MeV andwidth ΓY = 61±18MeV (PDG estimates [2]).

It was first observed by the BABAR Collaboration [3, 4] in the initial-state ra-
diation process e+e− → φf0(980)γ → K+K− ππγ and also found by BES in

J/Ψ→ ηφ f0(980) decay [5]. The Belle Collaboration has performed the most pre-
cise measurements so far of the reactions e+e− → φπ+π− and e+e− → φf0(980)

finding MY = 2079 ± 13+79
−28 MeV and ΓY = 192 ± 23+25

−61 MeV [6]. The obtained

width is larger than in previous measurements but the error is also large.

These experimental findings have triggered a considerable theoretical activ-
ity aimed at unraveling the nature and properties of the Y(2175). It has been inter-

preted as a tetraquark [7–9], with a mass of 2.21±0.09 GeV [7] or 2.3±0.4GeV [8]
calculated using QCD sum rules with meson-meson (ss̄)(ss̄) currents [7] and
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adding diquark-antidiquark (ss)(s̄s̄) ones [8]. In the diquark-antidiquark picture

a prominent Y(2175) → ΛΛ̄ decay mode appears [9]. The Y(2175) has also been

identified with the lightest hybrid ss̄g state [10] with K1(1400)K and K1(1270)K

as dominant decay channels. Conventional ss̄ states in 23D1 or 33S1 configura-

tions have been considered as their masses are expected to be compatible with the
Y(2175) [11] although the estimated widths are too large. Reference [12] studies

the three-body KK̄φ(1020) scattering with two-body pseudoscalar-pseudoscalar

and vector-pseudoscalar interactions taken from unitarized chiral perturbation
theory [13,14]. A resonance with 2170 MeVmass is generated albeit with a width

of only 20 MeV.

2 φ(1020) f0(980) scattering

In Ref. [15] we have studied the S-wave scattering of the vector meson φ(1020)

with the scalar f0(980), the channel with the same quantum numbers as the Y(2175).

This is feasible because both the φ(1020) and the f0(980) are rather narrow reso-

nances.

First we derive the kernel of the φf0 interaction. For this we take advantage

of the fact that the f0(980) scalar meson is successfully described as a KK̄ bound
state [13, 16]. This means that in the second Riemann sheet, in the vicinity of the

f0(980) pole

−iTKK̄ =
γ2

0

k2 −M2
f0

+γ1+γ2(M2
f0

−k2)+. . . , and lim
k2→M2

f0

(M2
f0

−k2)(−iTKK̄) = γ2
0 .

(1)

Therefore, the φ(1020)f0(980) interaction can be obtained from the φ(1020)KK̄

one by extracting the residue at the f0(980) double pole position that arises from
the initial and final KK̄ rescatterings.
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Fig. 1. Feynman diagrams for φKK̄ scattering. Dashed lines denote kaons and solid ones,

vector mesons.

The contributions to the φ(KK̄)I=0 → φ(KK̄)I=0 amplitude, determined with
chiral Lagrangians coupled to vector mesons are depicted in Fig. 1. It can be

shown [15] that close to the φKK̄ threshold and taking into account that the
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f0(980) is also close to the KK̄ threshold, the dominant term is given by diagram

2.

The rescattering of initial and finalKK̄ pairs in this dominant amplitude gives
rise to the diagram on the left hand side of Fig. 2. For the (KK̄)2 vertices we take

...
... +

f0(980)

f0(980)

f0(980)

f0(980)

Fig. 2. Dominant contribution to the φ(KK̄)I=0 amplitude with KK̄ initial and final state

interactions that contain f0(980) poles.

only on-shell amplitudes. The off-shell parts are proportional to the inverse of

kaon propagators and cancel with them in the calculation of the loop, resulting
in amplitudes that do not correspond anymore to the dominant triangular kaon-

loop but to other topologies. After projecting into S-waves

MS
I=0 = −tφK TKK̄(k2) TKK̄(k ′2)LS (2)

where tφK and TKK̄ are the full scattering amplitudes, k2(k ′2) is the initial (final)
KK̄ invariant mass and

LS =
1

4π2

∫+1

−1

d cos ρ

Q2

∫1/2

0

dx
1

c
[log (1− 2x/c) − log (1+ 2x/c)] , (3)

with

c2 =
4

Q2

[

x2Q2 + 2k2x(1− 2x) −m2
K + iǫ

]

. (4)

HereQ2 = −2p2(1− cos ρ) in terms of the relative angle ρ between the incoming

p and outgoing p ′ φ three-momenta in the φf0 CM frame.

The residue at the f0(980) double pole is the f0(980)φ(1020) potential

Vφf0
=
1

γ2
0

lim
k2,k ′2→M2

f0

(k2 −M2
f0

)(k ′2 −M2
f0

)MS
I=0 = −tφK γ

2
0 LS , (5)

which is unitarized as schematically shown in Fig. 3 leading to the full φf0 am-

plitude

Tφf0
=

Vφf0

1+ Vφf0
Gφf0

. (6)

The loop function Gφf0
is expressed in terms of a renormalization scale fixed to

the ρ meson mass µ = 770 MeV and a subtraction constant a1 to be fitted to
data [15].

We have performed fits to the e+e− → φf0(980) BABAR and Belle data [4,

6]. The φ(1020) f0(980) strong scattering amplitude is employed to correct the
production process by final state interactions (FSI)

σ(s) =
σBG(s)

|1+ Vφf0
Gφf0

|
2
. (7)
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Fig. 3. Diagrammatic representation of the full φf0(980) amplitude.

For the nonresonant background production cross section the Belle fit (Fig. 6(b)

of Ref. [6]) has been adopted. In our fits the f0(980) properties, pole positionMf0

and residue γ2
0 are taken from two different studies [17, 18]; tφK and a1 are free

parameters. The results are presented in Table 1 and Fig. 4

Mf0
[MeV] (fixed) γ2

0 [GeV2] (fixed) tφf0
a1

Fit 1 980 16 −54 ± 4 −2.41 ± 0.14

Fit 2 988 13.2 −27 ± 1 −2.61 ± 0.14

Table 1. Fits to the e+e− → φ(1020)f0(980) BABAR [4] and Belle [6] data.
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Fig. 4. Cross section for e+e− → φ(1020) f0(980). The experimental data are from Ref. [4]

(diamonds and crosses) and Ref. [6] (empty boxes). The solid and dash-dotted lines corre-

spond to the first and second fits of Table 1. The dashed line shows the background.

The description of the data is satisfactory, particularly the peak position and
width. Worse is the agreement at

√
s < 2 GeV: the suppression of the theoretical

curves happens because the Vφf0
potential is large due to the 1/Q2 factor. We ob-

tain negative values for a1 as it should be for a dynamically generated resonance.
Moreover, the resulting scale Λ = (4πf)/

√

|a1| ≃ 0.75 GeV, preserves a natural

size aroundMρ. The interpretation of the tφK values is more difficult due to the
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lack of information about the φK interaction close to threshold. Nevertheless one

should recall that the K1(1400) resonance is only 100 MeV below this threshold.

Therefore, the assumption thatφK scattering is dominated by the K1(1400) would
explain the negative sign of tφK because

tφK ∼
γ2

K1φK

M2
K1

− (Mφ +mK)2
< 0 . (8)

Our fitted tφK values are very different from those used in Ref. [12], taken from
Ref. [14] which does not contain the K1(1400). With a tφK ∼ 12− 7 i as in Ref. [14]

we would not describe the e+e− → φ(1020) f0(980) data. This means that even if

the results of both Refs. [12, 15] support the interpretation of the Y(2175) as a dy-
namically generated resonance, the two descriptions are quantitatively different.

3 φ(1020) a0(980) scattering

In the present contest, it is relevant to establish whether there is an isovector com-

panion of the isoscalar Y(2175). It will help constraining theoretical models. In
particular, the calculation of Ref. [12] does not find any resonance in the isovector

φ(1020)a0(980) S-wave channel. Experimentally, this resonance could show up in
e+e− → φ(1020)a0(980) → φ(1020)π0η, as suggested in Ref. [19] or in e+e− →

φ(1020)a0(980) → φ(1020)K+K− [20]. Our study of the φ(1020)a0(980) [21] in-

teraction proceeds as described in the previous section but replacing the scalar-
isoscalar f0(980) by the scalar-isovector a0(980). The latter is treated as a dynam-

ical resonance in coupled channels (mainly KK̄ and π0η) whose properties de-

pend on the adopted approach (see Table 2). No new free parameters need to
be introduced if one demands that the e+e− → φ(1020) f0(980) cross section is

reproduced and takes tφK, a1 from Table 1.

Ma0
[GeV] γ2

KK̄ [GeV2]

BS 1.009 + i 0.056 24.73 − i 10.82

N/D 1.055 + i 0.025 17.37 − i 24.77

Table 2. a0(980) properties, pole position Ma0
and residue γ2

KK̄ , as obtained with the

Bethe-Salpeter (BS) equation [13] and the N/D method [18].

We have investigated the corrections to the e+e− → φ(1020)a0(980) →

φ(1020)π0η reaction that arise from φ(1020)a0(980) FSI finding strong modifi-
cations (see Fig. 5). If the a0(980) properties from the N/D method are taken, a

strong peak around 2.03 GeV is observed, signaling the presence of the dynam-
ically generated isovector 1−− resonance. For the BS pole no peak is generated

but a strong reduction of the cross-section takes place. This result further sup-

ports the idea that a study of the e+e− → φ(1020)a0(980) reaction, which should
be accessible at present e+e− factories, may provide novel relevant information

about hadronic structure and interactions in the 2 GeV region.



6 L. Alvarez-Ruso, J. A. Oller, J. M. Alarcón

1.8 2 2.2 2.4 2.6
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

BS
N/D
no FSI

Fit 1

1.8 2 2.2 2.4 2.6
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

BS
N/D
no FSI

Fit 2

σ
[n
b
]

σ
[n
b
]

√
s [GeV]

√
s [GeV]

Fig. 5. e+e− → φ(1020)a0(980) → φ(1020)π0η cross section. The dotted lines in both

plots is the result of Ref. [19] where final state φ(1020)a0(980) rescattering was not con-

sidered. The rest of the lines include FSI for the sets of parameters given in Tables 1, 2.
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