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Y (2175) : An Intriguing Hadron Observed in
BaBar, BES and Belle Experiments
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Abstract: Since the BaBar Collaboration announced a new hadron Y (2175) observed in the
$f,(980) invariant mass spectrum of e" e~ = ¢f,(980), both BES and Belle confirmed BaBar’s ob-
servation. Meanwhile, the theorist also carries out the study to reveal the underlying properties of
Y (2175). In this review paper, we give a detailed review of the present experimental and theoreti-
cal statues of Y(2175). In terms of the published experimental data of Y(2175), we also discuss
the possibility of searching for other enhancement structuresafter 2175 MeV in the ¢{,(980) invari-
ant mass spectrum.
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1 Introduction zing the ¢f, (980) invariant mass spectrum in the
process of e e” = ¢f, (980) via initial-state radia-

tion ( ISR)O™., Later, the BES Collaboration

Among the newly observed hadron states,

Y(2175) is an intriguing light hadron, which was

first reported by the BaBar Collaboration by analy- confirmed the observation of Y(2175) by a different
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Fig. 1 (a) The invariant mass spectrum of ¢f, (980) in e”e” — ¢f, (980) from BaBar data; (b) the invariant mass spectrum of
$f,,(980) in J/¢—> 1¢f, (980) from BES data; (c) the invariant mass spectrum of ¢ #' n ine’ e —> ¢x' n from Belle

data.
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process J/¢—> ¢ £,(980)"", and the Belle Collab-
oration also observed Y(2175) ine'e — ¢’
and e” e — ¢f,(980)"*. The enhancement struc-
ture Y(2175) existing in the invariant mass spec-
trum of ¢f,(980) or ¢ =" x , which is reported in
the above three experiments, is shown in Fig. 1
[1 ﬂ'

In addition, the experimentalist tries to search

for Y(2175) by its other decay processes. Recently

Table 1

the BES Collaboration reported that no evidence of
Y(2175) is seen by analyzing the K*°K " invariant
mass spectrum in J/$—> Y)K“’K”)m. The BaBar
Collaboration observed an enhancement structure
around 2127 MeV in the ¢7 invariant mass spec-
trum of e” e — ¢n via the ISR mechanism'"'. In
Table. 1, we summarize the experimental informa-

tion relevant to Y(2175).

The experimental measurement relevant to Y(2175). Here, we use underline to mark the

analyzed invariant mass spectrum corresponding to the experimental search for Y(2175)

Experiment Channel Mass/MeV Width/MeV Remark
BaBarl!! et e >Yisr $fo (980) 2175+10+15 5816420
BES2] J/¢—> 7 $£(980) 2186+10+6 65+23+17
BELLE™] et et >Visr$fo (980) 207941377 1922375
etel YISk P
BES™] I/ p K K0 — — No evidence
BaBarl*] et =Yy 2127424 60250

After the BaBar’s observation of Y (2175),
the theorist is dedicated to understand its under-
lying structure. In the following, we will give a
systematical review of the theoretical study status
of Y(2175). In section III, we will discuss wheth-
er there exist more enhancements after 2175 MeV
Finally a

of the announced experimental data.

short summary is given.

2 The Theoretical Explanation to
Y (2175)

Since Y (2175) is observed in e e annihila-
tion via ISR mechanism, the quantum number J*©
of Y (2175) must be 1
$1,(980) of Y(2175) indicates that Y(2175)should

The decay channel

be of ss component. In terms of the above impor-
tant information, the theorist tries to explain Y
(2175) from the point of view of the conventional
quarkonium or exotic state.

Before the observation of Y(2175), there exist

two established strangenium (ss state) listed in

particle data group (PDG), i. e , ¢ (1020) and
$(1680), which are of quantum numbers n **"'L,
=1%S,, 2°S; respectively. Here, n, S, L, J de-
note the radial excitation, spin, orbital angular
momentum and total angular momentum, respec-
tively. If explaining Y(2175) as a strangenium
with the higher radial excitation, the possible
quantum number of Y(2175) is 2°D; or 3°S, since
the masses of 2°D; and 3°S,; states predicted in a
relativized quark model with chromodynamics-*-
are consistent with that of Y(2175) if considering
the experimental error. In Refs. [7—8], Barnes et
al. once studied the two-body strong decay of the
strangenium with 3°S; by the P, model®. The
mass of the strangenium with 3°S; is put as 2. 05
GeV, which is lower than that of Y(2175). Fur-
ther the predicted total decay width of the strange-
nium with 3*S, is about 380 MeV, which shows
that the strangenium with 3*S, is a rather broad

[8]

state The dominant decay modes of the 3°S,;

state are predicted to be K™ K*, KK~ (1414) and
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KK, (1273). Comparing the result in Ref. [8] with
the experimental result of Y(2175), we can fully
exclude 3°S, strangenium assignment to Y(2175)
since the width of Y(2175) is far less than the ob-
tained theoretical total width of 3°S, ss state.
Testing the 2°D; ss assignment to Y (2175)
was performed in Ref. [10]. Ding and Yan applied
two effective models, 1. e. the *P, model and the
flux tube model, to calculate the partial decay
width and the total decay width of Y(2175). The
results obtained under these two models are con-
sistent with each other. The total decay widths
from the *P, model and the flux tube model are
167.21 MeV and 211. 9 MeV, respectively, which
are larger than the width of Y(2175) to some ex-
tent. The main decay modes for the 2°D, ss stran-
genium  scenario are KK, K*K*, K(1460)K,
h, (1380) 7.
By the
(RSE), the authors in Ref. [ 11 ] carried out a

SS states.

Resonance Spectrum Expansion
multichannel calculation of excited 1
The included S- and P-wave two-meson channels
comprisethe lowest pseudoscalar, vector, scalar,
and axial-vector mesons, while in the ss sector
both the 3°S, and 2°D, states are coupled. The
numerical result indicates adynamical resonance
pole which is found at (2186 —i246) MeV'' . Al-
though the mass predicted in RSE model is consis-
tent with that from the experiment, the calculated
width is huge. As indicated in Ref. [11], further
improvements of the model are needed to the calcu-
lation of the pole mass.

Besides giving strangenium explanation to
Y (2175), theorist also tries to explore the under-
lying structure of Y(2175) from the point of view
of exotic state. Here, before reviewing the exotic
explanation relevant to Y(2175), we need to intro-
duce two previous experimental observations:

(1) In 2004, the Belle Collaboration reported
an enhancement named as Y(4260) in J/¢n ® in-
variant mass spectrum of e e >V J/ ¢ w1,

Due to the difficulty to put Y(4260) into the con-

ventional vector charmonium, later a ccg hybrid
state explanation to Y(4260) was proposed in
Refs. [13—15].

(2) In 2007, the Belle Collaboration reported
that the measured width of Y(10870)— T(1S, 2S)
n n is 2—3 order larger than those of T(nS)—
T(mS)ntn (n=2, 3, 4 and m<<n ). Sugges-
tion of Y(10870) as a bb counterpart of Y (4260)
was proposed in Refs. [17—18]. Thus, if Y(4260)
is a ccg hybrid, Y(10870) can be recommended as
bbg hybrid.

Just considering the similarities of Y (2175),
Y (4260) and Y(10870) (see Table. 2), one can ex-
tend bbg and ccg to ssg, which is related to
Y(2175). The decay behavior of Y(2175) as a ssg
state was calculated in Ref. [19] by the flux tube
model. The total decay width of Y (2175) can
reach up to 148.7 MeV. Meanwhile, K"K~ is for-
bidden. Combining the above mentioned 2°D,; ss
decay channels in Ref. [10], Ding et al. indicated
that searching for K* K* channel of Y (2175) can
be as an important criteria to distinguish ss stran-

genium and ssg explanations to Y(2175).

Table 2  The comparison of Y(2175), Y(4260), Y(10870)

and the corresponding hybrid explanation

States Y(2175) Y (4260) Y(10870)
Quantum number 1 1 1
Decay channel ¢ w 1/ ¢ntm TS, 297"«
Hybrid explanation ssg ccg bbg

Besides ssg assignment to Y (2175), a reso-
nance state of $KK system was proposed for ex-
plaining Y(2175)%%. By solving the Faddeev equa-
tions of describing three-body interaction of $KK,
they obtained a neat resonance peak around a total
mass of 2150 MeV and an invariant mass for the
KK system around 970 MeV, very close to the
f, (980) mass, which also explain why Y(2175) de-
cays into $f, (980)"%°,

Wang studied Y (2175) as a tetraquark state
ssss by using QCD sum rule and suggested that
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there may be some tetraquark components in the
state Y(2175)"" Later a more detailed analysis in
QCD sum rule was performed. In Ref. [22], the
authors studied the mass of the state Y (2175) of
Jre=1

both the diquark-antidiquark currents (ss) (ss) and

in the QCD sum rule. By constructing

the meson-meson currents (ss) (ss), they found
two independent currents for both cases, and de-
rived the relations between them. The OPE con-
vergence of these two currents is sufficiently fast,
which enables us to perform good sum rule analy-
sis. Both the SVZ sum rule and the finite energy
sum rule lead to a mass around (2.3+0.4) GeV,
which is consistent with the observed mass within
the uncertainties of the present QCD sumrule. The
coupling of the four-quark currents to the lower
lying states such as $(1020) turns out to be rather
small. The possible decay properties of Y (2175)
were discussed if it is a tetraquark state.

In addition, a AA interpretation was proposed
in Ref. [23], which is similar to the A, A. bound
to Y(4260) as

state assignment indicated in

Ref. [24].
In Table 3, one further summarizes the possi-

ble explanation to Y (2175) just reviewed in the

above.
Table 3 The possible interpretations of Y(2175)
Strangenium ss (28Dy)
Hybrid ssg
Three-body system ¢ KK
Molecular state AN

3 Do There Exist More Enhancement
Structures after 2175 MeV in the

Experimental Data?

Besides Y (2175), one can find an extra en-
hancement around 2360 MeV in the ¢f, (980) in-
variant mass spectrum. As indicated by the pre-
liminary result given in Ref. [25], this correspon-

ding enhancement structure (named as Y (2360))

with 2. 5¢ significance is of mass m = (23601 46)
MeV and width I'=(1244105) MeV, which is ob-
served not only in Belle data™’ but also in BES da-
ta?),

If putting Y(2360) into conventional ss state,
we can fully exclude 3°S,; quantum number assign-
ment to Y (2360) due to the width of Y (2360)
being far smaller than that of 3*S,. Thus the most
possible quantum number of Y (2360) should be
4*S, or 3°D,. Under conventional ss state with
higher radial excitation, Y (2360) can decay into
¢f, (980), ¢, KK, KK", K" K", KK (1460),
KK, (1270), KK, (1400) and KK, (1430) .

The theoretical calculation of the decay behav-
ior is encouraged, which will be helpful to estab-
lish Y(2360) in the experiment, especially in BE-
SIIT with a large database.

4 Summary

In this review, we briefly introduce the exper-
imental observation of Y (2175), which is an in-
triguing new hadron state observed by BaBar, BES
and Belle. Theorist carried out the study on the
underlying structure of Y(2175). The explanations
of the structure of Y(2175) mainly include ss with
3°S,, ssg hybrid, KK¢ system and AA molecular
state. Thus, further experimental and theoretical
study on how to distinguish the existed theoretical
assignments to Y(2175) is not only an interesting
topic, but also important to reveal the underlying
structure of Y(2175).

Meanwhile, we still need to try our best to
put Y(2175) into the conventional ss family before
giving the exotic explanation to Y(2175). Recently
BES result announced no evidence of Y (2175) —
K °K "', which seems to exclude ssg hybrid ex-
planation. We noticed that the theoretical result of
the decay width of Y(2175) under 2°D, ss state is
larger than the measurement value of Y (2175).
Exploring the strong decay of Y(2175) under the
assignment of the mixing of 3°S, and 2°D, ss

states is encouraged, which can alleviate the differ-
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