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Confirmation of the Y(4260) resonance production in initial state radiation
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Using 13.3 tb™! of e™ e~ collision data taken in the Y(1S — 45) region with the CLEO III detector at
the CESR collider, a search has been made for the new resonance Y(4260) recently reported by the BABAR
Collaboration. The production of ¥(4260) in initial state radiation (ISR), and its decay into 77" 7~ J /i, are
confirmed. A good quality fit to our data is obtained with a single resonance. We determine M (Y (4260)) =
(428411 (stat) = 4(syst)) MeV/c?, T(Y(4260)) = (73+32(stat) = 5(syst)) MeV/c?, and T, (Y(4260)) X
B(Y(4260) — 77~ J /i) = (8.973](stat) = 1.8(syst)) eV/c2.

DOI: 10.1103/PhysRevD.74.091104 PACS numbers: 14.40.Gx, 13.25.Gv, 13.66.Bc

The BABAR Collaboration [1] has reported the observa- ete” — yr@ 7~ J/i. Data with a total luminosity of
tion of a broad structure in the 77" 77~ J /¢ mass spectrum 233 fb~! were taken at and near the peak of the Y(4S5)
around 4.26 GeV/c? in initial state radiation (ISR) events, resonance. The enhancement, labeled Y(4260), was fitted
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as a single resonance with a signal/background ratio of
approximately 2/1, number of events N(Y) = 125 = 13,
mass  M(Y) = (4259 = 8(stat)*Z(syst)) MeV/c?, width
['(Y) = (88 = 23(stat) *8(syst)) MeV/c?, and T, (Y) X
B(Y — 77 J/i) = (5.5 = 1.0(stat) T} 3(syst)) eV/c2.
The observation of Y(4260) in ISR leads to the conclusion
that it is a vector with JF€ = 17—, with additional evidence
provided by the observation that the dipion mass spectrum
peaks at high mass, consistent with a S-wave phase space
model. Recently, BABAR has reported that no evidence for
Y(4260) excitation is found in the reaction e*e” —
visrP P, and obtained a ratio which is equivalent to a
90% confidence limit of T, (Y)X B(Y — pp)<
0.72 eV/c? [2]. In the reaction B~ — J/ym* 7~ K~ they
report a 3.10 resonance signal and establish a 95% con-
fidence limit of (B~ = YK )X B(Y - wtw J/¢) <
255 eV/c? [3]. None of the theoretical calculations of
charmonium spectra predict a vector state near
4260 MeV/ ¢%, and the measurements of the parameter
R = o(hadrons)/o(ut n™) actually show a dip in this
region, which is quite well fitted with the known charmo-
nium vectors [4]. These facts make Y (4260) an unexpected
and provocative resonance, and many theoretical models
have been proposed to explain its nature [5,6]. This also
makes it extremely important to make an independent
experimental confirmation of the Y(4260) resonance and
its parameters. This paper reports on just such a
confirmation.

In a recent measurement of direct e™ e annihilation at
/s = 4040, 4160, and 4260 MeV/c?, CLEO [7] has con-
firmed the existence of an enhancement in the 7+ 7~ J /i
cross section at 4260 MeV/c? by measuring a cross sec-
tion consistent with the peak cross section reported by
BABAR. Similar enhancements were observed in
m°7%J /i and K*K~J/¢. However, because the near-
peak Y(4260) data were limited to a single energy point,
the mass and width of ¥(4260) could not be determined. In
this paper, we present the results of the ISR production of
Y(4260) in 13.3 tb~! of eT ¢~ data taken in the Y(15-4S)
region with the CLEO detector at CESR, the e e~ collider
at Cornell University. Although our integrated luminosity
is considerably less than that used by BABAR, the low
background in our measurement enables us to make a
statistically significant confirmation of Y(4260), and an
independent determination of its mass and width.

The data used in the present investigations consist of
1.40, 1.77, 1.60, and 8.57 fb~! taken at and in the vicinity
of the Y(1S), Y(2S), Y(3S), and Y(4S) resonances, re-
spectively. The CLEO detector in its CLEO III [8] con-
figuration was used to detect final state particles. The
reaction studied was

efe” =y T I/, J/p—ete, AN
The four charged particles in the final state, 7% 7~ and
I"1~, were detected. It was required that both electrons, or
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at least one muon be identified in the barrel or end cap
regions of the detector. The energy E deposited in the
calorimeter, and the momentum p measured by the track-
ing chamber, were used to form E/p. It was required that
for electrons 0.85 < E/p < 1.1, and for muons E/p < 0.3.
Electron candidates were required to have specific ioniza-
tion energy loss, dE/dx, in the drift chamber consistent
with the electron hypothesis within 30. For muons a
penetration depth of = 3 hadronic interaction lengths in
the muon chambers was required. Pions were identified
using both the dE/dx information from the drift chamber
and the information from the Ring Imaging Cherenkov
(RICH) detector. The four charged particles were required
to have net charge equal to zero. Further, very loose
requirements were used, namely, total energy <6.5 GeV,
total transverse momentum, p; < 3.5 GeV/c, and total
energy of showers not matched with charged particles,
E eue <5 GeV. Lepton pairs were accepted in the range
[M(IT17) — M(J /)| = 50 MeV/c?. The event selection
criteria were optimized by using GEANT-based [9]
Y(4260) ISR signal Monte Carlo and J/¢ side band yield
as background, to maximize S*/(S + B), where S and B
refer to the signal and background event counts, respec-
tively. The sideband was defined as 2.7 to 3.5 GeV/c?,
excluding the region 2.9 to 3.2 GeV/c?.

The ISR events were identified by constructing the mass
of the missing particle as

Mlzniss = (2Ebeam - E(7T+ 77-7~]/¢))2 - P(7T+ 77'7J/¢)2
The resulting M2, distributions are shown in Fig. 1. The
peaks centered at M2. - = 0 correspond to the missing ISR
photon and have little background under them. Above the
peak in the spectrum for J/¢y — u* u~, the background
increases rapidly because of misidentified pions. We con-
sider events with [M?2. | < 1.7 GeV?/c*forJ/ip — eTe™,

miss
and events with [M2. |<1.0GeV?/c* for J/¢—
utu”, as ISR events. In order to improve the mass
resolution, these events were fitted with the lepton tracks
constrained to a common vertex, and the dilepton mass
constrained to the J/4 mass, 3097 MeV /c?. The distribu-
tions for the x? of the vertex and J/4 mass constraints,
lepton and pion momenta, transverse momentum, and
neutral energy for these selected events were found to be
in good agreement with the corresponding distributions for
the #(2S) ISR signal Monte Carlo (more than 95% of the
ISR events come from #(25)). In Fig. 2 we show the
M(m* 7~ J/¢) distributions for these events for J/¢ —
ete” and utu~. Both plots show clear enhancements
around 4260 MeV/c?, with very little background. This
background is found to be in good agreement with that
determined from the sidebands of J /.

The mass resolution was determined by fitting the ISR
signal Monte Carlo distributions for M(w* 7~ J /) for
#(2S) and Y(4260), assuming zero intrinsic width for
both. The instrumental resolution, full-width at half-
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FIG. 1 (color online). Distributions of data events (points) for

M?. , as defined in the text. The peaks centered at M2. =0

miss’ miss

and bounded by the dashed lines correspond to the missing ISR
photons. The shaded histograms show (2S) ISR signal
Monte Carlo predictions normalized to the peak counts.

maximum, was thus determined to be 8.2 MeV/ ¢? for
#(2S) and 10.6 MeV/c? for Y(4260). The data for (25)
and Y(4260) enhancements were each fitted with a constant
background plus the peak shape determined by the
Monte Carlo simulation convoluted with the single reso-
nance relativistic Breit-Wigner function which includes the
phase space factor. The mass, width, peak area, and the
background were kept free in the fits. The fit for the (2S5)
peak returned N(#4(2S)) =285 * 17 counts and
M((2S)) = (3685.70 + 0.24) MeV/c?, which compares
favorably with the known mass, M(/(2S)) = (3686.093 *
0.034) MeV/c? [10]. The fit for the Y(4260) enhancement
is illustrated in Fig. 3. It results in M(Y(4260)) =
(4284117 MeV/c? and T(Y(4260)) = (73732) MeV/c?.
The number of counts in the fitted resonance is
N(Y(4260)) = 13.67%]. The fit with a single Breit-
Wigner has y?/d.o.f. = 1.00, a confidence level of 52%,
and a significance of 5.4¢. The significance level for the

resonance was obtained as o = /—2In(Ly/L ), Where

L.« 1s the maximum likelihood value for the fit with
resonance, and L, is the likelihood value for the fit without
resonance.

The systematic errors in our measurements of
M(Y(4260)) and I'(Y(4260)) are much smaller than the
statistical errors. An estimate of the systematic error in
our mass measurement for Y(4260) is provided by our
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FIG. 2 (color online). Event distributions after kinematic fit-
ting for the invariant mass M(7* 7~ J/¢), with J/iy — et e”
and u* . Evidence for the production of Y(4260) is present in
both distributions.
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FIG. 3 (color online). The M(7" 7~ J /) distribution for the
sum of J/ip — ete” and J/¢p — ut u~. The dotted line de-
notes the fitted background, and the solid curve denotes the fit
with a single resonance. The semilog plot in the insert illustrates
the #(2S) excitation in the extended mass region.
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result for M((2S)). As mentioned earlier, our measured
mass M((2S)) differs from its known value by only
(0.4 £ 0.2) MeV/c?. Additional contributions to the sys-
tematic uncertainty in M(Y(4260)) and I'(Y(4260)) were
estimated by fitting the ¥ (4260) peak in the data by varying
by *50% the resolution width returned by our ISR
Monte Carlo sample. We have also studied the effect of
variations in event selection cuts (M2, pr, Eneu> x° for
vertex and M(J /) constraints, lepton identification crite-
ria), and variations in peak shape and background parame-
terization. The maximum variation found was +4 MeV/c?
in M(Y(4260)) and =5 MeV/c? in I'(Y(4260)), which we
therefore assign as systematic uncertainties.
Thus our final results for the mass and width are

M(Y(4260)) = (4284F11(stat) = 4(syst)) MeV/c?,
['(Y(4260)) = (73132(stat) = 5(syst)) MeV/c2.

The quantity I',,(Y) X B(Y — =" 7~ J/) is related to
the observed counts N(Y) as

N(Y)/BU/p—1"17)
L X eY) X oygr(Y)

rL,WXBY—ata J/¢y) =

where L is the integrated luminosity, e(Y) is the efficiency
determined by the ISR signal Monte Carlo, and ogg(Y) is
the value of the ISR cross section per keV/c? of di-electron
width calculated using the theoretical formalism of Kuraev
and Fadin [11].

From our sample of (2S) ISR events, for which
I,.((2S5)) X B(y(2S) — w7~ J/¢) is known [10], we
find that our ISR signal Monte Carlo efficiency e((25)) is
overestimated by a factor of 1.5. We attribute this to the
fact that because of the extreme forward nature of the ISR
events the geometrical acceptance of our detector
(I cosf| < 0.93) allows us to accept only approximately
15% of the phase space for (2S5), and we become ex-
tremely sensitive to the Monte Carlo modeling of the ISR
production mechanism. For ¥(4260) events the geometri-
cal acceptance of our detector is larger, approximately
30%, and we therefore expect that the Monte Carlo deter-
mined efficiency for the Y(4260) events is more accurate
than that for the (2S5) events. We estimate the appropriate
efficiency correction for the Y(4260) events to be between
1.0 and 1.5, and we assume it to be 1.25 £ 0.25. This is the
dominant systematic uncertainty in our measurement of
I',.(Y) X B(Y — 7t 7w~ J /). Systematic uncertainties in
luminosity, osg, and B(J/¢ — [T17) are much smaller.
To further minimize the systematic uncertainty in our
determination of I, (Y) X B(Y — &7~ J /i) we impose
the additional requirement for its estimate that at least one
lepton from the J /i decay have | cosf| < 0.7. As a result,
the data were refitted for the Y(4260) resonance. The fit
returned N(Y) = 8.173§ with a x?/d.o.f. = 0.98. With
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oisr(Y) = 6.26 pb/keV, and €e(Y) = 11.5%/(1.25 =
0.25), our final result is

I,L,Y)XBY—=ata J/¢)
= (8.9737(stat) = 1.8(syst)) eV/c%

This is consistent with the BABAR result.

Figure 4 shows that the dipion mass of the Y(4260)
events is enhanced at high mass, as predicted by
Monte Carlo generated distribution based on a phase space
model modified by rescattering of pions which are in a
relative S state [12].

In summary, we have confirmed BABAR’s observation of
a new resonance, Y(4260), produced in initial state radia-
tion. We obtain resonance parameters in agreement with
theirs. A good quality fit to our data is obtained with a
single resonance. The observation of Y(4260) production
in ISR and the S-wave phase space distribution of the
dipion mass confirm that JP¢(Y(4260)) = 1~ [1,7]. The
various theoretical models proposed for Y(4260) have been
discussed in detail in reviews by Eichten, Lane and Quigg
[5], and Swanson [6], but no clear understanding of the
nature of Y(4260) exists at present. A dedicated resonance
scan and good measurements of various decays of Y (4260)
are needed to discriminate among the different theoretical
models.
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A.P. Sloan Foundation. This work was supported by the
National Science Foundation, the U.S. Department of
Energy, and the Natural Sciences and Engineering
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FIG. 4 (color online). Dipion mass distribution for data events
(points). The shaded histogram is the Monte Carlo prediction for
M(7r* 7~) based on a S-wave phase space model. Neither the
data nor the Monte Carlo distributions have been corrected for
the experimental efficiency.
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