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ϒ(2S) decays at Belle Umberto TAMPONI

1. Introduction

The Belle experiment collected the world largest sample ofϒ(2S), (158±4)×106 ϒ(2S) de-
cays on resonance peak, corresponding to an integrated luminosity of 24.7 fb−1. This sample
has been exploited during the last year in order to study the transitions fromϒ(2S) to both lower
bottomonium and charmonium states. In this paper the results of the search for the radiative de-
caysϒ(2S)→ γRcc̄ are presented, together with a new measurement of the branching ratio of the
hadronic transitionϒ(2S)→ ηϒ(1S).

2. Charmonium in ϒ(2S) radiative decays

A systematic search forηc, χcJ, X(3872), X(3915) andY(4140) signals inϒ(2S) radiative de-
cays is performed by Belle [1], extending a previous work on theϒ(1S) transitions to charmonium
states [2]. A search for transitions to the hypotheticalX(4350), observed as a 3.2σ structure in
γγ → φJ/ψ [3], is performed too. Since any charmonium state above theψ ′ is predicted to have
favoured E1/M1 transitions toψ ′, the search for new resonances is included looking for theγRγψ ′

final state whereγR is the radiative photon from theϒ(2S) decay.

2.1 ϒ(2S)→ γRX(3872)

TheX(3872) is reconstructed in both theπ+π−J/ψ andπ+π−π0J/ψ final state (fig. 1). The
J/ψ is detected in the leptonic channelse+e− andµ+µ−, then a kinematic fit with mass constraint
is applied to the lepton pair in order to improve the resolution on theX(3872) mass. The radiative
photon candidateγR is the highest energy photon in the event with an energyE∗ in the e+e−

center-of-mass frame (CM) greater than 3.5 GeV/c2 and not detected in the forward region of the
calorimeter (cos(θγR) < 0.9). These tecniques for theγR identification and the J/ψ reconstruction
will be applied in every otherϒ(2S)→ γRcc̄ analysis.

Figure 1: (a) Distribution of theπ+π−J/ψ invariant mass forϒ(2S)→ γRπ+π−J/ψ candidates. (b) Distri-
bution of theπ+π−π0J/ψ invariant mass forϒ(2S)→ γRπ+π−π0J/ψ candidates.

No excess of events can be observed in theX(3872) region, and upper the limits at the 90%
C.L. for this transition are set to:

B(ϒ(2S)→ γX(3872))×B(X(3872)→ π+π−J/ψ)< 0.8×10−6

B(ϒ(2S)→ γX(3872))×B(X(3872)→ π+π−π0J/ψ)< 2.4×10−6
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2.2 ϒ(2S)→ γRX(3915)

The X(3915) is detected in theωJ/ψ mode, withω → π+π−π0. The selection criteria are
the same used in the search for theX(3872) since the final state is almost identical in the two
cases. The invariant mass of theπ+π− pair is required to be greater than 0.35 GeV/c2, and the
π0 is reconstructed from a pair of photons with invariant mass within±10 MeV/c2 of the nominal
π0 mass. An upper limitB(ϒ(2S)→ γX(3915))×B(X(3915)→ ωJ/ψ)< 2.8×10−6 at the 90%
C.L. has been estimated.

2.3 ϒ(2S)→ γRX(4350),Y(4140)

The X(4350) and Y(4140) are both detected in theφJ/ψ mode, withφ → K+K−. The
topology of this decay is again very close to theX(3872) → π+π−J/ψ one, thus the selec-
tion criteria are very similar. Theφ is reconstructed requiring 1.01 GeV/c2 < M(K+K−) <

1.03 GeV/c2. The analysis didn’t show any excess of events, and the upper limits for these
transitions are measured to beB(ϒ(2S) → γX(4350))×B(X(4350) → φJ/ψ) < 1.3×10−6 and
B(ϒ(2S)→ γY(4140))×B(X(4140)→ φJ/ψ)< 1.2×10−6.

2.4 ϒ(2S)→ γRηc

The ηc is reconstructed in five different hadronic final states:K0
SK+π−+ c.c., π+π−K+K−,

2(K+K−), 2(π+π−) and 3(π+π−). TheK0
S candidates are reconstructed fromπ+π− pairs with

mass within±30 MeV/c2 of the K0
S nominal mass. The invariant mass distribution of all the

reconstructed decay modes is show in fig. 2. The peak due to theJ/ψ production via initial state
radiation can be clearly seen, but no evidence ofηc signal has been found. An upper limit of
B(ϒ(2S)→ γηc)< 2.7×10−5 can be estimated at the 90% C.L.

2.5 ϒ(2S)→ γRχcJ

The χcJ candidates are reconstructed with their radiative decays to theJ/ψ . Thus, together
with the high energy photonγR coming from theϒ(2S) decay, a pair of photon with energy greater
than 150 MeV/c2 and aJ/ψ → (e+e−, µ+µ−) candidate are requested in the final state.

Figure 2: ηc candidate invariant mass distribu-
tion in ϒ(2S)→ γRηc events.

Figure 3: χcJ candidate invariant mass distribu-
tion in ϒ(2S)→ γRχcJ events.

No clear signal can be found (fig. 3), and the upper limits for these transitions have been
estimated as:B(ϒ(2S)→ γχc0)< 1.0×10−4, B(ϒ(2S)→ γχc1)< 3.6×10−6, B(ϒ(2S)→ γχc2)<

1.5×10−5 at the 90% C.L.
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2.6 ϒ(2S)→ γRX → γRγψ ′

In the search for charmonium states decaying intoγψ ′, theψ ′ is reconstructed via its hadronic
decayψ ′

→ π+π−J/ψ . Events with four prongs and two photons, one with energyE∗ > 3.5
GeV/c2 and one withE∗ > 75 MeV/c2 are selected. The primary background, due to theψ ′

production via initial state radiation, is rejected requiring the squared recoilmass against theγJ/ψ
candidate to be between -0.5 GeV2/c4 and 1.5 GeV2/c4.

Figure 4: The γψ ′ invariant mass distribution. The open histogram is from theψ ′ signal mass region, the
shaded histogram is from the normalizedψ ′ mass sidebands. In the inset, the solid curve is the best fit
between 3.75 GeV/c2 and 3.90 GeV/c2 , and the dashed curve is a fit with only a second-order polynomial
to describe the background.

An excess of events with a significance of 1.8σ can be seen in the 3.8 GeV/c2 region, as shown
in figure 4. The upper limit to this process has been estimated asB(ϒ(2S) → γRX → γRγψ ′) <

1.3×10−5 at the 90% C.L.

3. ϒ(2S)→ ηϒ(1S)

In the QCDME formalism [4] theη transitions between vector quarkonia should be medi-
ated either by two M1 gluons, or by one E1 and one M2 gluon: both cases implya spin flip of
the b quark. The corresponding amplitude should scale as 1/mb, and yield information on the
chromomagnetic moment of theb quark. By scaling from theψ ′

→ ηJ/ψ transition, one expects
B[ϒ(2S) → ηϒ(1S)] = 8×10−4. ϒ(2,3,4S) → ηϒ(1S) branching ratios have been measured by
BaBar [5, 6] and CLEO [7]: they are either unexpectedly large (ϒ(4S)), or too small (ϒ(2S) and
ϒ(3S)).

We search for theϒ(2S) → ηϒ(1S) process with the exclusive reconstruction of theη in
both theγγ and theπ+π−π0 mode. Theϒ(1S) is reconstructed in the leptonic modese+e−

and µ+µ−. Dominant backgrounds are expected from the transitionsϒ(2S) → ππϒ(1S) and
ϒ(2S)→ γχbJ(1P)→ γγϒ(1S), while the radiative Bhabha scattering is the main background pro-
cesses from the QED continuum.
When theϒ(1S) is detected in thee+e− mode and theη in a pair of photons an additional bhabha
veto is applied requiring that the electrons are not detected in the forward region of the detector
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(cos(θ ∗

e−) < 0.8). Two mass-constrained fits are applied: the first one in theϒ(1S) candidate re-
construction, constraining the two lepton candidates to have theϒ(1S) mass and the second one
in order to constrain theϒ(1S) and theη candidates to have theϒ(2S) invariant mass. A cut on
the χ2 of the two fits provides the main background suppression. The mass distribution of theη
candidate is then fitted with a double gaussian that describes the signal peak, with σpeak= 1.45
MeV/c2, σtail = 4.54 MeV/c2, meanµ = 546.99 MeV/c2 and ratio between the two components
R = Ntail

Npeak
= 0.09, and a Crystal ball that describes the background shape (fig. 5).The parame-

ters of the fitting functions are extracted from the MonteCarlo studies, leaving only the signal and
background yields as free parameters in the data fit. The number of detected ϒ(2S)→ π+π−ϒ(1S)
events is used as normalization when calculating the branching ratio in order toavoid the system-
atic uncertainties on the total number ofϒ(2S) and on the branching ratio of theϒ(1S) → l+l−

decays.
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Figure 5: Mass distribution of theη in all the four reconstructed final states.

We measure the branching ratio ofB(ϒ(2S)→ ηϒ(1S)) = (3.55±0.28(stat)±0.40(syst))×
10−4.

4. Conclusions

We presented the recent results on theϒ(2S) radiative decays to charmonium states and on the
hadronic transitions between lower bottomonia obtained with the Belle detector. No signals of new
radiative decaysϒ(2S)→ γcc̄ have been found and an upper limit for the branching ratio of each
analyzed transition has been set.
The observation claimed by the CLEO collaboration of theϒ(2S)→ηϒ(1S) hadronic transition [7]
has been confirmed with high significance, performing the exclusive reconstruction of theϒ(1S)
in its leptonic decayse+e− and µ+µ−. The measured branching ratioB(ϒ(2S) → ηϒ(1S)) =
(3.55±0.28(stat)±0.40(syst))×10−4 is higher than the CLEO value [7].
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