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1. Introduction

The Belle experiment collected the world largest sampl¥(@S), (158+4)x10° Y(2S) de-
cays on resonance peak, corresponding to an integrated luminosity ofl®4. This sample
has been exploited during the last year in order to study the transitionsYf@8) to both lower
bottomonium and charmonium states. In this paper the results of the seatble fadiative de-
caysY(2S) — yrec are presented, together with a new measurement of the branching rat® of th
hadronic transitiory(2S) — n'Y(1S).

2. Charmonium in Y(2S) radiative decays

A systematic search faye, xci, X(3872), X(3915 andY (4140 signals inY(2S) radiative de-
cays is performed by Belle [1], extending a previous work onYtiS) transitions to charmonium
states [2]. A search for transitions to the hypothetX&d350), observed as a.3o structure in
yy — @3/ [3], is performed too. Since any charmonium state above/this predicted to have
favoured E1/M1 transitions t¢, the search for new resonances is included looking fostlye)’
final state whergg is the radiative photon from thé(2S) decay.

2.1 Y(29) — =X (3872

TheX(3872) is reconstructed in both the" -3/ andrrt m /¢ final state (fig. 1). The
J/W is detected in the leptonic channefse™ andu™ u—, then a kinematic fit with mass constraint
is applied to the lepton pair in order to improve the resolution orkif&872 mass. The radiative
photon candidategg is the highest energy photon in the event with an endétgyin the ete~
center-of-mass frame (CM) greater than 3.5 Gé\4ied not detected in the forward region of the
calorimeter (cof9y,) < 0.9). These tecniques for thg identification and the J/ reconstruction
will be applied in every otheY(2S) — yrce analysis.

20 |r‘ | REEES REELT RS LAY ALY R 2o mamnsseaag 3 T i T | T y
NU ‘ (a) E NU (b) E
S 15F 1 > 1
Q [4h] 2+
= H MC Data | = ]
o 10r ] 1
w w 1
2 2 1 1
5 Tl . | |
L [ d L 1
ot MMt Bt bbb At Bh . 1 PR
36 3.7 3839 4 4142 4344 45 46 36 4 4.2 4.4 4.6 4.8
M(x' T dhy) (GeV/c?) M(x' wlJhy) (GeVic?)

Figure 1: (a) Distribution of therrt = J/ invariant mass fol(2S) — yrrr™ m~ J/ candidates. (b) Distri-
bution of therr™ T~ %3/ invariant mass fov(2S) — yrrr™ m /Y candidates.

No excess of events can be observed inXti8872 region, and upper the limits at the 90%
C.L. for this transition are set to:

B(Y(2S) — yX(3872) x B(X(3872 — ' J/) < 0.8x10°°
B(Y(2S) — yX(3872) x B(X(3872 — " m0J/y) < 2.4x 10°°
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2.2 Y(25) — =X (3915

The X (3915 is detected in theoJ/( mode, withw — " 1. The selection criteria are
the same used in the search for E3872) since the final state is almost identical in the two
cases. The invariant mass of the r~ pair is required to be greater than 0.35 Géy/nd the
m° is reconstructed from a pair of photons with invariant mass witkl® MeV/c of the nominal

m° mass. An upper limiB(Y(2S) — yX(3915) x B(X(3915 — wJ/Y) < 2.8 x 107° at the 90%
C.L. has been estimated.

2.3 Y(29) — yrX(4350),Y (4140

The X (4350 andY (4140 are both detected in th@J/y mode, withgp — KTK~. The
topology of this decay is again very close to tK¢3872 — m"mmJ/¢ one, thus the selec-
tion criteria are very similar. Thep is reconstructed requiring 1.01 Ge¥/ez M(KTK™) <
1.03 GeV/@. The analysis didn't show any excess of events, and the upper limits ése th
transitions are measured to B€Y(2S) — yX(4350)) x B(X (4350 — @J/¢) < 1.3 x 1076 and
B(Y(2S) — yY(4140) x B(X (4140 — @J/@) < 1.2x 1075,

2.4 Y(2S) — WrNc

The n¢ is reconstructed in five different hadronic final statK§K+7T +c.c, mm KK,
2(K*K™), 2(mt ) and 3 ). TheK candidates are reconstructed framhmr— pairs with
mass within+30 MeV/c of the K nominal mass. The invariant mass distribution of all the
reconstructed decay modes is show in fig. 2. The peak due t&ytheroduction via initial state
radiation can be clearly seen, but no evidencejostignal has been found. An upper limit of
B(Y(2S) — ync) < 2.7 x 107 can be estimated at the 90% C.L.

25 Y(2S) — YrXca

The xc; candidates are reconstructed with their radiative decays td/tfe Thus, together
with the high energy photoyk coming from theY(2S) decay, a pair of photon with energy greater
than 150 MeV/é and aJ/y — (e*e~, u™u~) candidate are requested in the final state.
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Figure 2: n. candidate invariant mass distriblrigure 3: xcj candidate invariant mass distribu-
tion in Y(2S) — yknc events. tion in Y(2S) — yrxcJ events.

No clear signal can be found (fig. 3), and the upper limits for these tramsitiave been

estimated asB(Y(2S) — yxco) < 1.0x 1074, B(Y(2S) — yxc1) < 3.6 x 1076, B(Y(2S) — yXc2) <
1.5x 107 at the 90% C.L.
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2.6 Y(2S) — X — WYY/

In the search for charmonium states decaying yati the ¢’ is reconstructed via its hadronic
decayy’ — m"mJ/¢ . Events with four prongs and two photons, one with endggy> 3.5
GeV/c and one WithE* > 75 MeV/& are selected. The primary background, due to ghe
production via initial state radiation, is rejected requiring the squared meeit against thel /
candidate to be between -0.5 G and 1.5 GeV/c*.
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Figure 4: The yy/ invariant mass distribution. The open histogram is fromheignal mass region, the
shaded histogram is from the normalizggd mass sidebands. In the inset, the solid curve is the best fit
between 3.75 GeVfcand 3.90 GeV/E, and the dashed curve is a fit with only a second-order polyalom
to describe the background.

An excess of events with a significance dd can be seen in the®GeV/& region, as shown
in figure 4. The upper limit to this process has been estimatdl ¥&2S) — yrX — ywryyY') <
1.3x 107> at the 90% C.L.

3. Y(2S) — nY(1S)

In the QCDME formalism [4] tha} transitions between vector quarkonia should be medi-
ated either by two M1 gluons, or by one E1 and one M2 gluon: both cases argyn flip of
the b quark. The corresponding amplitude should scale /as,land yield information on the
chromomagnetic moment of thequark. By scaling from they’ — nJ/y transition, one expects
BY(2S) — nY(19)] = 8 x 104, Y(2,3,4S) — nY(1S) branching ratios have been measured by
BaBar [5, 6] and CLEO [7]: they are either unexpectedly largel§)), or too small ¥(2S) and
Y(39)).

We search for théY(2S) — nY(1S) process with the exclusive reconstruction of then
both theyy and therr™m ° mode. TheY(1S) is reconstructed in the leptonic modese™
and u*u~. Dominant backgrounds are expected from the transitd{®S) — nY(1S) and
Y(2S) — yxpa(1P) — yyY(1S), while the radiative Bhabha scattering is the main background pro-
cesses from the QED continuum.
When theY(1S) is detected in thete~ mode and the in a pair of photons an additional bhabha
veto is applied requiring that the electrons are not detected in the foregiohrof the detector
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(cog 8 ) < 0.8). Two mass-constrained fits are applied: the first one inviti&) candidate re-
construction, constraining the two lepton candidates to hav&th®) mass and the second one
in order to constrain th&(1S) and then candidates to have th42S) invariant mass. A cut on
the x? of the two fits provides the main background suppression. The mass distmilodi the n
candidate is then fitted with a double gaussian that describes the signampttakpeax = 1.45
MeV/c?, Ol = 4.54 MeV/Z, meanu = 54699 MeV/ and ratio between the two components
X = N‘a" = 0.09, and a Crystal ball that describes the background shape (figr &) parame-
ters ofpthe fitting functions are extracted from the MonteCarlo studies, lgavily the signal and
background yields as free parameters in the data fit. The number of deYé2® — ™ m Y(1S)
events is used as normalization when calculating the branching ratio in oraesitbthe system-
atic uncertainties on the total number6f2S) and on the branching ratio of th§1S) — |1~
decays.
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Figure5: Mass distribution of they in all the four reconstructed final states.

We measure the branching ratioBfY(2S) — nY(1S)) = (3.55+ 0.28(stat) + 0.40(sysh) x
1074,

4. Conclusions

We presented the recent results onYii2S) radiative decays to charmonium states and on the
hadronic transitions between lower bottomonia obtained with the Belle detectaighals of new
radiative decay¥(2S) — ycc 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 ofYi2S) — n Y(1S) hadronic transition [7]
has been confirmed with high significance, performing the exclusivenséetion of theY(1S)
in its leptonic decaygte™ and u*u~. The measured branching ra8{Y(2S) — nY(19)) =
(3.55+0.28(stat) - 0.40(syst) x 10~ is higher than the CLEO value [7].
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