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1. Introduction

The BaBAR experiment - which is described in detail elsewhere [1, 23s Fecently obtained
several important results in bottomonium physics, mairdgdal on the large datasets collected
at energies in thee~ center-of-mass (CM) frame equal to the masses ofvif8S) and Y(2S)
resonances. The integrated luminosities of the samplédgzaakare of 28.0 fb! at theY(3S), and
13.6 fo~! at theY(2S), respectively. Here we show the results obtained in thehdar theh,(1P)
state, with the evidence of the decag(8S) — n°hy(1P) [3], and the search for the same state in
the decay¥1(3S) — " i hy(1P) [4]. We also present a study of radiative bottomonium trorss
using converted photons [5].

2. Search for hy(1P) in Y(3S) decays

After the thirty-year-long search for the,(1S) bottomonium state [6], the interest in the
bottomonium spectroscopy has been revitalized, and fdcasethe search for the still missing
resonances. Here we present the recent results obtain@dBag in the search for thé,(1P)
state, using the sample ¥t3S) mesons.

Measuring mass and properties of tg1P) is fundamental in order to understand the hy-
perfine mass splitting foP-wave states. The expected mass of hBeLP) is the spin-weighted
center-of-gravity of they,;(1P) system, i.e. about 9900 Me\AcThe predicted decay mechanism
from the Y(3S) are Y(3S) — n’hy(1P) with a rate of 102 [7], and Y(3S) — " hy(1P), with
a rate ranging from 1@ to 102 [8]. The h,(1P) is expected [9] to decay mainly through three
gluons (57%), and radiatively to thg (1S) (41%).

2.1 Evidencefor Y(3S) — m°hy(1P) decays

We analyze the event§(3S) — 1°hy(1P) with h,(1P) — ynu(1S), where the photon energy
range is well defined by the precision measurement ofj}i&S) mass [6]. In order to extract the
signal, we consider the mass distribution of the systemiliegagainst thern® candidate, defined
as: Myecoil (M°) = +/(v/S— E*(m0))2 — p*(m°)2, where /s indicates the CM energy, arf(nP)
and p*(m°) the energy and the momentum of th€ in the CM frame. We fit the two-photon
invariant mass in intervals afyeco(7°) in order to determine the number of in each interval.
The Meecoil (1) distribution on data is fitted with a smooth background congmb plus a signal
component. After the background subtraction, the distioibuis shown in Fig. 1 (a); a peaking
structure attributed to thley,(1P) signal is present, with a statistical significance &8 After
considering the systematic uncertainties, mainly duedaitinal and background descriptions, the
significance reduces taT¥, leading to an evidence for thg(1P) signal. We measure a mass
equal to: m(hy(1P)) = 9902+ 4(stat) + 2(syst)MeV/c?, and a product of branching fractions:
B(Y(3S) — 1°hp(1P)) x B(hp(1P) — ynu(1S)) = (4.3+ 1.1(stat) =0.9(syst)) x 1074 [3].

2.2 Search for hy(1P) in Y(3S) — 't X decays

The hy(1P) has been also searched for in the inclusive dipion dedd®8s) — m"m X.
The signal extraction is performed using the recoil massnag#he dipion system, defined as:
mg=+/(v/S— E*(rtt 1m))2 — p*(rtt 1t )2, whereE* (" i) andp* (1 11 are the energy and the
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Figure1: (a) Themecoi () distribution for data (points, and squares in the signabregafter subtracting
background; the shaded histogram is the signal functiantieg from the fit to the data, and the area with
diagonal shading represents the uncertainties from thiggbaiend fit. (b) Theng spectrum for data (points)
after subtracting the continuum background; the curvesesgmt theY(2S),sg — 7" Y(1S) (dotted),
Kg (double-dot-dashed)y; (2P) — m 1 xp1(1P) (dashed)xp2(2P) — m 1 xp2(1P) (dot-dashed), and
Y(3S) — 't Y(29) (long-dashed) components. In the inset, an expanded vigwedf,(1P) region, after
subtracting peaking backgrounds.

momentum of the dipion system, calculated in the CM framee [fi1P) signal is expected as a
peak on top of a smooth non-peaking background, consisfiogrinuum events anldg — T
decays, plus several bottomonium dipion transition®S) — " Y(29); Y(2S) — 't Y(19),

with the Y(2S) produced either via initial state radiation or through aage(3S) — Y(29)X; and
Xb3(2P) — 11 Xp3(1P), with 3 = 1,2. The distribution ofng is shown in Fig. 1 (b) after sub-
tracting the continuum background, and in the inset aftbtraating the peaking bottomonium
transitions also. No evidence for thg(1P) state is found, and we calculate the 90% confidence
level (CL) upper limit (UL) on the branching fractiosg(Y(3S) — " hy(1P)) < 1.2 x 104 [4].
This result improves by a facter 10 the previous best UL, and effectively rules out the ptatic

for this decay rate [8].

Moreover, this analysis [4] achieves precision measurésnafithe mass difference between
the Y(3S) and theY(2S) resonances, and of the branching fractions of severalrbotiwm dip-
ion transitions. In particular, the transitioys;(2P) — 1" 11 xp3(1P), with J = 1,2, are resolved
for the first time. The measured product branching fractialues areZ(Y(3S) — Xxp1(2P)) x
B (Xp1(2P) — 1T Xp1(1P)) = (1.1640.07(stat) +0.12(syst) ) x 10~ and B (Y(3S) — X x2(2P))
x B(Xp2(2P) — 11T Xp2(1P)) = (0.644 0.05(stat) 4 0.08(syst)) x 103

3. Radiative bottomonium transitions using converted photons

Radiative transitions between bottomonia are well deedriby effective potential models,
in their non-relativistic limit. Nevertheless, there a@ses of suppressed electric (i ¢(3S) —
YXba(1P)) and of “hindered” magnetic (i.€((3S 2S) — yn,(1S)) dipole transitions which escape
this explanation. The experimental issue in measuring sadiative transitions is the broadening
of the photon energies, due to Doppler effect and to deteeswlution. The energy resolution
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Table 1: Measured branching fractions for the transitions examin¢s]. The ULs are at the 90% CL. The
first error is statistical, the second systematic, and tind tlwhen present - comes from the uncertainties on

secondary branching fractions.

Transition 2B (%) [5]
Xoo(2P) — yY(2S) <2.9
Xo1(2P) — yY(29) | 195+11%734+1.9
Xb2(2P) — yY(2S) | 8.698+05+1.1
Xoo(2P) — yY(1S) <1.2

X1 (2P) — YY(1S) | 9.9+0.3+0.4+0.9
X2(2P) — yY(1S) | 7.14£0.24+0.34+0.9
Xoo(1P) — yY(1S) <4.6
Xo1(1P) — YY(1S) | 362+0.84+1.7+2.1
Xb2(1P) — yY(1S) | 202+0.7739+1.0
Y(3S) — yxpo(1P) 2.7+0.4+0.2
Y(3S) — yxp2(1P) 106+0.3+0.6
Y(3S) — ynp(1S) | 0.059+0.016531%
Y(2S) — ynu(19) <0.22

can be significantly improved by using converted photonat i photons which converted into
an ete  pair in the detector material. The photon detection effitjeis < 2.5%. We use the
samples ofY(3S) and Y(2S) resonances, and fit the photon energy spectrum, calculatédei
CM frame, in four different regions of interest: for th&3S) data, between 180 and 300 MeV,
between 300 and 600 MeV, and between 600 and 1100 MeV;, foxtB8) data, between 300
and 800 MeV. The transitiong,;(2P) — yY(2S 1S) and xp3(1P) — yY(1S), with J =0,1,2, are
measured with high precision. Moreover, we obse{8S) — yxuo2(1P) decays, and search for

Y(3S,2S) — ynp(1S). No evidence is found foY(3S) — yn,(2S) decays. All the relevant results
are summarized in Table 1.
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