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1. Introduction

During the last few monts of data taking in 2008, tB&BAR experiment collected approxi-
mately 12210° Y(3S) and 99<10P Y(2S) decays. Thesbkb states lie below the threshold f&r
meson pair production, therefore their natural widths ar®lel and they can be used to directly
search for possible new physics effects at scales below 10S&&wveral results have been obtained
by BABAR considering different new physics scenarios and are disclkere: direct searches for
a light CP-odd Higgs boso®?, in radiativeY decays, direct search for dark matter candidates in
decays of ther(1S) to undetected particles, a test of lepton universality'{aS) decays, and a
search for the Dark sector in the reactene™ — W'W’' — ete.

2. Direct searchesfor alight CP-odd Higgs

The Next-to-Minimal Supersymmetric (NMSSM) extension bétSM adds an additional
singlet Higgs field to the two Higgs doublets of the MinimalpBtsymmetric Standard Model
(MSSM), resulting in a new CP-odd Higgs boson which mixeslite single CP-odd Higgs of
the MSSM. The mass of the physical Higgs bosat,is not required to be large. Direct searches
typically constrainmyo to be below 2, [1]. Therefore, it can be potentially produced directly in
radiative decays of th¥(2S 3S) resonances.

2.1 Y(25,3S) — yA°, A° —

The BABAR experiment reported a search #ft in decays ofY(nS) — yA%, A° — pu, with
n=2, 3, using a sample which contains 99 ¥ Mq2S) and 122 x 16 Y(3S) candidates [2].

Events with exactly two oppositely charged tracks from agmm vertex inside the beampipe
and a single energetic photon with a center of mass (CM) grigjg> 0.2 GeV are selected. A
muon mass hypothesis is assigned to the two tracks, alorgavkinematic fit to theyu™ u—
candidate, including beam energy and primary decay vemastcaints, which overall improves
the resolution of the di-muon pair.

The signal yield is extracted as a function rafo in the interval 0.212my0<9.3 GeV by
performing a series of unbinned extended maximum likelkihfits to the distribution of the reduced
massmg = , /mf,u — 4mﬁ, in steps of 2-5 MeV.

No significant excess of events above the background in theted mass range was observed
in both theY(2S) and Y(3S) data samples. Therefore, 90% confidence level (C.L.) upper |
its on the product of branching fractions as a functiommf were obtained, as shown in Fig.1.
BABAR also computed the upper limi (np — pp) < 0.9% at 90% C.L.

22 Y(39) — yA°, A° — 1T

BABAR has also studied decays 6§3S) — y1T to look for A using a sample of 12210°
Y(3S) decays [3]. Although this mode is expected to be the domioaetf kinematically allowed,
it is more difficult experimentally because it can not beyfulbconstructed. Bothr leptons are
selected using the leptonic channels, therefore the evevis exactly two tracks identified &s
or u (consideringee, uu and pe), and a photon exceeding 100 MeV. The dominant background
comes from QED sources, suche&i®™ — yr" 1. In this analysis a scan on the photon energy
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Figure1: The 90% CL upper limit on the product of branching fractioos¥ — yA? andA° — iy obtained
from theY(2S) (a) andY(3S) (b) samples and (c) effective couplirﬁ@x 2 as afunction of thé&® mass. The
shaded areas show the regions aroundttieandy(2S) resonances which are excluded from the search.

distribution is performed to look for peaks in the range di3km,0<10.10 GeV. As no signal is
found, we set limits on the product of the branching fractjyi3S) — yA%)(A° — 1 17) in the
range [1.5,16% 10° as shown in Fig.2.
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Figure 2: The product of branching fractions (a) and its 90% CL uppitl{b) for Y — yA? andA® — 11
obtained from ther(3S).

2.3 Y(1S) — yinvisible

We search for a light Higgs bosoA?, in decays ofY(1S) — y invisible. The SM process
Y(1S) — yvv is not observable at the present experimental sensitisity«(10-°) [4]. The branch-
ing fraction ofY(1S) — yAC is predicted to be as large as 50~* depending on the mass of thé
and the couplings [5]. Therefore an observatiorYofS) decays with significant missing energy
could be a sign of new physics.

The Y(1S) candidates are tagged using a dipion transitio’Y@S) — Y(1§)mr m* from a
sample of 9&1(° decays [6]. We search for the resonant two-body dedgyls) — yA° and
non-resonant three body proces3&g&S) — yxx. We select events with exactly two oppositely
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charged tracks and a single energetic photon &jth> 0.15 GeV plus a large amount of missing
energy and momentum. The main background that comes from €/ebts is reduced using a
neural network discriminant by combining several kinematriables of the dipion system. Other
sources of background come from radiative hadronic decagh asY(1S) — yKK? and two-
photonn’ production. The signal yield is extracted as a functionmg(my) in the interval 0
<My < 9.2 GeV (6K my < 4.5 GeV), using two kinematic variables: the dipion recoil mas
Mrec and the missing mass squandg. As no significant excess of events above the background is
observed we set upper limits aA(Y(1S) — yA®) x Z(A° — invisible) in the range (1.9-3%)10°6

for 0< mpo < 9.2 GeV.

3. Search for a candidate of dark matter in Y(1S) — invisible decays

BABAR has performed searches for these decays ofYitiS) to invisible by tagging the
Y(1S) using the dipion transitiolY(3S) — " 1m Y(1S) [7]. The signal events are identified using
the recoil massrfe:) and requiring the absence of significant additional deteattivity in the
detector apart from that associated with the two pions. Nudé this search does not require an
identified photon. As said above, the SM branching franctibi(1S) — yvv is 107°. However,
this invisible channel could be enhanced by decays inte mditow-mass dark matter candidates
to the level of 104 or 1073 [8].

The main source of background comes from combinatorial tsvetich are noty(3S) —
1 Y(1S) transitions, therefore they exhibit no peaking structurthaY(1S) mass. This events
are substantially suppressed using a multivariate arsatyained on signal MC events amale.
sideband data.

However,mye: Will peak at theY(1S) mass for events in which a re¥(3S) — " Y(1S)
transition occurs but th&{(1S) final state particles are undetected (peaking backgrouid)s
include events that pass outside the detector geometdcaptance, low energy particles or non-
interacting neutral hadrons. This peaking components stimated from MC and then validated
on data in a control sample with similar requirements as igieas sample but allowing events with
three and four tracks consistent with two-body decays ofitkS) decays. The estimated signal
yield for peaking events is 2444 105 events.

The signal yield is extracted from a fit to tihee distribution (see Fig.3) and the result gives
2326t 105 peaking events. By substracting the estimated pealaogglbound on MC we obtain
a signal yield of -118+ 105+ 124 events, where the errors are statistical and systemesioec-
tively. A limit of Z(Y(1S) — invisible)< 3.0x 10~ at the 90 % confidence level is obtained.

4. Test of lepton universality using Y(1S) decays

In the SM the coupling between gauge bosons and leptons dependent of lepton flavor,
therefore one expects that the quani®y = I"y(ng i1 /T ving—11» With |,1" = e, u, T andl’ #1, to
be close to one. In the NMSSM, deviationsRyi from the SM expectation may arise due to the
presence of thA® mediating the decay in the following processes:

Y(1S) = A%, AC S 1H1- or  Y(1S) — Np(19)y, N(1S) — A% — I+~
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Figure 3: rrrtrecoil mass distributionyec, obtained from th&{1S)— invisible. Data are shown as points,
while the overall fit and non-peaking component are showhasolid and dashed lines respectively.

If the photon remains undetected, the lepton pair would loeilsed to theY(1S) and due
to the proportionality of the coupling of the Higgs to the tlp mass, an apparent violation of
lepton universality may be observed. This effect should d&gdr for decays tat pairs and
enhanced for higher mas§nS) and n,(nS) resonances. Deviations & from 1 could be as
large as 4% depending on t#d mass. BABAR has reported a measurementRyf, (Y(1S)) =
rY(1S) — 1717 /T'Y(1S) — utu~ using a sample of 122x10° Y(3S) decays, wher&(3S) —
Y(1S)m i [9]. Only 1 decays to a single charged particle are considered, threréfe signature
consists of four charged particles for both the and theuu mode. The selection is optimized
using simulated samples, separately for these two modes ¢ different levels of backgrounds.
The signal is extracted performing an unbinned extendedrman-likelihood fit (see Fig.4) simul-
taneously to the two disjoint datasets using the invariaassrof the system recoiling against the
dipion pairM;=° for the 1T sample, andV]o=° and the dimuon invariant mass for tpgt sample.
We obtain, including all the systematic corrections, thior&;,(Y(1S)) = 1.005=+ 0.013(stat.)

+ 0.022(syst.). No significant deviation of the rafy, from the SM is observed. This result
improves both the statistical and systematic precisiom wéspect to the previous measurement
[10].
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Figure 4: 1-D fit projections forM%° for the T sample (left) M75?° (middle) andM,, (right) for the puu
sample. In each plot the dashed line represents the baakgishape, while the solid line is the sum of
signal and background contributions to the fit, and the gain¢ the data.
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5. Direct search for Dark sector

Arkani-Hamed et al. [11] have introduced a class of theocestaining a new dark force
and a light hidden sector. In these theories, there are st leiee dark particles in play, denoted
by A’ which mixes with the photon, another gauge bo¥dn and the dark Higgs'. Depending
on the considered scenario the signaturd3&BAR could have cross sections as large as a few
femtobarns BABAR performed a search for th’ in the process e~ —W'W’ — |1~ "]~ using
the full BABAR dataset (¥ = 536 fb 1) [12]. Events are selected containing 4 leptons with zero
total charge carrying the full beam momentum, where the tilgptbn invariant masses are equal.
The main background comes from the 4-lepton QED processsaestimated from MC simulated
events. The signal is extracted performing a cut-and-canatysis in bins ofn= (m; + my)/2
in the mrange from 0.24 to 5.3 GeV, whers; andm, are the dilepton invariant masses. As no
significant signal is obtained, a combined upper limit istsetr(e"e™ — W'W' — I T1711]17) <
(25— 60) ab.

6. Conclusions

Using the datasets collected¥§R2S) andY(3S) BABAR performed several searches for a light
Higgs, A°. No evidence is found, which strongly constrains the abéglaarameter space of the
NMSSM. In addition, we have reported the result of a searchinfosible decays of th&(1S) to
look for light dark matter candidates, and a direct searcibiark sector.
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