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Event Selection - I

Systematic Uncertainties   

Signal Extraction Method 

The selection criteria are designed to cut hard 
against e+e- annihilation events, which typically have 
higher multiplicity and more energetic final states 
than signal. 

The main variables used to discriminate  events 
from the background are:

• Number of tracks. 

• Eex : Extra neutral energy in the event. 

• cos(θ), pT of the Xηc candidate.

• M2
miss=(P

e+P
e-P


X)2 to suppress ISR events. 

We perform an extended maximum likelihood fit in two stages: 

Stage A - we fit the m(ηc) distribution to measure the inclusive ηc yield in the sample and 
determine the parameters of the m(ηc) distribution of the background, which are used in stage B.  

A correlation between the m(X) and m(ηc) distributions for background events is consistent with 
being due to phase-space (PHSP) alone. The Probability Density Function (PDF) takes this into 
account. 

There are three main types of systematic uncertainties:  

1) Differences between signal MC simulation and the data. These are evaluated using 
the    ηc events and reflects the statistics in that sample. 

2) The analysis method. This error accounts for the possibility of alternative description 
of the data, propagation of errors from stage A  to stage B, and variation of parameters 
that are fixed in the fits. 

3) Measurements done by a third party, e.g. Luminosity, tracking efficiency, branching 
fractions.

• The largest uncertainty is expected to be statistical.
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Distributions 
of Monte 
Carlo (MC) 
signal 
events, as 
well as  
background 
from qq, BB 
and+ - MC.

Event Selection - II

To further suppress the non-ηc

background, we apply a cut on the 
ηcKsK Dalitz plot. The cut is 
optimized using a   ηc control 
sample.

We cut on neural-network variable, composed of Eex, 
pT and Particle ID information. The neural network is 
trained using signal MC validated using   ηc events, 
and background data events from a discarded region of 
the Dalitz-plot that has very low signal efficiency.   

Distribution of the neural network 
output. Shown for two different signal 
MC samples.

Signal yield pull plot. No 
significant  bias is 
observed in toy studies.  

The BABAR Detector

The BABAR experiment collected data 
produced by the PEP-II asymmetric e+e-

storage ring, located at the SLAC National 
Accelerator Laboratory.

BABAR ’s planned primary goal was the study of CP 
asymmetries in decays of neutral B mesons. However, it 
has also collected large samples of events from a 
variety of other process, including charm,+- and 

physics. BABAR started taking data in 1999 and

finished its last run in 2008, accumulating an integrated 
luminosity of 514fb-1 on and near the U(4S), U(3S) and 
U(2S) resonances [1].

 ηc control sample [5] used to 
determine the Dalitz plot cut and validate 
the signal MC. Signal MC validation example 

using sPlots method [6].   

m(ηc) distribution in m(X) bins shows the correlation via the PHSP.  

Stage B - we perform a two-dimensional fit using m(ηc) and m(X), to search for 
contributions from known and unknown resonances. 

The PDF used is described in the table.  

The expected statistical error from toy studies.
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Motivation

In recent years, evidence for new charmonium-like states 
has emerged. Many of these new states do not fit the 
quark model picture: some are not predicted by 
conventional potential models, and others have 
properties that are unexpected for cc bound state. This 
includes branching fractions that are not typical, small 
widths despite masses above the open-charm threshold, 
and the possible puzzling discovery of a charged particle, 
if it is confirmed. 

Different models attempt to explain these states, with 
partial success, as molecules of two charmed mesons [2], 
tetraquarks (diquark-antidiquark) [3], or hybrids (mesons 
with an excited gluonic degree of freedom) [4]. It is clear 
that more experimental information is needed.

Motivated by the observation of several new 
states decaying to J/, we study “X” resonances 
in Xηc events. The production and decay 
mechanisms may shed light on the quantum 
numbers of these states.   

[5]
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pT GeV NN output

m(hc) GeVm(hc) GeVm(hc) GeV

Yield pull
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