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Extract Signals by Fitting x? Distribution of the Kinematic Fit"
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Abstract In measuring the {(25) radiative decays at BES I, contribution of the background is serious in most

of the final states. To extract the number of signal events, a fit to the x? distribution of kinematic fit using

signal and background components is proposed. Extensive Monte-Carlo simulations (MCS) are performed,

and the results show that the shape of x? distribution of the signal channel looks different from those of the

background channels, thus it provides us by fitting the x? distribution of the data to extract the number of

signal events. An input-output test is performed using MCS, and the uncertainty of the fit method is found to

be less than 2%.
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1 Introduction

The radiative decays of J/1 and ¥ (2S5), due to
the direct coupling of outgoing photon to the charm
quark, could be an excellent laboratory to study the
hadron spectroscopy and search for exotic states. At
the leading order of pQCD picture, both the J/{ and
P (25) radiative decays can be described by the cc
quark annihilation with the emission of one photon
and two gluons. There could be a possibility that the
two gluons might form a glueball, or one gluon com-
bines with a qq pair to form a hybrid state, or the
two gluons couple to a multiquark state. Compared
with J/1{ decays, few measurements of {(25) radia-
tive decays have been reportedm. BESII detector has
accumulated 14 million {(2S5) events, and it offers an
opportunity to study a number of {(25) radiative
decays.

Experimentally, an event is reconstructed by us-
ing the detector information on charged tracks and
photons. For removing background events, the con-

straints of the energy and momentum conservation
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for the final state of the signal channel are imposed
on the fitting to the 4-component momentum (4C)
reconstructed by the detector, and the background
events can be suppressed by using information of the
distribution of the x? of the fit. With the help of the
Monte-Carlo simulation, a reasonable requirement on
x? can be obtained by comparing the x? distribu-
tions between the signal and the background chan-
nels. However, the x? cut method fails badly some-
times if the x? distribution of the background channel
overlaps largely with the signal channels. In this pa-
per, we try to fit the x? distribution to extract the
number of signal events in measuring the exclusive
decays of P(25) — v + hadrons at BESII detector,
which includes 2, 4 and 6 prongs (stable hadron-pion,

kaon, proton or anti-proton).

2 Fit to the x2? distribution

Monte Carlo simulation shows that backgrounds
of the radiative decay of {(2S) — y + hadrons are

largely coming from multi-photon decay channels,
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namely, the dominant background is W(2S5) — 7° +
hadrons, and some contaminations are from ) (2S5) —
y7m°+hadrons, along with other possible backgrounds.
In principle, their x? distributions of the kinematic
fit can be obtained with MCS. Since these types of
backgrounds are due to missing photons, their distri-
butions of the x? shapes are different from each other.
This property allows us to express the observed x?2
distributions of the data sample by that of the signal

channel and the background channels, i.e.

Xzbs :wsxzig—i_zwbi)(‘ig? (1)

W,
where wy and wy, are the weight of the signal and the
background decays, respectively. If the background
channels are completely known, then the signal events

can be extracted reliably by fitting to the data with
Eq. (1).

3 Monte Carlo simulation

3.1 Background

To make the measurement of {(2S5) radiative de-
cays reliable, the background should be fully studied.
With the help of SIMBES system[z], extensive sim-
ulations have been performed. Table 1 summarizes
the possible background contributions to signal mode
P (25) — v +hadrons. Generally speaking, the dom-
inant backgrounds come from multi-photon decays,
ie. P(25) — ny+hadrons (n >2). With more miss-
ing photons in background decays, the contamination

to the signal decay becomes lower and lower.

Table 1. The backgrounds for the radiative
decay VP(2S) — v + hadrons, where the
normalized background events are based on
14M (2S) events and the branching frac-
tions given in PDG table with requirement
Mhadrons < 3.0GeV.

signal mode  background modes Ny (normalized)
b(25) — H(28) —

Ypp mpp 141.5

vy pp 8.8

YKtK—mtn— MKtK—ntn— 98

yOK+K -t 16

v2(nt ) m02(ntn) 805.0

ot I, 3 /b — 3m 33.4

YKTK=2(ntn~) nOK+TK=2(ntn~) 6.0

yPKtK=2(nt ) 6.1

3.2 X2 distribution

Fig. 1 shows the shapes of x? distributions for
P(2S) — v+ hadrons after data selection. In plots
the points with error bars are the signal decays
into ypp (a), YKTK-ntw~ (b), y2(mtn~) (¢) and
YKTK2(tt7t™) (d), respectively. The dashed his-
tograms and the solid line histograms correspond
to the distributions of the background channels
P(25) — m° + hadrons and y7t® 4+ hadrons, respec-
tively. For comparison of their shapes, the back-
ground events are respectively normalized to signal
events. Obviously it can be seen that the shapes of
the signal x? distributions are different from those of
the background modes. This could be understandable
due to the fact that the expectation of the x? value of
the kinematic fit becomes larger to the backgrounds

originated from one or more photons missing.
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Fig. 1. The chisqured distribution of MC sam-

ples for {(2S) — vy + hadrons, where points

with error bars show the x? shapes for
hadrons = pp (a), KK~ 7tn~ (b), 2(ntn™)
(c) and KTK™2(nttn™) (d), and the dashed
histograms correspond to P(28) — m° +
hadrons and the solid line histograms to
P(28) — yn® 4 hadrons, respectively.
3.3 Input-output check of x? fit method
Since the dominant backgrounds of \(25) radia-
tive decays originate from the photon missing de-
cays, and their shapes are different from each other,
therefore, fitting the x? distribution of the data with
Eq. (1) provides us a tool to extract the signal events.
We employ MCS to make an input-output check and
estimate the uncertainty of the x2 fit method.
Fig. 2 shows the x? distributions of the MC
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sample for P(2S) decays into YKTK-mtn~ (a),
KTK-ntn~ (b) and other unknown backgrounds
by using 14M 1(2S5) Lund-Charm MC sample. In
order to make an input-output check of the x? fit
method, a MC sample is generated with the x? shapes
given in (a), (b) and (c¢) with an input number N

sig?
in in
Nj2 and N,

un?

respectively. Then we extract the num-
bers of events of these modes by the x? fit method.
The total uncertainty includes errors from the x? fit

method and the statistics, i.e.

Nqut _ Nip 2
Oy2 = M) +o2, (2)
X \/< Nslig ‘

where Ngi* is the number of the signal events ob-
tained by the x? fit method, and oy is the statisti-

cal uncertainty. Due to the uncertainty of the un-

known background shape, we also consider the un-
known background shape changed between the shape

as shown in Fig. 2 (b) and (c¢) parameterized by
X121n - (1 - 'T)Xlzlll +xxig7

where X7, and x;, are the x* distribution of the un-
known background and the dominant background,
respectively. The x value is taken between zero to
one. The MCS shows that if the x? shape of the
unknown background tends to that of the dominant
background, the uncertainty of extracting the num-
ber of the dominant background becomes large by x?
fit method. However, this situation does not worsen

the signal uncertainty. The MCS with a large statis-
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tics shows that the uncertainty of the x? fit method
is less than 2%.
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Fig. 2. The x? distribution for (2S) decays
into the signal mode YKTK~ntn™ (a), and
the dominant background n®K K~ ntn~ (b)

and other unknown background (c). In plot

(d) the histogram corresponds to the x? distri-
bution of the sample generated with x? shapes
in (a), (b) and (c) and the solid line to the fit-
ted results with these x? components.

4 Summary

Based on MCS, it is found that the backgrounds
of the P (25) decays into y+hadrons dominantly orig-
inate from the missing photon decays like {(25) —
ny + hadrons (n > 2). The x? distribution shapes
of backgrounds are distinctive from those of the sig-
nal decays. This property allows us to extract the
number of the signal events by the fit to the x? dis-
tribution. The results of MCS study indicate that
the uncertainty of the extracted signal events from
the method is less than 2%.
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