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Abstract The effects of absolute energy calibration on BESIII physics are discussed in detail, which mainly
involve the effects on T mass measurement, cross section scan measurement, and generic error determination

in other measurements.

Key words absolute energy calibration, T mass, cross section scan, error estimation

PACS 01.50.Pa, 02.70.Rr, 06.20.Dk

1 Introduction

High luminosity accelerator, the CESR/CLEO-c,
has taken huge data sample in charmonium energy
region. In the near future, the BEPCII will com-
plete its upgrading and the new detector BESIIIM
will be moved into the collision point soon. The de-
signed peak luminosity of BEPCII is 103 cm=2.s7*
(I nb~'-s7!) at beam energy 1.89 GeV, which is the
highest in T-charm energy region ever planned. The
great number of events are to be available in the near
future, as planned in Table 1, which is estimated by
the method in Ref. [2] according to the parameters
in PDG2006", and partly the CLEO-c’s results are
referenced.

Besides large data sample, the detector pefor-
mance is to be improved considerably compared with
the BESII, refer to Table 2. On the strength of so
large data sample together with the excellent detec-
tor performance, the unprecedented precision (1%—
2% or better) could be expected for lots of physical
analyses. For such an accurate analysis, many metic-
ulous factors and effects have to be considered se-
riously, including the effects due to the accuracy of
beam energy.

The beam energy is an important parameter for
both accelerator and detector. The uncertainty of
beam energy is linearly transformed into the system-
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atic error in T mass measurement'®, and will affect
the measurement uncertainties of resonance parame-
ters in cross section scan experiment. Moreover, the
accuracy of beam energy also plays an unnegligible
role in high precision error analysis of generic physics
studies at the BESIII. Therefore, it is necessary to de-
termine the beam energy with high accuracy at the
BEPCII and the BESIII.

In this paper, we expound the effects of absolute
energy calibration on BESIII in these aspects: the ef-
fects on T mass measurement, scan measurement, and
error determination for exclusive analysis.

Table 1. Number of events expected for one
year of running at BEPCII /BESIl. FEecm is
the center of mass energy, Lpeak the peak lu-
minosity, AEem the energy spread, o° the
observed cross section, and Nyt the number
of events. It should be noticed that o°® de-
pends on the actual running status of acceler-
ator (AEcm, etc.).

. BEem/  Lpeax/  AEem/ 0°™/  Nevi/
physics GeV  (nb~1ls71) MeV nb (109)
I/ 3.097 0.6 0.93 3200 9600
T 3.670 1.0 1.30 2.4 12
P(25)  3.686 1.0 1.31 700 3500
D 3.770 1.0 1.37 6.4 32
Ds 4.030 0.6 1.57 017 o051
Ds 4.140 0.6 1.65  0.68° 20
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Table 2. Detector parameters comparison be-
tween the BESII and the BESIII for differ-
ent sub—systems[l] MDC (main drift cham-
ber), EMC (electromagnet calorimeter), TOF
(time-of-flight detector), MUC (p-counter)
and magnet.

sub-system parameter BESII BESIIL
O 250 pm 130 um
MDC 8p/yp 2.4% @1 GeV/c 0.5% @1 GeV/c
O4E/da 8.5% 6%—7%
EMC dE/E 20% @1 GeV 2.5% @1 GeV
o, 3 cm @1 GeV 6 mm @1 GeV
TOF oT 180 ps (barrel) 90 ps (barrel)
350 ps (endcap) 110 ps (endcap)
MUC layers 3 9
magnet 0.4 Tesla 1.0 Tesla

2 Significance for T mass measure-
ment

The mass of the T lepton (m.) is a fundamen-
tal parameter in standard model, many experiments
have performed to determine it accurately, and some
measurements” "% are displayed in Fig. 1. Usually,
the pseudomass and threshold-scan methods are em-
ployed to measure the T mass, where the latter is
adopted by BES Collaboration to achieve the accu-

rately measured value!'?:

m.=1776.9610 357037 MeV. (1)

Now it is of great interest to know what accuracy of
T mass we can expect for a large T data sample at the
BESIII.

Note that in Eq. (1) the relative statistical (1.6 x
107*) and systematic (1.7 x 10™*) uncertainties have
comparable magnitude, so the following estimation is
divided into two parts, one about the statistical and
the other about the systematic uncertainties.

For statistical uncertainty estimation, Monte
Carlo simulation is employed to study the optimal
data taking strategy for the high precision m. mea-
surement at BESIII. In Ref. [6] the numbers of inte-
grated luminosity and corresponding fit uncertainty
are presented, by virtue of which an empirical formula
could be fit out:

—4
SmafkeV] = 25 or b, = 73'920233 (2

T [0.504

where £ denotes the integrated luminosity (in unit
of pb™1'), dm. indicates the fit uncertainty and v,,,
the relative one. Based on Eq. (2), the luminosity for
a certain mass accuracy requirement can be readily
obtained. For example, if 6m. = 0.1 MeV, then L
should be 49 pb~'; furthermore, if v,,. = 1 x 1073,

then £ is at least to be 1500 pb~1!.
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Fig. 1. Comparison of different measurements

of the T mass. The vertical line indi-
cates the current world average value!®:
1776.9970 22 MeV/c?, which is the averaged
result by virtue of the measurements from
Refs. [10—14].

The aforementioned designed peak luminosity at
BESIII is around 1 nb~* s~ if the average efficiency
of luminosity is taken as 50% of the peak value, then
two days data taking is sufficient to reach the statis-
tical uncertainty of less than 0.1 MeV; and 35 days
of data taking can lead to a relative statistical uncer-
tainty of less than 1x 1075, Notice that these estima-
tions are solely for ep-tagged events, if more channels
are utilized to tag T-pair final state, such as ee, ey,
eh, puy, ph, hh (h : hadron), and so on, more statis-
tics can be expected and shorter time will be needed
for the actual data taking®).

Next, we turn to systematic uncertainty. Table 3
summarizes some possible systematic uncertainties!!”
in m., measurement, which include the uncertainties
due to different theoretical formulas utilized in the
fit, energy spread effect, luminosity, efficiency, T de-
cay branching fraction, background and so on. Be-
sides all these uncertainties, another important fac-
tor should be taken into account, that is the absolute
value of beam energy. As displayed in Fig. 2, the
uncertainty of the center of mass energy determined
by the uncertainty of the beam energy will be trans-
ferred to the final fit result of m. directly and linearly,
so the absolute determination of beam energy is ac-
tually a bottleneck in accuracy improvement for m.

1) According to the previous BES analyses experience[lz’ 18], the number of multi-channel-tagged events is at least 5 times

more than that of the ep-tagged events.
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measurement. Moreover, unlike the uncertainties of
luminosity and efficiency, which can be improved fur-
ther with large data sample, the accuracy of beam
energy is determined by the hardware measurement
and has nothing to do with the size of data sample.

Table 3. Some possible systematic uncertain-
ties in m. measurement.

dme /(1073 MeV)

(dm /m<)/(1076)

source

luminosity 14.0 7.9
efficiency 14.0 7.9
branching fraction 3.5 2.0
background 1.7 1.0
energy spread 3.0 1.7
theoretical accuracy 3.0 1.7
energy scale 100 56.3
summation 102 57.5
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Fig. 2. The effect due to the uncertainty of ab-
solute energy calibration on m. measurement.

At present, two methods have been used to deter-
mine the absolute beam energy accurately, one is the
depolarization method and the other is the Comp-
ton backscattering method, both have been utilized
by the KEDR group™®. It is proposed to adopt the
Compton backscattering technique to measure the en-
ergy at the BESIIIY, the relative accuracy of such
technique is expected to be at the level of 5 x 1075,
If such a system is established at the BEPCII, the
systematic uncertainty can be expected at this level,
that is 5 x 1075 (relative error) or around 0.09 MeV
(absolute error). Anyway, compared with the statisti-
cal error or other systematic error listed in Table 3, it
is obvious that the final accuracy of m. measurement
at the BESIII is mainly determined by the accuracy
of beam energy measurement.

3 Significance for cross section scan
experiment

One kind of important experiments of high en-
ergy physics is the measurement of resonance param-
eters by a cross section scan in the vicinity of the
resonance, which can provide the fundamental infor-
mation about a resonance, such as mass, total de-
cay width, partial decay width and so on. More-
over, some special physics analyses can only be fin-
ished based on the scan experiment, for example, the
phase between strong and electromagnetic interac-
tion could only be measured by the scan experiment
model-independently!® 2. As a matter of fact, the
uncertainty of beam energy has effect on all fit pa-
rameters determined by scan experiment. Next we
take the scan experiment in the vicinity of P (2S5) as
an example, to give a special estimation.

The following x? estimator is often constructed to

obtain resonance parametersm’ 22]

Nen Mpt (Nlj _Li.ejOO'j(Eian))z
(AN7)?

(3

where N/ (AN}), L;, ¢, and ¢/(E;,n) indicate
the observed number of events (corresponding uncer-
tainty), the integrated luminosity, the efficiency, and
the observed cross section for a certain channel and
energy point, respectively, and the cross section de-
pends on the energy and resonance parameters. Here
the superscript j indicates different channels while
the subscript 4 different energy point where the data
are taken® (n,; denotes the total number of points
taken for certainty scan experiment, and ng, the num-
ber of channels). For the observed cross section, it
depends on the energy point and other resonance pa-
rameters (denoted by n). The energy F; is the value
provided by accelerator measurement system but the
actual energy point may be shifted within the energy-
measured uncertainty. We estimate such kind of un-
certainty with the help of Monte Carlo simulation®".
Specially, for certain assumed experiment, the energy
point E; is given by the sampling method:

where E? indicates the nominal energy, 8 F the energy
uncertainty, and £ is a random number in a Gaus-
sian distribution with mean zero and variance one!®*.
Here we have assumed the energy uncertainty for all
scan points is the same. With a set of energy point

and minimizing Eq. (3), we could get a group of fitting

1) Achasov M, Muchnoi N. BEPCII Compton-based Precise Beam Energy Monitor. Beijing: internal report. 2007.11.7
2) The dependence of o on energy is denoted by E;, and on resonance parameters by n which includes the total decay width

Tiot, partial decay width for ntn=J/ I 4, - 3/ partial decay width for uTu~ final state I"

wtp—s and so forth.
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parameters (n). Similarly, another sampling leads to
another set of fitting parameters. So we continue such
a process until we acquire the distributions for every
resonance parameters. Fitting the distributions, we
could get the corresponding error. Fig. 3 shows the
effect of energy uncertainty on the resonance param-
eters such as Iio, Lty and I+ —. It could be
seen that the effect due to the energy uncertainty in-
creases almost linearly.
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Fig. 3. The effect of energy uncertainty on the
resonance parameters.

Table 4 lists the various errors for resonance pa-
rameters, by virtue of which we could see at the forth-
coming new experiment that the effect due to the ac-
curacy of energy measurement dominates when the
uncertainties due to other factors are small enough.
In another word, the uncertainty of measured value
of the beam energy will determine the final accuracy
of resonance parameters.

Table 4. Errors(%) of resonance parameters
measured /estimated for (2S) scan experi-

ment at BES Il /BESII*?.

parameter  fitting Sys. Lum. SF
scan at BESII
Iy, 6.1 2.2 3.2 3.3
Tptroypy 62 2.2 3.2 3.2
e 0.5 3.4 3.2 3.5
scan at BESIII
Iy, 0.6 <11 <1 3.3—1.6
Tpineypy 06 <11 <1 32-15
Iyt - 0.05 <11 <1 3.5—1.7

4 Effect on generic physics analysis

For experiment in ete™ collider, special empha-
sis should be laid on the dependence of the observed
cross section on the experimental conditions. One
of the most crucial ones is the beam energy setting.
As we known, the resonance height is reduced and

the position of its peak is shifted due to the ini-
tial state radiative (ISR) correction and the energy
spread of the collider. Such effects are peculiarly
prominent for the narrow resonances like J/1{ and
P (2S5). Moreover, in ete™ experiment, the resonance
process is inevitably accompanied by the virtual pho-
ton continuum process, but the effects of ISR correc-
tion and energy spread on two kinds of processes are
rather different®”. The direct result of such differ-
ence will lead to considerable interference effect for
some types of processes, for example, the electromag-
netic processes[zs].

Figure 4 depicts the observed cross sections of in-
clusive hadrons (as a representative for hadronic de-
cay) and p-pairs (as a representative for electromag-
netic decay) at P(25) in actual experiments. The
right and left arrows in the figure denote the posi-
tions of the maximum heights of the cross sections for
inclusive hadrons and p-pairs, respectively. It is ob-
vious that the relative contribution of the resonance
and the continuum varies as the energy changes. In
actual experiments, data are naturally wanted to be
taken at the energy which yields the maximum in-
clusive hadronic cross section. This energy does not
coincide with the maximum cross section of each ex-
clusive mode. So it is important to know the beam
spread and beam energy precisely, which are needed
in the delicate task to subtract the contribution from
continuum.

10° £ Y(2S)—hadrons (a)

| w@S)—u'u” (b)

oTot

o/nb
=)

3.66 3.67 3.68 3.69 3.70 371
Eo/GeV

Fig. 4. Cross sections in the vicinity of {(25)
for inclusive hadrons (a) and p™p~ (b) final
states. The right arrow indicates the peak po-
sition for inclusive hadrons and the left for
uwTu~. In (b), the dashed line for QED contin-
uum (o), the dotted line for resonance (o),
the dash-dotted line for interference (o), and
the solid line for the total cross section (o™°").

For BESII physics analysis, a simple approach
was adopted to estimate the uncertainty for inclusive
process due to beam energy fluctuation®®, which is at
the level of 0.23%. Such an uncertainty is usually neg-
ligible for the statistical and systematic uncertainties
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at the level of 10%. Anyway, for the physics anal-
ysis of BESIII, the error may be around 1%—2%,
and the uncertainty of 0.23% can not be neglected
recklessly). As a matter of fact, for exclusive pro-
cess, the uncertainty due to beam energy fluctuation
can be much greater than that for inclusive process.
Taking the analysis {(25) — t™1~ for example, such
an uncertainty can be up to 5% 7.

5 Summary

In this short paper, the significance of energy scale
for physics analysis at the BESIII is scrutinized from
three aspects: (1) the high accurate measurement of
T mass, (2) the high accurate cross section scan ex-
periment, and (3) the generic physics analysis at the
BESII with uncertainty at the level of 1%—2%.

For T mass measurement, the present study in-
dicates the precision of the beam energy is actually

the decisive factor for the accuracy improvement of T
mass measurement based on large data sample.

For measurement of resonance parameters by scan
experiments, the uncertainty due to the beam energy
is also a crucial factor for the final results.

The last but not the least is the significance of the
accuracy of beam energy for generic physics analysis
at the BESIII. Since with large data sample, the un-
certainty for a considerable number of channels can
reach the level of 1%—2%, under such a case the un-
certainty due to the beam energy can hardly be ne-
glected.

In a word, the accurate determination of the beam
energy is fairly significant for the physics analyses at
the BESIII.

We would like to thank Prof. C.Z. Yuan who put
forth many suggestions for the improvement of the
paper. Thanks also go to Prof. Y.F. Wang, whose
suggestion is the start point of this paper.
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