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3.5 QCD and Hadronic Production
3.5.1 Motivation

As an unique candidate theory of strong interactions, the quantum chromodynamics (QCD) has had many great achievements in the description of hadronic interactions. Although it can describe the evolutions of the quark and gluon phases with large momentum transfer, it can not give a complete theoretical calculations from the primary quarks and gluons to hadrons in final states, due to its non-Abelian asymptotic freedom nature. Owing to historical reasons in the process of the development of the high energy physics, the studies of theory and experiments in high energy region (higher than 10 GeV, such as at TASSO, PETRA and LEP) are rather complete. The perturbative evolutions of QCD is dominant in the process of hadronization, and the hadronization mechanism for a given production channel is not critical,the hadronic final states can keep main features of the perturbative evolution of quark-gluons. 
On the other hand, the studies of QCD and hadronization in the intermediate to low energy region are rather poor or even blank in many aspects. In this energy region, the main experiments in the past decades are hadronic decays of 
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leptons and the hadronic total cross section (R value). The quest for the applicable range of pQCD has attracted special attention both in theory and experiments. More and more signs show that pQCD may give reasonable predictions down to the energy of about 2-3GeV, but still there are many questions to be studied in detail. 

The standard model (SM) is supported by all the precision experiments so far. A few precise quantities measured in experiments are needed as the input parameters when calculating the higher order radioactive corrections. One such example is the R value for the coupling constant 
[image: image2.wmf])

(

s

a

. The running coupling constant 
[image: image3.wmf])

(

s

a

 changes with energy 
[image: image4.wmf]s

:


[image: image5.wmf])

(

1

)

(

s

s

a

a

a

D

-

=

，

where, 
[image: image6.wmf]a

 is the coupling value at zero momentum limit, term 
[image: image7.wmf])

(

s

a

D

 comes from the contribution of the vacuum polarization of photons, which contains three parts,

 
[image: image8.wmf]top

had

l

a

a

a

a

D

+

D

+

D

=

D

)

5

(

.
It is easy to calculate 
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, which can be calculated by the dispersion relation and the optical theorem. In the calculation of 
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The precision of 
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[image: image19.wmf]R

value from BESII[1] are used.

In the global fitting of the standard model, the uncertainties of the theoretical predictions for the top guark mass 
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and the Higgs mass 
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 are about 4 GeV and 150 GeV respectively. These uncertainties are the obstacle for the determination of 
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 in standard model. This is one of main reasons that theorists and experimentalists appeal to measure 
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 value with high precision at intermediate energies. The central value of Higgs mass changes to 88 GeV from 60 GeV when 
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 values of BEPC/BESII were used. The measurement of 
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 value at BEPC/BESII has important impact to the search of Higgs.

The 
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 value at intermediate energies is related also to the muon anomalous magnetic moment 
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 level. The theoretical value[3] of anomalous magnetic moment may be written as the sum of several terms,
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 value. The error of BNL-E821 experiment and the theoretical calculation is at the same level and the difference between theory and experiment is 
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3.5.2 R measurement at BEPCII/BESIII
In the energy region where perturbative theory is still available, pQCD gives the prediction of RQCD(s), varying with energy. In the non-resonant region and above the heavy flavor production threshold, the R values measured in experiments agree well with the pQCD prediction. But at intermediate energies, the pQCD calculations and the treatment of mass-effects have not been well solved, theoretical and experimental values are inconsistent significantly. The effort to measure R with high precise is obviously urgent both for theory and experiment. 
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 is Born cross section of di-muon production calculated by QED, and 
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 the center of mass energy.  In the history of accelerator physics, almost all 
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 collider measured R value, which is actually the absolute hadron production cross section. The measurement of R concerns the selection of hadronic events, the subtraction of all kinds of background, the measurement of the luminosity, reliable hadronization model and its Monte Carlo simulation, hadronic detection efficiency (acceptance), the calculation of initial state radiative corrections, etc. 
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Fig.3.5-1 
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 value measured at BEPC/BESII

In 1998 and 1999, two scans of 6+85 energy points for 
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 measurement were performed at BES[1], as shown in Fig.3.5-1. There are about 1000 – 2000 hadronic events for each point, and the total measurement error for each point is about 7%. Of course this successful experiment should not be the last measurement of R at BEPC/BES, it is necessary and inevitable to measure R with higher precise at BEPCII. Table 3.5-1 shows the impact of a better R measurement to 
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, in the case of no significant improvement in other energy regions, particularly below 2 GeV. It is clear that a reduction of R measurement error from 6% to 2-3% is very important, particularly taken into account the possibility that there may be improvement in the energy region below 2 GeV in the near future. 
Table 3.5-1 The error of 
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The forthcoming BEPCII will run in the energy region of 2 – 4 GeV with a much higher luminosity , and BESIII has a better space and momentum resolution and good particle identification capabilities. A Monte Carlo simulation shows that a much improved efficiency and a reduction of systematic error can be expected. Fig. 3.5-2 shows the hadron efficiency as a function of cosθ and total energy deposited in CsI Calorimeter. Table 3.5-2 list the expected error of R measurement at BEPCII/BESIII with a comparison to that at BEPC/BESII.
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Fig. 3.5-2 The efficiency as a function of 
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 and the energy deposition
    in the BESIII detector simulated by Monte Carlo at 3 GeV

Table 3.5-2. The errors of 
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 measured at BESII and 
the errors of 
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 predicted at BESIII

	 Sources of error
	     BESII
	BESIII

	Luminosity
	     2-3 %
	1 %

	Detective efficiency (acceptance)
	     3-4 %
	1-2 %

	Trigger efficiency
	     0.5 %
	0.5 %

	Radiative correction
	     1-2 %
	1 %

	Hadronization model
	     2-3 %
	1-2 %

	Statistical 
	     2.5%
	--

	Total
	     6-7%
	2-3%


3.5.3 Study of Hadron Production Properties

The BEPCII will run in the intermediate energy region (2-4 GeV), which is at the lower boundary of pQCD applicable region. The non-perturbative hadronization mechanism takes important role in the hadronic final states, and in addition resonant structures makes thing even move complex. Physics analysis are perplexed by the poor understanding of the hadronization mechanism and the hadronic spectra. On the other hand, it also offers a new field to study at BEPCII/ BESIII.

The main routine for the study of the strong interaction and the hadronic production processes is to measure various hadronic spectra, which can reveal the strong interaction from different aspects. The following are examples of possible topics. 

(1) Inclusive Distribution

The inclusive spectra of final state hadrons are governed by hadronization dynamics, which imposes strict restrictions to hadron production models. The inclusive distributions of charged particle are easy to measure in experiments, and the corresponding one for neutral particles are similar to that of charged one since the strong interaction is charge-independent. In general, the single particle distributions are the function of 
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 is fixed? (b) how do the distributions change with the center of mass energy 
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? The answer to the first question depends on the type of the initial state and the properties of measured particles in the final state. Feynman supposed the scaling property for the second question, i.e. the single particle distributions are the function of the scaling variable 
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 and the transverse momentum 
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 at large energies. The scaling assumption is a good approximation in high energies, but it has not been tested precisely at intermediate energies. The usually measured distributions are Feynman momentum 
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(2) Exclusive Hadron Cross Sections

This is an important measurement similar to that of the branching ratios of 
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and 
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decays. The exclusive cross sections have closer relations with the hadronic dynamics, and it provides an effective way to reduce the systematic error in the forthcoming R measurement at BEPCII/BESIII , since it can improve the hadron production model and the Monte Carlo generator.

(3) Multiplicity Distribution

The charged multiplicity distribution is a basic ingredient which are helpful to understand hadronization mechanism. These measurements need a reliable Monte Carlo simulation and efficiency matrix, which transfer the measured quantity to physical (theoretical) quantity.

(4) Kinematical and Dynamical Correlations

The study of the correlation effects is more useful to extract the dynamical information than that from the single particle spectrum. The correlation function is related to the hadronization mechanism closely, hence, it is a more rigorous test to hadronization model. In order to separate the pseudo-correlation from the true one, experiments can measure the correlation function as below
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where, 
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 are any kinematical observable for two particles in one event, 
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 are the so-called long-distance and short-distance correlation functions respectively.

(5) Topological shape of the Event

Any event produced in one collision has several final particles, and a set of kinematical parameters are needed to describe these particles, and the complicated geometries encountered in multi-hadron event. Usually, these are the event shape quantities, such as sphericity and thrust. QCD gives predictions for sphericity and thrust quantitatively, which are in good agreement with experimental results at high energies, but no test yet at intermediate energies.

(6) Bose-Einstein Correlation (BEC)

In quantum mechanics, the wave function of identical bosons is symmetric for the commute of any two bosons of the same kind. This property leads to a statistic correlation, called Bose-Einstein correlation (BEC). The symmetry leads to an interference term, which contains the space-time information of the hadronic (boson) sources. The manifestation of BEC is that the possibility of finding two identical bosons in a small phase-space is larger than that of two different particles. The Bose-Einstein correlation function and the space-time properties of hadronic source may be inferred by measuring the Bose-Einstein correlation functions. It is expected that the following subjects may be done for charged 
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(which are the most abundant bosons in the reactions at intermediate energy): (a) two-body correlation and the inflections of multi-body correlation; (b) The multiplicity dependence of BEC; (c) the space-time form of hadronic source; (d) BEC in the resonance decay. This measurement needs a large hadronic sample and excellent power of particle identification.

(7) Possible Fractal Structure of Final State Phase-Space

Events with abnormal high particle density condensed in a small phase-space have been observed in several high energy reactions. The important questions are the following: Do the anomalous fluctuations have their intrinsic dynamics origins? Is the phase-space of the final state isotropic or not? Is the phase-space continuous or fractal? Do the approximate intermittency observed at very high energies also exist at intermediate energies? Can the intermittency be explained by known theories (such as, cascade, BEC, etc.)? The study of this topic has two aspects: (a) Experimental measurement of fractal moments 
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 and the Hurst index. For one dimension case, the phase-space variable may be chosen as the rapidity 
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, and the combination of any two of them may be chosen for two-dimensional analysis. (b) The study of its mechanism, whether the asymptotic fractal behavior in the perturbative evolution of partons can be kept after the hadronization process? 

(8) Determination of 
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To measure the running coupling constant of the strong interaction and to test and verify the asymptotic freedom of QCD at low energies are still interesting. 
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(9) Electro-magnetic form Factors

For the exclusive hadron production, cross section is written as the function of form factor, which embody properties of the vertex of electromagnetic interactions with influence of strong interactions. The following channels, 
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 can be measured to promote the understanding of strong interactions.
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3.6 Charmornium Physics

In charmornium family, ψ(2S) is in a special position. ψ(2S) can decay into ηc, J/ψ, χcJ (J=0,1,2), and possibly into 1P1 states. Therefore, by collecting sufficiently large ψ(2S) data sample, one can not only study the property of ψ(2S), ηc, J/ψ, χcJ (J=0,1,2), but also search for 1P1 states.

The ψ(2S) data sample collected at BEPC/BESI is 4 millions, and at BEPC/BESII 14 millions, with which the BES collaboration has made various studies on ψ(2S), J/ψ and χcJ (J=0,1,2), and copious results have been reported[1-14]. At BEPCII, one year running will produce 3x109 ψ(2S) events, which is a factor of 150 more than that at the BESI and the BESII combined. Statistical error will be improved by at least a factor of 12. In addition, the designed performance of the BESIII detector is much improved with respect to that of BESII, the systematic error is expected to be reduced by a factor of 4 on average for all measurements.  
3.6.1 ψ(2S) Decays

1. Hadronic Decays
The BES collaboration has measured branching fractions or upper limits for various hadronic decay channels listed in Table 3.6-1. The statistical errors are in the range of 10% to 30%, and the systematic errors are in similar values. At BEPCII/BESIII, the statistical and systematic errors will be reduced to (1-3)% and (2.5-8)%,  respectively, corresponding to a total error of (2.7-8)%. For the upper limits, the sensitivity of BESIII will improve by a factor of at least 100.

Since J/ψ and ψ(2S) decays into light hadrons via ggg, γ*, or γgg, their partial widths of decays are proportional to |ψ(0)|2, where ψ(0) is the wave function at the origin in the non-relativistic quark model for 

. Thus, it is reasonable to expect[15] on the basis of the perturbative QCD that, for any hadronic final state h, the ratio Qh should follow:


         (1)

where the leptonic branching fractions are taken from PDG2000[15]. This relation is sometimes called PQCD 15% rule. The Qh values measured at BES for various ψ(2S) hadronic decays based on PDG’s value for J/ψ branching fractions are listed in Table 3.6-1. 
Most of decay channels, including AP(b1), VS(f0), 

 (

) and multi-hadron final states, have relative branching fractions in agreement with PQCD expectations. The intriguing puzzle, reported in 1983 by the Mark II experiment[12], is that the Qh  for 

 and 

 are one order of magnitude lower than PQCD expectations.  This is confirmed by the BES results with much higher sensitivity[7]. The upper limits on the branching fractions of 

 and 



 EMBED Equation.2  
are found to be more than a factor of 60 and 20, respectively, lower than the 15% rule predictions. The four 

 decay modes(

) are  suppressed also by a factor of at least 3[2]. For the AP decay channel, the BES collaboration observed flavor-SU(3)-violating K1(1270)-K1(1400) asymmetries with opposite characters for the 
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(2S) and J/
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[5], which cannot be accommodated by adjustments of the singlet-triplet mixing angle[18]. All these suppressions and anomaly can be further studied with higher accuracy and higher statistics at BEPCII/BESIII.

Table 3.6-1 BESI measured ψ(2S) decay branching fractions and PQCD 15% 
rule test(# denotes preliminary results; upper limits at C.L.=90%)

	
	Channel
	Br(ψ(2S)) (10-4)
	Br(J/ψ) (10-3)
	Qh (%)

	γX
	


	0.53

0.31

0.08
	0.86

0.08
	6.2 

 3.8

	
	


	1.54

0.31

0.20
	4.31

0.30
	3.6 

 0.9

	AP
	


	5.2  

0.8  

1.0
	3.0  

0.5
	17.3 

5.1

	
	


	10.0 

1.8 

2.1
	< 3.0
	>33.3

	
	


	<3.1
	3.8  

1.4
	<  8.2

	VT
	


	<1.7
	4.3  

0.6
	<  4.0

	
	


	<2.3
	10.9  

2.2
	<  2.1

	
	


	<4.5
	1.23

0.06

0.20
	<  3.7

	
	


	<1.2
	6.7  

2.6
	<  1.8

	
	#


	0.798

0.528
	6.7  

2.6
	1.20

0.93

	VP
	#


	<0.29
	12.8  

1.0
	<  0.23

	
	#


	<0.23
	5.0  

0.4
	<  0.46

	
	#


	1.30

0.34

0.16
	4.2  

0.4
	3.1 

 1.0

	VS
	#


	0.63

0.18
	0.32

0.09
	19.6 

7.8

	VV


	


	0.392

0.103
	0.29

0.04

0.06
	13.6

 4.9

	
	#


	1.25

0.56
	0.74

0.24
	16.9

 9.4

	
	#


	0.64

0.26
	1.30

0.25
	5.

 2.2

	
	#


	1.68

0.32
	0.80

0.12
	21.0

 5.1

	
	#


	0.58

0.22
	0.83

0.13
	7.0

 2.9

	
	#


	0.082

0.052
	0.045

0.015
	18.1

12.8

	
	#


	6.04

0.90
	
	

	
	#


	3.49

0.64
	2.3  

0.9
	15.2

 6.6

	
	#


	2.47

0.96
	
	

	
	#


	<1.8
	2.09

0.18
	< 8.6

	BB


	


	2.16

0.39
	2.12

0.10
	10.1

 1.9

	
	



 EMBED Equation.2  

	1.81

0.34
	1.30

0.12
	13.9

 2.9

	
	


	1.2  

0.6
	1.27

0.17
	9.4 

 4.6

	
	


	0.94

0.31
	0.9  

0.2
	10.4

 4.1

	
	


	1.28

0.35
	1.10

0.29
	11.6

 4.5

	
	


	1.1

0.4
	1.03

0.13
	11  

 4

	
	


	<0.81
	
	

	
	


	<0.73
	
	


2. Radiative Decays

By using the Vector Dominance model, a radiative decay might (or might not) be connected to the corresponding hadronic decay. It is therefore interesting to examine whether suppressions exist for radiative decays too. The BESI has measured the branching fractions of 

 channels (also listed in Table 3.6-1) and calculates the corresponding 

=6.2% and 

=3.6%, clearly a suppression by a factor of about 2 and 4, respectively. We will further study these suppressions and extend to more channels, such as 

... etc. at BEPCII/BESIII with higher accuracy and statistics. BEPCII also provides an opportunity to search for glueball candidates such as η(1440), fJ (1710), ξ(2230), etc. via radiative decays.

3.6.2 J/ψ Letponic Decay Width

BESI has determined the most accurate branching fraction of J/ψ leptonic decay 
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[3],

via processes of 

. 
At BEPCII/BESIII, the statistical error will be negligible and systematic error will be reduced to 0.03%, thus the relative error of 

 will be lower than 0.5%. 

3.6.3 χcJ  Physics

BESI has measured many branching fractions of χcJ decays[6], with much improved accuracies and many of them the first measurements (see Table 3.6-2).   From PDG1998[19] to PDG2000 [16], the scenery for χcJ decays are greatly changed. However, the statistical and systematic errors for χcJ decay branching fractions are still too large, at the level of (6-20)% and (15-30)% respectively. At BEPCII/BESIII, the statistical errors will be negligible and the systematic errors will be reduced to about (4-8)%.
The widths of χcJ decaying into light hadrons are theoretically interesting, since the contribution of the color octet component in the 

wave function might also be involved, in addition to the 3PJ color singlet component, according to the NRQCD theory [15]. The widths of χc1 and χc2 are measured precisely by E760, and the width of χc0 by BESI[6]. At BEPCII/BESIII, the error of χc0 can be reduced by a factor of two.

A careful study of the angular distribution of the radiative decay 

 with high statistics at BESIII will provide more information on the transition matrix elements, which are closely related to the 

wave functions and interquark forces. 
Table 3.6-2 Measured χcJ width and branching fractions by the BESI.
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The radiative decay rates of 

 are also interesting, to which both QCD radiative correction and relativistic correction may be important. The estimated branching ratio is roughly
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          (2)
Due to the limited statistics and poor photon energy resolution, this measurement is not feasible at BEPC/BESI. However, with one year of running at BEPCII, about 40000 signal events of this channel can be collected(assuming an efficiency of 40%) , which will produce a statistic uncertainty no more than 1%.

The χcJ may decay into light hadrons via gluon intermediate state, e.g., 

hadrons. It is plausible that a pair of glueballs could be favorably produced in its decay process. With higher statistics and better particle ID of BEPCII/BESIII, it is possible to study hadronic decays like



           (3)

and look for some 0++ and 0-+ glueballs, e.g.,

       

    


       

         

              (4)  

3.6.4 1P1 Search
The R704[23], E760[24] and E705[25] experiments claimed the existence of  1P1 state in 1986, 1992 and 1994, respectively. However, the signal statistics is so low(5, 59 and 42 events respectively in these three experiments) that the existence of the 1P1 state still needs to be confirmed.

Some theoretical calculations taking into account the effect of S-D mixing[21] gives

         

                          (6)

In addition, 1P1

 is expected to be the dominant decay mode. Therefore, we can search for 1P1  via the decay mode 
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 event, we can obtain 8700 event, which is enough for confirming the existence of 1P1 .

Table 3.6-3 Signal and background channels in 1P1 search
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From Table 3.6-3 we can see that most of the background channels have 
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. In the process, 1P1 is almost at rest. Therefore the signal event has the following characters that we can use to select the signal and reject the background.
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Based on the parameters of BEPCII/BESIII and 
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 events, we did a full simulation. At track level, we use the following criteria to select signal and reject backgrounds.   
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At event level, we use the following criteria：
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After all the above selection, the rest of backgrounds is only 1%. From Fig. 3.6-1—3.6-4, we can see that the peaks of 1P1 and c can be observed clearly. 
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   Fig. 3.6-3. invariant mass of 
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3.7 Tau Physics

3.7.1 Current Status and Prospects of the ( Lepton Physics

The ( lepton physics has achieved a great progress since its discovery in 1975. Particularly in the last ten years, it starts to become a precision physics, thanks to high statistics data samples and high quality detectors, mainly at high energy e(e( colliders running in the ( energy range (DORIS and CESR) and at the Z0 peak (SLC and LEP)[1]. In addition, the BES experiment at BEPC running at the threshold of the ( pair production, measured the mass of the ( lepton precisely[2]. The ( physics study will be continued in the high energy region at the asymmetric e(e( colliders of B factories (KEK-B and PEP-II) over the next decade.

While the efforts in ( lepton physics at high energy e(e( colliders have been quite successful, there still exist both unique and complementary possibilities at lower energy facilities running close to the threshold of the ( pair production. There are some distinct advantages with respect to high energy machines: the cross section turns on rapidly at the threshold of the ( pair production, reaching a maximum of (3.6nb at 
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=4.25GeV; the background is small and experimentally measurable, completely free of c quark background when running below the charm threshold; the nearly monochromatic momentum spectra for two body decays are of benefit for the event selection; the maximum energy of a decay particle is significantly less than the beam energy, easy to reject backgrounds from Bhabha and ( pair, etc. These advantages are of ultimate importance for more precise branching fraction measurements and the Lorentz structure analysis of charged current. BEPCII/BESIII with its high luminosity and a good detector will provide fruitful results for the ( physics. 

3.7.2 Data Sample at BEPCII
Data taking for  pairs could be at 
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=3.557GeV, just near the threshold of the ( pair production, and 
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=3.67GeV, just below ((2S). The expected ( pair yields are shown in Table 3.7-1.
Table 3.7-1 Data taking dedicated for the ( lepton physics
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The data sample at 
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=3.557GeV, just near the threshold of the ( pair production, could be used for the ( mass measurement while the data sample at 
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=3.67GeV, just below ((2S), could be used for precise measurements of branching fractions of ( decays and for the Lorentz structure analysis of charged current. BESIII will take data at energy points such as J/(, ((2S) and ((3770) or 
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=4.14GeV. For energies above the ( pair production threshold, such as 3.686GeV(((), 3.77GeV(((() and 4.14GeV(
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), the expected ( pair yields are shown in Table 3.7-2. These data samples are not as pure as those dedicated for the ( lepton physics and may have some complications due to the background from the c quark, but they are still more clean than those taken in the B energy region. Therefore, good physics results can still be obtained with a high statistics at the expense of efficiencies.
Table 3.7-2 Data samples of ( lepton as by-products of charm data taking
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3.7.3 Physics of ( Leptons at BEPCII

From an experimental point of view, the ( lepton holds a special place among the quarks and leptons. It is the only lepton massive enough to decay to hadronic final states, probably the most sensitive lepton to new physics at higher mass scales. The ( lepton constitutes an ideal laboratory to test the Standard Model and search for new physics. The expected subjects of the ( lepton physics at BEPCII are listed as follows:

1. Precise Measurement of the ( Lepton Mass

The currently most precise measurement of the ( mass[2], 
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MeV, is from BES, based on a 5pb-1 data sample from a scanning near the ( production threshold. The statistical error could be reduced greatly and the systematic error due to uncertainties in the acceptance and reconstruction efficiencies could be improved with 50 times more statistics near the threshold as shown in Table 3.7-1. For the relative beam energy spread of 2.73Eb(10-4[3] at BEPCII, a precision of (0.1MeV for the ( mass measurement is possible.

2. Measurement of the Upper Limit of the ( Neutrino Mass

The most stringent limit of the ( neutrino mass is 18.2MeV(95%CL)[4]. A total of 12(106 ( pairs could be produced with BEPCII running at 
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=3.67GeV for one year as shown in Table 3.7-1. The semileptonic decay of 
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 can be chosen as tagging channels for the two hadronic channels of ((KK( and ((5(. Both decay channels and the 2-dimensional fit of normalized energy vs invariant mass distribution of the hadronic final states can be used to get a better mass sensitivity. From a Monte Carlo study, the upper limit of the ( neutrino mass at the level of 1 digit (in MeV) is possible[5].

3. Measurement of the Strong Coupling Constant 
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The ( hadronic decay is related to the strong coupling constant 
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 scale, through the ratio of the hadronic decay width of the ( lepton to its leptonic decay width R(=
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 can be obtained from the measurement of R(,  which  can be obtained experimentally from the following two approaches:   
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That means, through the precise measurement of partial widths or branching fractions of the leptonic decays, we can get R(, and finally the precise measurement of 
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Using the renormalization group equation, one can evolve 
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 at the scale of mz and compare it with the direct measurement at the Z0 peak. The error of 
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 must also be evolved using the renormalization group equation, so a modest precision of 
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. The current experimental value of 
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 is 0.345(0.020, corresponding to 
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 of 0.1208(0.0025, in excellent agreement with the direct measurement from the hadronic Z0 decays 
[image: image356.wmf])

(

z

s

m

a

=0.119(0.003, but with a better accuracy [6].

4. Investigation of CP/T Violation

It is interesting to search for CP/T violation in the ( sector, proposed by many theoretical physicists. An attempt of precision measurement of the electric dipole moment 
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 of the ( lepton is one of the many efforts. The BES experiment has tried to give some information on the CP/T violation through the measurement of the momentum triplet product 
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, suggested by T.D. Lee. Using the existing data sample collected at 
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=4.03GeV, BES has given a result A((
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(=  -0.027(0.031 (0.006 [5]. The precision of this measurements can be improved using a larger data sample of ( leptons.

5. Lorentz Structure Analysis of Charged Current

The current structure of the (-((-W vertex can be studied by measuring the lepton energy spectrum in the decay 
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. The shape of the lepton energy spectrum, sensitive to non-Standard Model contributions, can be characterized in terms of 4 Michel parameters (, (, ( and (, written in the ( rest frame as:
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where P( is the average ( polarization, ( is the angle between the ( spin and the lepton momentum in the ( rest frame, and x=El/Emax is the lepton energy scaled to the maximum energy Emax=(
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The current world average values of 4 Michel parameters (, (, ( and ( are: (=0.752(0.0085, (=0.031(0.031, (=0.984(0.031 and (=0.745(0.022[7]. The precision of the measurements of the 4 Michel parameters (, (, ( and ( could be improved, with a larger data sample of ( lepton, especially collected at the threshold of the ( pair production.

6. Search for Rare and Forbidden Decays

Search for rare and forbidden decays, such as that with lepton number violation: ((e+(, e+
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, …, that with a (pseudo-) goldstone particle: ((
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=e,(; X=Majoron, familon, flavon, …), and so-called second class current: (((((((( are possible.

CLEOII has achieved a limit on the decay of (((((((( of 1.4(10-4 (95% CL), using a data sample of 3.2(106 ( pairs[1,7,8]. The present upper limits on lepton-flavor and lepton-number violating decays of the ( are in the range of 10-5 to 10-6. With a ( samples of 107 events per year, an improvement of one to two orders of magnitude is possible[6,9].

7. Precise Measurements of Branching Fractions of ( Decays

Accurate global analysis of all ( lepton decay channels, particularly those involving K’s and multiple (’s, are possible, using a large data sample of ( lepton as shown in Table 3.7-1 and 3.7-2. These precise measurements will allow the test of universality of charged current of leptons to a new level. It will also provide a precise determination of the vector and axial vector current spectral functions and some useful information to test QCD.
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3.8 Comparison with Other Experiments

Experiments at B-factories (Babar and Belle) will accumulate a large sample of charm mesons before BEPCII, and CESR will start its CLEO-c program by lowering its beam energy to tau-charm region in around 2003-2004. In the following we make a simple comparison of the proposed BEPCII/BESIII with the above projects.

Let’s first compare the luminosity and event statistics for both BESIII and CLEO-c in one year, as shown in Table 3.8-1. It can be seen from the table that the luminosity of BEPCII is higher than that of CESR-C by a factor of 1-4 at various energy points, this factor is particularly large at low energies. On top of that, since J/and ’ are narrow resonance, and the energy spread of BEPCII is smaller than that of CESR-C, the event statistics is a factor of 10 larger, giving us additional advantages. For J/ and ’ physics, such as light hadron spectroscopy, glueball searches,  puzzle, searches for 1P1 state, etc., high statistics is clearly advantageous.
Table 3.8-1 Compariosn of the luminosity and event statistics between
BEPCII and CESR-C. Here we used 5nb production cross section
for the D mesons, instead of 10 nb used by CLEO-c.

	Physics Channel
	Energy

(GeV)
	Luminosity

(1033cm-2s-1)
	Events/year

(109)

	
	
	BEPCII
	CLEO
	BEPCII
	CLEO

	J/ψ
	3.097
	0.6
	0.15
	10.0
	1.0

	τ
	3.67
	1.0
	0.30
	0.012
	---
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	3.686
	1.0
	0.30
	3.0
	---

	D
	3.77
	1.0
	0.30
	0.025
	0.03

	DS
	4.03
	0.6
	0.50
	0.001
	---

	DS
	4.14
	0.6
	0.50
	0.002
	0.0015


B-factories operate at the center of mass energy of 10.58GeV(r(4S)). Although its luminosity is very high, it has significant backgrounds and hence systematic errors. Some errors can be reduced by using a larger data sample, some are inherent and may not to be reduced. Therefore many measurements of charm physics at B-factories are limited by systematic errors.
On the other hand, physics at the tau-charm energy region are mainly limited by statistics error. Although the BESIII detector is not better than the CLEO in general, the accelerator has higher luminosity and smaller beam energy spread. Monte Carlo studies show that the mass resolution for taged charm mesons is even better than that from CLEO-c. This will be helpful to overcome shortcomes of the BESIII detector so that the overall systematic error will not be worse than that of CLEO-c. Table 3.8-2 lists the comparison of the physics reach of BEPCII with B-factories , CLEO-c on a variety of physcis topics.

Table 3.8-2  The comparison of the physics reach of BEPCII with B-factories ,

CLEO-c on a variety of physcis topics. The cross section of charmed 

meson production is taken as 5 nb instead of 10 nb by CLEO-c.

	
	B-factories
	CLEO-c
	BEPCII
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Fig 3.6-1. invariant mass of � EMBED Equation.3  ���4K（1T）for 1P1 signal      Fig.3.6-2. invariant mass of 4K（1T）for c signal
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