BESIII Detector


3.2 Monte Carlo Simulation

The BESIII Monte Carlo study is based on the existing BESII software package[1] with some modifications. All physics processes are simulated based on the existing generators from the BESII[2], including J/
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、D and Ds. The detector response to particles are simulated based on the CERN developed software package Geant3.21[3].

Since the full simulation using GEANT needs a lot of CPU time, it is unpractical in some cases when a large data sample is needed. A fast simulation program based on parameters from full simulation was established and simple smearing was performed to obtain fast simulation results. 
3.2.1 FULL Simulation

The detector geometry built in the GEANT software is shown in Fig.3.2-1. It consist of a Be beam pipe, a Main Drift Chamber(MDC), a Time-of-Flight system (TOF), and an electromagnetic calorimeter(EMC) made of CsI crystals, a superconducting magnet and a 9 layers 
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 chamber system.
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Fig. 3.2-1 Geometry of the detector 
1. MDC 
Although GEANT is used to track particles’ transport in MDC, we use the software package TRACKERR [4] to calculate the MDC error matrix and to smear the output parameters. TRACKERR can give the resolution and error matrix at an given momentum and polar angle, which are then used to sample the quantities 1/PXY, θ and tg(λ) according to the Gaussian distribution. Fig.3.2-2 shows the momentum resolution of electrons at 1.5 GeV. It can be seen that the momentum resolution is 1.2%. In MDC, a track is marked as lost if the hit number is less than 20.
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Fig. 3.2-2 Distribution of output momentum of electrons at 1.5GeV

Since the simulation results from GEANT directly for the thin gas is not satisfactory at this initial stage, the dE/dx of the MDC is obtained from a simple Gaussian sampling with a trancated mean value calculated from the theoretical prediction [5] and a resolution of 7%. Fig.3.2-3 shows the dE/dx distribution for five different particles, wherein the incident momentum is distributed uniformly. 

The beam size with σZ=1.5cm and σXY=0.1cm, based on the accelerator design has been taken into account. In addition, the vertex reconstruction uncertainty is taken as σZ=0.3cm and σXY=0.02cm. 
[image: image4.png]T T B L T T R
bow)’ bow)’




Fig. 3.2-3 dE/dX as a function         Fig. 3.2-4 βas a function of     

Momentum for p,K,e              Momentum for p,K,e

2. TOF
Same as above, the flight time of particles is obtained by smearing the flight time from the vertex to TOF counters given by GEANT with a resolution of 85ps for the barrel and 100ps for endcaps. Fig.3.2-4 shows the distribution of the velocity β of barrel at different momentum for various particles. Effects of secondary particles, such as δ rays and back-scatterings have been simulated and they are not significant.  Fig.3.2-5 shows the particle identification efficiency for π/K/p using TOF and dE/dx information at different momentum for various particles. Fig.3.2-6 gives the mis-identification probabilities as a function of momentum, which in most of cases are less than 10%. 
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EMC
The energy deposit in the CsI electromagnetic calorimeter is simulated using the GEANT program. For an electromagnetic shower, more than 90% of energy is deposited in a 3x3 crystal matrix, with about 80% in the central crystal, if hitting at the center of the central crystal. In addition, a 0.2 MeV electronic noise is added to each crystal. The shower leakage into the sensitive area of photodiodes producing a large signal is also simulated based on our laboratory measurements. 
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Fig.3.2-7 shows the energy deposit of 1.0GeV photons in 3x3 crystals, the long tail is due to the leakage of secondary particles. A calibration constant to bring the most probable energy deposit back to the nominal value is applied. An asymmetric function [6]
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is used to fit the energy distribution and the resolution is obtained by 
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4. Fig.3.2-8 shows the resolution as a function of the photon energy. Another fitting method gives 
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. The photons’ incident position on the front surface of crystal is determined by the center of gravity of showers projected onto the surface. For photons emitted isotropically, the position resolution 
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 as a function of photon energy is shown in Fig.3.2-9. Similarly, another fitting method gives 
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5. μ Counter
Particles such as muons and pions can be identified in the μ counter using hits information. Multiple hits in the same layer are considered as the pattern of pions, while single hit in each layer indicates a muon. Fig.3.2-10 gives the identification efficiency for muons and the mis-identification probability for pions. Since the optimization is not final, it is believed that the capability of the μ counter would be better than what is shown here, especially at the transition position between the barrel and the endcap. Further studies will be performed.
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Fig. 3.2-10 Identification efficiency for μ and mis-ID probability of π as μ
3.2.2 FAST Simulation

The fast simulation is based on the performance parameters of sub-detectors. For MDC, these parameters are obtained by using the TRACKERR program, the same as in the full simulation. For TOF, they are obtained by smearing the flight time, the flight distance and the hit position assuming helix movement of particles. For calorimeter, we sample the photons’ energy from tables of distributions obtained from the full simulation. For each incident and deposited energy, a two-dimensional probability table is given. Fig.3.2-11 compares the deposit energy distributions of fast (histogram) and full(shadowed area) simulations for 1.0 GeV photons. The photon direction is smeared with the angle resolution. Since it is difficult to calculate the multiple-scattering and the hadronic interactions in theμcounter and its absorber material, the μ counter simulation is not included temporarily in the fast simulation. 
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Fig.3.2-11 Comparison of full and fast simulation for 1GeV photons in EMC
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Fig. 3.2-5 PID efficiency            Fig. 3.2-6 mis-ID ratios 








          （a）before calibration             (b) after calibration


Fig. 3.2-7 Energy deposit of 1.0 GeV photons in the CsI calorimeter





Fig. 3.2-8 Simulated energy resolution   Fig. 3.2-9 Simulated position resolution
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