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Abstract – In current paper we describe Monte Carlo 
Simulation (MCS) of the systems π−f1 produced in 
interactions of π− beam (190 GeV/c). The MCS using the 
COMGEANT in order to simulate all details of the 
spectrometer. In this submit MCS has event generation, 
event construction, event correction and event accepted 
where we use the software as COMGEANT, CORAL and so 
on. 
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I. I NTRODUCTION  
 
In the past thirty years high statistics experiments have 

leaded to a better insight in the spectrum of hadrons [1]. 
Monte Carlo methods (or Monte Carlo experiments) are a 
broad class of computational algorithms that rely on 
repeated random sampling to obtain numerical results. 
They are often used in physical and mathematical 
problems and are most useful when it is difficult or 
impossible to use other mathematical methods. In this 
chapter the Monte Carlo(MC) simulation will be described 
as event generation, event construction, event correction 
and event accepted by the software COMGEANT, 
CORAL and so on. A presentation of the MC simulation 
for the exclusiveπ−f1production will be given. The MC 
using the COMGEANT in order to simulate all details of 
the spectrometer. 
1.1. Research State of the Art 

Nowadays, with the development of particle physics, 
more and more people know LHC (Large Hadron 
Collider).But most of people maybe do not hear of 
COMPASS(Common Muon Proton Apparatus for 
Structure and Spectroscopy) which is one of the fixed 
target experiments at CERN. In COMPASS there are more 
than 300 physicists from 26 institutions all over the world, 
they have the same aim which is know more about the 
hadrons structure. The COMPASS spectrometer comprises 
several types of tracking detectors, hadronic and 
electromagnetic calorimeters, RICH detector and muon 
filters [2]. 
1.2. Monte Carlo Methods  

Monte Carlo methods (MCM) that are mainly used in 

three distinct problem classes: optimization, numerical 
integration and generating draws from a probability 
distribution are a broad class of computational algorithms, 
perform calculation, data processing, and automated 
reasoning,  that rely on repeated random sampling to 
obtain numerical results [3]. 

In principle, Monte Carlo methods can be used to solve 
any problem having a probabilistic interpretation especial 
when the probability distribution of the variable is too 
complex, we often use a Markov Chain Monte Carlo 
(MCMC) sampler, which are a class of algorithms for 
sampling from a probability distribution based on 
constructing a Markov chain, which is a random process 
that undergoes transitions from one state to another on a 
state space, that has the desired distribution as its 
equilibrium distribution.  
1.3. Framework 

The Monte Carlo simulation is the tool to calculate 
acceptance corrections. It is generally divided into three 
steps, which form the so called Monte Carlochain [4]: 

1) The generation of events: this is obtained using a 
computer program which creates artificial events. A list of 
particles together with their 4-vector momentum, 
randomly generated satisfying some predefined kinematic 
distribution characteristic of the reaction under 
investigation[4]. 

2) The output of the event generation is read by a 
second program, which simulates the physical processes 
which take place during the interaction of the generated 
particles with the material of the detector components [5]. 
At the end of this process, the position of hits in the 
tracking detectors, together with time information, 
showers simulation in the electromagnetic and hadronic 
calorimeters, radiation in the Cherenkov detectors, the 
bending of charged particles trajectories in the magnetic 
fields present, all these processes are simulated and 
quantitatively determined [5]. 

3) From the information obtained so far, the same 
reconstruction program used for real data is used to 
reconstruct the MC events and store them in files ready for 
analysis. 
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II. E XPERIMENT AND SOFTWARE  
 

2.1 COMPASS Setup 
The construction of the spectrometer is shown in Fig. 1. 
 

 
Fig. 1. Schematic design of the spectrometer [6] 

 
The Figure 1 provides an overview of the 2-stage 

COMPASS spectrometer indicating important parts. The 
target was surrounded by a Recoil Proton Detector (RPD) 
measuring the signature of diffractive processes, the recoil 
proton. The final states, neutral and charged, of decaying 
resonances excited in the target were identified and 
measured by the spectrometer behind the target. The 
principle of a spectrometer is bending of charged particle 
tracks by dipole magnets in order to measure their 
momentum with high accuracy and acceptance over a 
wide momentum range. 
2.2COMGEANT 

In COMPASS we use COMGEANT to do the Monte 
Carlo simulation. Before we discuss the COMGEANT, we 
should know GEANT which is a system of detector 
description and simulation tools that help physicists in 
more and more fields [6]. The GEANT program describes 
the passage of elementary particles through the matter. 
Originally designed for the High Energy Physics 
experiments, it has today found applications also outside 
this domain in the areas of medical and biological sciences, 
radioprotection and astronautics [6]. The principal 
applications of GEANT in High Energy Physics are:  

1. The tracking of particles through an experimental 
setup for simulation of detector response. 

2. The graphical representation of the setup and of the 
particle trajectories. COMGEANT is derived from a 
frozen version of the GEANT3 simulation tool, developed 
during the last decades at CERN. 

 
Fig. 2. MC chain illustrating typical simulation flow [63] 
Figure 2 shows a typical COMPASS Monte Carlo (MC) 

software chain as it was set up to simulate the acceptance 
of exclusive diffractive processes. Events, produced by 
generator, were propagated through the spectrometer by 
the COMPASS GEANT (COMGEANT) software [7]. The 
COMPASS Reconstruction Library (CORAL) package 
was simulating most of the detector responses for final 
user event selection and analysis. 

At COMPASS, MC data are written in the same format 
(mDST files) as real data. At this point, the same routines 
written by the user to analyze the real data are employed 
to analyze the reconstructed MC data [4]. A quantitative 
comparison of the generated and reconstructed MC data 
puts in evidence the cumulative effect of geometric 
acceptance, detector and event reconstruction efficiency, 
which all contribute to the distortions of the various 
spectra characteristic of real data. After the Monte Carlo 
acceptance calculations, real data may be corrected and 
results of physical interest gained from the analysis [4]. 

 

 
Fig. 3. Event display for a simulated π

−p interaction 
 
A graphical representation of simulated π

−p interactions 
and subsequent decays as seen by COMGEANT can be 
viewed in the figure 3, where a section of the detector 
layout and the tracks and calorimeter showers are shown 
(the various colors correspond to different particle types). 
2.3 CORAL 

In COMPASS we do the event reconstruction by 
CORAL which was developed by COMPASS though 
many years. After we obtain the randomly generated 
events in the first step, we need to reconstruct the events. 
In order to reconstruct the interaction of particles in a 
generated event with the detector, the CORAL program is 
used by the COMPASS Collaboration. 
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Specifying in an option file the various configuration 
parameters, like the detector geometry and so on, which 
depends on the year of data taking and physics program 
conducted, the number of events reconstruction, the list of 
physical process that a charged or neutral particle 
undergoes travelling through the spectrometer, depending 
on the particle nature and energy, all these information 
result in a so called ZEBRA file[8], which contains the 
raw data, like position of the hits in tracking detectors, 
time characteristic of the signals, energy deposit of the 
hadronic and electromagnetic shower in the calorimeters, 
Cherenkov radiation in the RICH, and so on[7]. These raw 
data are subsequently elaborated by the event 
reconstruction program CORAL, and the reconstructed 
events are finally stored in mDST files, in analogy to real 
data. 

In order to use CORAL, we need to specify in an option 
file what kind of detector configuration has been used by 
COMGEANT. To speed up the simulation, a second 
possibility foreseen by the programs was employed: 
simulated detector information was not written in the 
ZEBRA files, instead also called pipe, based on a FIFO5 
mechanism, sent the COMGEANT output for the single 
event directly to CORAL for reconstruction. This method 
had the advantage of saving time and space on computer 
storage system without loss of precision in the MC 
simulation [9]. The resulting mDSTs with there 
constructed events at the end of the MC chain, were ready 
for use in the analysis of the MC data, performed with the 
same routines already written for real data analysis [8]. 
The binary file from the event generator containing the 
event description on an event-by-event basis constitutes 
the input for COMGEANT [4]. 

In order to reconstruct Monte Carlo simulations with 
same CORAL version as for real data and same material 
maps, the detectors.dat which include radiation length for 
detectors outside material maps, per plane efficiencies and 
detector position should be known[6]. We can get the 
vertex information, position, time and track information 
from the homepage of COMGEANT. As for the particle 
type, in this thesis η,π−,π+,π0will be cared about. 

 
III. S IMULATE  

 
The only detection elements in the COMPASS 

experiment implemented in the photon acceptance Monte 
Carlo selection, sometimes also referred to as ”FastMonte 
Carlo”, are the two electromagnetic calorimeters ECAL1 
and ECAL2and the 3.14m long steel tube of the RICH 
detector that plays a major role in the acceptance of events 
with photons. 

The ECALs are implemented as simple plane areas 
perpendicular to the beam line and located at the center of 
the calorimeters. An event is accepted when both photons 
hit any of the two planes. With the known 3-momentum of 
the gammas from the generator one can easily calculate 
their hit points in the ECAL planes. 

To simulate the threshold of the calorimeters an event is 
neglected if a photon hits ECAL1 and has an energy 

smaller than 1GeV or if a photon travels in ECAL2 and its 
energy is less than 4GeV. 
3.1 Event Generation 

Many different event generators are used within the 
Collaboration, every of which tuned to a particular 
channel under investigation, because of the vast physics 
program of COMPASS [10]. An event generation consists 
of a ROOT script written in C++, whose task is to write in 
its output file the particle identity and its 4-momentum for 
all the particles in an event - on an event by event basis 
[11]. The processes to simulate are for the subject of the 
present thesis: 

1) The scattering and diffractive excitation of the 
incoming beam π−on the proton at rest in the laboratory 
frame; 

2) The production of the X=π−f1system in a given 
kinematic range, similar to real data; 

3) The decay X →π
−+ f1; 

4) The f1→ π−
π

+
η; 

5)The η → γγ; 
Information about a single event is thus written in the 

output file describing the reaction in the interaction point. 
Due to the two subsequent decays X → π−f1→π

−
π

−
π

+
η(γγ), 

whose description is best suited in the rest frame of each 
one of the decaying particles, further complications must 
be faced. Therefore much attention was paid to the series 
of rotations and boosts which must be performed going 
from the rest frames to the laboratory frame, which is the 
default frame for the further simulation of an event. All 
these decay processes were simulated to be isotropic, for a 
precise determination of the acceptance effect on the 
reconstructed angular distributions[4]. 

The first thing that the generator code does is randomly 
choosing a vertex position. For the z-component a simple 
random number is uniformly generated in the target area 
between -70cm and -30cm(see section 2.1). With a routine 
programmed the resulting position vector for the primary 
vertex is used to interpolate a possible direction of the 
beam. The x, y and z component is randomly picked out of 
a histogram showing the vertex distribution in 
2008COMPASS data. 

As for the generation of the vertex, we can see the 
Figure 4. 

 
Fig. 4. Generated vertex distribution on x-y plane 

 
For the z-component a random number is generated in 

the target area(-70cm, -30cm). 
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Fig. 5. The generated energy vs angle of γ in X system 
 
Here we generate 1 million events in the X rest system, 

in order to use COMGEANT and CORAL, we need to 
rotate and boost the Lorentz vectors into the laboratory 
system. 
3.2 Event Accepted  

Figure 6 shows the accepted mass distributions of X=π
− 

f1 where the MC was used. The accepted events are423005. 
Comparing with the 1 million generated events, the 
average acceptance is about 42 percent. 

 
Fig. 6. The accepted π

− f1 mass distribution. 
 

 
Fig. 7. The accepted cosθG distribution in G-J frame 

 
The angular distribution of f1in the X=π

− f1 system 
which accepted by MC in Figure 7. 

 

IV. RESULT 
 
In order to know more details about the angular 

distribution of f1in the X=π
− f1system, we divide the mass 

of X into 200 MeV/bin from 1.5 to 3.1 GeV. The Figures 
8-9 are the accepted cosθG distribution of f1in the G-J 
frame where A will stand for the cosθG. 

   

 
(a)           (b)                 

Fig. 8. The accepted A of f1in the G-J frame 
 
The plot (a) is in the X mass range from 1.5 to 1.7 GeV; 

the plot (b) is in the Xmass range from 1.7 to 1.9 GeV;  
 

 
(a)                      (b) 

Fig. 9. The accepted A of f1in the G-J frame. The plot (a) is 
in the X mass range from 2.7 to 2.9 GeV; the plot(b) is in 

the X mass range from 2.9 to 3.1 GeV. 
 
With the MC accepted, we can see in the Figure 10 

where the energy Vs angle of γ is plotted that we lose 
many events at the small angle. 

 
Fig. 10. The distribution of accepted events as a function 

of energy Vs angle of γ. 
 
According to Figure 10 we can learn that due to the 

small ECAL1 gap we lost events (γs) at the angle 0.005 
rad, in additional, the RICH pipe contributes to the loss of 
events. 

 

V. CONCLUSION  
 
In this paper we do the MC simulation with the steps of 

event generation, event reconstruction, event correction 
and event accepted. In COMPASS experiment, we 
developed the COMGEANT and CORAL. With the help 
of these software we get the accepted mass distribution, 
angular distribution and the accepted energy/angle 
distribution.  
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