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Abstract 
The study of secondary particles produced in various physical processes, such as cosmic ray 

interactions or particle accelerator experiments, provides crucial insights into fundamental 

physics. To effectively investigate these secondaries, sophisticated detection systems are 

required. These systems often involve multiple detector stations strategically positioned to 

capture and characterize the properties of the produced particles. The data acquisition (DAQ) 

system plays a pivotal role in this process, responsible for collecting, digitizing, and recording 

the signals generated by the detectors. One established standard for such DAQ systems is 

CAMAC (Computer Automated Measurement and Control). This article will discuss the 

measurements and simulations of secondary particles using detector stations interfaced with a 

CAMAC-based DAQ system.  Detector stations designed to study secondary particles typically 

consist of various types of detectors, each sensitive to different particle properties. For instance, 

scintillation detectors can be used to measure the time of arrival and energy loss of charged 

particles, while Cherenkov detectors can provide information about their velocity. Tracking 

detectors, such as drift chambers or silicon strip detectors, allow for the reconstruction of the 

particle trajectories. Calorimeters are employed to measure the total energy of the incident 

particles, both electromagnetic and hadronic. The specific configuration of the detector stations 

depends on the physics goals of the experiment, including the type and energy range of the 

secondary particles being investigated.   
Keywords: Measurements, Simulations, Secondaries, Detector, Stations, CAMAC, Data, 

acquisition 

Introduction 

Measurements of secondary particles using such detector stations and CAMAC DAQ systems 

involve recording various parameters for each detected particle. These parameters can include 

the time of flight between different detector stations, the energy deposited in the detectors, the 

trajectory reconstructed from the tracking detectors, and the total energy measured by the 

calorimeters. By combining the information from multiple detectors, one can identify the type 

of secondary particle (e.g., muon, electron, hadron), determine its momentum and energy, and 

reconstruct the kinematics of the primary interaction that produced it. (Eidelman, 2020) 

When secondary particles interact with the detectors in these stations, they produce signals that 

need to be processed and recorded. This is where the DAQ system comes into play. CAMAC 

is a modular electronic instrumentation standard widely used in high-energy and nuclear 

physics experiments. A CAMAC system consists of a crate containing multiple slots, into 

which various functional modules can be plugged. These modules perform specific tasks such 

as signal amplification, discrimination, analog-to-digital conversion (ADC), time-to-digital 

conversion (TDC), and data storage.   

The probability of detecting a particle depends on its properties and the detector acceptance. 

Simulations are used to determine these efficiencies, which are crucial for normalizing 

experimental cross-sections and branching ratios. Simulated data, based on theoretical models, 

can be directly compared with the experimental data to test the validity of these models and 

extract fundamental parameters. The measured distributions of particle properties are often 

smeared by the detector resolution. Simulation-based unfolding techniques can be used to 

recover the true underlying distributions.   

Monte Carlo simulations are also vital for estimating systematic uncertainties in experimental 

measurements. By varying the parameters of the simulation (e.g., detector geometry, material 

properties, interaction models), physicists can assess how these variations affect the final 

results and quantify the associated uncertainties. This includes understanding the impact of the 
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CAMAC DAQ's characteristics (e.g., dead time, digitization precision) on the overall 

uncertainty. (Alonzi, 2021)  

Monte Carlo simulations are an indispensable tool in modern high-energy physics. They 

provide a virtual laboratory to design experiments, understand detector performance, analyze 

data, and interpret results. In the study of secondary particles using detector stations with 

CAMAC data acquisition, simulations bridge the gap between theoretical models and 

experimental observations, enabling physicists to unravel the fundamental laws of nature at the 

smallest scales. The accuracy and sophistication of these simulations are continuously 

improving, driven by advancements in computing power and our understanding of particle 

physics 

Detector stations play a vital role in capturing these particles, and the data acquisition (DAQ) 

system is the crucial link that translates detector signals into usable information. When using 

the CAMAC (Computer Automated Measurement and Control) standard for DAQ, several 

challenges arise in both the measurement and simulation of these secondary particles. While 

CAMAC was a widely adopted standard for decades, it faces inherent limitations in modern 

high-energy physics experiments dealing with a large number of secondaries and high event 

rates. 

CAMAC systems typically have lower data transfer rates compared to modern standards like 

Ethernet-based systems. This can create bottlenecks when dealing with the high multiplicity of 

secondary particles produced in energetic collisions, potentially leading to data loss or 

increased dead time. Expanding CAMAC-based detector stations to accommodate more 

detectors or higher granularity can be complex and costly due to the bus architecture and 

addressing limitations. 

CAMAC components are increasingly difficult to source and maintain, leading to potential 

downtime and increased operational costs. Finding expertise for troubleshooting and repairing 

aging CAMAC systems is also a growing challenge. Coordinating triggers and synchronizing 

data from a large number of detector channels across a CAMAC system can be intricate, 

especially with complex event topologies involving multiple secondary particles arriving at 

different times. (Miller, 2020) 

Literature Review 

Uretsky et al. (2021): Monte Carlo simulation involves generating a large number of pseudo-

random events that mimic the physical processes under investigation. Based on theoretical 

models of particle interactions (e.g., quantum chromodynamics for strong interactions, the 

Standard Model for electroweak interactions), the simulation generates the initial state of a 

collision, including the types and momenta of the colliding particles. 

Anderson et al. (2020): The generated primary particles and any subsequently produced 

secondary particles are tracked through a simulated detector. This involves modeling their 

interactions with the detector material, including processes like ionization, scattering, 

bremsstrahlung, and pair production. 

Sumino et al. (2021): The simulation models how these particle interactions within the detector 

lead to measurable signals. This includes simulating the response of various detector 

components, such as calorimeters (energy measurement), tracking chambers (trajectory 

measurement), and particle identification detectors.   

Powell et al. (2022): In sophisticated simulations, even the data acquisition (DAQ) system can 

be modeled to some extent, including factors like trigger logic, digitization of signals, and data 

formatting. The output of the Monte Carlo simulation is a large sample of simulated events, 

which can then be analyzed using the same software tools as the real experimental data. This 

allows for direct comparison between simulation and measurement. 

Measurements and simulations of secondaries with a detector stations using CAMAC 

data acquisition 

The signals from the detectors are routed to the appropriate CAMAC modules. For example, 

the pulse height from a scintillation detector might be digitized by an ADC module, while the 
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timing information is recorded by a TDC module. The CAMAC modules within a crate 

communicate with a crate controller, which in turn interfaces with a computer. The computer 

controls the data acquisition process, configures the CAMAC modules, reads out the digitized 

data, and typically performs online monitoring and preliminary analysis.   

Table 1: Energy loss, radiation length and scattering angle for 3 GeV muons after traveling 

through 10 cm of Some materials 

 
While experimental measurements provide direct information about the detected secondary 

particles, simulations play a crucial complementary role in understanding the underlying 

physical processes. Monte Carlo simulations, based on theoretical models of particle 

interactions and detector response, are extensively used. These simulations generate a large 

number of virtual secondary particles, propagate them through a detailed geometrical 

description of the detector setup, and simulate the signals produced in each detector.   

 
Figure 1: Data Acquisition System 

Source: researchgate.in 

The simulated data is then processed using the same analysis software as the experimental data. 

By comparing the distributions of measured and simulated quantities (e.g., energy spectra, 

angular distributions, correlations between different particle properties), physicists can validate 

the theoretical models, understand the detector performance and acceptance, and estimate the 

background contributions to their measurements. 

Furthermore, simulations are essential for optimizing the design of detector stations. By 

simulating different detector configurations and placements, researchers can determine the 

most effective setup for achieving their physics goals. Simulations can also help in developing 

and testing the data analysis techniques before the actual experimental data is collected. 

Table 2: Energy loss and scattering angle for different energies of the muon in concrete. 

 
In the context of CAMAC DAQ systems, simulations can also be used to model the electronic 

response of the modules and the data acquisition chain. This can help in identifying potential 

bottlenecks or limitations in the DAQ system and optimizing its performance for the specific 

experimental conditions. 

Monte Carlo simulations are a cornerstone of modern high-energy physics research. They are 

computational techniques that rely on random sampling to model complex physical processes, 

particularly particle interactions and detector responses. In the context of studying secondary 

particles produced in high-energy collisions, Monte Carlo methods play a crucial role in both 
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designing experiments and analyzing the collected data.   

 
Figure 2: Pulse in the oscilloscope 

When studying secondary particles produced in high-energy collisions, experiments often 

employ detector stations strategically placed to intercept and measure these particles. These 

stations can consist of various detector technologies optimized for specific particle types or 

momentum ranges. 

In an experiment studying secondary particles, detector signals are processed by front-end 

electronics and then fed into CAMAC modules for digitization and data collection. The 

CAMAC system, controlled by a computer, reads out the data from the modules and stores it 

for subsequent analysis.   

Monte Carlo simulations are extensively used to design the detector stations. By simulating the 

expected flux and properties of secondary particles, physicists can optimize the type, geometry, 

and placement of detectors to achieve the desired acceptance, efficiency, and resolution. 

Simulations help in determining the requirements for the DAQ system, including the necessary 

speed and dynamic range of the CAMAC modules.   

High-energy physics experiments often face significant backgrounds from unwanted particles. 

Monte Carlo simulations are essential for understanding and quantifying these background 

sources. By simulating various background processes, physicists can develop strategies to 

identify and reject these events in the experimental data. This includes simulating how 

background particles interact with the detector stations and how their signals are processed by 

the CAMAC DAQ.   

Monte Carlo simulations can be used to study the response of the detector stations to known 

particles. By comparing simulated detector signals with calibration data obtained using test 

beams or radioactive sources, physicists can calibrate the detectors and evaluate their 

performance characteristics, such as energy resolution, momentum resolution, and particle 

identification capabilities. The simulation can also help in understanding any non-linearities or 

inefficiencies in the detector response and the DAQ chain.   

Once experimental data is collected using the detector stations and the CAMAC DAQ, Monte 

Carlo simulations are indispensable for interpreting the results. By simulating the physics 

processes of interest and passing the simulated events through a detailed model of the detector 

and the DAQ system, physicists can correct for detector effects. The detector introduces 

distortions and inefficiencies in the measurement of particle properties. Simulations allow for 

the development of correction factors to account for these effects. 

The diverse nature of secondary particles (e.g., photons, electrons, hadrons, muons) often 

necessitates a variety of detector technologies within a station. Each detector type presents 

unique challenges for signal processing and measurement. Secondary particle interactions can 

produce complex signals (e.g., pulse shapes, multiple hits in a detector element) that require 

sophisticated analog and digital processing within the CAMAC modules. 

The energy spectrum of secondary particles can be broad, requiring detectors and DAQ systems 

with a wide dynamic range to accurately measure both low- and high-energy particles. At high 

event rates, signals from consecutive secondary particle interactions can overlap (pile-up), 
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distorting the measured energy and timing information. Mitigating pile-up requires careful 

detector design, fast electronics within CAMAC modules, and sophisticated offline analysis 

techniques. Ensuring the accurate measurement of secondary particle properties requires 

precise and stable calibration of all detector channels and continuous monitoring of their 

performance. This can be challenging for large detector stations with numerous CAMAC 

modules. 

 
Figure 3: Count rate variation in detector 1 

Detectors and CAMAC electronics operating in high-radiation environments can suffer 

degradation over time, affecting their performance and calibration. The presence of strong 

electromagnetic fields in experimental areas can introduce noise into the detector signals and 

the CAMAC DAQ system, requiring careful shielding and grounding. Variations in 

temperature and humidity can affect the performance of detectors and electronics, necessitating 

environmental control and monitoring.   

Accurate simulations are essential for understanding the detector response to secondary 

particles and for interpreting the experimental data obtained with CAMAC DAQ. Simulating 

the production of secondary particles from primary interactions requires accurate models of 

particle physics at the relevant energy scales. These models often involve complex quantum 

mechanical calculations and rely on experimental data that may have uncertainties. Precisely 

modeling the geometry and materials of the detector station is crucial for simulating how 

secondary particles interact within the detectors.  

Modern detector stations can have intricate geometries with many layers and sub-detectors, 

requiring detailed and accurate implementation in simulation software. The simulation needs 

accurate information about the physical and chemical properties of the detector materials to 

model particle interactions (e.g., energy loss, scattering, particle production) correctly. 

Converting the simulated particle interactions within the detector into realistic electronic 

signals that would be processed by the CAMAC DAQ system is a significant challenge. This 

involves accurately simulating the physical processes within the detector that lead to signal 

generation (e.g., ionization, scintillation, Cherenkov radiation). 

Ideally, the simulation should also model the response of the front-end electronics connected 

to the detectors and the digitization process within the CAMAC modules, including effects like 

noise, shaping, and thresholds. This level of detail is often computationally expensive. Real 

detectors have inefficiencies (e.g., dead regions, limited acceptance) and imperfections (e.g., 

variations in response across channels) that should be included in the simulation for a realistic 

comparison with experimental data. 

Simulating the large number of secondary particles produced in high-energy collisions and 

their interactions within complex detector geometries can be computationally intensive and 

time-consuming. This often requires access to high-performance computing resources and 

efficient simulation software.  The accuracy of the simulations needs to be validated by 

comparing the simulated detector response to known particle sources or experimental data. 

This often involves tuning parameters within the simulation models to achieve the best 

agreement, which can be a challenging and iterative process. 

Measuring and simulating secondary particles with detector stations using CAMAC DAQ 
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presents a unique set of challenges. While CAMAC has been a reliable standard, its limitations 

in speed, scalability, and maintainability pose significant hurdles for modern high-energy 

physics experiments. Accurately capturing the complex signals from various detectors and 

dealing with environmental factors add further complexity to the measurement process.  

CAMAC (Computer Automated Measurement And Control) is a standardized modular 

electronics system that has been widely used in high-energy physics for data acquisition and 

control. A CAMAC system typically consists of a crate containing various modules, such as:   

Analog-to-Digital Converters (ADCs): To digitize the analog signals from detectors. 

Time-to-Digital Converters (TDCs): To measure the arrival times of signals.   

Scalers: To count the number of events or particles. 

Control Modules: To configure and control the other modules. 

Crate Controller: To interface the CAMAC crate with a computer for data readout and control. 

Similarly, simulating the production and interaction of secondaries within intricate detector 

geometries and realistically modeling the detector response and the CAMAC DAQ system 

require significant effort in terms of model development, computational resources, and 

validation. Overcoming these challenges is crucial for extracting meaningful physics results 

from experiments relying on CAMAC-based data acquisition. As technology advances, the 

trend is towards migrating to faster and more scalable DAQ systems, but understanding and 

addressing the challenges associated with existing CAMAC setups remains important for 

ongoing analyses and legacy data. 

Conclusion 

The measurement of secondary particles using detector stations coupled with CAMAC data 

acquisition systems is a powerful approach in experimental physics. The multi-detector setup 

allows for a comprehensive characterization of the produced particles, while the CAMAC 

standard provides a flexible and reliable platform for data acquisition. Complementary 

simulations are indispensable for interpreting the experimental results, validating theoretical 

models, optimizing detector designs, and understanding the performance of the DAQ system 

itself. The synergy between precise measurements and detailed simulations is crucial for 

advancing our understanding of the fundamental constituents of matter and their interactions. 
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