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Abstract — This research paper seeks to predict the future developments and trends of accelerator technologies in science,
medicine, and industry from the year 1968 to 2050 based on historical growth trends and social cost-benefit analysis. The
study starts with gathering and cleaning international dataset on the overall number of accelerators and using the method
of cubic spline interpolation to work with the missing values. The Compound Annual Growth Rate (CAGR) for each sector
is computed to show different growth trends; a linear growth in science sector while the medicine and industry sectors
depict nonlinear growth. Logistic functionality is employed to fit the growth of the industry and simulate future growth
based on different levels of saturation. The findings suggest that the accelerator industry may be nearing saturation in the
next 15-30 years with the best-fit model estimating that 60% of the market demand was met by 2014. A social Cost-Benefit
Analysis (CBA), based upon two case scenarios of the National Centre of Oncological Hadrontherapy (CNAO) and the
Large Hadron Collider (LHC), shows that there are important social benefits, especially in terms of technological
externalities, human capital formation, and health impacts. Monte Carlo simulations also illustrate the range of possible
outcomes, adding to the argument that technological advancement plays a crucial role in identifying an industry’s future
directions.

Keywords — Social Cost-Benefit Analysis, Accelerator Technologies, Compound Annual Growth Rate, Mean Absolute
Prediction Error, Plasma Wakefield Acceleration.

I.INTRODUCTION
The technology responsible for particle accelerators has been advancing for almost a century since its initial tests conducted
at the Cavendish Laboratory in Cambridge [1]. There are around 30,000 operational particle accelerators worldwide. The
majority of these devices use low-energy beams, typically less than 1 MeV, and are mostly employed in industrial
applications [2]. There are somewhat more than a hundred high energy accelerators for research, with a smaller number
dedicated to photon science, most of which have been recently built. In particle physics, it becomes mandatory to bring the
energy and the intensity of the beams up to the maximum permissible limits.

Although current research is aimed towards creating improved particle colliders including the International Linear
Collider, and the Future Circular Collider, there are investigations for new ideas for compact and cheaper devices. An
application of PWFA is illustrated through an example and presently under experiment in many of the leading laboratories.
The basic concept of the PWFA is that of the propagation of very high-energy charged particles through a quiescent plasma
[3]. Plasma may be produced through laser ionization where a laser beam is used to ionize a gas [4] or relativistic field
ionization induced by the Coulomb bunch [5]. The second approach allows for generating a dense (1016-1017 cm™3) plasmas
which are useful for the PWFA. Furthermore, this technique cuts the experimental configuration process by half. During
single-bunch tests using ultrashort electron bunches, it has been seen that the leading part of the bunch initiates the formation
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of plasma as well as propels the wake [6]. This wake generates a longitudinal field with a high gradient, which subsequently
propels particles located at the rear of the group. The system functions as a transformer, efficiently transferring particle
energy in the main body of the group to those in the rear, through the plasma wake. Its physics remains unaltered when there
are two different bunches instead of a solitary bunch; the energy from the first bunch is moved to a subsequent witness
bunch.

Regardless, this technical breakthrough would likely include a significant and innovative advancement, often resulting in
the spread of its impacts to many areas of application [7, 8, 9]. Researchers acknowledge that radical innovation and
incremental innovation are distinct within an organization, despite variations in their definitions [10, 11, 12, 13]. They also
recognize that radical innovation is crucial for the long-term performance of organizations. However, studies [14, 15, 16]
have shown that obtaining backing for innovative initiatives at big corporations may be challenging, as the internal cultures
and pressures often steer efforts towards less risky, short-term, and incremental undertakings. Curiously, our knowledge on
effectively managing the product development process is much limited in the radical context compared to the incremental
context. Extensive research exists on the cross-functional and integrated mechanism to novel product development [17, 18,
19]. Design-For-Manufacturability, Stage Gate Model, and Concurrent engineering [20] all have the objective of integrating
the functional areas at an early stage and with regularity in the process of designing a novel product.

The research questions for this study are as follows:
e “What methods can we use to quantify the advantages of an unpredictable innovations in acceleration
technologies?”
o “What specific community shareholders are responsible for this type of innovation?”

The need to conduct this research stems from the growing application of accelerator technologies in various fields across
the globe in science, health, and commerce among others. Nevertheless, there is very limited information available on the
sustainable growth pattern and the socio-economic impact of these technologies. Thus, the objective of this study is to predict
the future trends of the accelerator industry by measuring the historical trend and conducting the social cost-benefit analysis
which will be helpful for the policymakers, investors and researchers to make right decisions for the further advancement
and utilization of these crucial technologies. The structure of the paper is as follows: Section Il describes the methodology
employed when composing this research paper. The methodology integrates data collection and preprocessing, growth rate
estimation and logistic function modelling, forecasting future trajectories, and social CBA and sensitivity analysis. The
findings obtained in this research, which includes accelerator industry trajectory, and social CBA have been discussed in
Sections Il and 1V. Lastly, Section V provides detailed concluding remarks this research paper.

Il. METHODOLOGY

Data Collection and Preprocessing
The initial stage of analytical processing of the data is to obtain comprehensive information on the total number of
accelerators in various fields of application, science, medicine, and industry, for the period from 1968 to 2014. The
information used in this paper were mainly collected from [21], which give the total number of accelerators in the world. To
complement this data, we incorporated other information from the industry reports, academic papers, and databases to make
it as accurate and comprehensive as possible. The dataset was then preprocessed to standardize the values of each of the
metrics over the different years and fitted for missing values using the cubic spline technique to ensure that the metrics
remained in the form of a time series. The total number of accelerators N(t) at any time t is considered in the dependence
on the year, and the number of accelerators in the field of science (N,(t)), medicine (N,,(t)), and industry (N;(t)). In Fig
1, the application fields are depicted, and one can also see that the growth rates of each sector are not equal.
Growth Rate Estimation and Logistic Function Modelling

The Compound Annual Growth Rate (CAGR) was used to calculate the growth rates of accelerators in each field to
estimate their mean annual growth rates over the given period. The CAGR can be described using Eg. (1).

1

CAGR = (N(tend) )fend—fstarc 1 (1)

N(tstart)
where N(tgqre) and N(t.,q) are the total number of accelerators at the beginning and at the end of the period under
consideration. This formula was used individually on the data of science, medicine and industry to get the growth rates in
the respective sectors. Since the accelerator industry development process has an S-shape, with steep increases in the rates

of growth in the medicine and industry fields, we used the logistic function to address the S-shaped time inclination in the
overall number of accelerators. Logistic growth model is defined by Eq. (2).

K
N@) = e )

where N(t) is the cumulative amount of the accelerator at t, K refers to the carrying capacity or the ultimate limit of the
curve which is the market saturation level, r is the intrinsic growth rate, and ¢, is the time at which the growth rate starts to
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decline. Accordingly, we have used the least squares nonlinear regression which provided the best fit to the observed data
and minimized the difference between the observed and the predicted N (t). Logistic function was adopted because it can
describe the slowing down of the growth as the industry gets closer to the level of saturation, and this is observed in the
diffusion of technologies.

Forecasting Future Trajectories

To make a prognosis of the further development of the accelerator industry up to 2050, we expanded the logistic model by
means of different scenarios depending on the assumed current saturation level S,. The scenarios take into account deviates
in the value of S, which reflects the share of potential total demand covered by 2014. The forecasts are obtained by applying
the logistic equation (Eg. (2)) to subsequent time points, the following are some of the possibilities. The following trajectories
depict the expected growth of accelerators based on each scenario and depict points where growth may decrease or increase
due to advances in technology or the market reaching its pinnacle. The Mean Absolute Prediction Error (MAPE) was then
computed using Eq. (3) to determine the fitness of the various models.

N(t)-N(t)
N(t)

1
MAPE =237, | 3)

where n is the number of observations, N(t) is the actual number of accelerators and N (t) is its predicted values from
the logistic model. In order to compare the models, the Mean Absolute Percentage Error (MAPE) was employed with the
model that contained the smallest MAPE regarded as the most accurate for both in sample and out of sample forecasts.

Social CBA and Sensitivity Analysis
In order to measure the extent and value of social and economic effects of the accelerator sector, a Social Cost-Benefit
Analysis (CBA) was done using the framework by [22]. Net Present Value (NPV) is used to estimate the value of the RI
investments where Eg. (4) is employed.
NPVy; = NPV, + PVB, 4

where NPV, is the net present value of use-benefits, Benefits are the present value of users (PVB,,) and the present value
of economic cost is (PVEC). PVB,, is the present value of non-use benefits and it comprises of the future values and the
value of scientific discovery. The stochastically expanded model is arrived at using Eq. (5).

NPVp; = Xis, E[Bi () — E[C;(1)] (®)

where B;(t) and C;(t) represent benefits and costs of the accelerator projects at time ¢, and E[-] stands for the expectation
of the probability distribution of the variable enclosed. Monte Carlo simulations were applied to assess the empirical
cumulative distribution function of the NPV to identify the possible outcomes. The advantages were decomposed into several
parts including scientific value, technological externalities, people capital development, cultural effects, and use value of
research. The model was applied to two case studies: the National Centre for Oncological Hadrontherapy (CNAO) and
CERN’s Large Hadron Collider (LHC) in Italy. The results were displayed as the CDFs of the NPV to demonstrate the
distribution of the outcomes as well as the proportion of the benefits of each type.

The sensitivity analysis was done in an attempt to assess the stability of the forecast and CBA results given different
assumptions on the key parameters of the logistic model and the CBA framework. To analyze the future trends of the logistic
model, we changed the parameters, which are the intrinsic growth rate r, the carrying capacity K, and the initial saturation
level S,. In the CBA, we altered the social discount rate, expected growth of benefits and probability distribution of costs
and benefits. Thus, the sensitivity analysis showed the variability of the results and defined the most significant factors that
affect the forecast and SROI. The conclusions highlight the need to take into account uncertainty and variability when making
long-term forecasts of the industry’s development and calculating economic indicators.

Ill. RESULTS
The Accelerator Industry Trajectory
Fig 1 displays the data from [23] on the total number of accelerators globally, categorized by their area of use. This is a
first step towards predicting the future trends in the accelerator industry. The average annual growth rates for research,
medicine, and industry are 1%, 9%, and 6% correspondingly, indicating significant heterogeneity across different areas.
Accelerators in science have a growth mechanism that may be accurately modeled by a linear function. In contrast, the
increased dynamics of accelerators in medicine and industry have a very nonlinear pattern, and shown by Eq. (6).

| =

CAGR = (ﬁ)T -1 (6)

Xo
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Fig 2 utilizes the logistic functionality to model the S-shaped temporal trend based on the information of the overall
quantity of accelerators. It also predicts potential paths up to the year 2050. Instead of calculating the ceiling parameters, we
have created 4 curves, which vary in their assumption about the unknown steady-state market size, represented by the upper
asymptote of the logistic function. If the quantity of accelerators accessible in 2014 accounts for 60% of the total potential
demand, then by 2046, the market could be able to meet 95% of the need. Alternatively, if the value in 2014 signifies 90%
of the total potential demand, then by 2032, 95% of the need would be met. Based on visual examination, it seems that the
sector will achieve maturity during the following fifteen to thirty years.

The Mean Absolute Prediction Error (MAPE) indicated in the caption of Fig 2 suggests that the most accurate fit to the
data is achieved by assuming that 60% of the demand was met in 2014. Remarkably, when it comes to measuring how well
the model fits data that it hasn't been trained on, this particular parametrization performs better than models that rely on an
exponential or linear trend function. Calculation on out-of-sample MAPE has been done using the latest observations from
2007 to 2014, and re-evaluating models without including these points of data. MAPE for the exponential, linear, and logistic
trend models are 12%, 25%, and 16% respectively. Upon examining Fig 2, it is evident that there is a noticeable inflection
points within the dynamics of the accelerators in the past few decades.

. : ‘ [ I
| [ ® Industry (CAGR - 5.8%) | N daa
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Fig 1. Total Number of Accelerators Worldwide From Fig 2. Quantity of Accelerators Worldwide, with
1968 To 2014, Categorized by Their Area of Use Different Projections for The Time Between 2015 And

2050

**Notes: The lines depict cubic spline interruption of given data, specifically for certain years indicated by symbols.
Each graphical legend displays CAGR (Compound Annual Growth Rate) which is computed using Eq. (6). The lines in Fig
1 reflect the estimated values obtained from non-linear regression analysis using logistic function, which considers the
overall number of accelerators, as well as a constant term and a temporal trend. Legends show the percentage of total demand
that is projected to be met in 2014 for each of the four lines, as well as the year in which this percentage is expected to reach
95%. The caption further displays MAPE computed over the time frame of 1968 to 2014. In-sample fitness is inversely
proportionate to model MAPE and is represented using Eq. (7).

Xt—Xt
(=)

The variables n, %, and x, represent the number of observations in the sample, fitted values, and actual values
correspondingly. The gray region represents the time period from 2015 to 2050, which is beyond the range of the sample.

Previous work [24] indicates that a technical advancement is probable at this point, since it is the only means to alter the
convergence towards a stable condition. Technological convergence refers to the phenomenon where advancements or
innovations that are introduced and adopted in one area have a substantial effect on the condition of product development,
competitiveness, and value creation in other industries. Convergence can result in competitive conditions where products or
services from one industry become increasingly connected, absorbed, or combined with a wider range of offerings from
another industry. This can be achieved by promoting the development of substitute or complementary products that add
more value and redefine the structure of the industry. Convergence results in the gradual disappearance of formerly distinct
borders within sectors, as they start to exhibit increasingly comparable competitive, market-oriented, and technical features.

As industries converge, companies must acquire and invest in novel core competencies that enable them to use valuable
abilities and fundamental product frameworks. These frameworks should be readily adaptable and adjustable to cater to a
broader consumer base across various marketplaces. Fig 2 is associated with the Livingston plot, which illustrates the
nonlinear growth in lab energy of particles beam generated by accelerators over time [25]. The Livingstone plot is a valuable
and well-regarded tool that demonstrates how the primary factor behind the rise in energy of accelerators is the introduction
of new technology, rather than just improving or advancing old machines and their spread [26].

MAPE — 100 x n=1 37 O
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Social CBA and Two Case Scenarios

Our conceptual framework uses Cost—Benefit Analysis (CBA) to evaluate research infrastructure (R1). The CBA is one
of the most popular tools employed by economists and governments to determine the social and economic efficiency of
investments. It is useful in predicting the outputs, inputs and their corresponding MSVs to determine the anticipated NPV of
a project. The CBA hypothesis has been discussed in relation to Mishan and Quah [27] and Nye [28]. In this concept, a
project is considered good if the benefits obtained in the long run are worth more than the costs. This approach receives a
lot of support from different organizations such as the European Commission, OECD, EIB, WB and many other
national/international organizations [29].

Currently, the use of Cost-Benefit Analysis (CBA) in research infrastructure (RI) has been impeded due to arguments
that the uncertainty surrounding the future economic advantages of scientific endeavors poses a challenge for making
accurate quantitative predictions. Woithe et al. [30] conducted research on the social effect of CERN and suggested that a
qualitative methodology is favored over quantitative ones due to potential criticism. Cellini and Kee [31] conducted a survey
on past experience and found that although there have been significant advancements in analyzing how research expenditures
benefit society, it is not possible to directly compare the various ways in which these benefits are spread or to quantify the
total benefits level from normal research in relation to the amount of public investment in this form of research. Makridakis
[32] propose that using quantitative forecasts could result in underestimating the advantages. Lappe and Spang [33] found
that based on survey data, companies that invest in university research do not try to analyze the costs and benefits of this
investment because they consider it to be excessively intricate and expensive. The suggested model may be expressed using
Eqg. (8).

E(NPVg) =E[(S+T+H+C+A)— (TC+E)+ PV | (8)

NPV, refers to the NPV of the RI, which is calculated by adding the NPV for infrastructure users (N PV,,) and the current
value for non-users (PVp, ). The latter concept incorporates both potential future advantages arising from the RI and the
inherent worth of novel scientific information for the public good. Eq. (8) utilizes the concept that overall use-benefits are
determined by subtracting the current economic cost of benefits for individuals of the RI(PVB,) from the current value of
its economic cost (PVEC). Variables in a Cost-Benefit Analysis (CBA) are considered “present values” because they have
been converted to a common measurement unit, which is the monetary element in a certain base year. This conversion takes
into account the future and past values of the variables, and it is done using a predetermined societal discount rate.
Additionally, these values are aggregated throughout the whole time period covered by the CBA.

A social discount rate is the comparative assessment of a society on the value of present well-being compared to future
well-being. The selection of a suitable social discount rate is vital for conducting cost-benefit analysis and has significant
consequences for the distribution of resources. Setting the social discount rate too high may prevent the implementation of
many socially beneficial public initiatives, while setting it excessively low poses the danger of making numerous
economically wasteful investments. In addition, a higher social discount rate, which assigns less importance to benefits and
costs that occur in the far future, supports projects with advantages that occur sooner. Conversely, a lower social discount
rate supports projects with benefits that occur later.

The selection of the social discount rate has an impact on both the initial determination of whether a particular public
sector project is worthy of financing and the subsequent assessment of its success. The benefits of a Research Institution
(RI) can be categorized into various shareholders; the publication value for scholars (S), technological development for
collaborative companies and other agents (T), accumulation of human capital for early career searches (H), cultural impacts
for the general public (C), as well as additional benefits for users in applied researches (A). In the same way, economic costs
may be categorized as investment and operation costs (TC) as well as negative externalities (E, such as pollution). Therefore,
it is evident that a social CBA is different from financial evaluation of a project. Thus, Eqg. (8) is transformed into Eq. (9).

E(NPVg) =E[(S+T+H+C+A)— (TC+E) + PVy | 9)

The model has been employed in two prior research studies that evaluate the societal advantages of accelerators in the
fields of research and health. The investigations focused on the LHC at CERN [34] and the CNAO in Pavia, Italy [35].
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Fig 3 provides a concise overview of these studies. Both projects have a positive Expected Net Present Value (E(NPVg,))
and hence pass the Cost-Benefit Analysis (CBA) test satisfactorily, but with differing probabilities. The structure of overall
benefits also varies. CERN attributes 33% of its overall benefit to enhanced career chances for former researchers and
students (H), and another 33% to technological spillovers (T). In contrast, the majority of CNAQO's benefits, specifically 97%
of the total, are derived from the health benefits it provides to patients (A).
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Fig 4. LHC—Benefits
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Cost-Benefit Analysis (CBA) of the LHC and the CNAO. Fig 3 and Fig 4 were derived from [36], while Fig 5 and Fig
6 were derived from [37]. Fig 3 and Fig 5 indicate the cumulative density function of NPV of CNAO and LHC, respectively.
These functions are derived from Monte Carlo simulations. Fig 4 and Fig 6 demonstrate the distribution of advantages
among different stakeholders. These stakeholders include cultural impacts (C), human capital (H), technical spillovers (T),
scholarly publications (S), benefits for other applied research users (A), and non-use benefits (PVB,,). In Fig 4, PVB,
indicates the LHC value on the basis of its existence. In Fig 6, A integrates both the patients’ health benefits (95%) and the
benefits for experimental beam users (2.2%).

IVV. DISCUSSION

Several electrostatic high-voltage generators were developed throughout the 19" century [38]. Their performance was erratic
and electric breakdown became a significant issue above some few kilovolts. Earlier accelerators consisted of a pair of
electrodes contained in a vacuum tubing, with exterior links to higher sources of voltage. An electron or proton source is
positioned near an electrode at an electron-Volt (eV) potential. The particles are then propelled towards the second electrode,
which has its potential at the earth [39]. They appeared or were seen via a tiny aperture in the grounded electrode. The energy
gained by every particle with an eCoulombs charge is equal to eV Joules, or in units generally employed for the accelerated
beam. An eV is equivalent to 1.6 x 107° Joules. The energy of a completely exposed ion with a charge of Z and an atomic
number A equals ZV/A eV/nucleon.

Cockcroft and Walton constructed the first high-voltage generator in the 1930s, which achieved an approximate energy
of 1 MeV [40]. This generator was designed to accelerate various particles for fission tests [41, 42, 43]. Their utilization of
capacitors and diodes, referred to as a rectifier circuit, continues to be used now to administer higher voltage to protons and
ions at the initiation of several synchrotrons and linacs, although they are progressively getting substituted by quadrupoles
with radio frequency. In the 1930s, Van der Graaf founded an electrostatic generator, which employed a moving belt to
transport charge to higher voltage terminals, eventually reaching a potential of many megavolts [44]. Van der Graaf
accelerators continue to serve as a valuable source of low voltage particles, although they are necessarily constrained by
issues related to voltage breakdown [45]. The device has achieved voltages of up to 27 MV while operating in a gas
environment that suppresses discharges, such as SF6. In theory, it is possible to connect multiple electrostatic accelerators
in a series, with each cathode linked to the next anode. However, every phase of this setup raises the potential difference
between the devices’ end and ground. Ultimately, this leads to electrical breakdown and the discharge of higher voltage
terminal.

Epidemiological research [46, 47] may be used to infer long-term patterns of accelerators sold to hospitals. Socio-
demographic variables have a crucial role in determining the availability of radiation in medium- and low-income nations.
Currently, accessibility to radiotherapy is restricted in these countries. However, as these countries experience economic
growth, there will be an increased need for medical accelerators [48]. The depletion of the present inventory of accelerators
is an extra factor that stimulates demand, due to the variation in the lifespans of the machines now being used. For example,
in the European Union, the majority of machines used for radiation are advanced linear accelerators (linacs), but in Asia and
Eastern Europe, around 2/3 of machines are outdated Cobalt-60 units, which are likely to be substituted in the near future
[49]. Furthermore, the emergence of novel industrial uses, such as implantation of ions in semi-conductors might result in
the need for accurate demand predictions.

In addition, we propose that the fluctuations in the overall quantity of accelerators globally may be accurately represented
by a “S-shaped” temporal pattern. Curves exhibiting this particular form have a rich historical background in the field of
statistics and are extensively employed in the domains of economics, demography, and biology [50]. In the field of
innovation researches, S-shaped curves are used to depict the progression of technology adoption over time. These curves
show that the rate of diffusion initially increases, reaches a peak, and then gradually decreases. This pattern results in rapid
diffusion that is led by a slow beginning and followed by a gradual decline and convergence to saturation in later stages [51].
The logistic function is a prominent sample of an S-shaped temporal trend that is employed to describe this pattern.

Prior work provides a rationale for why the overall spread of technology often follows an S-shaped pattern [52]. The S-
shaped dissemination pattern and the rates of diffusion are a collective representation of the many underlying factors of
adoption. Diffusion is a process that is not unary. Instead, diffusion events are most effectively understood as progressing
through several phases of a “diffusion life cycle.” Each step of the process is distinguished by distinct market niches, varying
factors that drive diffusion, and unique interactions with other diffusion processes, including both competitive and
interdependent dynamics [53]. Therefore, it is important to analyze diffusion processes by considering multiple variables
and attributes. This means studying innovation diffusion cases in relation to other cases and using various measures to
describe the trajectories of diffusion. Additionally, it involves developing comprehensive vectors of driving variables. This
multi-tiered perspective on diffusion also prompts the inquiry as to whether the word “diffusion” really encapsulates the
fundamental nature of the majority of technical or social/institutional change processes. Very little invention spreads without
any influence or interaction with its surroundings [53].

During its development, an invention engages with established methods, relies on the creation of a framework to be
effectively integrated into the sociotechnical system, and undergoes changes in its technological, economic, and social
aspects. From a comprehensive viewpoint, diffusion may be most accurately characterized as a “evolutionary process that
occurs through a series of replacements” [55], including a progression of substitutes across different specialized (growing)
market segments. To fully understand diffusion, it is necessary to thoroughly evaluate the series of replacements involved,
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rather than considering each step in isolation [56]. The debate surrounding the mathematical models of diffusion, specifically
the question of symmetrical versus asymmetrical models, seems to arise from different perspectives on innovation. One
perspective considers an innovation growing in isolation, while the other analyzes an innovation's market share in relation
to competing technologies. Diffusion phenomena often need a multivariate approach, although this method has not been
widely used in the several fields of diffusion study [57].

The notion of “competition-legitimation” suggests that some technologies gain acceptance as their user base expands
(“legitimation™), but the struggle for limited resources eventually limits the extent of their spread [58]. The presence of
diversity across populations and nations is another potential reason. Legitimacy refers to the widespread view or assumption
that the activities of a certain entity align with the accepted norms, values, beliefs, and definitions within a given social
system [59]. The term may be adjusted to integrate the environmental and social aspects, such as the idea that a company's
environmental performance is desirable, suitable, or acceptable. Diez-Martin, Prado-Roman, and Blanco-Gonzalez [60]
argue that the strategic managerial approach of legitimacy refers to organizations' ability to strategically modify their
legitimacy position and acquire resources via corporate activities. This is achieved by inclining their activities and altering
perceptions.

During its development, an invention engages with established methods, relies on the creation of a framework to be
effectively integrated into the sociotechnical system, and undergoes changes in its technological, economic, and social
aspects. From a comprehensive viewpoint, diffusion may be most accurately characterized as an “evolutionary process that
occurs through a series of replacements” [61], whereby there is a progression of substitutes within different specialized
(growing) market segments. To fully understand diffusion, it is necessary to thoroughly evaluate the series of replacements
involved, rather than examining each step in isolation. The debate surrounding the mathematical models of diffusion,
specifically the question of symmetrical versus asymmetrical models, seems to stem from different perspectives on
innovation [62]. One perspective considers an innovation as growing into a vacuum, while the other analyzes an innovation's
market share compared to competing technologies. Diffusion phenomena often need a multivariate approach; however, this
method has not been widely used in different diffusion fields [63].

The notion of “competition-legitimation” suggests that some technologies gain acceptance as their user base expands
(“legitimation”), but the struggle for limited resources eventually limits the extent of their spread. The presence of diversity
across populations and nations is another potential reason. Legitimacy refers to the widespread views and assumptions that
activities of a certain firm are desirable, suitable, or fitting within a socially formed framework of definitions, beliefs, values,
and norms [64]. The term may be adjusted to integrate the environmental and social aspects, such as the idea that a company's
environmental efficiency is suitable, desirable, or acceptable. Filatotchev and Nakajima [65] argue that the strategic
managerial approach of legitimacy refers to the ability of organizations to strategically modify their legitimacy status and
acquire resources through corporate actions. This is achieved by adjusting their activities and influencing how they are
perceived.

V. CONCLUSION

Based on the growth rate forecast, it has been established that the accelerator industry will be ready to grow to maturity in
the next 15-30 years depending on the current market penetration. The most accurate model, which presupposes that 60% of
the potential demand was satisfied in 2014, suggests a gradual slowing down of growth as the industry reaches its capacity
limit. This decrease is in line with the logistic growth model as it tends to predict the natural boundaries of a given market,
especially when technological advancement is becoming more of a prerequisite for growth. Beyond anticipating for future
growth, this study also establishes the social Cost-Benefit Analysis (CBA) for accelerator technologies and the socio-
economic values of the LHC and the CNAO. The results of this research posit that these technologies provide high returns
in the streams of revenues and also in terms of technological externality, human resource development, and health outcomes.
The Monte Carlo simulations carried out in the present study underscore the fact that long-term projection is highly uncertain
and sensitive to the choice of model parameters and technological developments that might occur in the future.
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