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Abstract: The spread has been used as an indicator of transaction costs. How the spread depends on the
behavior of microscopic traders is an important topic. Therefore, analyses using mathematical models of
financial markets are often conducted, and in particular, the Santa Fe model has been shown to predict
spreads to some extent through simulations. On the other hand, the Santa Fe model is known to be difficult
to analyze theoretically due to its open many-body system. Therefore, the theoretical scaling of spread is
unknown. Thus, in this study, we employ a theoretical analysis method known as kinetic theory, which is
commonly used in physics for many-body particle systems. As a result, we obtain theoretical solutions for
the spread and discuss the relationship between the spread and traders.

The spread, the difference between the best ask and the best bid, is widely recognized as an important indicator of
transaction costs. This can be interpreted as a real transaction cost, since the cost attributable to the spread occurs in the
execution of a trade. In addition, a narrowing of the spread is an indicator of increased market liquidity. The dependence
of this spread on how it is affected by the trading and order submission behavior of microtraders is an important research
topic in financial economics.

Therefore, mathematical models of financial markets are often used to understand the relationship between micro-
scopic traders and spreads. The Santa Fe model is a typical model in which traders stochastically present, cancel, and
trade orders according to a Poisson process [1-3]. Since the strength of the Poisson process that each event follows can
be estimated from real data, it is possible to discuss the validity of the model by comparing it with actual stock data. In a
previous study, a comparison of the Santa Fe model’s simulation of spreads with observed real data showed that the Santa
Fe model predicts real-world spreads to some extent [4].

On the other hand, the Santa Fe model is known to be difficult to analyze theoretically due to its open many-body
system. To represent the state of the model, it is necessary to solve a multivariable equation, which is difficult to analyze
rigorously. In a previous study, a dimensional analysis was conducted by combining appropriate constitutive parameters
as a theoretical analysis [2]. As a result, the scaling of the spread s is estimated as

o (3)

where p is the intensity of trading and ) is the intensity of submission. However, this dimensional analysis is not unique,
so it is unclear whether it is the correct dimensional analysis.

In this study, we analyze the Santa Fe model using kinetic theory, which is a method for reducing the equations of
many-body particle systems to an analyzable equation. Kinetic theory has been used in physics to derive the microscopic
form of Brownian motion. In physics, it has been used for the microscopic derivation of Brownian motion. In this study,
we apply kinetic theory to the Sanata Fe model to derive the theoretical solution of the spread. As a result, we show a
theoretical scaling of spread in a unique way.
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