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Abstract

With the further reform of interest rate liberalization and the increasing of interest rate derivatives, it becomes
more important and urgent to model the forward rate accurately and rationally in China. In this paper, we use the
quantum field theory in econophysics, which can effectively incorporate the incomplete correlations between forward
interest rates with different maturities, to model the Chinese treasury bond instantaneous forward rates. Firstly, we
start with the correlation structure of the instantaneous change of treasury forward rates, one of the most important
variables for a quantum field, during the period from January 4, 2011 to December 30, 2016, then apply the quantum
field theory to model the actual market evolution of the treasury instantaneous forward rates directly. Secondly, we also
use the mainstream two-factor Heath-Jarrow-Morton (HJM) model commonly used in financial industry, which requires
the particular form of forward rate volatility functions to be set in advance, to model the treasury instantaneous forward
rates, then compare the results with those of the quantum field model. The empirical results show that the quantum
field model based on stiff action provides a fitting accuracy of 63.23% for actual treasury bond instantaneous forward
rate, but this fitting accuracy increases to 92.67% for the quantum field model with taking into account the psychological
perceptive remaining time, which is also superior to the classic optimal two-factor HJM model with a fitting accuracy
of 69.02%. Finally, the optimal parameters estimated are respectively substituted into the forward interest rate update
equations of the quantum field model with the psychological perception time in mind and the classical two-factor HIM
model to conduct the back testing of forward rates with one hundred maturities, from January 3, 2017 to December 30,
2017. From the results of average instantaneous forward rate, root mean square error and Theil inequality coefficient,
we can see the superiority of using the quantum field theory to model the term structure of treasury forward rates
compared with traditionally used two-factor HJM model in financial industry. In conclusion, the quantum field model
we constructed, is more consistent with the actual situation, and all the parameters estimated by this model are obtained
directly from the market data, without making any assumption of the specific form of forward rate volatility function,
thus greatly improving the accuracy of applying the quantum field theory to finance. These findings are not only of great
theoretic and practical significance for applying the quantum field theory to pricing those financial products linked to
treasury bonds and for managing its relevant interest rate risk, but also have reference value for quantitatively analyzing

banks and finance companies in financial field, and also for practitioners in the field of fixed-income securities.

Keywords: quantum field theory, treasury forward interest rate, incomplete correlations, psychological

perceptive remaining time
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