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Derivation of the Boltzmann equation for financial Brownian motion: Direct
observation of the collective motion of high-frequency traders

Phys. Rev. Lett.

Kiyoshi Kanazawa, Takumi Sueshige, Hideki Takayasu, and Misako Takayasu
Accepted 15 February 2018

ABSTRACT

ABSTRACT

A microscopic model is established for financial Brownian motion from the direct observation of the dynamics of high-frequency traders (HFTs) in a foreign
exchange market. Furthermore, a theoretical framework parallel to molecular kinetic theory is developed for the systematic description of the financial market
from microscopic dynamics of HF Ts. We report first on a microscopic empirical laws of traders' trend-following behavior by tracking the trajectories of all
individuals, which quantifies the collective motion of HF Ts but has not been captured in conventional order-book models. We next introduce the corresponding
microscopic model of HFTs and present its theoretical solution paralleling molecular kinetic theory: Boltzmann-like and Langevin-like equations are derived from
the microscopic dynamics via the BBGKY hierarchy. Our model is the first microscopic model that has been directly validated through data analysis of the
microscopic dynamics, exhibiting quantitative agreements with mesoscopic and macroscopic empirical results.
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Phys. Rev. Lett. 116, 061102 — Published 11 February 2016
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Gravitational-Wave Observatory simul 5

The signal sweeps upwards in frequen|

Observation of Gravitational Waves from a Binary Black Hole Merger
I — B.P. Abbott et al.
PDF ﬂi‘%ﬂ‘@lﬁ Scientific Collaboration and Virgo Collaboration)
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In the source franfe, the initial black hole masses are SGAM'\ and 297 M . and the final black hole mass is

621 M, with 3.9 53 M ,c? radiated in gravitational waves. All uncertainties define 90% credible intervals.

These observati demunst.mte the existence of binary stellar-mass black hole systems. This is the first direct
oy ay s

detoci ;

the first observation of a binary black hole merger.

DOI: 10.1103/PhysRevLett.116.061102

L INTRODUCTION The discovery of the binary pulsar system PSR B1913+16
by Hulse and Taylor [20] and subsequent observations of
its energy loss by Taylor and Weisberg [21] demonstrated
the existence of grnvnalmnal waves This discovery,

In 1916, the year after the final formulation of the field
equations of general relativity, Albert Einstein predicted
the existence of gravitational waves. He found that

alono with d di 221
PHYSICAL REVIEW LETTERS
es from a Binaty Black Hole
= ©
s HTML 233 R
PHYSE e e [v]0]< ]
ARTICLE TEXT -

NTRODU

In 1918, the year after the final formulation of the field equations of general relativity, Albert
Einstein predicted the existence of gravitational waves. He found that the linearized weak-field
equations had wave solutions: transverse waves of spatial strain that travel at the speed of light
oy ‘ e s ° peea ol
generated by time variation:

PHYSICAL ‘ understood that gravitationg| 1/77 VT/X%%%? U 77T6 k\ jEﬁk

REVIEW -
JOURNALS ) Chapel .H|II conference in 1 ‘ﬁ%%&ﬁgﬂf > 707 B 7«6%5_\_ éz"bi@}
Q gravitational waves [3]
L = Also in 1916, Schwarzschild published a solution for the field equations [4] that was later
understood to describe a black hole [5,6]. and in 1963 Kerr generalized the solution to rofating
W o] Announcement black holes [7]. Starting in the 1970s theoretical work led to the understanding of black
e quasi
prece L. Blanchet, T. Damour, B. R. lyer, C. M. Will, and A. G. Wiseman, X i ICES,
toget! Phys. Rev. Lett. 74, 3515 (1995). ed
mode weforms.
Whiley tic

observations [17—12], black hole mergers have not previously been observed

The discovery of the binary pulsar system PSR B1913 + 16 by Hulse and Taylor [20] and
subsequent observations of its energy loss by Taylor and Weisberg [21] demonstrated the
existence of gravitational waves. This discovery, along with emerging astrophysical understanding
[22], led to the recognition that direct observations of the amplitude and phase of gravitational
waves would enable studies of additional relativistic systems and provide new tests of general
relativity, especially in the dynamic strong-field regime.

Experiments to detect gravitational waves began with Weber and his resonant mass detectors in
the 1960s 193] followed by an intermnational network of crvogenic resenant defectors (241
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. spnond SYnthesis of Xenon and Iron-Nickel Intermetallic Compounds at Earth’s Core Thermodynamic Conditions
S:) Author(s): Elissaios Stavrou, Yansun Yao, Alexander F- Goncharov, Sergey S. Lobanov, Joseph M. Zaug, Hanyu Liu, Eran Greenberg, and Vitali B. Prakapenka
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Light-Activated Gigahertz Ferroelectric Domain Dynamics

Author(s): Hirefumi Akamatsu, Yakun Yuan, Viadimir A. Stoica, Greg Stone, Tiannan Yang, Zijian Hong, Shiming Lei, Yi Zhu, Ryan C. Haisimaier, John W. Freeland, Leng-Qing Chen, Haidan Wen, and
Venkatraman Gopalan

Using time- and spatially resoved hard x-ray diffraction microscopy, the striking structural and electrical dynamics upen opfical excitation of a single crystal of ${mathrm{BaTiO}}_{3}$ are simultaneously captured
on subnanosecends and nanoscale within individual ferroelectric domains and across w..
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Realizing the Haldane Phase with Bosons in Optical Lattices
Author(s) Junjun Xu, Qiang Gu, and Erich J. Mueller

We analyze an experimentally realizable model of bosons in a 2igzag optical lattice, showing that, by rapidiy modulating the magnetic field, one can tune interaction parameters and realize an analog of the Haldane
phase. We explain how quantum gas microscopy can be used o defect this phase’s nenioc...
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