[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information
oo@a)
Title(English) Integrals of motion in Toda field theories and the ODE/IM
correspondence
oo@a) ZHU MINGSHUO
Author(English) Mingshuo Zhu
oo@a) O0:00@0),
oOooooo:0oo0ooa,
OO000:002120,
000 00:20250 30 260,
ooooo:0o0o0a,
OO00:00 00,00 00,00 00,00 00,00 00
Citation(English) Degree:Doctor (Science),
Conferring organization: Institute of Science Tokyo,
Report number:(0 0 21201,
Conferred date:2025/3/26,
Degree Type:Course doctor,
Examiner:,,,,
oooo@a) oood
Category(English) Doctoral Thesis
oo@a) oood
Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

(HLFRARR)

Doctoral Program
=SA =
i3] jC % =)

THESIS SUMMARY

/Yﬁ' e I— K %ﬂ? /Yﬁ' Eﬁ?ﬁﬁ’i’fﬁ (EJI%U@]?’) . ng: ( ﬂ? )
Deprtment of, Graduate major in % ﬂ'_%é a—A Academic Degree Requested Doctor of

L . e = .

FERA ZHU MINGSHUO HFEAEE i I
Student” s Name Chief Examiner

S (JE3C 300 FEFRAE)
Thesis Summary (approx.300 English Words )

Integrable models represent a class of mathematical and physical systems characterized by
their exact solvability due to a large number of conserved quantities, known as integrals of
motion (IoMs). These models can be precisely analyzed using the Quantum Inverse
Scattering Method (QISM), with the Yang-Baxter equation governing the $R$-matrix
forming the foundation of this approach. Integrable models play a pivotal role in quantum
mechanics, statistical physics, and quantum field theory, offering profound insights into the
dynamics of strongly interacting quantum systems. In particular, integrability in quantum
field theory enables exact solutions for energy spectra and scattering data, providing essential
tools for understanding these systems. The Sine-Gordon model and its generalization, the
Toda field theories, are key examples of such models and form the central focus of this thesis.

This research investigates quantum integrable models through a classical lens, leveraging
the ODE/IM correspondence. Initially discovered as a connection between the spectral
analysis of ordinary differential equations (ODEs) and the functional relations of integrable
models, this correspondence has since been extended to continuous systems. In field theory,
the most notable instance is the relationship between the Schrodinger equation on the
complex plane and the Sine-Gordon model. Further developments revealed that the
Schrodinger equation arises naturally from the classical Sine-Gordon equation, and this
framework has been generalized to affine Toda field theories with broader Lie algebraic
structures. The correspondence is established through $¥psi$-systems and Bethe ansatz
equations, with solutions to the linear problem of the Sine-Gordon equation shown to be
proportional to the loMs of quantum Liouville theory in its ground state.

Building on this foundation, the thesis presents two main research projects. First, we
establish a connection between the classical Toda field equations and certain (pseudo)
ordinary differential equations. Second, we explore the correspondence between the loMs of
quantum Toda field theories and the WKB integrals derived from the aforementioned ODEs.
By synthesizing these findings, we extend the known ODE/IM correspondence into a broader
framework, unifying classical and quantum correspondences for Toda field theories and KdV

hierarchies.

% FSCEEIL, A3 2000 & FEC 300 GEA L ERT ORI S0, b L<IZIL 800 #Fa LR L T<E3 W,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).




