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From the first year of my master's program, I collaborated with Prof. Kinya Oda in Tokyo Woman's Christian
University. Our research is based on the description of quantum field theory using wave packets. As a co-researcher,
I contributed greatly to the proposal of the idea, the specific calculations, and the writing of the paper.

The quantum field theory is a theoretical framework for describing particle physics, and the importance of wave
packets in particle physics has been pointed out, especially in the context of neutrino oscillations. In fact, the
incorporation of momentum uncertainty effects due to wave packets into the calculations of quantum field theory
can predict nontrivial phenomena that have been neglected in the conventional formulation that approximates the
initial state as a momentum eigenstate. However, the discussion so far has been mainly limited to the context of
specific phenomenology (e.g., neutrino oscillations), and there have been few attempts to describe quantum field
theory itself in general terms in terms of wave packets.

The research that I have done with Prof. Oda is a general description of quantum field theory in terms of Lorentz-
covariant wave packets. This is part of an attempt to rewrite the description of quantum field theory, which has been
developed using momentum eigenstates, using wave packets. In particular, we have replaced the Gaussian wave
packets used in previous studies with Lorentz-covariant wave packets. Lorentz covariance is an important symmetry
in particle physics, while Gaussian wave packets themselves explicitly break this symmetry, making them
incompatible. In fact, difficulties due to the lack of symmetry in concrete calculations exist, and previous studies
have relied on the saddle point method to approximate integral calculations. In this respect, reformulating the
theoretical formulation in terms of Lorenz-covariant wave packets may solve some or all of these difficulties.

We have been collaborating for nearly three years. Recently, as one of the applications of wave packets to field
quantum theory, we invited Assistant Professor Kenji Nishiwaki of Shiv Nadar University to calculate neutrino
oscillations using the wave packet formalism.

Q 2 - 12A138(%) 10:38

& neutrino_Gaussian.tex

= 2 LaTex ¢ @ %20v 7+ 3An~
&=* \Mp 1E\IN{\DS P}\PN{X""0-A"0}\pm 1\0S P\Caoy]
&\quad«

+\ub{\pn{\mp ivAi\fn{\bs P}\pn{x~0-X*0}\pm

FYIL—h v

where {T;‘L(p(o)) is given in Eq. (111), whose expansion is

0_ y0
s (@)« (o),

and > > )\nn~

XA}

a1 Y i
oa.(p)=0 (6” F1 \pn(u

\pm i \pn{\sigma*{-1}_{\tx{eff}}}"{]

> &\quad«~
effi ,_ . -1 ij > -{1\ov2}\pn{\sigma_{\tx{eff}}}r{ij}~
Py =1 (0et ()" 627, . \PN{\pn 1 \pn(\signar(-1)_(\tx(ef£)))A(
> \pn{\pm i \pn{\sigma~{-1}_{\tx{eff}}}"{
in which éz" is defined in Eq. (126). The saddle point p. = +p.. = £p(g). + pz > > #\mc O\fn{\sigma”{-3}}\nn.
written by %>  &=» \mp iE\fn{\bs P}\sgbr{x*0-X*0-\bs v\fn{\bs
%> > -{\pn{\delta\bs x}*2\ov2\sigma}«
~ o % »  +\mc O\fn{\sigmar{-3}}\nn
£P(0)s = +P: = P =p(q), > &= \mp iE\fn{\bs P}\pn{xA@-X @}
effi _ L0 -1 ij > > \pm i\bs P\cdot\pn{\bs x-\bs X}«
). =+ (e (P))” 627, »» -{1\ov2)\pn{\sigmar{-1}_{\tx(eE£}\pmI\En{\b
ALY
Then we may rewrite the expansion in a simpler form: ): (J? +\mc O\fn{\sigmar{-3}}.«

\label{saddle-point exponent}.

o s there $\delta xS 1s given in Eq.-\agraf(delta x} b
ere lelta x*i$ is given in Eq.~\eqre lelta x}.

19°G. (P(o)) offi -

2wy (tp(Ut)(*pU)*) \section{Elementary formulae}.

G offi
=G.(p))+ é;pgp(o)) (*P('lrj,)
—_—

Aoce) Oo0y)
=#E(P) (z°- X°) +iP-(z - X)
+(Fiv'(P) (2° - X°) xi (' - X)) (ti(a;,;)” 614)

o) o)

#idz*
- % (oem)” (gi (a;&)‘kézk) (ﬂ (o2 ,,) oz ) +0(a7%)
=#E(P)(z°-X") +iP-(z- X)- ( o (P))” 82'527 + O™

where dz' is given in Eq. (126).
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$\sigma_\S\fn{x*0}$ and $\sigma_\D\fn{x"@}$ are given in Eq.-~\eqref{sigma S and
sigma D} (note also Eq.~\egref{sigma S warned}) and that $\sigma_\tx{eff}$ and
its inverse are given in Egs.-~\egqref{definition of sigmaeff} and \eqref{explicit
sigma effective inverse}, respectively; see also Eq~\eqref{sigma eff x0}..
First, from Eq.~\egref{sigma effective ultra-relativistic},«
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