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研究成果の概要（和文）：このプロジェクトで研究している一般的な分野は、非自明な背景における量子真空構
造の特徴を明らかにすることを主な目標としています。我々の研究の関連性は理論的なものであるが、グラフェ
ン、一般的なCasimir設定、および他の凝縮系などの系への応用にとって重要である。この要約は、欠陥のある
グラフェンにおける対称性の破れの研究、ブラックホール空間における真空分極効果の研究、有効作用形式とゼ
ータ関数正則化を用いた有限温度・密度における非線形シグマモデルの研究、相互作用の存在するカシミール効
果の研究、回転の存在する相互作用量子場の研究など、主な成果に限定される。

研究成果の概要（英文）：The general area investigated within this project has as main goal the 
characterization of the quantum vacuum structure in non-trivial backgrounds. The relevance of our 
studies is theoretical but important for applications to systems such as graphene, general Casimir 
setups, and other condensed matter systems. Limiting this summary to the main results, these are:  
the study of symmetry breaking in graphene with defects; the study of vacuum polarization effects in
 black hole spacetimes; the study of nonlinear sigma models at finite temperature and density using 
the effective action formalism and zeta-function regularization; the study of the Casimir effect in 
the presence of interactions; the study of interacting quantum fields in the presence of rotation. 
Within this project, we have delivered several presentations and co-organized various international 
conferences, one of which ("avenues of quantum field theory in curved space") is now at its third 
edition. 

研究分野： theoretical physics, quantum field theory

キーワード： quantum fields　symmetry breaking　quantum vacuum　Casimir effect　effective action　curved s
pace

  １版

令和

研究成果の学術的意義や社会的意義
The research developed within this project is important to understand how certain features (eg, the 
shape of a material and other external conditions like temperature or density) can alter its 
properties. Knowledge of such effects may indicate ways to use these materials in applications.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 
 
The underlying theme of the project has been the investigation of quantum 
vacuum effects and in the presence of external conditions and interactions. 
How quantum vacuum effects depend on background geometry, rotation, 
and symmetry breaking did not have clear and definitive answers and 
these were the principal issues that our research aimed at investigating. 
From the point of view of physics, such problems are important for the 
Casimir effect, where simply formulated issues, such as how the sign of 
the quantum vacuum induced force depends on the boundary conditions 
and the underlying quantum field theory have been and still are not clari-
fied. Similar questions are of  relevance beyond Casimir physics, rather 
these apply to any quantum field theory where boundary conditions, in-
teractions, and other external conditions affect quantum vacuum phenom-
ena.  

 

２．研究の目的 
 
The purpose of our project has been to better understand the nature of the 
quantum vacuum in more realistic situations involving gravity and sym-
metry breaking, as well as exploring paths that could indicated possible 
applications of quantum field theory in curved space to previously unex-
plored domains. Concretely, within the project the overarching theme has 
been to study the behavior of the quantum vacuum in theories featuring 
symmetry breaking. The logic behind has been related to the fact that 
when symmetry breaking occurs, a mass is generated for some degrees of 
freedom and usually a mass suppresses the quantum induced force. Be-
cause of this reason, being able to control how symmetry breaks (that we 
know how to do using external factors such as temperature and, as argued 
in my research, geometry), one could in principle investigate ways to sup-
press the quantum vacuum force. 

 

３．研究の方法 

The research method used throughout the project has involved analytical 
techniques used in quantum field theory in curved space and spectral ge-
ometry (e.g., analytic zeta-function regularization, heat-kernel techniques, 
resummation methods in curved space, complex analysis). The work has 
also required a substantial amount of numerical calculations that have 
been addressed using computer based simulations. 



 
 
 
 
４．研究成果 
 
The most important lines and results of the project had to do with appli-
cations to graphene, to the Casimir effect, and to systems of relevance in 
condensed matter physics (in particular cold atoms) within models featur-
ing symmetry breaking.  

Research in the context of graphene has indicated how the mass gap in 
graphene can be altered by deformation of the topology and temperature 
of the graphene lattice, and how this can be achieved by a clever use of 
defects in combination with thermal effects. This was the simplest exam-
ple of the sort, but it clearly suggests how to model the mass gap in gra-
phene using lattice deformations.  

The second line of research has explored the Casimir effect in theories 
with interactions. A particularly interesting result has been the discovery 
of a connection between the Casimir force and the Coleman-Hoenberg-
Mermin-Wagner theorem, and of the clarification that it provides in rela-
tion to how symmetry breaking alters the Casimir force.  

An extensive analysis of CP-n models, relevant to condensed matter as 
well as particle physics, has also been performed within this project, 
which clarified how combining boundary conditions, finite density and 
finite temperature effects require a new approach based on the effective 
action in order to properly describe quantum effects. Several special cases 
have been studied. 

Further research has focused on the role of rotation in interacting quantum 
field theories. In particular we have analyzed non-relativistic systems in 
the presence of rotation when finite size effects are included. This work 
has indicated interesting connections to cold atomic systems. 

Finally, additional research has explored the role of quantum vacuum ef-
fects around black holes within the overarching theme of theories featur-
ing symmetry breaking. 

Within this project we have started an international workshop series, “Av-
enues of quantum field theory in curved space”. This year the workshop 
will be at its third edition. 

All publications acknowledging the project have been indicated in the rel-
evant sections of the project. Most of the research carried out within this 
project has been carried out in collaboration with international researchers 
outside of Japan, as well as with Japan-based researchers. 
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