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講演内容︓ 

Recent experiments on materials in photonic cavities have demonstrated that light and matter can 
mix together, or hybridize, to an extreme degree, and previously uncharted regimes of light-matter 
interactions are currently being explored. The so-called ultrastrong coupling (USC) regime arises 
when the interaction energy becomes a significant fraction of the bare frequencies of light and 
matter [1]. Most intriguingly, when a material is ultrastrongly coupled with cavity-enhanced vacuum 
electromagnetic fields (or zero-point fields), its ground-state properties can be considerably modified. 
This nonperturbative virtual driving without any external field can lead to novel equilibrium phases 
with exotic properties. This talk will describe our recent studies of USC phenomena in various 
condensed matter systems in search of such vacuum-induced phases of matter [2-7]. We employ the 
quantum optics concept of Dicke cooperativity [8], i.e., many-body enhancement of light-matter 
interaction, to explore new states and phenomena in condensed matter systems in the USC regime. 
These results provide quantum optical strategies for creating, controlling, and utilizing novel phases 
of matter enabled by the quantum vacuum. 
 

1. For a review, see P. Forn-Díaz et al., Reviews of Modern Physics 91, 025005 (2019). 
2. Q. Zhang et al., Nature Physics 12, 1005 (2016). 
3. X. Li et al., Nature Photonics 12, 324 (2018). 
4. W. Gao et al., Natures Photonics 12, 362 (2018). 
5. X. Li et al., Science 361, 794 (2018). 
6. T. Makihara et al., Nature Communications 12, 3115 (2021). 
7. M. Bamba et al., Communications Physics 5, 3 (2022). 
8. For a review, see K. Cong et al., Journal of Optical Society of America B 33, C80 (2016). 



講師略歴︓ 
Professor Junichiro Kono is Karl F. Hasselmann Chair in Engineering at Rice University, serving as 
Professor of Electrical & Computer Engineering, Chair of Applied Physics, Professor of Physics & 
Astronomy, and Professor of Materials Science & NanoEngineering. He received his B.S. and M.S. 
degrees in applied physics from the University of Tokyo in 1990 and 1992, respectively, and 
completed his Ph.D. in physics at the State University of New York at Buffalo in 1995. From 1995 to 
1997, he was a postdoctoral research associate at the University of California Santa Barbara, after 
which he was the W. W. Hansen Experimental Physics Laboratory Fellow in the Department of Physics 
at Stanford University from 1997 to 2000. He has been on the Rice University faculty since 2000. 
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Summary:  
Recent experiments on materials in photonic cavities have demonstrated that light and matter can 
mix together, or hybridize, to an extreme degree, and previously uncharted regimes of light-matter 
interactions are currently being explored. The so-called ultrastrong coupling (USC) regime arises when 
the interaction energy becomes a significant fraction of the bare frequencies of light and matter [1]. 
Most intriguingly, when a material is ultrastrongly coupled with cavity-enhanced vacuum 
electromagnetic fields (or zero-point fields), its ground-state properties can be considerably modified. 
This nonperturbative virtual driving without any external field can lead to novel equilibrium phases 
with exotic properties. This talk will describe our recent studies of USC phenomena in various 
condensed matter systems in search of such vacuum-induced phases of matter [2-7]. We employ the 
quantum optics concept of Dicke cooperativity [8], i.e., many-body enhancement of light-matter 
interaction, to explore new states and phenomena in condensed matter systems in the USC regime. 
These results provide quantum optical strategies for creating, controlling, and utilizing novel phases 
of matter enabled by the quantum vacuum. 
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Biography: 
Professor Junichiro Kono is Karl F. Hasselmann Chair in Engineering at Rice University, serving as 
Professor of Electrical & Computer Engineering, Chair of Applied Physics, Professor of Physics & 
Astronomy, and Professor of Materials Science & NanoEngineering. He received his B.S. and M.S. 
degrees in applied physics from the University of Tokyo in 1990 and 1992, respectively, and 
completed his Ph.D. in physics at the State University of New York at Buffalo in 1995. From 1995 to 
1997, he was a postdoctoral research associate at the University of California Santa Barbara, after 
which he was the W. W. Hansen Experimental Physics Laboratory Fellow in the Department of Physics 
at Stanford University from 1997 to 2000. He has been on the Rice University faculty since 2000. 


