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Outline

• Our ArXiv paper, 2605.02203, discusses dual 

composite hypotheses to outperform other 

previous results. However, this setting is too 

complicated to grasp the essence of our 

approach.

• To resolve this problem, this presentation 

focuses on the testing with a single composite 

hypothesis and a simple hypothesis.

• This talk explains the historical backgroud and 

the motivation of this setting.
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Quantum hypothesis testing
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Asymptotic Evaluation
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However, the case with composite hypothesis is difficult.



Petz Renyi divergence

Renyi Divergences
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Hoeffding bound
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Strong converse bound
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Renyi Divergences
Measured Renyi divergence
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Strong converse bound



Renyi Divergences
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Sandwitch Renyi divergence

Information processing inequality holds for 

general TP-CP with [1 / 2, )  

Wilde, Winter, Yang (2014), 

Muller-Lennert, Dupuis, Szehr, Fehr, Tomamichel (2013) 

Frank, Lieb (2013) 
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Other Divergences
Reverse sandwitch Renyi divergence
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Other Divergences
Reverse divergence
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Empirical-distribution-based Quantum Sanov 

Theorem 

This theorem discusses the joint distribution 

of Schur sampling and empirical distribution 

under a specific state. The exponent 

appearing in this theorem is Reverse 

divergence. 

This does not satisfy information processing inequality.



Hypothesis-testing-based

Sanov Theorem
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Bjelakovic, Deuschel, Krüger, Seiler, Siegmund-Schultze, Szkoła (2005) when S 

is a general set
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Exponential version of 

hypothesis-testing-based

Sanov Theorem

Hayashi, Ito (2025, arXiv 2023)
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Generalized Stein’s lemma

Brand˜ao, Plenio (2010)

Hayashi, Yamasaki (2025, arXiv 2024), 

Lami (2025, arXiv 2024)
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Non-convex case

Hiai, Mosonyi, Hayashi (2009)
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Generalization of hypothesis-

testing-based

Sanov Theorem

Hayashi, Ito (2025, arXiv 2023) Separable sets
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Generalized exponential version 

of hypothesis-testing-based

Sanov Theorem

Hayashi, Ito (2025, arXiv 2023) Separable sets
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Another “generalization” of 

hypothesis-testing-based

Sanov Theorem

Lami, Berta, Regula (2026, arXiv 2024), Fang, Fawzi, Fawzi (2026, arXiv 2024) 
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One more another 

“generalization” of hypothesis-

testing-based Sanov Theorem

Hayashi (2025, arXiv 2025)
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Summary of situation
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intermediate case, Hoeffding bounds.



Intermediate case: 

Hoeffding bound

Hayashi, Fang (arXiv: 2026)
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Twirling of the representation of     on

Two kinds of group symmetries

Hayashi, Fang (2026 arXiv)
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: -invariant, and is a constant matrix on the 

direct sum of equivalent subspaces of each 

irreducible representation of     .
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Twirling of the representation of     on

Two kinds of group symmetries

Hayashi, Fang (arXiv: 2026)
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Two kinds of group symmetries

Considering the case               , 0r→ +
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Example
Cyclic group (phase action)
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Conclusion

• We have reviewed the history of 

development of quantum hypothesis 

testing.

• We focus on the case with non-convex 

hypothesis.

• We have clarified that Reverse sandwich 

Renyi divergence and its limit has 

operational meaning when the non-convex 

hypothesis is given as a group 

representation.
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