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[Chari, Pressley, 1995]



A  B I T  A B O U T  M E …

• BSc at UW, Mathematical Physics, Pure Math, Rob Mann
• “On taking the D->4 limit of Gauss-Bonnet gravity: theory and solutions” (Hennigar, Kubizňák, 

Mann, Pollack, 2020)
• “Lower dimensional Gauss-Bonnet Gravity and BTZ Black Holes” (Hennigar, Kubizňák, Mann, 

Pollack, 2020)

• I learned: HEP (GR, Particle), Quantum Theory, Differential geometry, Analysis

• MSc at UofT, Mathematics, Lisa Jeffrey & A.W. Peet
• “A Review of the BRST Quantization of Gauge Theories and Equivariant Localization Theory” 

(Pollack, Jeffrey, Peet, 2021)
• I learned: Symplectic geometry, QFT, representation theory, operator algebras 

B E Y O N D  N O E T H E R :  P O I S S O N - L I E  S Y M M E T R I E S

Cov. Phase Space

[Blohmann, 2023] [Wald, Zoupas, 2000]

[Takens, 1979]



A  B I T  A B O U T  M E …

• BSc at UW, Mathematical Physics, Pure Math, Rob Mann
• “On taking the D->4 limit of Gauss-Bonnet gravity: theory and solutions” (Hennigar, Kubizňák, 

Mann, Pollack, 2020)
• “Lower dimensional Gauss-Bonnet Gravity and BTZ Black Holes” (Hennigar, Kubizňák, Mann, 

Pollack, 2020)

• I learned: HEP (GR, Particle), Quantum Theory, Differential geometry, Analysis

• MSc at UofT, Mathematics, Lisa Jeffrey & A.W. Peet
• “A Review of the BRST Quantization of Gauge Theories and Equivariant Localization Theory” 

(Pollack, Jeffrey, Peet, 2021)
• I learned: Symplectic geometry, QFT, representation theory, operator algebras 

B E Y O N D  N O E T H E R :  P O I S S O N - L I E  S Y M M E T R I E S

Cov. Phase Space ①

[Blohmann, 2023] [Wald, Zoupas, 2000]

[Takens, 1979]



A  B I T  A B O U T  M E …

• BSc at UW, Mathematical Physics, Pure Math, Rob Mann
• “On taking the D->4 limit of Gauss-Bonnet gravity: theory and solutions” (Hennigar, Kubizňák, 

Mann, Pollack, 2020)
• “Lower dimensional Gauss-Bonnet Gravity and BTZ Black Holes” (Hennigar, Kubizňák, Mann, 

Pollack, 2020)

• I learned: HEP (GR, Particle), Quantum Theory, Differential geometry, Analysis

• MSc at UofT, Mathematics, Lisa Jeffrey & A.W. Peet
• “A Review of the BRST Quantization of Gauge Theories and Equivariant Localization Theory” 

(Pollack, Jeffrey, Peet, 2021)
• I learned: Symplectic geometry, QFT, representation theory, operator algebras 

B E Y O N D  N O E T H E R :  P O I S S O N - L I E  S Y M M E T R I E S

Cov. Phase Space ①

②

[Blohmann, 2023] [Wald, Zoupas, 2000]

[Takens, 1979]



A  B I T  A B O U T  M E …

• BSc at UW, Mathematical Physics, Pure Math, Rob Mann
• “On taking the D->4 limit of Gauss-Bonnet gravity: theory and solutions” (Hennigar, Kubizňák, 

Mann, Pollack, 2020)
• “Lower dimensional Gauss-Bonnet Gravity and BTZ Black Holes” (Hennigar, Kubizňák, Mann, 

Pollack, 2020)

• I learned: HEP (GR, Particle), Quantum Theory, Differential geometry, Analysis

• MSc at UofT, Mathematics, Lisa Jeffrey & A.W. Peet
• “A Review of the BRST Quantization of Gauge Theories and Equivariant Localization Theory” 

(Pollack, Jeffrey, Peet, 2021)
• I learned: Symplectic geometry, QFT, representation theory, operator algebras 

B E Y O N D  N O E T H E R :  P O I S S O N - L I E  S Y M M E T R I E S

Q: When Does Case ② Occur? 

Cov. Phase Space ①

②

[Blohmann, 2023] [Wald, Zoupas, 2000]

[Takens, 1979]



A  B I T  A B O U T  M E …

• BSc at UW, Mathematical Physics, Pure Math, Rob Mann
• “On taking the D->4 limit of Gauss-Bonnet gravity: theory and solutions” (Hennigar, Kubizňák, 

Mann, Pollack, 2020)
• “Lower dimensional Gauss-Bonnet Gravity and BTZ Black Holes” (Hennigar, Kubizňák, Mann, 

Pollack, 2020)

• I learned: HEP (GR, Particle), Quantum Theory, Differential geometry, Analysis

• MSc at UofT, Mathematics, Lisa Jeffrey & A.W. Peet
• “A Review of the BRST Quantization of Gauge Theories and Equivariant Localization Theory” 

(Pollack, Jeffrey, Peet, 2021)
• I learned: Symplectic geometry, QFT, representation theory, operator algebras 

B E Y O N D  N O E T H E R :  P O I S S O N - L I E  S Y M M E T R I E S

Q: When Does Case ② Occur? 

Cov. Phase Space ①

②

① ② v.s.

[Blohmann, 2023] [Wald, Zoupas, 2000]

[Takens, 1979]



A  B I T  A B O U T  M E …

• BSc at UW, Mathematical Physics, Pure Math, Rob Mann
• “On taking the D->4 limit of Gauss-Bonnet gravity: theory and solutions” (Hennigar, Kubizňák, 

Mann, Pollack, 2020)
• “Lower dimensional Gauss-Bonnet Gravity and BTZ Black Holes” (Hennigar, Kubizňák, Mann, 

Pollack, 2020)

• I learned: HEP (GR, Particle), Quantum Theory, Differential geometry, Analysis

• MSc at UofT, Mathematics, Lisa Jeffrey & A.W. Peet
• “A Review of the BRST Quantization of Gauge Theories and Equivariant Localization Theory” 

(Pollack, Jeffrey, Peet, 2021)
• I learned: Symplectic geometry, QFT, representation theory, operator algebras 

B E Y O N D  N O E T H E R :  P O I S S O N - L I E  S Y M M E T R I E S

Q: When Does Case ② Occur? 

Cov. Phase Space ①

②

(need Poisson-Lie groups!)

A: Need  non-Abelian!

① ② v.s.

[Blohmann, 2023] [Wald, Zoupas, 2000]

[Takens, 1979]



A  B I T  A B O U T  M E …

• BSc at UW, Mathematical Physics, Pure Math, Rob Mann
• “On taking the D->4 limit of Gauss-Bonnet gravity: theory and solutions” (Hennigar, Kubizňák, 

Mann, Pollack, 2020)
• “Lower dimensional Gauss-Bonnet Gravity and BTZ Black Holes” (Hennigar, Kubizňák, Mann, 

Pollack, 2020)

• I learned: HEP (GR, Particle), Quantum Theory, Differential geometry, Analysis

• MSc at UofT, Mathematics, Lisa Jeffrey & A.W. Peet
• “A Review of the BRST Quantization of Gauge Theories and Equivariant Localization Theory” 

(Pollack, Jeffrey, Peet, 2021)
• I learned: Symplectic geometry, QFT, representation theory, operator algebras 

B E Y O N D  N O E T H E R :  P O I S S O N - L I E  S Y M M E T R I E S

Q: When Does Case ② Occur? 

Cov. Phase Space ①

②

(need Poisson-Lie groups!)

A: Need  non-Abelian!

① ② v.s.

Poisson-Lie Symmetry

[Girelli, C.P., Riello, 2025]

[Blohmann, 2023] [Wald, Zoupas, 2000]

[Takens, 1979]



A  B I T  A B O U T  M E …

• BSc at UW, Mathematical Physics, Pure Math, Rob Mann
• “On taking the D->4 limit of Gauss-Bonnet gravity: theory and solutions” (Hennigar, Kubizňák, 

Mann, Pollack, 2020)
• “Lower dimensional Gauss-Bonnet Gravity and BTZ Black Holes” (Hennigar, Kubizňák, Mann, 

Pollack, 2020)

• I learned: HEP (GR, Particle), Quantum Theory, Differential geometry, Analysis

• MSc at UofT, Mathematics, Lisa Jeffrey & A.W. Peet
• “A Review of the BRST Quantization of Gauge Theories and Equivariant Localization Theory” 

(Pollack, Jeffrey, Peet, 2021)
• I learned: Symplectic geometry, QFT, representation theory, operator algebras 

B E Y O N D  N O E T H E R :  P O I S S O N - L I E  S Y M M E T R I E S

Q: When Does Case ② Occur? 

Cov. Phase Space ①

②

(need Poisson-Lie groups!)

A: Need  non-Abelian!

① ② v.s.

Remark: If      is Abelian, Noether’s 
notions are recovered!

Poisson-Lie Symmetry

[Girelli, C.P., Riello, 2025]

[Blohmann, 2023] [Wald, Zoupas, 2000]

[Takens, 1979]



A  B I T  A B O U T  M E …

• BSc at UW, Mathematical Physics, Pure Math, Rob Mann
• “On taking the D->4 limit of Gauss-Bonnet gravity: theory and solutions” (Hennigar, Kubizňák, 

Mann, Pollack, 2020)
• “Lower dimensional Gauss-Bonnet Gravity and BTZ Black Holes” (Hennigar, Kubizňák, Mann, 

Pollack, 2020)

• I learned: HEP (GR, Particle), Quantum Theory, Differential geometry, Analysis

• MSc at UofT, Mathematics, Lisa Jeffrey & A.W. Peet
• “A Review of the BRST Quantization of Gauge Theories and Equivariant Localization Theory” 

(Pollack, Jeffrey, Peet, 2021)
• I learned: Symplectic geometry, QFT, representation theory, operator algebras 

B E Y O N D  N O E T H E R :  P O I S S O N - L I E  S Y M M E T R I E S

Q: When Does Case ② Occur? 

Cov. Phase Space ①

②

(need Poisson-Lie groups!)

A: Need  non-Abelian!

① ② v.s.

Remark: If      is Abelian, Noether’s 
notions are recovered!

Punchline: Poisson-Lie symmetries 
genuinely extend Noether’s notions!

Poisson-Lie Symmetry

[Girelli, C.P., Riello, 2025]

[Blohmann, 2023] [Wald, Zoupas, 2000]

[Takens, 1979]



A  B I T  A B O U T  M E …

• BSc at UW, Mathematical Physics, Pure Math, Rob Mann
• “On taking the D->4 limit of Gauss-Bonnet gravity: theory and solutions” (Hennigar, Kubizňák, 

Mann, Pollack, 2020)
• “Lower dimensional Gauss-Bonnet Gravity and BTZ Black Holes” (Hennigar, Kubizňák, Mann, 

Pollack, 2020)

• I learned: HEP (GR, Particle), Quantum Theory, Differential geometry, Analysis

• MSc at UofT, Mathematics, Lisa Jeffrey & A.W. Peet
• “A Review of the BRST Quantization of Gauge Theories and Equivariant Localization Theory” 

(Pollack, Jeffrey, Peet, 2021)
• I learned: Symplectic geometry, QFT, representation theory, operator algebras 

2 D  D I L A T O N  G R A V I T Y  P T .  1

• Many well known field theories have PL symmetries! 

• Focus on 2D Dilaton Gravity: Topological, holographic, describes near horizon physics of near extremal 
BH’s in higher dimensions,

 

(Particles, strings, 3D gravity, spin chains, etc...)

(dual to Schwarzian/conformal particle)

[Girelli, C.P., Riello, 2025]

[Klimčík, Ševera, 1995]

[Babelon, Bernard, 1991]
[Many more…]

(curved/non-cotangent phase space)
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•                                 has (non-linear) SL(2,R) Noether gauge symmetry:

 

[Ikeda, 1993], [Grumiller et al, 2008]

(note special case       )
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(note special case       )

[Girelli, C.P., Riello, Zwikel, 20XX]
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+ corrections?
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Note: PL groups are extremely common, e.g. when configuration space/phase space has a group structure.
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