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Generalities on character varieties:
• “The Symplectic Nature of Fundamental Groups of Surfaces”, Goldman, 1984

[Gol84] . Construction of the symplectic form on character varieties.
• “Invariant Functions on Lie Groups and Hamiltonian Flows of Surface Group

Representations”, Goldman, 1986 [Gol86] . Construction of hamiltonian flows
associated to invariant functions on character varieties.

• “Trace Coordinates on Fricke Spaces of Some Simple Hyperbolic Surfaces”,
Goldman, 2009 [Gol09] . Description of trace coordinates for the character
variety of some hyperbolic surfaces with values in SL(2,C).

• A Note on Character Varieties, Maret, 2022 [Mar22] . Definitions and proper-
ties of character varieties, discussion of the symplectic form.

• “Character Varieties”, Sikora, 2012 [Sik12] Discussion of the GIT of character
varieties.

Ergodic dynamics of MCG in the compact case:
• “Ergodic Theory on Moduli Spaces”, Goldman, 1997 [Gol97] . Ergodicity of

the action of MCG on the relative character varieties for closed surfaces and
target group (product of) SU(2).

• “Ergodicity of Mapping Class Group Actions on Representation Varieties, I.
Closed Surfaces”, Pickrell and Xia, 2002 [PX02a] . Ergodicity for MCG on
the representation variety for a closed surface and any compact Lie group.
Argument of harmonic analysis on compact Lie group.

• “Ergodicity of Mapping Class Group Actions on Representation Varieties, II.
Surfaces with Boundary”, Pickrell and Xia, 2003 [PX03a] . Ergodicity for
MCG on the relative representation varieties for a surface with boundary and
any compact Lie group.

• “An Ergodic Action of the Outer Automorphism Group of a Free Group”, Gold-
man, 2007 [Gol07] . Ergodicity for the action of the outer automorphism of
the free group Fn, n ≥ 3, on the character variety into SU(2).

• “On Deformations of Fn in Compact Lie Groups”, Gelander, 2008 [Gel08] .
Ergodicity for the action of the outer automorphism of the free group Fn,
n ≥ 3, on the character variety into any compact Lie group.

• “Ergodicity Of Mapping Class Group Actions On SU(2)-Character Varieties”,
Goldman and Xia, 2011 [GX11] . Another proof of the ergodicity of the ac-
tion of MCG on the relative character varieties for closed surfaces and target
group (product of) SU(2), which uses the transitivity of the Hamiltonian flows
generated by the traces of enough simple closed curves to simplify Goldman’s
original argument.

• “Action of the Johnson-Torelli Group on Representation Varieties”, Goldman
and Xia, 2012 [GX12] . Ergodicity of the action of the Johnson subgroup of
MCG, the subgroup generated by Denh twists along null-homotopic curves
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(in particular for the Torelli group) on the relative character varieties for the
2-holed torus with values in SU(2) and generic peripheric data.

• “The First Johnson Subgroups Act Ergodically on $SU 2$-Character Varieties”,
Funar and Marché, 2013 [FM13] . Ergodicity of the action of the Johnson
subgroup on the character variety of a closed surface of genus ≥ 2 with values
in SU(2).

• On the Torelli Group Action on Compact Character Varieties, Bouilly, 2020
[Bou20] . Ergodicity of the Torelli group (subgroup of MCG of elements which
act trivially on homology) on (a connected component of) the character va-
riety of a closed surface of genus ≥ 2 with values in any (connected, simply
connected) compact Lie group.

• “The Mapping Class Group Action on SU(3)-Character Varieties”, Goldman,
Lawton, and Xia, 2021 [GLX21] . Generalization of the argument of [GX11]
for SU(3).

• Non-Ergodicity on SU(2) and SU(3) Character Varieties of the Once-Punctured
Torus, Forni et al., 2022 [For+22] . Non-ergodicity of one pseudo-Anosov
element on the relative character variety of the one-holed torus with value in
SU(2) for the trace paramater small enough. Uses KAM techniques to show
the persistence of a neutral fixed point.

Ergodic dynamics of MCG in the non-compact case:
• “The Complex-Symplectic Geometry of SL(2,C)-Characters over Surfaces”, Gold-

man, 2003 [Gol03b] . Description of the complex case, the complex symplectic
structure.

• “The Modular Group Action on Real SL (2)–Characters of a One-Holed Torus”,
Goldman, 2003 [Gol03a] . Precise description of the dynamics of MCG on the
relative character varieties for the one-holed torus and SL(2,R).

• “The Dynamics of Aut(F n) on Redundant Representations”, Gelander and
Minsky, 2013 [GM13] . Action of Out(Fn) on the character variety of Fn and
study of the redundant representations: they are the representations whose
restriction to a proper free factor has a dense image. They show that the
action is ergodic for every connected simple k-group, for k a local field. But
the action is not weakly mixing for SL(2,R) and SL(2,C). They also show that
the action on redundant representations is minimal.

Topological dynamics of MCG:
• “Topological Dynamics on Moduli Spaces, I”, Previte and Xia, 2000 [PX00]

. For the action of MCG on the relative character varieties of the one-holed
torus, the orbit of a representation with dense image is dense.

• “Topological Dynamics on Moduli Spaces II”, Previte and Xia, 2002 [PX02b] .
For the action of MCG on the relative character varieties of a surface (possibly)
with boundary and genus g > 0, the orbit of a representatio with dense image
is dense.

• “Exceptional Discrete Mapping Class Group Orbits in Moduli Spaces”, Previte
and Xia, 2003 [PX03b] . For some relative character varieties of the four-holed
sphere with value in SL(2,C), they prove that there exists a representation
with dense image and finite orbit under MCG.

• “Dynamics of the Mapping Class Group on the Moduli of a Punctured Sphere
with Rational Holonomy”, Previte and Xia, 2005 [PX05] . For the four-holed
sphere, for a dense set of peripheric data, for the compact component of the
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real points of the associated relative character variety with value in SL(2,C),
every orbit of MCG is dense.

• “Dynamics of the Mapping Class Group Action on the Variety of PSL(2,C)
Characters”, Souto and Storm, 2006 [SS06] . In the character variety of a
closed surface of genus ≥ 2 with value in SL(2,C), the action of MCG on some
nowhere dense topologically perfect subset of the boundary of the quasifuch-
sian locus is topologically transitive (the closure of the representations whose
quotient has no conformally compact end). They also prove that any MCG-
invariant meromorphic function on a MCG-invariant open set which contains
both convex-cocompact and indiscrete representations is constant.

• “Transitivity of Normal Subgroups of the Mapping Class Group on Character
Varieties”, Marché and Wolff, 2022 [MW22] . In the character variety of a
closed surface of genus ≥ 2 with value in SU(2), they prove that the action
of any non-central normal subgroup of MCG is almost minimal (the orbit of
almost every point is dense).

Proper dynamics of MCG:

• “On Dynamics of Out(Fn) on PSL2(C) Characters”, Minsky, 2013 [Min13]
. Action of Out(Fn) on the character variety of Fn with values in SL(2,C).
Introduction of the primitive-stable representations, an open subset strictly
containing the Schottky representations, on which Out(Fn) acts properly dis-
continuously.

• “Amalgam Anosov Representations”, Canary, Lee, and Stover, 2017 [CLS17] .
Introduction of Amalgam Anosov representations, for Γ a one-ended torsion-
free hyperbolic group. They form a domain of discontinuity for the action of
Out(Γ), containing strictly the Anosov representations.

• Primitive Stable Representations in Higher Rank Semisimple Lie Groups, Kim
and Kim, 2020 [KK20] . Primitive stable representations in higher rank.

Complex dynamics:

• “On the Dynamics of Pseudo-Anosov Homeomorphisms on Representation Va-
rieties of Surface Groups”, Kapovich, 1998 [Kap98] . In the character variety
of a closed surface of genus ≥ 2, a pseudo-Anosov f in MCG has a hyperbolic
fixed point at the representation induced by the hyperbolic structure on the
mapping torus of f .

• “Bers and Hénon, Painlevé and Schrödinger”, Cantat, 2009 [Can09] . Study
of the complex dynamics of the iteration of a pseudo-Anosov on the relative
character varieties for the one-holed torus and the four-holed sphere with value
in SL(2,C).

• “Dynamics on Character Varieties and Malgrange Irreducibility of Painlevé VI
Equation”, Cantat and Loray, 2009 [CL09] . Study of the complex geometric
structures invariant by MCG on the relative character varieties for the one-
holed torus and the four-holed sphere with values in SL(2,C).

• Dynamics of Groups of Automorphisms of Character Varieties and Fatou/Julia
Decomposition for Painlevé 6, Rebelo and Roeder, 2022 [RR22] . Study of
the Julia/Fatou set and locally discrete/non-locally discrete dichotomy for the
action of MCG on the relative character varieties for the one-holed torus and
the four-holed sphere with value in SL(2,C).
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• Automorphisms of Character Varieties, Marché and Simon, 2019 [MS19] The
automorphism group of the character variety of a closed surface with values in
SL(2,C) is (almost) the mapping class group.

Surveys:
• Mapping Class Group Dynamics on Surface Group Representations, Goldman,

2006 [Gol06] .
• Dynamics of Aut(Fn) Actions on Group Presentations and Representations,

Lubotzky, 2011 [Lub11] .
• “Dynamics on Character Varieties”, Canary, 2013 [Can13] . Discussion of both

the proper, Anonov side and the work of Minskey, Gelander, etc., for the free
groups Fn with values in SL(2,C).
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matical Journal 149.3 (Sept. 2009), pp. 411–460. issn: 0012-7094, 1547-7398.
doi: 10.1215/00127094-2009-042.

[Can13] Richard D. Canary. “Dynamics on Character Varieties: A Survey”. 2013.
url: http://arxiv.org/abs/1306.5832 (visited on 09/13/2016). arXiv:
1306.5832.

[CL09] Serge Cantat and Frank Loray. “Dynamics on Character Varieties and Mal-
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[FM13] Louis Funar and Julien Marché. “The First Johnson Subgroups Act Ergod-
ically on $SU 2$-Character Varieties”. In: Journal of Differential Geometry
95.3 (Nov. 1, 2013). issn: 0022-040X. doi: 10.4310/jdg/1381931734.

[For+22] Giovanni Forni, William Goldman, Sean Lawton, and Carlos Matheus. “Non-
Ergodicity on SU(2) and SU(3) Character Varieties of the Once-Punctured
Torus”. June 28, 2022. url: http://arxiv.org/abs/2206.14183 (visited
on 06/30/2022). arXiv: 2206.14183 [math]. preprint.

[Gel08] Tsachik Gelander. “On Deformations of Fn in Compact Lie Groups”. In:
Israel Journal of Mathematics 167.1 (Oct. 2008), pp. 15–26. issn: 0021-
2172, 1565-8511. doi: 10.1007/s11856-008-1038-6.

[GLX21] William M. Goldman, Sean Lawton, and Eugene Z. Xia. “The Mapping
Class Group Action on SU(3)-Character Varieties”. In: Ergodic Theory and
Dynamical Systems 41.8 (Aug. 2021), pp. 2382–2396. issn: 0143-3857, 1469-
4417. doi: 10.1017/etds.2020.50.

[GM13] Tsachik Gelander and Yair Minsky. “The Dynamics of Aut(F n) on Redun-
dant Representations”. In: Groups, Geometry, and Dynamics 7.3 (2013),
pp. 557–576. issn: 1661-7207. doi: 10.4171/GGD/197.

http://arxiv.org/abs/2001.08397
https://arxiv.org/abs/2001.08397
https://doi.org/10.1215/00127094-2009-042
http://arxiv.org/abs/1306.5832
https://arxiv.org/abs/1306.5832
https://doi.org/10.5802/aif.2512
https://doi.org/10.5802/aif.2512
https://doi.org/10.2140/gt.2017.21.215
https://doi.org/10.4310/jdg/1381931734
http://arxiv.org/abs/2206.14183
https://arxiv.org/abs/2206.14183
https://doi.org/10.1007/s11856-008-1038-6
https://doi.org/10.1017/etds.2020.50
https://doi.org/10.4171/GGD/197


REFERENCES 5

[Gol03a] William M Goldman. “The Modular Group Action on Real SL (2)–Charac-
ters of a One-Holed Torus”. In: Geometry & Topology 7.1 (July 18, 2003),
pp. 443–486. issn: 1364-0380, 1465-3060. doi: 10.2140/gt.2003.7.443.

[Gol03b] William M. Goldman. “The Complex-Symplectic Geometry of SL(2,C)-
Characters over Surfaces”. Oct. 3, 2003. url: http://arxiv.org/abs/
math/0304307 (visited on 11/24/2021). arXiv: math/0304307.

[Gol06] William M. Goldman. “Mapping Class Group Dynamics on Surface Group
Representations”. Jan. 28, 2006. url: http://arxiv.org/abs/math/
0509114 (visited on 10/11/2022). arXiv: math/0509114. preprint.

[Gol07] William M. Goldman. “An Ergodic Action of the Outer Automorphism
Group of a Free Group”. In: GAFA Geometric And Functional Analysis
17.3 (Sept. 2007), pp. 793–805. issn: 1016-443X, 1420-8970. doi: 10.1007/
s00039-007-0609-8.

[Gol09] William M. Goldman. “Trace Coordinates on Fricke Spaces of Some Simple
Hyperbolic Surfaces”. Jan. 10, 2009. url: http://arxiv.org/abs/0901.
1404 (visited on 04/27/2022). arXiv: 0901.1404 [math].

[Gol84] William M Goldman. “The Symplectic Nature of Fundamental Groups of
Surfaces”. In: Advances in Mathematics 54.2 (Nov. 1984), pp. 200–225. issn:
00018708. doi: 10.1016/0001-8708(84)90040-9.

[Gol86] William M. Goldman. “Invariant Functions on Lie Groups and Hamiltonian
Flows of Surface Group Representations”. In: Inventiones Mathematicae
85.2 (June 1986), pp. 263–302. issn: 0020-9910, 1432-1297. doi: 10.1007/
BF01389091.

[Gol97] William M. Goldman. “Ergodic Theory on Moduli Spaces”. In: The An-
nals of Mathematics 146.3 (Nov. 1997), p. 475. issn: 0003486X. JSTOR:
2952454. doi: 10.2307/2952454.

[GX11] William Goldman and Xia. “Ergodicity Of Mapping Class Group Actions
On SU(2)-Character Varieties”. In: Geometry, Rigidity, and Group Actions.
University of Chicago Press, 2011. isbn: 978-0-226-23789-3 978-0-226-23788-
6 978-0-226-23790-9. doi: 10.7208/chicago/9780226237909.001.0001.

[GX12] William M. Goldman and Eugene Z. Xia. “Action of the Johnson-Torelli
Group on Representation Varieties”. In: Proceedings of the American Math-
ematical Society 140.4 (Apr. 1, 2012), pp. 1449–1457. issn: 0002-9939, 1088-
6826. doi: 10.1090/S0002-9939-2011-10972-9.

[Kap98] Michael Kapovich. “On the Dynamics of Pseudo-Anosov Homeomorphisms
on Representation Varieties of Surface Groups”. In: Annales- Academiae
Scientiarum Fennicae Mathematica 23 (1998). url: https://www.acadsci.
fi/mathematica/Vol23/kapovich.pdf.

[KK20] Inkang Kim and Sungwoon Kim. “Primitive Stable Representations in Higher
Rank Semisimple Lie Groups”. Apr. 1, 2020. url: http://arxiv.org/abs/
1504.08056 (visited on 11/24/2022). arXiv: 1504.08056 [math]. preprint.

[Lub11] Alexander Lubotzky. “Dynamics of Aut(Fn) Actions on Group Presenta-
tions and Representations”. Dec. 15, 2011. arXiv: 1109.0155 [math]. doi:
10.48550/arXiv.1109.0155. preprint.

[Mar22] Arnaud Maret. “A Note on Character Varieties”. 2022. url: https : / /
arnaudmaret.com/files/character-varieties.pdf. preprint.

[Min13] Yair N. Minsky. “On Dynamics of Out(Fn) on PSL2(C) Characters”. In:
Israel Journal of Mathematics 193.1 (Jan. 1, 2013), pp. 47–70. issn: 1565-
8511. doi: 10.1007/s11856-012-0086-0.

https://doi.org/10.2140/gt.2003.7.443
http://arxiv.org/abs/math/0304307
http://arxiv.org/abs/math/0304307
https://arxiv.org/abs/math/0304307
http://arxiv.org/abs/math/0509114
http://arxiv.org/abs/math/0509114
https://arxiv.org/abs/math/0509114
https://doi.org/10.1007/s00039-007-0609-8
https://doi.org/10.1007/s00039-007-0609-8
http://arxiv.org/abs/0901.1404
http://arxiv.org/abs/0901.1404
https://arxiv.org/abs/0901.1404
https://doi.org/10.1016/0001-8708(84)90040-9
https://doi.org/10.1007/BF01389091
https://doi.org/10.1007/BF01389091
http://www.jstor.org/stable/2952454
https://doi.org/10.2307/2952454
https://doi.org/10.7208/chicago/9780226237909.001.0001
https://doi.org/10.1090/S0002-9939-2011-10972-9
https://www.acadsci.fi/mathematica/Vol23/kapovich.pdf
https://www.acadsci.fi/mathematica/Vol23/kapovich.pdf
http://arxiv.org/abs/1504.08056
http://arxiv.org/abs/1504.08056
https://arxiv.org/abs/1504.08056
https://arxiv.org/abs/1109.0155
https://doi.org/10.48550/arXiv.1109.0155
https://arnaudmaret.com/files/character-varieties.pdf
https://arnaudmaret.com/files/character-varieties.pdf
https://doi.org/10.1007/s11856-012-0086-0


REFERENCES 6
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