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On the stability of holomorphic families
of endomorphisms of Pk

François Berteloot and Xavier Buff

Abstract. In the context of holomorphic families of Pk endomorphisms, we show
that various notions of stability are equivalent. This allows us to both extend and
simplify the architecture of the proof of certain results of Berteloot–Bianchi–Dupont
(2018).

1. Introduction and results

A holomorphic family of degree d � 2 endomorphisms on Pk , parametrized by a com-
plex manifold M , is a holomorphic map f WM � Pk ! M � Pk , of the form .�; z/ 7!

.�; f�.z// such that d � 2 is the common algebraic degree of the maps f� as endomorph-
isms of Pk .

For such families, the simplest notion of dynamical stability concerns repelling cycles
and is referred to as weak stability. We are going to define various versions of it. For
every integer n and every parameter �, we denote by Rn.�/ the set of n-periodic repelling
points of f� which belong to the Julia set of f�. Let us recall that, by the Briend–Duval
equidistribution theorem [9], jRn.�/j � dkn for every �2M .

Definition 1.1. A family f is said partially weakly stable if there exists a sequence of
trivial holomorphic laminations .Lrn/n2N in M � Pk such that

Lrn \ .¹�º � Pk/ � Rn.�/ for every �2M , f .Lrn/ � Lrn;

and lim sup
n
jLrnjd

�kn > 0:

Such a family is said asymptotically weakly stable if, moreover, limn jL
r
njd
�kn D 1, and

weakly stable if Lrn \ .¹�º � Pk/ D Rn.�/ for every �2M .

Roughly speaking, weak stability means that all repelling cycles move holomorphic-
ally. In dimension k D 1, Mañé–Sad–Sullivan [13] and, independently, Lyubich [12], have
shown that weak stability is equivalent to the existence of a holomorphic motion of the full
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Julia sets. One of their main tool is the so-called �-lemma. Combining this lemma with
the ergodicity of the equilibrium measure of f�, one may see that partial weak stability is
actually sufficient [2].

In higher dimensions, the classical approach fails and new tools have to be introduced.
This has been done in [3] where, in particular, a probabilistic notion of stability called
�-stability has been defined (see Section 2). It is proved in [3] that the notions of weak
stability and �-stability are equivalent within the full family Hd .P

k/ of degree d holo-
morphic endomorphisms of Pk , or within arbitrary families of endomorphisms of P2.
Using further techniques, Bianchi [7] proved the equivalence of asymptotic weak stability
and �-stability in any dimension and in the more general setting of holomorphic families
of polynomial like mappings with large topological degree.

Our aim in this note is to prove the equivalence of the notions of weak stability and
�-stability. Our main results are the following. In Section 3, we prove the following.

Proposition 1.2. Let M be a simply connected complex manifold and let f WM � Pk !
M � Pk be a degree d � 2 holomorphic family of endomorphisms of Pk . If f is �-stable,
then f is weakly stable.

Combining the above result with some of [3] and [4], we then show in Section 4 that
all the notions of stability are equivalent when the parameter space is simply connected
(see Theorem 4.1 for a complete set of equivalences).

Theorem 1.3. Let M be a simply connected complex manifold and let f WM � Pk !
M � Pk be a degree d � 2 holomorphic family of endomorphisms of Pk . Then

f is �-stable ” f is weakly stable ” f is partially weakly stable:

Finally, we should mention that the above result also covers the fact that the bifurcation
of repelling cycles is a chain reaction in the sense of [2].

2. Equilibrium webs, laminations, and �-stability

In all this section, f is a given degree d holomorphic family of endomorphisms of Pk . The
critical set of f is denoted Cf and, for each parameter �2M , the equilibrium measure
of f� is denoted �� while its support, the (small) Julia set of f�, is denoted J�.

We endow Pk with the spherical distance dPk and the space O.M; Pk/ of holo-
morphic maps from M to Pk with the distance duloc of local uniform convergence, which
makes .O.M;Pk/; duloc/ a complete separable metric space. The graph of 
 2O.M;Pk/
is denoted �
 . The holomorphic map f clearly induces a continuous selfmap

F W O.M;Pk/! O.M;Pk/

which is defined by

F � 
.�/ WD f�.
.�// for any 
 2O.M;Pk/ and �2M .

We will also use the evaluation maps

e� W O.M;P
k/! Pk
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defined by
e�.
/ WD 
.�/ for any 
 2O.M;Pk/ and �2M .

An important role is played by the two following (possibly empty) closed F-invariant
subspaces of O.M;Pk/:

J WD ¹
 2O.M;Pk/ W 
.�/2J�; 8�2M º;

Js WD
®

 2 J W �
 \

�S
m�0f

�m
�S

n�0f
n.Cf /

��
¤ ;

¯
:

As we shall see, the �-stability of the family f amounts to say that there exists an
ergodic dynamical system of the form .J;M;F/ which does not interact with the critical
dynamics of f .

Definition 2.1. An equilibrium web for the family f WM �Pk!M �Pk is a probability
measure M on O.M;Pk/ such that:

(1) F�M DM,
(2) suppM is compact in .O.M;Pk/; duloc/,
(3) .e�/�M D ��; 8�2M .

An equilibrium web M is said acritical if M.Js/ D 0, and ergodic if the dynamical
system .O.M;Pk/;F;M/ is ergodic.

An equilibrium lamination for the family f WM � Pk !M � Pk is a relatively com-
pact subset L of J such that

(1) �
 \ �
 0 D ; for every distinct 
; 
 0 2L,
(2) ��¹
.�/ W 
 2Lº D 1 for every �2M ,
(3) �
 does not meet the grand orbit of the critical set of f for every 
 2L,
(4) the map FWL! L is dk to 1.

An equilibrium lamination is said subordinated to an equilibrium web M if M.L/D 1.
A family f is said to be �-stable if it admits an equilibrium lamination.

It turns out that every equilibrium web is supported in J (see the comment after Pro-
position 2.3 in [4]). Let us also mention that Bianchi and Rakhimov [8] have recently
shown that the �-stability, i.e., the stability of the maximal entropy measure, implies a
similar property for all measures with entropy strictly bigger than .k � 1/ ln d .

The interplay between equilibrium webs and laminations is given by the following
fundamental result from [3].

Theorem 2.2. Let M be a simply connected complex manifold and let f WM � Pk !
M � Pk be a degree d � 2 holomorphic family of endomorphisms of Pk .

(1) If f admits an acritical and ergodic equilibrium web M, then there exists an equilib-
rium lamination L for f which is subordinated to M, and moreover, M.L�L0/ D 0

for any other equilibrium lamination L0 of f ;
(2) if f admits an equilibrium lamination L, then there exists an acritical and ergodic

equilibrium web M of f to which L is subordinated.

The first assertion is Theorem 4.1 of [3], the second one is only implicit there and we
thus prove it below.
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Proof. Pick 
0 2L and, for every n2N, set

Mn WD
1

n

nX
iD1

d�ki
X

Fıi�D
0

ı� :

Then any weak limit M of .Mn/n is an equilibrium web for f (see Proposition 2.2 of [3]).
We will show that M yields an acritical and ergodic equilibrium web for f to which L is
subordinated. Let us first check that for every k 2N and every 
 2 suppM, one has

�
 \ f
ık.Cf / ¤ ; H) �
 � f

ık.Cf /:

Indeed, if this were not the case, by the Hurwitz theorem, we could find some n2N and
some � 2 suppMn such that �� \ f ık.Cf / ¤ ;, and therefore f ı.iCk/.Cf / \ �
0 ¤ ;
for some i � n which, as 
0 2L, is impossible.

Now, for any fixed �0 2M , we get

M
�®

 2 J W �
 \

�S
k�0f

ık.Cf /
�
¤ ;

¯�
DM

�®

 2 J W �
 �

�S
k�0f

ık.Cf /
�¯�

�M
�®

 2 J W .�0; 
.�0//2

�S
k�0f

ık.Cf /
�¯�
D .e�0/�M

S
k�0f

ık
�0
.Cf�0

/ D 0;

where the last equality follows from the fact that .e�0/�M D ��0 gives no mass to pluri-
polar subsets of Pk . Then M.Js/ D 0 follows from the F-invariance of M and therefore,
according to Proposition 2.4 of [3], M can be replaced by an acritical and ergodic equilib-
rium web, which we still note M.

By the first assertion of Theorem 2.2, there exists an equilibrium lamination L0 of f
such that M.L0/ D 1 and M.L�L0/ D 0. It follows that M.L/ D 1.

3. Proof of Proposition 1.2

Let L be an equilibrium lamination for f . According to the second assertion of The-
orem 2.2, L is subordinated to an equilibrium web M. Let �0 2M and z0 2 J�0 be such
that z0 is p-periodic and repelling for f�0 . Without any loss of generality, we may assume
that p D 1. According to Lemma 2.5 of [3] , there exists 
0 2 J such that 
0.�0/ D z0,
F.
0/ D 
0 and 
0.�/ is a fixed repelling point of f� for � sufficiently close to �0. We
must show that 
0.�/ is repelling for every �2M .

We proceed by contradiction. If this is not the case, then there exists �1 2M such that
at least one of the eigenvalues of f 0

�1
.
0.�1// has a modulus smaller or equal to 1.

The fixed point 
0.�1/ is non-repelling. Let us first show that after possibly moving �1
a little, it becomes hyperbolic, which means that all the eigenvalues of f 0

�
.
0.�1// avoid

the unit circle in C. Let

Z WD ¹.�;w/2M �C W det.f 0�.
0.�// � w id/ D 0º:

The canonical projection �M WZ ! M has degree d for some d � k and is such that
min��1M .�1/

jwj � 1. If min��1M .�1/
jwj D 1, we cannot have min��1M .�/ jwj � 1 on some

neighbourhood of �1, since otherwise the maximum modulus principle, applied to the
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restriction of the function 1=w to Z, would imply that w is constant on the branch of Z
where jw.�1/j D 1 and, in particular, min��1M .�0/

jwj D 1. We may thus slightly move �1
so that min��1M .�1/

jwj < 1 and �M has exactly d distinct preimages at �1.

Now, ��1M .�/ is given by the graphs of d holomorphic functions wj .�/ above a small
neighbourhood of �1 and, since min��1M .�0/

jwj > 1, any function wj is not constant
if jwj .�1/j D 1. Thus, after possibly moving �1 again, 
0.�1/ stays non-repelling and
becomes hyperbolic.

LetW be the local unstable manifold of f�1 at 
0.�1/. It is a proper analytic subset of
some neighbourhood of 
0.�1/ in Pk . Let

�0 WD ¹z 2Pk W dPk .z; z0/ < ˛0º

be a neighbourhood of z0 in Pk , and let L0 and L1 be the following subsets of L:

L0 WD ¹
 2L W 
.�0/2�0º D e
�1
�0
.�0/ \ L;

L1 WD ¹
 2L W 9n2N such that 
.�1/2f ın�1 .W /º D
[
n2N

e�1�1 .f
ın
�1
.W // \ L:

Let us show that
M.L0/ > 0 and M.L1/ D 0:

As M.L/ D 1, we have

M.L0/ DM.e�1�0 .�0// and M.L1/ �
X
n2N

M.e�1�1 .f
ın
�1
.W //:

Since z0 2J�0 , we have

M.L0/ D .e�0/�M.�0/ D ��0.�0/ > 0:

Since ��1 gives no mass to pluripolar sets,

M.e�1�1 .f
ın
�1
.W /// D .e�1/�M.f

ın
�1
.W // D ��1.f

ın
�1
.W // D 0

for every n2N and thus M.L1/ D 0.
Now, the expected contradiction will be obtained by showing that, for �0 suitably

small,
L0 � L1:

As f�0 is repelling at z0, there exist 0 < a < 1, r0 > 0, a neighbourhood V0 of �0
in M , and an inverse branch 'WT0 ! T0 of f which is defined on the neighbourhood

T0 WD ¹.�; z/ 2 V0 � Pk W dPk .z; 
0.�// < r0º

of .�0; z0/, such that

(3.1) dPk .
0.�/; '.�; z// � adPk .
0.�/; z/ 8.�; z/2T0:
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Owing to the equicontinuity of the family L, we may take the neighbourhood V0 of �0
and the neighbourhood �0 of z0 small enough so that

(3.2) 8
 2L; 8�2V0; 
.�0/2�0 H) .�; 
.�//2T0:

Let 
 2L0. It follows from (3.2) and the definition of L0 that the map � 7! '.�; 
.�//

is well defined on V0. Now, since the map FWL! L is dk to 1, this implies that there
exists 
�1 2L such that '.�; 
.�// D 
�1.�/ on V0. By (3.1), one sees that 
�1 actually
belongs to L0. We may thus iterate this construction and find a sequence .
�n/n in L0
such that Fın.
�n/ D 
 and limn 
�n.�/ D 
0.�/ for every � 2 V0. By analyticity, and
equicontinuity of L, this implies that limn 
�n.�/D 
0.�/ for every �2M and, in partic-
ular, that limn 
�n.�1/ D 
0.�1/. This is only possible if 
�n.�1/2W for n big enough,
and thus 
 2L1. We have shown that L0 � L1.

4. Proof of Theorem 1.3

We shall actually present the following more complete result, which combines the above
Proposition 1.2 with results of [3] and [4].

Theorem 4.1. Let f WM � Pk !M � Pk be a holomorphic family of endomorphisms of
degree d � 2 on Pk parametrized by a simply connected complex manifold M . Then the
following assertions are equivalent:

(1) L is pluriharmonic on M ,

(2) kf ın� ŒCf �kU�Pk D O.d
.k�1/n/ for every U b M ,

(3) the ramification current

Rf WD
X
n�0

d�kn.f ın/�Œf .Cf /�

converges on M � Pk ,

(4) f is �-stable,

(5) f is weakly stable,

(6) f is asymptotically weakly stable,

(7) f is partially weakly stable.

Let us recall that ŒCf � denotes the current of integration on the critical set Cf of f ,
and that the Lyapunov function

L.�/ WD

Z
Pk

ln jJacf�j ��

is p.s.h on M ([1]) and coincides with the sum of the Lyapunov exponents of the ergodic
dynamical system .J�; f�; ��/.

One of the main threads in the proof of the Theorem 4.1 is that the stability properties
of f are encoded by the function L, from which they can be extracted using the following
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two formulas:

(dd cL-formula) dd cL D �M�
�
.dd c�;zg.�; z/C !Pk /

k
^ ŒCf �

�
;

(approximation formula) L.�/ D lim
n
d�kn

X
z2Rn.�/

ln jJacf�.z/j:

The first formula has been obtained by Bassanelli and Berteloot in [1]; it generalizes
similar formulas in dimension one due to Przytycki [15] and Manning [14] for polynomi-
als and DeMarco [10] for rational functions. It might be useful to stress that g.�; �/ is the
Green function of f� and that

�� D .dd
c
z g.�; z/C !Pk /

k

(see [11], p. 176).
The second formula was proved by Berteloot, Dupont and Molino in [6], and a sim-

plified proof, avoiding difficulties due to the possible resonances between the Lyapunov
exponents, has been given by Berteloot and Dupont in [5].

Let us now enter into details. The implications .2/) .3/ and .5/) .6/) .7/ are
obvious. Note that the convergence of the positive current Rf means that every point in
M � Pk admits a neighbourhood U such that the seriesX

n�0

k1Ud�kn.f ın/�Œf .Cf /�k

converges.
.1/) .2/ follows immediately from the following estimate, which is a direct con-

sequence of the dd cL-formula (Lemma 3.13 of [3]). There exists a positive constant ˛,
only depending on k and dimC M , such that

kf n� ŒCf �kU�Pk D ˛d
kn
kdd cLkU CO.d

.k�1/n/

for every relatively compact open subset U of M .
.3/) .4/. This is based on the key result of [4]. Namely, the convergence of the rami-

fication current implies that any �0 2M has a neighbourhood D0 such that the restricted
family f jD0�Pk admits an acritical equilibrium web M (see Theorem 1.4 and Lemma 2.4
of [4]). Then, by Proposition 2.4 in [3], this web can be assumed to be ergodic, and
thus f jD0�Pk admits an equilibrium lamination (Theorem 2.2.) As M is simply con-
nected, f itself admits an equilibrium lamination.

.4/) .5/ is Proposition 1.2.

.7/) .1/. This has been proved in [2]; we reproduce here the argument. By the
Banach–Alaoglu theorem, there exist a subsequence .nq/q and a compactly supported
positive measure M of mass � on O.M;Pk/, such that

lim
q

1

dknq

X

2Lrnq

ı
 DM and 0 < � � 1:
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We now fix �2M . By the Briend–Duval theorem ([9]),

lim
n
d�kn

X
z2Rn.�/

ız D ��;

and setting �� WD e��M, we have

lim
q

1

dknq

X
z2Lrnq .�/

ız D ��:

The positive measure �� is f�-invariant, of mass � , and �� � ��. Writing

�� D �
���
�

�
C .1 � �/

��� � ��
1 � �

�
;

we deduce from the ergodicity of �� that �� D ���. Now, setting

Lrn.�/ WD Lrn \ .¹�º � Pk/ and R0n.�/ WD Rn.�/ n L
r
n.�/;

we get

lim
q

1

dknq

X
z2R0nq .�/

ız D .1 � �/��:

Let ln" be a family of smooth functions on Œ0;C1Œ which converges pointwise to ln
and such that ln" � ln. Then

�

Z
Pk

ln" jJacf�j �� D
Z

Pk
ln" jJacf�j �� D lim

q

1

dknq

X
z2Lrnq .�/

ln" jJacf�.z/j

� lim sup
q

1

dknq

X
z2Lrnq .�/

ln jJacf�.z/j

and, making "! 0,

� L.�/ � lim sup
q

1

dknq

X
z2Lrnq .�/

ln jJacf�.z/j:

Similarly, we have

.1 � �/L.�/ � lim sup
q

1

dknq

X
z2R0nq .�/

ln jJacf�.z/j:

On the other hand,

lim
q

1

dknq

X
z2Lrnq .�/

ln jJacf�.z/j C
1

dknq

X
z2R0nq .�/

ln jJacf�.z/j D L.�/

by the approximation formula. Thus,

�L.�/ D lim
q

1

dknq

X
z2Lrnq .�/

ln jJacf�.z/j;

which makes L appearing as the pointwise limit of a locally uniformly bounded sequence
of pluriharmonic functions. The function L is therefore pluriharmonic on M .



On the stability of holomorphic families of endomorphisms of Pk 1529

References

[1] Bassanelli, G. and Berteloot, F.: Bifurcation currents in holomorphic dynamics on Pk . J. Reine
Angew. Math. 608 (2007), 201–235. Zbl 1136.37025 MR 2339474

[2] Berteloot, F.: Les cycles répulsifs bifurquent en chaîne. Ann. Mat. Pura Appl. (4) 197 (2018),
no. 2, 517–520. Zbl 1388.32012 MR 3772915

[3] Berteloot, F., Bianchi, F. and Dupont, C.: Dynamical stability and Lyapunov exponents for
holomorphic endomorphisms of Pk . Ann. Sci. Éc. Norm. Supér. (4) 51 (2018), no. 1, 215–262.
Zbl 1454.32011 MR 3764042

[4] Berteloot, F. and Brévard, M.: Ramification current, post-critical normality and stability of
holomorphic endomorphisms of Pk . Fund. Math. 263 (2023), no. 3, 253–270.
Zbl 1542.37042 MR 4669146

[5] Berteloot, F. and Dupont, C.: A distortion theorem for iterated inverse branches of holomorphic
endomorphisms of Pk . J. Lond. Math. Soc. (2) 99 (2019), no. 1, 153–172. Zbl 1422.37031
MR 3909252

[6] Berteloot, F., Dupont, C. and Molino, L.: Normalization of bundle holomorphic contractions
and applications to dynamics. Ann. Inst. Fourier (Grenoble) 58 (2008), no. 6, 2137–2168.
Zbl 1151.37038 MR 2473632

[7] Bianchi, F.: Misiurewicz parameters and dynamical stability of polynomial-like maps of large
topological degree. Math. Ann. 373 (2019), no. 3-4, 901–928. Zbl 1436.32069 MR 3953115

[8] Bianchi, F. and Rakhimov, K.: Strong probabilistic stability in holomorphic families of endo-
morphisms of Pk.C/ and polynomial-like maps. Int. Math. Res. Not. IMRN (2024), no. 12,
9875–9892. Zbl 1564.37049 MR 4761782

[9] Briend, J.-Y. and Duval, J.: Exposants de Liapounoff et distribution des points périodiques
d’un endomorphisme de CPk . Acta Math. 182 (1999), no. 2, 143–157. Zbl 1144.37436
MR 1710180

[10] DeMarco, L.: Dynamics of rational maps: Lyapunov exponents, bifurcations, and capacity.
Math. Ann. 326 (2003), no. 1, 43–73. Zbl 1032.37029 MR 1981611

[11] Dinh, T.-C. and Sibony, N.: Dynamics in several complex variables: endomorphisms of
projective spaces and polynomial-like mappings. In Holomorphic dynamical systems, pp. 165–
294. Lecture Notes in Math. 1998, Springer, Berlin, 2010. Zbl 1218.37055 MR 2648690

[12] Lyubich, M. Y.: Some typical properties of the dynamics of rational mappings (in Russian).
Uspekhi Mat. Nauk 38 (1983), no. 5 (233), 197–198; English translation: Russian Math. Sur-
veys 38 (1983), no. 5, 154–155. Zbl 0546.58033 MR 0718838

[13] Mañé, R., Sad, P. and Sullivan, D.: On the dynamics of rational maps. Ann. Sci. École Norm.
Sup. (4) 16 (1983), no. 2, 193–217. Zbl 0524.58025 MR 0732343

[14] Manning, A.: The dimension of the maximal measure for a polynomial map. Ann. of Math. (2)
119 (1984), no. 2, 425–430. Zbl 0551.30021 MR 0740898

[15] Przytycki, F.: Hausdorff dimension of harmonic measure on the boundary of an attractive basin
for a holomorphic map. Invent. Math. 80 (1985), no. 1, 161–179. Zbl 0569.58024
MR 0784535

https://doi.org/10.1515/CRELLE.2007.058
https://zbmath.org/?q=an:1136.37025
https://mathscinet.ams.org/mathscinet-getitem?mr=2339474
https://doi.org/10.1007/s10231-017-0690-z
https://zbmath.org/?q=an:1388.32012
https://mathscinet.ams.org/mathscinet-getitem?mr=3772915
https://doi.org/10.24033/asens.2355
https://doi.org/10.24033/asens.2355
https://zbmath.org/?q=an:1454.32011
https://mathscinet.ams.org/mathscinet-getitem?mr=3764042
https://doi.org/10.4064/fm279-6-2023
https://doi.org/10.4064/fm279-6-2023
https://zbmath.org/?q=an:1542.37042
https://mathscinet.ams.org/mathscinet-getitem?mr=4669146
https://doi.org/10.1112/jlms.12163
https://doi.org/10.1112/jlms.12163
https://zbmath.org/?q=an:1422.37031
https://mathscinet.ams.org/mathscinet-getitem?mr=3909252
https://doi.org/10.5802/aif.2409
https://doi.org/10.5802/aif.2409
https://zbmath.org/?q=an:1151.37038
https://mathscinet.ams.org/mathscinet-getitem?mr=2473632
https://doi.org/10.1007/s00208-018-1642-7
https://doi.org/10.1007/s00208-018-1642-7
https://zbmath.org/?q=an:1436.32069
https://mathscinet.ams.org/mathscinet-getitem?mr=3953115
https://doi.org/10.1093/imrn/rnae081
https://doi.org/10.1093/imrn/rnae081
https://zbmath.org/?q=an:1564.37049
https://mathscinet.ams.org/mathscinet-getitem?mr=4761782
https://doi.org/10.1007/BF02392572
https://doi.org/10.1007/BF02392572
https://zbmath.org/?q=an:1144.37436
https://mathscinet.ams.org/mathscinet-getitem?mr=1710180
https://doi.org/10.1007/s00208-002-0404-7
https://zbmath.org/?q=an:1032.37029
https://mathscinet.ams.org/mathscinet-getitem?mr=1981611
https://doi.org/10.1007/978-3-642-13171-4_4
https://doi.org/10.1007/978-3-642-13171-4_4
https://zbmath.org/?q=an:1218.37055
https://mathscinet.ams.org/mathscinet-getitem?mr=2648690
https://doi.org/10.1070/RM1983v038n05ABEH003515
https://zbmath.org/?q=an:0546.58033
https://mathscinet.ams.org/mathscinet-getitem?mr=0718838
https://doi.org/10.24033/asens.1446
https://zbmath.org/?q=an:0524.58025
https://mathscinet.ams.org/mathscinet-getitem?mr=0732343
https://doi.org/10.2307/2007044
https://zbmath.org/?q=an:0551.30021
https://mathscinet.ams.org/mathscinet-getitem?mr=0740898
https://doi.org/10.1007/BF01388554
https://doi.org/10.1007/BF01388554
https://zbmath.org/?q=an:0569.58024
https://mathscinet.ams.org/mathscinet-getitem?mr=0784535


F. Berteloot and X. Buff 1530

Received April 30, 2025; revised September 21, 2025.

François Berteloot
Université de Toulouse, INSA Toulouse, CNRS, Institut de Mathématiques de Toulouse
Toulouse, France;
francois.berteloot@math.univ-toulouse.fr
Author IDs: zbMATH berteloot.francois MR 35835 ORCID 0000-0001-5501-3472

Xavier Buff
Université de Toulouse, INSA Toulouse, CNRS, Institut de Mathématiques de Toulouse
Toulouse, France;
xavier.buff@math.univ-toulouse.fr
Author IDs: zbMATH buff.xavier MR 635227 ORCID 0000-0003-0275-0107

Licensed under the Creative Commons Attribution 4.0 International Licence CC BY 4.0 (httpsW//
creativecommons.org/licenses/by/4.0/), which permits use, sharing, adaptation, and redistribution with appro-
priate credit, a link to the licence, and indication of changes.

mailto:francois.berteloot@math.univ-toulouse.fr
https://zbmath.org/authors/berteloot.francois
https://mathscinet.ams.org/mathscinet/MRAuthorID/35835
https://orcid.org/0000-0001-5501-3472
mailto:xavier.buff@math.univ-toulouse.fr
https://zbmath.org/authors/buff.xavier
https://mathscinet.ams.org/mathscinet/MRAuthorID/635227
https://orcid.org/0000-0003-0275-0107
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	1. Introduction and results
	2. Equilibrium webs, laminations, and mu-stability
	3. Proof of Proposition 1.2
	4. Proof of Theorem 1.3
	References

