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Abstract

Let # be a Kihler foliation on a compact Riemannian manifold M. If the transversal scalar curvature
of ¥ is nonzero constant, then any transversal conformal field is a transversal Killing field; and if the
transversal Ricci curvature is nonnegative and positive at some point, then there are no transversally
holomorphic fields.
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1. Introduction

Let (M,¥) be a Riemannian manifold with a Riemannian foliation ¥ of
codimension g. A transversal infinitesimal automorphism on M is an infinitesimal
automorphism which preserves the leaves. A transversal infinitesimal automorphism
is said to be a transversal Killing field, a transversal conformal field or a transversal
projective field if it generates a one-parameter family of a transversal infinitesimal
isometric, a transversal infinitesimal conformal or a transversal infinitesimal projective
transformation, respectively. Such geometric objects give some important information
about the leaf space M/¥ . There are several results about infinitesimal automorphisms
on Riemannian foliations [4—7, 9, 10]. Recently, Jung and Jung [4] studied properties
of transversal infinitesimal automorphisms on a compact foliated Riemannian
manifold (M, F).

In this paper, we investigate properties of transversal infinitesimal automorphisms
on Kibhler foliations. The paper is organised as follows. In Section 2, we review basic
results on Riemannian foliations. In Section 3, we review well-known results about
infinitesimal automorphisms on Riemannian foliations. In Section 4, we prove that,
on Kihler foliations, any transversal conformal (or projective) field is a transversal
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affine field. Note that on ordinary manifolds any affine field is a Killing field, but on
Riemannian foliations a transversal affine field is not necessarily a transversal Killing
field [4]. In fact, if any transversal conformal (or projective) field satisfies some mean
curvature assumption, then it is a transversal Killing field. Moreover, we prove that
on a Kibhler foliation of nonzero constant transversal scalar curvature, any transversal
conformal field is a transversal Killing field. In Section 5, we study transversally
holomorphic fields, that is, infinitesimal holomorphic transformations which preserve
the leaves. We give a vanishing theorem without making assumptions about the mean
curvature vector. In [9], Nishikawa and Tondeur proved that there are no transversally
holomorphic fields under the assumption that the foliation is minimal. In [2], Jung
proved that there are no transversally holomorphic fields satisfying V4 ¥ = 0. Also, we
prove that if the transversal Ricci curvature is nonnegative and positive at some point,
then there are no transversally holomorphic fields.

2. Preliminaries

Let (M, gy, ) be a (p + g)-dimensional Riemannian manifold with a foliation 7
of codimension ¢ and a bundle-like metric g, with respect to ¥ [12]. Let VM be the
Levi-Civita connection with respect to g»;. Let TM be the tangent bundle of M, L its
integrable subbundle given by #, and Q = TM/L the corresponding normal bundle.
Then there exists an exact sequence of vector bundles

O—>L—>TM:Q—>0,

o

where o : Q — L* is a bundle map satisfying 7o o-=id. Let gy be the holonomy
invariant metric on Q induced by gy = g1 + gr+; that is,

go(s, 1) =gu(o(s), o) Vs, telQ.

This means that 8(X)go =0 for X € I'L, where 6(X) is the transverse Lie derivative.
So we have an identification L+ with Q via an isometric splitting (Q, go) = (L*, g1+).
A transversal Levi-Civita connection V in Q is defined [7, 12] by

v n([X,Y]) VYXelL
S =
ﬂ(Vg Y,) VXeTlL*,
where seT'Q and Y,=o0(s)el'L* corresponding to s under the canonical
isomorphism Q = L*. The curvature R of V is defined by RY(X,Y) = [Vx, Vy] -

Vixy) for X, Y eI'TM. Since i(X)RY =0 for any X € 'L [7, 12], we can define the
transversal Ricci operator p¥ : TQ — I'Q by

q
pv(sx) = Z Rv(s’ E)E,,
a=1
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where {E;}4-1,. 4 is an orthonormal basic frame of Q. Then the transversal Ricci
curvature RicY is given by RicV(sy, s2) = go(0"(s1), s2) for any si, s, €[Q. The
transversal scalar curvature o is given by 0¥ = Trp". The foliation F is said to be
(transversally) Einsteinian if the model space is Einsteinian, that is,
P’ = lO'V -id
q

with constant transversal scalar curvature 0. The mean curvature vector k¥ of F is

defined by
P

Kﬂ = ﬂ'(Z V%/IIE,),
i=1

where {E;} is a local orthonormal basis of L. The foliation ¥ is said to be minimal
if k#=0. A differential form w € Q"(M) is basic if i(X)w =0 and 8(X)w = 0 for all
X eTL. Let Qp(F) be the set of all basic r-forms on M. Then Q"(M) = Q(F) &
Qp(F)* [1]. It is well known that the mean curvature form «p is closed, that is,
dkp =0, where kg is the basic part of k. The basic Laplacian acting on Qp(F) is
defined by

Ap = dpép + dpdp,
where 0 is the formal adjoint of dp = d|Qz’(7‘) [1,3]. Let{E;} (@a=1,...,q)bealocal
orthonormal basis of Q. We define V{ V. : Q(F) — Q(F) by

* _ 2
ViVie=-> Vi + Vs
a

where V;Y = VxVy — Vyuy forany X, Y € TM. The operator V| V. is positive definite
and formally self-adjoint on the space of basic forms [3]. We define the bundle map
Ay : NQ" - N'Q* forany Y € V(¥) [8] by

Ay¢p =0(Y)p — Vyo,

where 6(Y) is the transverse Lie derivative. It has been proved [8] that, for any vector
field Y € V(F),
Ays=—Vy, Y, (2.1

where Y, = 0(s) e T'TM. So Ay depends only on ¥ = 7(Y) and is a linear operator.
Since 8(X)¢ = Vx¢ for any X e 'L, Ay preserves the basic forms and depends only
on Y. Then we have the generalised Weitzenbick formula as given in the following
theorem.

TueoreM 2.1 [3]. On a Riemannian foliation F,
AB¢ = V;VII‘¢ + F(()b) + AKquj’ ¢ € Q%(/C)»

where F(§) = 3, 6 N i(E)RY(Ey, E). If ¢ is a basic 1-form, then F(¢)f = p¥ (¢9)
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From Theorem 2.1, for any ¢ € Qp(F),
08I0 = (Mg, ¢) — [Vugl’ — (F(9). ) — (A 6. ). 2.2)
We now recall the following generalised maximum principle.

Lemma 2.2 [5]. Let ¥ be a Riemannian foliation on a compact Riemannian manifold
(M, gp). If (Ap — KﬂB)f >0 (or <0) for any basic function f, then f is constant.
Let V(¥) be the space of all vector fields Y on M satisfying [Y, Z] e 'L for all
Z €T'L. An element of V(%) is called an infinitesimal automorphism of F [8]. Let
VF)={Y =n(Y)|Y € V(F)}.

It is trivial that an element s of V(¥) satisfies Vys=0 for all X e 'L [8]. Hence
V() = QYF).

3. Transversal infinitesimal automorphisms

If Y € V(F) satisfies 0(Y)gp = 0, then Y is called a transversal Killing field of F. If
Y € V(F) satisfies 6(Y)go = 2frgo for a basic function fy depending on Y, then Y is
called a transversal conformal field of ¥ . Equivalently, for any X, Z € V(¥),

8o(VxY,Z) + go(X, VzY) = 2fygo(X, Z). (3.1
In this case,
1 _
fy = - din Y,
q
where divyY is the transversal divergence of Y. A transversal conformal field Y is
homothetic if fy is constant. For any vector fields ¥, Z € V(¥ ) and X e I'Q, we have [4]
OY)VNZ X)=R"(Y,2)X + V;VxY = Vy,xY. (3.2)

If Y € V(F) satisfies (Y)V =0, then Y is called a transversal affine field of F.
If Y € V(¥) satisfies
OMNV)X, Z) = ay(X)Z + ay(D)X (3.3)

for any X, Z € T'Q, where ay is a basic 1-form on M, then Y is called a transversal
projective field of F; in this case, it is trivial that

Qy = dB diVV Y (34)

qg+1

,,,,,

From now on, all the computations in this paper will be made in such charts. For any
Y € V(¥), from (3.2),

(O(Y)RV)(Eq, Ep)E, = (VO(Y)VN(Ep, Ec) = (Vp0(Y)V)(Eq, Eo),

where V, = Vg . Then we have the following lemma.
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Lemma 3.1 [4]. Let ¥ be a Riemannian foliation of codimension q on a Riemannian
manifold (M, gy). If Y € V(F) is a transversal conformal field, that is, 6(Y)go =

2fygo, then
80((0(Y)V)(E,, Ep), Ec) = 85 f, + 65 fy — 60 fes (3.5)
80((O(Y)RV)E 4, EDEc, Eg) = 83V f. = 8V ufa = 89Vp fo + 65V fo, (3.6)
oY) = 2(q — D(Apfy — k() = 2fra, (3.7)

where f, =V, fy.

From (3.5), it is trivial that any transversal homothetic field is a transversal affine
field. On the other hand, from (3.3) and (3.5), we have the following lemma.

Levva 3.2, Let F be as in Lemma 3.1. If Y € V(F) is a transversal projective field,
then

(O(Y)RY)(Ey, Ep)E: = (Vaay)Ep)E: + (Vaay)E)E)
~(Voay)EQ)E, — (Voay)Eo)E,.

We now define the operator B’; :TQ - TQWeR) forany Y € V(F) by
By = Ay + A}y + u - divyY id. (3.8)

It is well known [8] that Y is a transversal conformal (respectively, transversal Killing)
field if and only if B?,/ =0 (respectively, BY, = 0). Then from (3.1) and the transversal
divergence theorem [14], we have the following proposition.

ProposiTioN 3.3. Let F be a Riemannian foliation on a closed orientable Riemannian
manifold (M, gy). If Y is transversally homothetic, that is, divyY is constant, then

_ 2 _
f 80(By Y K5) = (= = dive Pyl (M). (3.9)
M q

We now recall the following relationships among infinitesimal automorphisms on a
Riemannian foliation.

THeEOREM 3.4 [4]. Let ¥ be a Riemannian foliation on a closed orientable Riemannian
manifold (M, gyy). Then:
(1) any transversal Killing field is a transversal affine field;
(2) any transversal affine field with fM gQ(B?, Y, kH=0 if a transversal Killing field;
(3) any transversal conformal field (or projective field) Y with the properties:

0 [, 80BYY, k)2 0;

(ii) dpdivyY =0

is a transversal Killing field.
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Note that on F with a constant transversal scalar curvature o, if ¥ admits a
transversal conformal field ¥ with fy # 0, then oV is nonnegative [4, Corollary 5.6].
Equivalently, on ¥ with a negative constant 0¥, there is no nonisometric transversal
conformal field. Hence we have the following proposition.

ProrosiTion 3.5. Let & be a Riemannian foliation of codimension q on a closed,
connected orientable Riemannian manifold (M, g,;). Assume that the transversal
scalar curvature o is negative constant. Then any transversal conformal field is a
transversal Killing field.

TueorREM 3.6 [6]. Let (M, gy, F) be a compact orientable Riemannian manifold
with a foliation F of codimension g and a bundle-like metric gy. Assume that the
transversal Ricci curvature p¥ is nonpositive and negative at some point. Then:

(1) there are no transversal Killing fields on M;
(2) if opkp =0, then there are no transversal conformal fields.

Remark. From Proposition 3.5 and Theorem 3.6, it is well known that on a
transversally Einstein foliation with negative scalar curvature, there are no transversal
conformal fields without the condition 6pkg=0. For more relations among
infinitesimal automorphisms on a Riemannian foliation, see [4, 10].

4. Transversal conformal and projective field on Kihler foliations

We now study the infinitesimal automorphisms on Kéhler foliations. Let ¥ be a
Kihler foliation of codimension ¢ = 2m on a Riemannian manifold (M, g,) [9]. Note
that, forany X, Y €' Q,

QX,Y)=go(X,JY)

defines a basic 2-form €, which is closed, where J: Q — Q is an almost complex
structure on Q. Then

2m
1
Q=—= > " AJE,
where 6“ is a dual form of E,. Moreover, we have the following identities:
RY(X,Y)J=JRV(X,Y), R'(JX,JY)=R"(X,Y) 4.1)

for any X, Y e I'Q. Then we have the following proposition.

Prorosition 4.1. Let F be a Kdhler foliation of codimension q = 2m on a Riemannian
manifold (M, gy) and let Y be a transversal conformal field, that is, 6(Y)go = 2fvgo-
Then

Asfy — K (fr) = 0. (4.2)

Moreover, if M is compact, then fy is constant, that is, Yis transversally homothetic.

https://doi.org/10.1017/S0004972711003431 Published online by Cambridge University Press


https://doi.org/10.1017/S0004972711003431

[7] Transversal infinitesimal automorphisms on Kéhler foliations 411

Proor. Let fy be a basic function with 8(Y)gp = frgo. Fix x€ M and let {E,} be a
local orthonormal basic frame such that (VE,), = 0. Then, at x, from (3.6),

2m 2m
> 80O N Ea, EEa, Ep) =29 )| EaEalfy),
a=1

a,b=1

2m 2m

> 8o(ONRJEw, JENEw E) =2 ) EEo(fy).
a,b=1 a=1

From (4.1),

2m
2q-1) ) EaEalfy) =0.
a=1

Since g > 1, ZZ’__”I E.E,(fy) =0. Hence Apfy = K%( fr), which proves (4.2). Moreover,
if M is compact, by Lemma 2.2, fy is constant. O

CoroLLARY 4.2. Let ¥ be a Kdhler foliation on a compact Riemannian manifold
(M, gyr). Then any transversal conformal field is a transversal affine field.

Proor. Let ¥ be a transversal conformal field such that 6(Y)go = fygo.- By
Proposition 4.1, fy is constant. Therefore, from (3.5) in Lemma 3.1, §(Y)V = 0. So ¥
is the transversal affine field. O

ReMark. On a compact Kihler manifold, any conformal field is always a Killing field,
because any affine field is a Killing field [11]. For the foliated manifold, this does not
hold because of Theorem 3.4(2).

CoroLLARY 4.3. Let F be a Kdihler foliation on a closed orientable Riemannian
manifold (M, gy ). Then any transversal conformal field Y with the property

( _E)LgQ(BI;Y’Ki)SO (;Ht?])

is a transversal Killing field.

Proor. From Proposition 4.1, Y is transversally homothetic. Therefore, Propo-
sition 3.3 implies that divy¥ = 0. So ¥ is transversal Killing. O

Tueorem 4.4. Let F be a Kdihler foliation on a compact Riemannian manifold
(M, gur). Assume that the transversal scalar curvature o is nonzero constant. Then
any transversal conformal field is a transversal Killing field.

Proor. Let ¥ be a transversal conformal field such that 6(Y)gp = fygo. Since o¥ # 0
is constant, from (3.7) in Lemma 3.1 and Proposition 4.1, fy =0. Therefore, Yisa
transversal Killing field. O
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We now study the transversal projective field on a Kihler foliation. From
Lemma 3.2, we have the following proposition.

ProprosiTion 4.5. Let F be a Kdhler foliation of codimension g =2m (m>2) on a
Riemannian manifold (M, gy;) and let Y be a transversal projective field. Then

Asgy — Ky(gr) =0,
where gy = divy(Y). If M is compact, then gy is constant.

Proor. Let Y be a transversal projective field. Let {E,} be a local orthonormal basic
frame such that (VE,), = 0 at x € M. Then, from Lemma 3.2,

(q + DOIRY)Ea, Ep)E. = EqEp(divyV)E. + E,Ec(diveV)E,
— EyE (divyY)E, — ELE (divyY)E,.

Hence
2m 2m
@+ 1) Y. 8o(ONR N Eq, Ep)Ea Ep) =(q = 1) ) EaEalfy),
a,b=1 a=1
2m 2m
@+ 1) D 8o(ORNIEq, JENEa Ep) = ) EEal ).
a,b=1 a=1
From (4.1),

2m

(@-2) ). EEy(divy¥)=0.

a=1

Since g > 2, we have (Ag — KﬂB)gY = Zi’fl E,E,(gy)=0. Moreover, if M is compact,
by Lemma 2.2, gy is constant. O

From Proposition 4.5, we have the following corollary.

CorOLLARY 4.6. Let ¥ be a Kdhler foliation of codimension q=2m (m>?2) on a
compact Riemannian manifold (M, g,). Then any transversal projective field is a
transversal affine field.

Proor. Let Y be a transversal projective field. From Proposition 4.5, gy = divyY is
constant. Hence, from (3.4), @y = 0. From (3.3), Y is transversal affine. ]

From Theorem 3.4 (3), we have the following corollary.

CoroLLARY 4.7. Let ¥ be a Kdhler foliation of codimension q =2m (m>2) on a
closed orientable Riemannian manifold (M, gy). Then any transversal projective
field Y with the property

fM go(BYY, k%) >0

is a transversal Killing field.
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Remark. (1) For the point foliation, since any transversal affine field is a transversal
Killing field [13], Corollaries 4.2 and 4.6 yield [11, Theorems 1 and 4], respectively,
in an ordinary manifold.

(2) From Corollaries 4.3 and 4.7, it is trivial that on Kihler foliations,
Theorem 3.4(3) holds without condition (ii).

5. Transversally holomorphic fields

Let ¥ be a Kihler foliation of codimension ¢ =2m on a Riemannian manifold
(M, gy). Let Y be an infinitesimal automorphism of #. Then a vector field Y is
said to be a transversally holomorphic field [9] if

o(Y)J =0,
or equivalently, if for all Z € TL*,
V.Y =JV,Y.
Let {E,, JE,} (@ =1,...,m) be alocal orthonormal basis of T'L*. Then we recall the

following well-known result.

Lemma 5.1 [9]. On a Kdhler foliation of codimension g = 2m,

p7(X) = > IR (Eq, JE)X. (5.1)

a=1
Then we have the following theorem.

THeOREM 5.2. Let ¥ be a Kdhler foliation ¥ of codimension q=2m on a closed
orientable Riemannian manifold M. Then Y is transversally holomorphic, that is,
0(Y)J =0 if and only if:

(i) ViVi¥ = p"(F) + Ayl = 0;

i) [, go((BY)I, JT) =0.

Proor. Let ¥ be transversally holomorphic, that is, V,;¥ = JV,Y for any Z € 'Q.
Then a lengthy calculation leads to

ViVl = ) JRY(Ea, JEQY +V,, 7.

a=1

From (2.1) and (5.1),
ViVeY - p¥(¥) + Ay, = 0.
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Hence (i) and (ii) are proved. Conversely, by direct calculation,

le(Y)J|2=2f gQ(VfthrY—PV(Y)+AYK§3, Y)
M M
2m

+2 f Z Eago(VE,Y +JV,5 Y, 7).
M a=1

Now we choose X € ['Q by go(X, Z) = go(VzY + JV Y, Y) for any Z € Q. Then, by
the transversal divergence theorem [14],

2m
f > Eago(VE,Y + IV, ¥, 7) = f dive(X)
Mo M
= fﬂ; gQ(VKiY + JV\/KZ Y,Y).

Hence

1 _ _ _ _

= f 0Y)JP* = f 8o(ViVul = p" (1) + Ayid, ¥) + f 80Ok, IT).

2 M M M
Thus the converse is proved. O

CoroLLARY 5.3 [9].  On a harmonic Kdhler foliation ¥ on a compact manifold
(M, gy), the following statements are equivalent.

(1) Y is transversally holomorphic, 8(Y)J = 0.
(2) Y is a transversal Jacobi field of F, that is, ViV, Y — p¥(¥) = 0.

Moreover, we have the following vanishing theorem.

THEOREM 5.4. Let ¥ be a Kdhler foliation on a compact Riemannian manifold
(M, gy). Assume that the transversal Ricci operator is nonpositive and negative at
some point. Then any infinitesimal automorphism Y with a transversally holomorphic
field Y satisfies Y € TL, that is, ¥ = 0.

Proor. Let Y be a transversally holomorphic field. Then, by Theorem 5.2(i),
AplYP = 280(ViVe Y, ¥) = 2[V, ¥
= 220" (¥), V) = 2[V, 71 + k|72,
Since the transversal Ricci curvature pV is nonpositive, (Ag — KﬂB)lY |> <0. Hence, by

Lemma 2.2, |¥| is constant. Moreover, since p"’ is negative at some point, Y is zero,
that is, Y is tangential to 7. ]

Remark. In [9], Nishikawa and Tondeur proved Theorem 5.4 when the foliation is

minimal. In [2], Jung proved Theorem 5.4 when the transversally holomorphic field ¥
is parallel along the mean curvature vector, that is, V,: ¥ = 0.

https://doi.org/10.1017/S0004972711003431 Published online by Cambridge University Press


https://doi.org/10.1017/S0004972711003431

[11]

Transversal infinitesimal automorphisms on Kéhler foliations 415

Acknowledgement

The authors would like to thank the referee for his or her significant corrections and
kind comments.

(1]
(2]
(3]
(4]
(5]
(6]
(7]

(8]

[10]
[11]
[12]

(13]
[14]

References

J. A. Alvarez Lépez, “The basic component of the mean curvature of Riemannian foliations’, Ann.
Global Anal. Geom. 10 (1992), 179-194.

S. D. Jung, ‘Transversal infinitesimal automorphisms for non-harmonic Kéhler foliation’, Far East
J. Math. Sci. (FJMS) Special Volume (2000), Part II (Geometry and Topology) 169-177.

S. D. Jung, ‘Eigenvalue estimates for the basic Dirac operator on a Riemannian foliation admitting
a basic harmonic 1-form’, J. Geom. Phys. 57 (2007), 1239-1246.

M. J. Jung and S. D. Jung, ‘Riemannian foliations admitting transversal conformal fields’, Geom.
Dedicata 133 (2008), 155-168.

S. D. Jung, K. R. Lee and K. Richardson, ‘Generalized Obata theorem and its applications on
foliations’, J. Math. Anal. Appl. 376 (2011), 129-135.

S. D. Jung and K. Richardson, ‘Transverse conformal Killing forms and a Gallot-Meyer theorem
for foliations’, Math. Z., doi:10.1007/s00209-010-0800-8.

F. W. Kamber and Ph. Tondeur, ‘Harmonic foliations’, in: Proc. National Science Foundation
Conference on Harmonic Maps, Tulance, Dec. 1980, Lecture Notes in Mathematics, 949 (Springer,
New York, 1982), pp. 87-121.

F. W. Kamber and Ph. Tondeur, ‘Infinitesimal automorphisms and second variation of the energy
for harmonic foliations’, Tohoku Math. J. (2) 34 (1982), 525-538.

S. Nishikawa and Ph. Tondeur, ‘Transversal infinitesimal automorphisms for harmonic Kahler
foliations’, Tohoku Math. J. (2) 40 (1988), 599-611.

J. S. Pak and S. Yorozu, ‘Transverse fields on foliated Riemannian manifolds’, J. Korean Math.
Soc. 25 (1988), 83-92.

Y. Tashiro, ‘On conformal and projective transformations in Kiahlerian manifolds’, Tohoku Math.
J. (2) 14 (1962), 317-320.

Ph. Tondeur, Foliations on Riemannian Manifolds (Springer, New York, 1988).

K. Yano, ‘On harmonic and Killing vector fields’, Ann. of Math. (2) 55 (1952), 38-45.

S. Yorozu and T. Tanemura, ‘Green’s theorem on a foliated Riemannian manifold and its
applications’, Acta Math. Hungar. 56 (1990), 239-245.

SEOUNG DAL JUNG, Department of Mathematics and
Research Institute for Basic Sciences, Jeju National University,
Jeju 690-756, Korea

e-mail: sdjung@jejunu.ac.kr

HUILI LIU, Department of Mathematics, Northeastern University,
110004 Shenyang, PR China
e-mail: liuhl@mail.neu.edu.cn

https://doi.org/10.1017/S0004972711003431 Published online by Cambridge University Press


http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
http://dx.doi.org/10.1007/s00209-010-0800-8
https://doi.org/10.1017/S0004972711003431

