
List of Symbols

The items below are listed by order of appearance. The list is not meant to be
exhaustive, but symbols that occur repeatedly and which are potentially nonstandard
have been enclosed in the list.

k The algebraic closure of the field k, see (2.7)
Galk The absolute Galois group of the field k, see (2.8)
X The base change X D X �k Nk of X to Nk, see (2.9)
�1.X; Nx/ The étale fundamental group of X with base point Nx, see

Definition 16
�1.X; Nx/ The geometric fundamental group of X , see page xiii
�1.X=k/ The fundamental exact sequence associated to the geometri-

cally connectedX=k, see Definition 19
sa The Diophantine section associated to the rational point a,

see Definition 4
Œs� The conjugacy class of the section s, see Definition 7
S�1 .X=k/

The space of conjugacy classes of sections of �1.X=k/;

also denoted by S�1 .X=k; Na/ when the base point Na 2 X is
emphasized, see page xiv and Definition 23

� The (profinite) Kummer map, see Definition 1
Gal0k The kernel of the cyclotomic character Galk ! OZ�, see

Conjecture 6
S�1 .X=k/

.k0/ The space of conjugacy classes of sections of �1.X=k/
defined over Galk0 for an extension k0=k, see Definition 27

S�!� The space of sections of 1 ! N ! � ! � ! 1 up to
N -conjugacy, see Definition 7

SNÌ� The pointed space of sections of N Ì � � � up to
conjugation by N , with the canonical splitting as the special
element, see Definition 7

Tors� .N / The pointed set of � -equivariant right N -torsors, see page 4
ı.t; s/ The difference cocycle of two sections s and t , see (1.2)
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Ext.�;G0/ The set of extensions 1 ! G0 ! E ! � ! 1 up to
isomorphy, see Definition 9

ŒExt.�;G0/�G The orbit space of Ext.�;G0/ by the G-action by pushout
with conjugation where G0 E G is a normal subgroup,
see Definition 9

Z�.s0/ The centraliser of (the image of) a section s0 in � ,
see Definition 11

Rev.X/ The Galois category of finite étale covers of X , see (2.1)
Y Œ Na� The fibre in Na of the object Y , see (2.2)
P Na The path space pro-representing the fibre functor Na, see (2.3)
Pro�Rev.X/ The pro-category associated to Rev.X/, see (2.3)
Gopp The opposite group to G with the same elements but compo-

sition reversed, see page 14
˘1.X/ The fundamental groupoid of fibre functors of Rev.X/,

see Definition 16
�1.X I Na; Nb/ The set of étale paths from Na to Nb, see Definition 16
ksep The separable closure of the field k, see (2.7)
�1.X=k; Na/ The fundamental exact sequence associated to the geometri-

cally connectedX=k with base point Na 2 X emphasized, see
Definition 19

� ab The abelianization of the profinite group � , see (3.1)
�ab
1
.X=k/ The maximal geometrically abelian quotient extension of the

fundamental group extension �1.X=k/, see Definition 26
sab The abelianization of the section s, see Definition 26
AlbX The Albanese variety of X=k, see (3.2) and (7.1)
˛X W X ! Alb1X The Albanese torsor map of X=k, see (3.3) and (7.1)
resK=k The restriction map GalK ! Galk for a field extensionK=k,

see (3.4)
sK D s ˝K The base change of the section s with respect to the field

extensionK=k, see Definition 27
�s The anabelian fibre in a section s with respect to a fibration,

see Definition 30
h�1.s/ The anabelian fibre in a sections s along a finite étale map

h W Y ! X , see Definition 32
M The étale sheaf of sets on Spec.k/ét associated to a finite

Galk-set M , see Definition 32
Ext ŒG� The category of (continuous) extensions 1 ! N ! E !

G ! 1 of a pro-finite group G, see Definition 37
IndGH .�/ The non-abelian induction, see page 34
RLjK X The Weil restriction of scalars of the variety X=L, see (3.7)
Sub.�/ The space of closed subgroups of � , see Section 4.1
.N; </ The set N as an ordered set with respect to <, see page 38
Qn.�/ The characteristic quotient of � related to finite quotients of

order � n, see (4.1)
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Qn.�1.X=k// The characteristic quotient extension of �
1
.X=k/ related to

finite quotients of �
1
.X/ of order � n, see (4.2)

Xs The decomposition tower of a section s of �
1
.X=k/, see

Definition 51
�f The Kummer torsor associated to a unit f , see (5.1)
evs The evaluation map of units in sections, see Definition 56 and

Definition 57
N

0 The partially ordered set of all n 2 N prime to the character-
istic of the base field, ordered by divisibility, see (5.2)

ck� The pro-N completion lim �n2N0
k�=.k�/n of k�, see (5.3)

bGm;k The pro-N completed sheaf Gm, see (5.4)
AbN

0

ML The category of N
0-systems of abelian groups localised at

Mittag–Leffler-zero objects, see page 48
T0.M/ The prime to p Tate module of an abelian groupM , see (5.5)
clgraph
s The cycle class of a section as defined via graphs, see (6.1)

clZ The cohomological cycle class associated to a cycle Z,
see Section 6.1

clnorm
s The cycle class of a section as defined by norm compatibility,

see (6.3)
clgroup
s The cycle class of a section as defined by a group extension,

see (6.4)
cldual
s The cycle class of a section as defined by duality, see (6.6)

cls The cycle class of a section s, see Definition 62
W�1 �ab

1
.U / The weight �1 quotient of �ab

1
.U /, see Definition 68

W�1 �ab
1
.U=k/ The weight �1 quotient extension of �

1
.X=k/, see Defini-

tion 68
NSX The Néron–Severi group scheme of X=k, see (7.2)
GD The Cartier dual of a finite flat group scheme G, see page 70
G ét The maximal étale quotient group scheme of a finite flat

group scheme G, see page 70
ıkum The boundary map in the Galois cohomology of the Kummer

sequence, see Corollary 71
�pro-p
1

.X=k/ The maximal geometrically pro-p quotient extension of the
fundamental group extension �

1
.X=k/, see (7.7)

�pro-p
1

.X/ The maximal pro-p quotient of �
1
.X/, see (7.7)

�.pro-p/
1

.X/ The maximal geometrically pro-p quotient of the fundamen-
tal group �1.X/, see (7.7)

�X=k The outer (pro-p) Galois representation associated to X=k,
see (7.8)

sp The specialisation map of fundamental groups, see (8.1)
RX =S The cokernel of the geometric specialisation map, see (8.3)
ram.s/ The ramification of a section, see Definition 82
S nr
�1 .X=k/

The space of unramified sections, see Definition 83
sp� The �-specialisation map, see (8.6)
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ramab;`
s The pro-` abelianized ramification of a section, see (8.7)

kv The completion of an algebraic number field at the place v,
see page 107

index.X/ The index of the variety X , see Definition 113
period.X/ The period of the variety X , see Definition 113
Br.X=k/ The relative Brauer group, Definition 113
BSA The Brauer–Severi variety associated to the Azumaya algebra

A, see (10.1)
 p.s/ a Qp-linear form on the Lie algebra Lie.Pic0X / induced by a

section s, see (10.6)
Br0.X=k/ Pic0-part of relative Brauer group, Definition 121
Ak The adele ring of a number field k, see page 120
X.Ak/� The space of modified adelic points of X , see (11.1)
X.Ak/

Br� The Brauer kernel, see (11.3)
S�1 .X=k/

.Ak/ The space of adelic sections, see Definition 123
S�1 .X=k/

.Ak/
Br The Brauer kernel, see Theorem 127

X.Ak/
h� The descent obstruction set induced by a torsor h, see (11.6)

X.Ak/
descent� The descent obstruction set, see (11.7)

S�1 .X=k/
.Ak/

' The descent obstruction posed by the torsor ' on adelic
sections, see Definition 137

S�1 .X=k/
.Ak/

f-descent The finite descent obstruction set on adelic sections, see
Theorem 138

S�1 .X=k/
.Ak/

cf-descent The constant finite descent obstruction set on adelic sections,
see Definition 143

S�1 .X=k/
.Ak/

ét- Br The étale Brauer–Manin obstruction to adelic sections, see
Definition 149

H2.k; .G; �// The non-abelian second cohomology set with coefficients in
the k-kernel, see page 147

H2
nt.k; .G; �// The subset of H2.k; .G; �// of neutral classes, see page 148

H1.k;G / The non-abelian first cohomology set with coefficients in a
k-gerbe G , see (12.1)

H2
c

�

k; .G; �/
�

The non-abelian compactly supported second cohomology
with coefficients in a k-kernel, see Definition 164

H1
c

�

k;G
�

The non-abelian compactly supported second cohomology
with coefficients in a k-gerbe, see Definition 167

Div.M/ The maximal divisible subgroup of M , see (13.4)
div.M/ The subgroup of divisible elements of an abelian group M ,

see (13.5)
Gsc The universal finite étale (isogeny) cover of the semisimple

algebraic group G by a simply connected semisimple alge-
braic group, see (13.7)

Glin The maximal connected linear algebraic subgroup of a con-
nected algebraic group, see (13.8)

R.G/ The radical R.G/ of Glin, see (13.8)
Ru.G/ The unipotent radical Ru.G/ of Glin, see (13.8)
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Div0
X;Y

The group of divisors of degree 0 on X supported on Y , see
page 170

X.d/ The d th symmetric product of X , see page 171
�nilp
1
.X/ The maximal pro-nilpotent quotient of �1.X/, see (14.1)

�nilp
1
.X=k/ The maximal geometrically pro-nilpotent quotient extension

of �
1
.X=k/, see (14.2)

�nilp The nilpotent Kummer map, see (14.3) and Definition 196
�p The pro-p Kummer map, see (14.3)
C�� The descending central filtration on the profinite group � ,

see Definition 194
C��n

�

�
1
.X=k/

�

The geometrically n-step nilpotent quotient extension of the
fundamental group extension �

1
.X=k/, see Definition 195

C��n
�

�pro-`
1

.X=k/
�

The geometrically n-step pro-` nilpotent quotient extension
of �

1
.X=k/, see Definition 195

�ab The abelian Kummer map, see Definition 196
�n The n-step nilpotent Kummer map, see Definition 196
�` The pro-` Kummer map, see Definition 196
�`;n The n-step nilpotent pro-` Kummer map, see Definition 196
� an abbreviation for �

1
.X/, see (14.4)

�` an abbreviation for �pro-`
1

.X/, see (14.4)
Lie.� / The graded Z`-Lie algebra associated to the descending

central filtration on a pro-` group � , see (14.6)
p The graded Z`-Lie algebra associated to �pro-`

1
.X/ for a

smooth projective curve X=k, see (14.7)
pn The �nth graded piece of p, see page 180
pK The scalar extension to a K-Lie algebra, see (14.8)
Œp� The Poincaré series of pK , see (14.9)
h The size of the Picard group over a finite field, see 15.2
�R The version of the Kummer map over R, see (16.1)
kcyc The maximal cyclotomic extensions k.�1/ of an algebraic

number field k, see page 217
Xy The étale local scheme Spec.Oh

X;y/ of the henselisation of
the local ring for a point y 2 X , see (18.1)

Uy The scheme of étale nearby pointsXy �X U , see (18.2)
S

cusp
�1 .U=k/

The space of cuspidal sections, see Definition 248
sv The tangential section associated to a tangent vector v,

see Proposition 249
D Qyjy The decomposition subgroup, see (18.6)
I Qyjy The inertia subgroup, see (18.7)
W�2.U / The anabelian weight filtration of U , see Definition 252
S�1 .k.X/=k/

The space of birational sections for X=k, see Definition 258
�bir The birational Kummer map, see (18.10)
S bir
�1 .X=k/

The space of birationally liftable sections, see Definition 266
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und ihre Grenzgebiete, vol. 21, x + 325 pp. Springer, Berlin (1990)
[Bo98] Bourbaki, N.: Commutative algebra. Chapters 1–7, reprint. Elements of Mathematics,

xxiv + 625 pp. Springer, New York (1998)
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182 (1981)

[GrRo78] Gross, B.H., Rohrlich, D.E.: Some results on the Mordell–Weil group of the Jacobian
of the Fermat curve. Invent. Math. 44, 201–224 (1978)

[Gr83] Grothendieck, A.: Brief an Faltings (27/06/1983). In: Schneps, L., Lochak, P. (eds.)
Geometric Galois Action 1. LMS Lecture Notes, vol. 242, pp. 49–58. Cambridge
(1997)

[Ha11a] Hain, R.: Remarks on Non-Abelian Cohomology of Proalgebraic Groups. J. Algebraic
Geom. arXiv: 1009.3662v2 [math.AG] (2011)

[Ha11b] Hain, R.: Rational points of universal curves. J. Am. Math. Soc. 2, 709–769 (2011)
[Ha59] Hall, M. Jr.: The Theory of Groups, xiii + 434 pp. Macmillan, New York (1959)
[HaSk02] Harari, D., Skorobogatov, A.N.: Non-abelian cohomology and rational points. Compos.

Math. 130, 241–273 (2002)
[HaSx12] Harari, D., Stix, J.: Descent obstruction and fundamental exact sequence. In: Stix, J.

(ed.) The Arithmetic of Fundamental Groups, PIA 2010. Contributions in Mathematical
and Computational Science, vol. 2, pp. 147–166. Springer, Berlin (2012)

http://arxiv.org/abs/1009.3662v2


References 241

[HaSz05] Harari, D., Szamuely, T.: Arithmetic duality theorems for 1-motives. J. Reine Angew.
Math. 578, 93–128 (2005)

[HaSz09] Harari, D., Szamuely, T.: Galois sections for abelianized fundamental groups, with an
appendix by E.V. Flynn. Math. Annalen 344, 779–800 (2009)
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abélian élementaire. Publ. Math. IHES 75, 135–244 (1992)

[Li69] Lichtenbaum, S.: Duality theorems for curves over p-adic fields. Invent. Math. 7, 120–
136 (1969)

[Li40] Lind, C.-E.: Untersuchungen über die rationalen Punkte der ebenen kubischen Kurven
vom Geschlecht Eins. Thesis, 97 pp. University of Uppsala (1940)

[McR71] MacRae, R.E.: On unique factorization in certain rings of algebraic functions. J.
Algebra 17, 243–261 (1971)

[Ma71] Manin, Y.I.: Le groupe de Brauer-Grothendieck en géométrie diophantienne. Actes
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maximal pro-p quotient, 176
of a torsor, 159
of an algebraic group, 157
specialisation homomorphism, 81

fundamental groupoid, 13, 14
relative case, 16

Galois representation
GL2, 231
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reduction of, 81
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section conjecture, xiv, xvi, 98
as only–one conjecture, 144
birational form, 227

conditional result, 230
higher dimensional, 227
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examples, xvi, 108, 117
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pro-p counter-examples, xvii, xix, 186–196
real, xvii, 207

truncated, 210
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for genus 0, 167–170
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semidirect product, 4
space of sections, xiv, xvii, 4, 21, 148

arithmetic case, 95
compact, 39, 95
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strong approximation, 134, 139
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example, 141
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under an abelian variety, 165
under semisimple algebraic groups, 164
under tori, 162
universal torus torsor, 167

weight �1 quotient, 70
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175 rue du Chevaleret
75013 Paris, France
E-mail: teissier@math.jussieu.fr

For the “Mathematical Biosciences Subseries” of LNM:

Professor P. K. Maini, Center for Mathematical Biology,
Mathematical Institute, 24-29 St Giles,
Oxford OX1 3LP, UK
E-mail : maini@maths.ox.ac.uk

Springer, Mathematics Editorial, Tiergartenstr. 17,
69121 Heidelberg, Germany,
Tel.:C49 (6221) 4876-8259

Fax:C49 (6221) 4876-8259
E-mail: lnm@springer.com

lnm@springer.com.
lnm@springer.com.
http://www.springerlink.com/openurl.asp?genre=journal&issn=0075-8434
http://www.springerlink.com/openurl.asp?genre=journal&issn=0075-8434
morel@cmla.ens-cachan.fr
teissier@math.jussieu.fr
maini@maths.ox.ac.uk
lnm@springer.com

	List of Symbols
	References
	Index



