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DEFORMATION OF CURVES WITH AUTOMORPHISMS AND
REPRESENTATIONS ON RIEMANN-ROCH SPACES.

A. KONTOGEORGIS

ABSTRACT. We study the deformation theory of nonsigular projective curves
defined over algebraic closed fields of positive characteristic. We show that
under some assumptions the local deformation problem for automorphisms of
powerseries can be reduced to a deformation problem for matrix representa-
tions. We study both equicharacteristic and mixed deformations in the case
of two dimensional representations.

1. INTRODUCTION

Let X be a nonsingular projective curve of genus g > 2 defined over an alge-
braically closed field of characteristic p > 0. The automorphism group G := Aut(X)
is known to be a finite group. The appearance of wild ramification in the cover
X — X/Aut(X) makes the theory of such covers more difficult than the corre-
sponding theory in characteristic zero. For a point P € X the decomposition group
G(P) = {0 € G: 0(P) = P} is known to be cyclic in characteristic zero and a non-
abelian solvable group admitting a ramification filtration [35]. In [23] the author
defined a faithful representation of the p-part of the decomposition group at a wild
ramified point P:

(1) p: Gi(P) — GL(L(mP)),

where L(mP) = {f € k(X) : div(f) + mP > 0} U {0}. In this paper we would
like to study the relation of two deformation theories, namely the deformation
theory of representations of finite groups and the deformation theory of curves
with automorphisms.

We will treat both mixed characteristic and equicharacteristic deformations. For
the mixed characteristic case we consider A to be a complete Noetherian local ring
with residue field k. Usually A is an algebraic extension of the ring of Witt vector
W (k). For the equicharacteristic case we take A = k.

Let C denote the category of local Artin A-algebras, which residue field k. Con-
sider a subgroup G of the group Aut(X). A deformation of the couple (X, G) over
the local Artin ring A is a proper, smooth family of curves

X — Spec(A)

parametrized by the base scheme Spec(A), together with a group homomorphism
G — Aut4(X), such that there is a G-equivariant isomorphism ¢ from the fibre
over the closed point of A to the original curve X:

o X ®Spec(A) Spec(k) - X
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Two deformations A, X are considered to be equivalent if there is a G-equivariant
isomorphism v that reduces to the identity in the special fibre and making the
following diagram commutative:

xl\”’/xg

SpecA

The global deformation functor is defined:

Equivalence classes
Dy : C — Sets, A — of deformations of
couples (X, G) over A

By the local-global theorems of J.Bertin and A. Mézard [2] and the formal patching
theorems of D. Harbater, K. Stevenson [I5], [I6], the study of the functor Dy can
be reduced to the study of the following deformation functors attached to each wild
ramification point P of the cover X — X/G:

lifts G(P) — Aut(A[[t]]) of p mod-
(2) Dp :C — Sets, A — ulo conjugation with an element
of ker(AutA[[t]] — k[[t]])

The theory of automorphisms of formal powerseries rings is not as well understood
as is the theory of automorphisms of finite dimensional vector spaces, i.e the theory
of general linear groups.

For a k-algebra A with maximal ideal m 4, consider the multiplicative group
L,(A) < GL,(A), of invertible lower triangular matrices with entries in A, and
invertible elements A in the diagonal, such that A —1 € m4. We consider the
following functor from the category C of local Artin k-algebras to the category of
sets
liftings of p : G(P) — L, (k)
to pa : G(P) — L,(A) modulo
conjugation by an element
of ker(L,(A) — L,(k))

(3) F:Ae0bC)—

It is known that among the curves X with automorphism group G = Aut(X)
divisible by the characteristic, the curves so that G3(P) = {1} for all ramified points
are the most simple. We will call these curves weakly ramified. Many intractable
problems for the theory of curves with general automorphism group are solved for
weakly ramified curves. For example the computation of the G-module structure
of spaces of holomorphic differentials [22] or the computation of the deformation
rings of curves with automorphisms [4]. In our representation perspective it seems
that the simplest curves are those with two dimensional representations at all wild
ramified points. Notice that if a two dimensional representation is attached at the
wild point P, then the group G;(P) is elementary abelian and has conductor m > 1
[23, example 3.].

In section 2] we show how to attach a deformation of a matrix representation
to every deformation of the couple (X, G) over a complete local domain. Section
Bl is devoted to the deformations of matrix representations. We focus on the two
dimensional case and we construct a hull for these deformations. The deformation
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theory of such representations is closely related to deformations of products of G,
group schemes in the equal characteristic case or to G group schemes in mixed
characteristic. In section [ we try to analyze further the relation between the
functors F(-) and D(-). A matrix representation allows us to express a deformation
po given as a formal series p,(t) € A[[t]] in the form of a root od rational function
of t. For the case of two dimensional representations, where V' = G1(P) is an
elementary abelian group, we are able to compute the image of elements in F(-)
in the tangent space D(k[e]/e?) = H'(V, 7o), see proposition By combining
these results to the computation of H!(V, 7o) given by the author in [24] prop. 2.8]
we are able to compute the Krull dimension of the hull’s attached to every wild
ramified point.

Finally, in section [Bl we restrict ourselves to to the equicharacteristic case and we
relate two dimensional matrix deformations to the deformation functor of R. Pries.

Acknowledgments The author would like to thank the participants of the con-
ference in Leiden on Automorphisms of Curves for enlightening conversations and
especially R. Pries and M. Matignon for their corrections and remarks. This paper
was completed during the author’s visit at Max-Planck Institut fiir Mathematik in
Bonn. The author would like to thank this insitution for its support and hospitality.

2. BRANCH LOCUS AND LIFTINGS OF MATRIX REPRESENTATIONS.

In this section we will show how the problem of deforming the representations at-
tached at the wild ramified points give information on the problem of deformations
of curves with automorphisms.

Select a wild ramified point P; on every orbit of wild ramified points under the
action of the group G. Define the functor Dj,. = [[ Dp,. J. Bertin and A. Mézard
proved that there is a smooth morphism ¢ : Dy; — Dj,., and this morphism induces
the following relation on the global deformation ring R, and of the deformation
rings R; of the deformation functors Dp,.

Ry = (Ri®R2® -+ @R,)[[U1, ..., Un]],

where N = dimy H'(X/G,7%(Tx)), and R; is the deformation ring of Dp,. For
more information concerning this construction we refer to [2]. For an exact formula
for N we refer to [24] sec. 3].

In the approach of Schlessinger [31] one wants to build deformations of (X, G)
over Artin algebras, especially over the algebras k[e]/e", and study whether a de-
formation over Speck[e]/€™ can be lifted to deformation over Speckl[e]/e" ™. More
generaly a small extension A’ of A is given by the the short exact sequence of local
Artin algebras

0 - kerm - A" —-A—-0

such that kerm - ma = 0, where m 4 is the maximal ideal of A’ respectively. We
would like to know if a deformation in D(A) can be lifted to a deformation in
D(A’). The obstructions of such liftings are elements in H?(G, o). If there are no
obstructions then we can construct a family over the formal scheme X — SpfR for
some complete domain R. The scheme SpfR is a formal scheme and does not posses
a generic fibre. J. Bertin and A. Mézard in [2] observed that an algebraization
theorem of Grothendieck [12] gives that the formal scheme representing Dg; is
algebraizable, and it corresponds to the formal completion of a proper smooth
3



curve over SpecR. This means that every unobstructed deformation over a formal
affine scheme can be extended to the generic fibre.

Assume that X — SpecR is a relative curve that is a solution to our deformation
problem, where R is a complete local domain. Let ¢ € G1(P), 0 # 1, and let &
be a lift of o in X. The scheme X is regular at P, and the completion of Ox p
is isomorphic to the ring R[[T]]. Weierstrass preparation theorem [3, prop. VIIL6]
implies that:

(1) =T = g5(T)us(T),
where g5(T) is a distinguished Weierstrass polynomial of degree m + 1 and uz(T)
is a unit in R[[T7]].

The polynomial g5(T') gives rise to a horizontal divisor that corresponds to the
fixed points of . This horizontal divisor might not be reducible. The branch
divisor corresponds to the union of the fixed points of any o € G1(P). Next lemma
shows how to define a horizontal branch divisor for the relative curves X — X
when G is not a cyclic group.

Lemma 2.1. Let X — SpecA be an A-curve, admitting a fibrewise action of the
finite group G, where A is a Noetherian local ring. Let S = SpecA, and Qx/s,
2y /s be the sheaves of relative differentials of X over S and Y over S, respectively.
Let m: X — ) be the quotient map. The sheaf

L(=Daxyy) = Vg s 7" Qyys.

is the ideal sheaf the horizontal Cartier divisor Dy y. The intersection of Dy /y
with the special and generic fibre of X gives the ordinary branch divisors for curves.

Proof. We will first prove that the above defined divisor Dy y is indeed an effective
Cartier divisor. According to [21, Cor. 1.1.5.2] it is enough to prove that

e Dy /y is a closed subscheme which is flat over S.
e for all geometric points Speck — S of S, the closed subscheme Dy ,y ®s k
of X ®g k is a Cartier divisor in X ®g k/k.

We are interested in deformations of nonsingular curves. Since the base is a local
ring and the special fibre is nonsingular, the deformation X — SpecA is smooth.
(See the remark after the definition 3.35 p.142 in [25]). The smoothness of the
curves X — S, and Y — S, implies that the sheaves 1y ,5 and Qx5 are S-flat,
[25] cor. 2.6 p.222].

On the other hand the sheaf Qy speca is by [2I, Prop. 1.1.5.1] @y-flat. Thus,
7 (Qy speca) is Dx-flat and therefore SpecA-flat [I7, Prop. 9.2]. Finally, observe
that the intersection with the special and generic fibre is the ordinary branch divisor
for curves according to [I7, IV p.301]. O

Remark: Two horizontal branch divisors can collapse to the same point in
the special fibre. For instance, this always happens if a deformation of curves
from positive characteristic to characteristic zero with a wild ramification point is
possible.

For a curve X and a branch point P of X we will denote by ig p the order
function of the filtration of G at P. The Artin representation of the group G is
defined by arp(o) = —fpig,p(0) for o # 1 and arp(l) = fp> ., ic,pr(o) [35,
VI.2]. We are going to use the Artin representation at both the special and generic
fibre. In the special fibre we always have fp = 1 since the field k is algebraically
closed. The field of quotients of A should not be algebraically closed therefore a
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fixed point there might have fp > 1. The integer i, p(0) is equal to the multiplicity
of P x P in the intersection of A.I'; in the relative A-surface X Xgpeca X', where
A is the diagonal and T', is the graph of o [35], p. 105].

Since the diagonals Ag, A, and the graphs of ¢ in the special and generic fibres
respectively of X xgpeca X are algebraically equivalent divisors we have:

Proposition 2.2. Assume that A is an integral domain, and let X — SpecA be
a deformation of X. Let P;, i = 1,---,s be the horizontal branch divisors that
intersect at the special fibre, at point P, and let P; be the corresponding points on
the generic fibre. For the Artin representations attached to the points P, P; we have:

arp(o) = Z arp, (o).

This generalizes a result of J. Bertin [I]. Moreover if we set 0 = 1 to the above
formula we obtain a relation for the valuations of the differents in the special and
the generic fibre, since the value of the Artin’s representation at 1 is the valuation of
the different [35 prop. 4.IV,prop. 4.VI]. This observetion is equivalent to claim 3.2
in [I0] and is one direction of a local criterion for good reduction theorem proved
in [10] 3.4], [20, sec. 5].

Corollary 2.3. Assume that V = G1(P) is an elementary abelian group with more
than one Z/pZ components. If V' can be lifted to characteristic zero, then ‘—‘;‘ | m+1.

Proof. The group V acts on the generic fibre, where the possible stabilizers of points
are cyclic groups. Since V' is not cyclic it can not fix any point P; in the intersection
of the branch locus with the generic fibre. Only a cyclic component of V' can fix a
point P;. Since V act on the set of points P;, each orbit has |V|/p elements. For
any element o € V' the Artin representation arp,(c) = 1 (no wild ramification at
the generic fibre). Therefore proposition gives us that the number of {P;} is
m + 1 and the desired result follows. (]

Remark: Consider the case of equicharacteristic deformations of ordinary curves,
together with a p-subgroup of the group of automorphisms. Then |arp(o)| = 2 for
allc € G(P) = G1(P),0 # 1 [28]. On the other hand the ramification at the points
of the generic fibre is also wild and implies that there is only one horizontal
branch divisor extending every wild ramification point P.

Remark: The author finds amusing the following similarity to the theory of
dynamical systems: It is known that autonomous (ordinary) differential equations
on a manifold M induce an action of R on M. The fixed locus of this action, called
equilibrium locus in the realm of differential equations, can split as the integrated
vector fields depend on parameters. The study of this splitting is the object of
bifurcation theory [13]. Notice also that R is not compact and the representation
theory of R shares many difficulties with the corresponding representation theory
of groups of order divided by the characteristic, because of the absence of a Haar
measure on them.

Proposition 2.4. Let R be a complete local regular integer domain. Let X —

SpecR be a deformation of the couple (X,G), and let P be a wild ramified point

of the special fibre X. Assume that there is a a 2-dimensional representation p :

G1(P) — GLi(H(X,L(mP))) attached to P. Assume also that there is a G-

invariant horizontal divisor that intersects the special fibre with multiplicity m.
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Then, there is a free R-module M of rank 2 generated by 1, f so that M := (1, f}R -
HO((X,L(aD))), where 1 < a € N and M @ k = H°(X, L(mP)). Moreover, the
representation p can be lifted to a representation
p: G1(P) — GLgr((1, f)R).
The elements p, are lower triangular matrices.
Moreover the basis element f is of the form

- 1
4 = u(T),
) / (T + @ T -+ ayTh + ao) @)
where ag, ..., am—1 € mpr and w(T) is a unit in R[[T]] reducing to 1 modmp.

Proof. Let us consider the sheaf £(D). The space of global sections H°(X, £(D))
has the structure of an R-module. For an arbitrary Cartier divisor D on X and for
all ¢ > 0 there is a natural map [I7) prop. III 12.5]

¢ H(X,L(D)) ®r k — H (X,, L(D @ k)).

We are interested in global sections i.e., for the zero cohomology groups, but in
general ¢g can fail to be an isomorphism.

Instead of looking at D we will consider a’D, where o’ is a sufficiently large
natural number. We will employ the Riemann-Roch theorem in both the special
and the generic fibre and we can choose a sufficiently big so that the index of
speciality at both the generic and the special fibre is zero. P. Deligne - D. Mumford
observed [0, 4. 78], [11], chap.3 sec.7] that since

HY(Xs,L(a'D®k)) = H'(X,,L(dD® K))=0

the R-module H°(X, £(a’ D)) is free. We can then select an element f € H(X, L(a’ D))
so that f = f modmpg. Consider the least a such that (1, f)z € H(X,L(aD))
for some 1 < a < a’. Since D is G1(P)-invariant the R-module H(X, L(aD)) is
equipped with a G1(P)-action. The module M might not be the whole H (X, L(aD))
but it is the R-free part of it. Therefore G1(P) acts on M as well and the repre-
sentation can be lifted:
ﬁ : Gl(P) — GLR(M),

as required. Since o |g= Id 4 this representation is given by lower triangular ma-
trices.

The element 1/f is a holomorphic element in R[[T]] reducing to 1/f = ¢ modulo
mp. Thus, the reduced order of 1/f is m and eq. @) follows by Weierstrass
preparation theorem [3 prop. VIL.6]. O

We will now try to give conditions for the existence of a G (P)-invariant divisor
intersecting the special fibre at P with degree m+1. Let T = {H}izl,,,,7s be the set
of horizontal branch divisors that restricts to P in the special fibre of X. This space
is acted on by G1(P), since P; are all components of the branch divisor. Each of
the P; is fixed by some element of G but not necessarily by the whole group G (P),
unless of course G (P) is isomorphic to Z/pZ.

Let O(T) be the set of orbits of T under the action of the group G1(P), on T.
A horizontal divisor D supported on T, is invariant under the action of G1(P) if
and only if, the divisor D is of the form:

(5) = Z nc Z P,
ceo(r)y  PeC
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i.e., horizontal Cartier divisors that are in the same orbit of the action of Gy (P)
must appear with the same weight in D. If the semigroup ZCeO(T) ne#C,nc € N,
contains the Weierstrass semigroup of the branch point P of the special fibre, then
we can select the desired Gy (P)-invariant divisor D supported on T'.

If one orbit of G (P) acting on T is a singleton, i.e., there is a P; fixed by the
whole group G1(P), then the semigroup

Z ’rLc#C, nc € N,

Ceo(T)

is the semigroup of natural numbers, and we are done. This is the case when the
group G (P) is cyclic.

If #T # Omodp then there is at least one orbit that is a singleton. Indeed, if all
orbits have more than one element then all orbits must have cardinality divisible
by p, and since the set T is the disjoint union of orbits it must also have cardinality
divisible by p.

Lemma 2.5. If m is the first pole number that is not divisible by the characteristic,
and ptm + 1 then there is an orbit that consists of only one element.

Proof. By proposition the Artin representation at the special fibre equals the
sum of the Artin representations at the generic fibre. Let 0 € G1(P). The Artin
representation of o at the special fibre equals m + 1. All P; that are not fixed by
o do not contribute in the sum of the Artin representations at the generic fibre.

An element 7 sends P; which is fixed by H C G, (P) to 7P; which is fixed by
TH7~!. Since the representation attached to P is two dimensional the group G (P)
is abelian, and 7P; is fixed by H = TH7 1.

If we now consider P; that is fixed by (o) then the above argument shows that
the orbit of P; under the action of the group G;(P) has p® elements 0 < a. If
a = 0 then P; is fixed by the whole group G1(P). If on the other hand for all P;
fixed by o the coresponding orbit orders have more than one element then the set
of P, fixed by o has order divisible by p. This implies that the sum of the Artin
representations at the generic fibre is divisible by p, a contradiction. (I

We have thus obtained the following easy to apply

Corollary 2.6. If G1(P) is cyclic or ptm + 1, then there is a horizontal branch
divisor D, fized under the action of G1(P), that intersects the special fibre at mP.
In particular, the assumption of proposition[2.4]is satisfied and the two dimensional
representation can be lifted.

Lemma 2.7. In the mized characteristic case, if the elementary abelian group
G1(P) has more than two cyclic components, then there is no horizontal G1(P)-
invariant divisor D contained in the branch locus and intersecting the special fibre
at P with multiplicity m.

Proof. Since the stabilizers of elements in the generic fibre are cyclic groups of order
p, all orbits of elements are divisible by p. Therefore, a G1(P)-invariant divisor
should have degree divisible by p. This, can not happen since (m,p) = 1. O

Remark 2.8. Lemma [Z7 shows that our method can not be used for lifting
curves with elementary abelian action to characteristic zero. However, M. Matignon
proved that such liftings exist [26].



We have seen how to relate a deformation of the couple (X, G) to a deformation
of a matrix representation. Now we will see the effect of considering equivalent
deformations of couples.

Lemma 2.9. Let ¢ be a map Ox p — Ox p making the extensions py, pl, equiva-
lent. The corresponding matriz representations are conjugate by a 2 X 2 matriz of

the form (; ())\) where A =1 modmy and =0 modmy4.

Conversely, every such matriz gives rise to a map ¢ : Ox p — Ox p that reduces
to the identity modulo ma.

Proof. Assume that there is a map ¢ : Ox p — Ox p making the extensions
Po, o equivalent. The local-global principle of J.Bertin-A.Mézard implies that this
map can be extended to a map ¢’ : X — X that makes the corresponding global
deformations equivalent. Let f be the generator given in proposition 24l Then
¢ (f) € H(X, L(aD)), therefore ¢/ (f) = Af + p. This means that ¢ gives rise to a
base change in H°(X, L(a’D)), and two elements in F(-) are equivalent if they are
conjugate by a 2 x 2 matrix of the desired form.

Conversely, assume that we have two equivalent matrix representations that are

())\) where A = 1 modmy and p =

conjugate by a matrix @ of the form (;
0 modm 4. Then ) sends f»—» /\f—|— W, le.
1
AT)™ + 30 aw(T)"u
A solution ¢(T') of this polynomial equation exists by using Hensel’s lemma. This
solution gives rise to the desired map ¢. O

= \{(T) + p.

3. DEFORMATIONS OF LINEAR GROUPS

We would like to represent the functor F defined in Eq. (3). We will employ the
construction for universal deformation rings for matrix representations, explained
by B. de Smit and H. W. Lenstra in [5]. Let H be a p-group with identity e and let
p: H — Ly(k) be a faithful representation of H. Let A[H,n| be the commutative
A-algebra generated by Xigj for g € H,1 < j <1i < mn,such that

e
J 0 ifi#y

(6) X =>"X3X[i for g.h € Hand 1 <i,j <n.
=1
and
Xy =0fori < jand for all g € H.
We will focus on representations on Ly (A). For every A-algebra A we have a
canonical bijection

Homy_ a1 (A[H, ], A) 22 Hom(H, L, (A)),

where a A-algebra homomorphism f : A[H,n] — A corresponds to the group ho-
momorphism py that sends g € H to the matrix (f(X}};)). The representation
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p: H — L,(k) corresponds to a homomorphism A[H,n] — k. Its kernel is a maxi-
mal ideal, which we denote by m,. We take the completion R(H) of A[H,n] at m,,.
The canonical map A[H,n] — R(H), gives rise to a map pry) : H — Ln(R(H)),
such that the diagram:

PR(H)

T Ry (R(H))
H—2" L, (k)
is commutative.

We have to distinguish two cases:

e The case of equicharacteristic deformations, i.e., R is a complete local domain
so that Quot(R) is of characteristic p. Recall that in this case A = k. Since the
generic fibre is of characteristic p we have Xg2 =1 for all 1 < i < n. Moreover,
if we fix elements g; generating H as an Z/pZ-vector space and monomials x; =
X3 — c(g;) for each g; we easily see that R(H) = k[[x1, ..., zx]].

e The case of liftings to characteristic zero, i.e. R is a complete local domain so
that Quot(R) of characteristic 0. Let us again fix elements x;, y; for each generator
g; of H, so that z; = X§; — ¢(¢g;), and y; = X355 — 1.

In this case we have the conditions:

(7) (X5)" =1,
p—1

(8) ngl (X2g2)u =0,
v=0

and the commuting relation: (X3, — X% + X3, Xl — X2 X4,) = 0. Observe that
X3, # 1. Indeed, if X3, =1 then eq. (§) will give us that X3, = 0 and then the
matrix is just the identity. Therefore, equations ([l and (&) reduce to the single
equation Y°P_} (X5,)" = 0.

These conditions imply that:

R(H) =Al[z1, .-, Ty Y1y, ynll/ 1,
where [ is the ideal

P
I:= <Z(1 + )" y(e(gi) + xi) = yilelgy) + wj)> :
v=0

The ring R(H) defined above does not represent the deformation functor F, since
A-equivalent deformations may correspond to different maps in Hom(R(H), A). If
n = 2, i.e., in the case of a two dimensional representation, the conjugation action
given by lemma is easy to handle.

Considering the quotient of R(H) in positive characteristic, for representations
of dimension > 3 is a difficult problem since the "trace“ argument of characteristic
zero does not work. (Characters do not distinguish equivalent representations in
modular representation theory).

We focus now on the theory of two dimensional representations. This forces the
group H to be elementary abelian. We compute that

) COC DY =l )
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We will consider the effect of the conjugation action given in eq. ([@). The elements
y; remain invariant while the elements z; — x; + Aqc(g;) + Aaxi — py;, where
A=1+Xa, Ao, pt € ma. If A =kle]/€?, then z; = x;+ c(g;)\a since A\gz; € m?% = 0.

Let A be an object in C. An element in the set F(A) is determined by the
conjugation equivalence class of a function f : R(H) — A. Such a function should
be defined on the generators z;,y; of the ring R(H). Since f(z;) is equivalent to
J(z;) + f(Aa)e(gi) modm?, if there is a ring representing the functor F(-) then this
should be a subring of R(H) and f(z;) = 0 for all generators z;, as one sees by
considering A, = —z;/c(g;). Therefore the ring representing F'(-) is the subring of
R(H) generated by y1,...,y, in the mixed characteristic case and is the zero ring
in the equicharacteristic case. This is in accordance to remark [£.7}

According to remark 2.8 the case n = 1 is the only case we can handle using our
approach in the mixed characteristic situation.

Remark 3.1. We consider the subring R of R(H) = R(Z/pZ) generated by y. The
ring R is singular. Indeed, by the infinitesimal lifting property [I7, II. exer. 8.6], [18,
sec. 1.4] it is enough to provide a small extension A’ — A — 0 and a homomorphism
h € Hom(R, A) that does not lift to a homomorphism to Hom(R, A’). Let my be the
maximal ideal of A. Consider the natural map 7 : R — R/mxR = k[[y]]/(y?~1) =:
A. Consider also the ring A’ given by k[[y]]/(y?). Then A" — A is a small extension
and there is no map R — A’ lifting 7. Indeed, every such homomorphism R — A’
should factor through modm,. Therefore we obtain a nontrivial homomorphism
A — A’, a contradiction.

Remark: In [32] T. Sekiguchi, F. Oort, N. Suwa introduced the group schemes
GW in order to deform the additive group schemes G, to the multiplicative group
schemes G,,, and they were able to give a unified Artin-Schreier-Kummer theory
[33],[34). Many articles devoted to the deformations of automorphism groups from
positive to zero characteristic are based on this theory, see for example [10].

Observe that if H = Z/pZ, i.e. we have an elementary abelian group with just
one component, then the ring homomorphism

R(Z/pZ) — Al[u,1/(eu+ 1)]]

sending y/e to u gives rise to an injection of GV — SpecR(Z/pZ), where X = e.
Indeed, the diagonal elements X, = 1+ ey/e = 1 + eu are multiplied as elements
in G(©),

4. RELATION TO FIRST ORDER INFINITESIMAL DEFORMATIONS

In this section we will relate the deformation functor of the two dimensional rep-
resentations given in () to the deformation functor of actions in formal powerseries
rings in (2). The advantage of this approach is that using the two dimensional
representation we can contract the infinite powerseries representing the extended
automorphism to a root of a rational function. Denote by V' the elementary abelian
group G1(P).

Assume that a two dimensional representation is attached on the wild ramifica-
tion point P. By using the equation



we can define the following representation of V' to automorphisms of formal pow-
erseries rings:

p:V — Aut(k[[t]]),
o= po,

where
— 4t . 1/ clo varm
pg(t) B (1 C(U)t )1/ - <1 v=1 ( v > ( ) t ) .

0—kerm = A — A—0

Let

be a small extension, i.e. kerm-m4 = 0, where m4/,m4 are the maximal ideals
of A, A’ respectively. Assume that we have the following data: A deformation of
the two dimensional representation given by C(o) = ¢(0) +d(0), A(o) = 1+ A1 (o),
where 8(c), A1 (0) € ma and the element f given in proposition 24 extending f.
Write f = f + A, for some element A € m/((t)). Then we have:

po (f+2)) = Ao)(f + A) +c(o) +6(0).
This implies that (f = 1/t™):

Po (i> = o) +c(0) + (6(c) + A(0)A — poA),

tm tm

or equivalently:

10)  folt) = pult) +1 (i () ;1 (2) Ekc(a)y_ktm> |

v=0

where

E = 8(0) + M)A — pois + 219 ().

tm
Suppose that we can extend p,(t) to a homomorphism 5, 4 € AutA[[t]]. A further
extension of p, over A’ is then given by

Po,ar(t) = po,a(t) + py (1),
where p! (t) € kern[[t]]. Since A € ma/((t)) and since kerm - my =0
Po.ar(A) = po.a(D).
Thus, equation () allows us to compute the value of p, 4/(t) from the value of
ﬁU,A(t)-
Lemma 4.1. Let py 4 = {po,a(t)}oecv be a representation of V. — AutAl[[t]], and

consider the corresponding element in F(A). If this element in F(A) can be lifted
to an element in F(A") then ps 4 can be lifted to a representation V. — AutA'[[t]].

Proof. According to [2, 3.2] every obstruction in lifting a representation in D(A)
to D(A’) is group theoretic. Consider extensions of the homomorphisms p, 4 €
AutA'[[t]] for every o € V. The element p, a’pr, 4 ﬁ;Tl 4 1s a 2-cocycle and gives
rise to a cohomology class in H?(V,7o).
In our case observe that if Ai(0),d(o) are functions R(V) — A’ and therefore
satisfy the 2 x 2 multiplication relations, then there is no group theoretic obstruction
11



in lifting ps. 4 to po, 4/ since a simple computation shows that the lifts defined by
eq. (I0) satisfy the relations

ﬁU,A’ o p~‘r,A’ = ﬁUT,A"
Therefore any obstruction to lifting {p,} reduces to the corresponding obstruction

of lifting the matrix representation in F(A) to F(A"). O

Now we will focus on the small extension k[e]/e?> — k, and we will compute the
image of matrix deformations in H'(V,7p). The general cocycle in H'(V, 7o) is
given by di(t)4. In [24] the author proved that the map

(11) To — k[[t]) /™"

F#) % = 0/

is a V-equivariant isomorphism.

Proposition 4.2. Assume that P is a wild ramified point of X with a two dimen-
sional representation attached to it. An extension p, gives rise to the following
cocyle in H'(V, A= k[[t]]):

a(o)= <A;fn>+x1( )e(o +Z 2 gt l0) )>,

m tmH

modulo elements in A[t]].

Proof. We will compute the first order infinitesimal deformations of p,. We begin
from

Pa(f) = N0)f + c(0) + 5(0) + M)A — A,

Set Fy = % +A-— ﬁgAﬁ —¢(0)A1(o). Then

m c(o) m
1 1+t +t"E
) ( ):m ) .

We compute

[)U(t) = l/m

m 1/m
(1+ 1+Ectztj)tm) /

1+4+c
1
= Mo) " (po(t) = = Erp ! (t)) mode?
(12) = po(t) — lElpmﬂ(t) - l)\l (0)po (t) mode?.
m 7 m

We compute that

_ Po(t

foopy (t) = ©___




Since the derivative of the function z — ﬁ is the function =z — (1 +
14+Ax™)m

_m+1
Az™)”"m we compute:

tmtl g
13 Zpeop,t| = e T,
(13) de e=0 po () de™ 7|

1 1 gl

= ——mtl R - —A —_

m' Bl =M

1 )\1(0
14 = ——tmHE — t4¢mtt .
(14) — By — T (140 e(0)

We will now compute (1 — A\(o)"1p,)A. Write T = t + €g;(t) mode? A[[t]]. Write
f=Tm+ Zzzol a, T")"tu, where a, = Y <1 a€”.
We compute: B

-1 1 1
(1+E oauT” m)y

= ( Z a1 TH m) - modeQA[[ i

- lomeam <1 . Z QT ) = gm mode A[T]]

m—1

= emgi()" A" =€ Y auat" " mode® A[[T]).
pn=0

Consider the automorphism o given by o(t) = t(1 4 c¢(o)t™)~ /™. Observe that

1 (1+C(U) % mvrv—k
(L) = HE L (8 s,
v>1
therefore

(I—Al(a)e)a(tik> tl L tmk+z<) yrgmv=k _ EAL{,E").

v>2

This means that for k < m the quantity (1 — A(0) ™15, )(et~*) is holomorphic in ¢
modulo €?. Thus (1 — )\(U)flpﬂy)gl(tt)+i1 € modA[[t]] and we arrive at:

(Mo) o — 1)eA = sz H2w1e0) | ae 4 Al

tm—n

This result combined with eq. (Id]) gives us

(15)
m+1 o 2m — payc(o

modulo elements in A[[t]]. The desired result follows by applying the map given in
eq. (D). O

13
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Lemma 4.3. Assume that G1(P) = Z/pZ. The k-vector space H'(Z/pZ, k[[t]]/t™T)
is generated by the elements {b;/t" : b <i < m + 1} so that (;/ji”) =0andb=11if
plm+1andb=2ifptm+1, and b; € Hom(Z/pZ, k).

Proof. This is proposition 2.7 in [24] for a = —m — 1. O

Consider the elementary abelian group V = @{_,V; where V; = Z/pZ. The
computation of the cohomology group H'(V, 7o) seems complicated in the general
case. However, under some mild assumptions we can prove the following;:
Proposition 4.4. Let m+1= Zizo b;p® be the p-adic expansion of m. If {%J =
V“Z#J for all 2 < v < s, then the map

(16) U HYV, 7o) aéHl(Vu,To),

v=1
sending v — Y>> _ resy_y,v is an isomorphism. Moreover

m—+1

1
1 ~/
(17) H'(V.To)= @ big
i=2,(;/1)=0

where b; € Hom(V, k).

Proof. Consider the maps ¢; € Hom(V;, k) and extend them to maps ¢; € Hom(V k),
by setting ¢;(o) = 0 if ¢ ¢ V;. The image of Y > _, ¢ under the map ¥ given in
(@6 is (c1,...,cs), therefore the map ¥ is onto and it is sufficient to prove that
both spaces have the same dimension.

For the dimension hi(V, 7o) = dimy H'(V, 7o) the author has proved the fol-
lowing formula:

S

- (|t e

i=1 p p
where a; = —(m + 1), a; = F“]T*l—‘ [24, prop. 2.9]. Observe that a; = — Ml'fllJ
We compute that
m+1l S b
(19) — = s T Db’
p v=0 p v>k
therefore
m+1 .
(20) { o J => bp’ "

v>k
Now we compute that

(21) VH_ L. {m hi 1H = {bo ha bilJ Y bp T Y bt

i—1
p p pl p v>1 v>i

The desired result follows by plugging eq. 20),(21)) into eq. (IJ]).
Equation (I1) folows by lemma [43] O
14



Remark: Consider the curves defined by

S m
n
E any? = E buzt,
v=0 pn=0

so that m # 0 modp, as,ag,bg # 0, s > 1, mu > 2 studied by H. Stichtenoth in
[36]. The representation attached to the unique place Py, above the place ps, of
the function field k(z) is two dimensional if and only if m < p® [23]. In this case
the assumptions of proposition 4.4 hold.

Corollary 4.5. If G1(P) = Z/pZ or if the assumptions of proposition hold
then the tangent vector corresponding to 0 # % € HY(V,70) is an obstructed
deformation.

Proof. The element 2 corresponds to mirr € H(V, zrrk[[t]]). Using proposition
L4 we see that it is impossible to obtain a vector in the direction of tm% using a
matrix representation, i.e. an element in F'(-).

Notice that since we have assumed that the representation attached to P is two

dimensional we have that m > 1. O

Corollary 4.6. Assume that p t m + 1 and the assumptions of proposition
hold. Assume also that V is an elementary abelian group with more than one
component. Using the notation of eq. (I7) unubstructed deformations should satisfy
bi(c) = Aic(o) for some element \; € k.

Proof. Condition p{m+ 1 implies that every deformation is coming from a matrix
representation 2.6] and condition follows by using proposition O

Remark 4.7. We see that the data (o) of the matrix representation deforma-
tion do not affect the corresponding element in H*(V, 7o) since they appear as
coefficients of t° in the cocylce expression of proposition and are cohomolo-
gous to zero. What seems to affect the tangent elements is the coefficients of the
distinguished Weierstrass polynomial of the function f defined in eq. @.

On the other hand in the case of liftings from characteristic p to characteris-
tic zero the diagonal element A\; appears as coefficient of the element t%. This
construction is similar to the one of J.Bertin and A. Mézard [2, lemme 4.2.2].

Following [2] th. 4.2.8] we can prove:

Proposition 4.8. If Rp denotes the versal deformation ring at P, then there is a
surjection

(22) Rp — W(E)[[y]] /<Z (i) y”‘1> =R’

The ring Rp s not smooth.

Proof. We are in the mixed characteristic case so V = (¢). According to section [
the ring R’ gives rise to deformation of the two dimensional representation given

by
(1 0
Pe=\o 1+y

15



which in turn gives rise to the deformation

(L+y)
(1+ meetee)
for a suitable element E. The map Hom(Rp, ) — D(-) is smooth (in the sence of
Schlessinger [31, def. 2.2], [27, p. 278]), therefore there is a map ¢ : Rp — R’. In

order to prove that Rp is not a smooth ring we proceed as follows: Consider the
natural map 7 : W(k) — W(k)/p = k. We obtain the following map

¢pom: Rp — K[[y]]/(y"~") == A.
Consider the ring A" = k[[y]]/(y?). Then A’ — A is a small extension, and there

is no map Rp — A’ extending Rp — R/ modp 4 by remark Bl In this way we
obtain an obstruction to the infinitesimal affine lifting for the affine scheme SpecRp
therefore Rp is not smooth.

Alternatively one can compute the obstruction as an element in H?(V, 7o) fol-
lowing [2, lemme 4.2.3]. O

/N)U(t) = 1/m pﬂ(t)v

Proposition 4.9. Assume that the hypotheses of proposition hold. Consider
the ring Ry defined by

R - k in the equicharacteristic case
Y7\ R’ in the mized characteristic case (see eq. (23))

Letb=1idfp|[m+1andb=2ifptm+1. Let¥ be the subset of numbers

b <i<m so that (p%l) = 0. Consider the ring R := Ri[[X; : i € X]| and the
k-vector space W C H'(V,10)/(d/dt) generated by elements Aic(o)t™ 14

There is a surjection Rp — R that induces an isomorphism W = Hom(R, kle]/€?).
The Krull dimension of Rp is equal to #X.

Proof. We have observed in corollary that deformations in the direction of

d/dt are not coming from matrix representations. The elements ti for ¢ € X are
elements in H' (V, z4=<k[[t]]) that give rise to elements t" ™14 e HY(V,To).

Every deformation on these directions is unobstructed by lemma [ET] O

5. RELATION TO DEFORMATIONS OF ARTIN-SCHREIER CURVES

Let P be a wild ramified point of the cover 7 : X — Y = X/G so that the
corresponding representation is two dimensional. In this section we will examine the
dependence of the Artin-Schreier extension X — X/G1(P) on the form of matrix
representation p : G1(P) — GLa(k). Then we will restrict to the germs Ox p —
Oy, =(p), and we will study the relation to the deformation functor introduced in
[29] by R. Pries. The approach of R. Pries is to work with germs of curves and
to deform the defining Artin-Schreier equation. Since the germs are living in local
rings, that have only one maximal ideal, the effect of splitting the branch locus
can not be studied. Therefore R. Pries considers only deformations that do not
split the branch locus. According to proposition it is impossible to lift a wild
ramified action to characteristic zero, without splitting the branch locus. We will
now restrict ourselves to the equicharacteristic deformation case.

16



Let X be a curve that has a 2-dimensional representation attached at a wild
ramified point P. Denote by {1, f} a basis of the 2-dimensional vector space L(mP)
where m := vp(f) is the highest jump in the upper ramification filtration.

We would like to write down an algebraic equation for the cover X — X/G1(P).
The representation ¢ = ¢; : G1(P) — k is a faithful homomorphism of additive
groups. We consider the action of G1(P) on f: Let ®(Y") be the additive polynomial
with set of roots {c¢1(0) : 0 € G1(P)}. The polynomial ®(Y) can be computed as
follows: The group G1(P) is by [23] sec. 3] elementary abelian so we express G1(P)
as an ), vector space with basis {o;} such that G1(P) = @._, 0;Fp.

Let A(xq,...,2,) denote the Moore determinant:
1 X2 e T

The additive polynomial ® can be expressed in terms of the Moore determinant:
Ale(or)y...,c(0s),Y)
A(c(o1),...,c(os))

see [9, lemma 1.3.6],[7, eq. 3.6]. Thus, the cover X — X/G1(P) is given in terms
of the generalized Artin-Schreier equation

oY)= [[ of =Nawm(f).

G’GGl(P)

o(Y) =

We would like to represent the curve as a fibre product of Artin-Schreier curves and
then using Garcia’s-Stichtenoth’s normalization [8] to write the curve in the form
y?" — y = u, where u is an element in the function field of the curve X/G1(P).

There are elements y; € k(X) so that o;(y;) = y; + d;;. Using this notation we
can see that the function field k(X) can be recovered as the function field of the
fibre product of the curves y¥ —y; = u;. The constant elements u; can be computed
from the map ¢ : G1(P) — k as follows: Let V; = @,_, ,,; 0,F,. We compute
an additive polynomial ad;(Y") with roots the Fp-vector space V; using the Moore
determinant:

INCCOS @ io(00).Y)
Ac(o1),...,¢(04),...,c(os))

These polynomials are invariants of the curve and the map c. Moreover we compute
that y; := [[,cy, 0f = [l,ev,(f —v) = adi(f). The element y; is invariant under
the action of V; and o;(y}) = vy, + ad(c(0;)). We can normalize by setting y; =
yi/ad(c(o;)). Then,

adl(Y) =

0;(Yi) = Yi + 65
Following [8] we choose an F), basis p1, ..., 15 of Fpe and we set y = > 7 wiy;. We

observe that the function field can be recovered as the following extension of the
field k(X)&1(P),
s ~ piad;(f)
y' —y= Ng,p s | =
1(P) (i_l ad; (c(0;))
17



The element u € k(X)%1(F) is an invariant of the action of G1(P) on k(X). Observe
that

(23) Alc(or), ..., c(00), clos), ¢(0:)) = (=1)* T Alc(01), . ., c(04))-

Let D be the operator sending z — 27" — x. Since y; € Fp: we have D(u;z) =
w;D(z). The element u can thus also be expressed by
(24)

; A(C(O’l),.,.,C/((-T?),.,.,C(O'S),f)
u = i D wi(=1)°7'D
Z ( ) Z ( A(c(al),...,c(os))
Equation (24)) allows us to express u in terms of the following determinant:
(25)

M1 2 e s 0
c(o1) clo2) - (o) f
uy = 1 dot ()P C c(os)P fP
Alc(or),...,c(os)) . .
N LA CA L
u = D(uq).

Notice that u; is a polynomial of f of the form

f) = Zoufpyilu
v=1

where 0, can be computed, in terms of the function ¢, as minor determinants of
the above matrix. Then u(f) is a polynomial of f of the form

2s
u(f) = Z a; f*"
v=1
where for 1 <wv, a,4s = —a{is.

Now consider the relative situation: Consider the element f € A[[t][t!] defined
in proposition2.4l Given such an element f and a deformation of the representation
p: G1(P) — GLy(L(mP)) we will construct a deformation Ox p of the germ Ox p
with Galois group G (P).

We form again the additive polynomials:

| A(C(al),...,(7(;),...,0(05),1/)'

Ad; = —
) A(C(o1),...,C(04),...,C(05))

Using the previous normalization procedure we arrive at the following deformed
Artin-Schreier curve:

o et
_ Z‘“( < C<ﬁi>,...,c<as>,f)> -




Notice that similar to equation (25]) we have:

I L2 s Q
. C(o1) Cloz) -+ Clos) f
= o C(oy)P Cloa)? -+ C(os)P fr
. A(C(al),...,C(as)) et
Clor™" Cloa)™ Clor™
U = D(U").

The element U € A[[t]][t™!] so that U = v modm 4.

5.1. Relation with equivalence class of Artin-Schreier extensions. In what
follows we would like to consider isomorphism classes of Artin-Schreier curves. The
following lemma identifies two Artin-Schreier extensions of the ring A[[z]][z7],
where A is a k-algebra that gives rise to an irreducible affine scheme, i.e. A/rad(A)
is an integral domain.

Lemma 5.1. Consider the extensions y;fs —y1 = g1 and ygs —y2 = g2, where g1, g2 €
Al[z])[x~Y]. These extensions are isomorphic if and only if g1(x) = (go(x)+dP" —d,
for some d € Al[z]][z™"], and ¢ € F}..

Proof. If Ais a field k then this is classical result due to Hasse [I9]. For the general
case we refer to [30, lemma 2.4]. O

Lemma 5.2. The Artin-Schreier curve y?" —y = f(z) where f(z) € A[[z]][z™] is
isomorphic to y?" —y = f(x) + g(z), where g(x) € A[[x]].

Proof. Following [30, sec. 3] we observe that g(z) = dP" —d, where d = 3"°0  g(z)?
The desired result follows by using lemma [5.11 d

sv

Let m be the conductor, i.e. the highest jump in the upper ramification filtration.
Since the group H is elementary abelian this is equal to the highest jump in the
lower ramification filtration [24] lemma 1.8].

Lemma 5.3. Consider an Artin-Schreier cover of A[[x]][x~1] given by:
A
y—y=> r(l/a),
v=0

where 1,(T) € A[T] are polynomials of degree d,, so that gcd(d,,p) = 1 . The
conductor of the cover equals to max, d,.

Proof. R. Pries [30]. O

D. Harbater in [14] (see also [2], sec. 5.1]) gave a parametrization of the classes
of cyclic Z,-covers of a local fields branched above the maximal ideal. For the more
general case of Fps-covers the space of classes of covers of k((t')) is parametrized
by the quotient:

k((t))
k(1] + D(k((1)))

where D denotes the map 2 + z?" — . Indeed, by lemma 5.1l adding D(a) does
not alter the equivalence class of the Artin-Schreier curve and by lemma the
same holds for adding a holomorphic element.

19
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R. Pries gave a moduli interpretation of p-group covers of the projective line and
she proposed two approaches: either transform (by extending the base ring A) an
arbitrary Artin-Schreier extension of A[[z]][x~!] to a class in (28] or define a fine
moduli space by considering a category where all powers of the ¢-Frobenious maps
are invertible elements. She introduced the following;:

Definition 5.4. Let A1, As be two k-algebras that give rise to irreducible affine
schemes, i.e. A;/rad(4;), i = 1,2 are integral domains. Consider the Artin-
Schreier relative A-curves C; : yfs —vy; = fi(z), where fi(x) € A;. The two
curves are considered to be equivalent if and only if there is an algebra extension
A of both A;, i.e. there are ring monomorphisms A; — A, so that the curves
Ci Xspeca, SpecA are isomorphic covers of Al[x]][z1].

In general U — u € mu[[t]][t™!] and it is not an element in m[[z]][z~]. If the
deformation p, does not split the branch locus, then U — u € ma[[x]][x~!]. After
cutting the holomorphic part of U — u and applying the transformation of lemma
Bl we get an equivalence class of germs of Artin-Schreier curves given in eq. (26])
to an element in the deformation functor of Pries.

Conversely for every Laurent polynomial A € ma((z)) so that ng = vz (A),
satisfies (ng,p) < m we can consider the extension of A((x)) defined as

A(@)W/ " =y = f+ D).

This gives rise to an infinitesimal extension of the germ of X at P in the sense of
Pries and according to the local-global theory developed by Harbater all this local
deformations can be patched together to give a global deformation of the couple
(X, Q).

REFERENCES

1. José Bertin, Obstructions locales au relévement de revétements galoisiens de courbes lisses,
C. R. Acad. Sci. Paris Sér. I Math. 326 (1998), no. 1, 55-58. MR 99h:14032

2. José Bertin and Ariane Mézard, Déformations formelles des revétements sauvagement ram-
ifiés de courbes algébriques, Invent. Math. 141 (2000), no. 1, 195-238. MR 2001f:14023

3. Nicolas Bourbaki, Commutative algebra. Chapters 1-7, Elements of Mathematics (Berlin),
Springer-Verlag, Berlin, 1989, Translated from the French, Reprint of the 1972 edition.
MR MR979760 (90a:13001)

4. Gunther Cornelissen and Fumiharu Kato, Equivariant deformation of Mumford curves and
of ordinary curves in positive characteristic, Duke Math. J. 116 (2003), no. 3, 431-470.
MR MR1958094 (2004c:14044)

5. Bart de Smit and Hendrik W. Lenstra, Jr., Ezplicit construction of universal deformation
rings, Modular forms and Fermat’s last theorem (Boston, MA, 1995), Springer, New York,
1997, pp. 313-326. MR 1 638 482

6. P. Deligne and D. Mumford, The irreducibility of the space of curves of given genus, Inst.
Hautes Etudes Sci. Publ. Math. (1969), no. 36, 75-109. MR 41 #6850

7. Noam D. Elkies, Linearized algebra and finite groups of Lie type. I. Linear and symplectic
groups, Applications of curves over finite fields (Seattle, WA, 1997), Contemp. Math., vol.
245, Amer. Math. Soc., Providence, RI, 1999, pp. 77-107. MR MR1732230 (2001a:20082)

8. Arnaldo Garcia and Henning Stichtenoth, Elementary abelian p-extensions of algebraic func-
tion fields, Manuscripta Math. 72 (1991), no. 1, 67-79. MR MR1107453 (92j:11139)

9. David Goss, Basic structures of function field arithmetic, Ergebnisse der Mathematik und
ihrer Grenzgebiete (3) [Results in Mathematics and Related Areas (3)], vol. 35, Springer-
Verlag, Berlin, 1996. MR MR1423131 (97i:11062)

10. Barry Green and Michel Matignon, Liftings of Galois covers of smooth curves, Compositio
Math. 113 (1998), no. 3, 237-272. MR MR1645000 (99k:14045a)

20



12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

. A. Grothendieck, Eléments de géométrie algébrique. 111 Etude cohomologique des faisceaux
cohérents. I, Inst. Hautes Etudes Sci. Publ. Math. (1961), no. 11, 167. MR MR0217085 (36
#177c)

Alexander Grothendieck, Fondements de la géométrie algébrique. [Extraits du Séminaire
Bourbaki, 1957-1962.], Secrétariat mathématique, Paris, 1962. MR MR0146040 (26 #3566)
Jack K. Hale and Hiiseyin Kogak, Dynamics and bifurcations, Texts in Applied Mathematics,
vol. 3, Springer-Verlag, New York, 1991. MR MR1138981 (93e:58047)

David Harbater, Moduli of p-covers of curves, Comm. Algebra 8 (1980), no. 12, 1095-1122.
MR MR579791 (82£:14010)

, Patching and Galois theory, Galois groups and fundamental groups, Math. Sci. Res.
Inst. Publ., vol. 41, Cambridge Univ. Press, Cambridge, 2003, pp. 313—424. MR MR2012220
(2004j:14030)

David Harbater and Katherine F. Stevenson, Patching and thickening problems, J. Algebra
212 (1999), no. 1, 272-304. MR MR1670658 (2000b:14004)

Robin Hartshorne, Algebraic geometry, Springer-Verlag, New York, 1977, Graduate Texts in
Mathematics, No. 52.

, Lectures on deformation theory, available online on authors webpage, 2004.

Helmut Hasse, Theorie der relativ-zyklischen algebraischen Funktionenkérper, insbesondere
bei endlichem Konstantenkérper, J. Reine Angew. Math. 172 (1934).

Kazuya Kato, Vanishing cycles, ramification of valuations, and class field theory, Duke Math.
J. 55 (1987), no. 3, 629-659. MR MR904945 (88k:11083)

Nicholas M. Katz and Barry Mazur, Arithmetic moduli of elliptic curves, Princeton University
Press, Princeton, NJ, 1985. MR 86i:11024

Bernhard Kock, Galois structure of Zariski cohomology for weakly ramified covers of curves,
Amer. J. Math. 126 (2004), no. 5, 1085-1107. MR MR2089083 (2005i:11163)

Aristides Kontogeorgis, The ramification sequence for a fized point of an automorphism of a
curve and the weierstrass gap sequence, Mathematische Zeitschrift.

, On the tangent space of the deformation functor of curves with automorphisms,
Algebra Number Theory 1 (2007), no. 2, 119-161. MR MR2361938

Qing Liu, Algebraic geometry and arithmetic curves, Oxford Graduate Texts in Mathematics,
vol. 6, Oxford University Press, Oxford, 2002, Translated from the French by Reinie Erné,
Oxford Science Publications. MR 2003g:14001

Michel Matignon, p-groupes abéliens de type (p,---,p) et disques ouverts p-adiques,
Manuscripta Math. 99 (1999), no. 1, 93-109. MR MR1697205 (2000e:14028)

B. Mazur, Deformation theory of Galois representations (in Modular forms and Fermat’s
last theorem), (1997), xx+582, Papers from the Instructional Conference on Number The-
ory and Arithmetic Geometry held at Boston University, Boston, MA, August 9-18, 1995.
MR 99k:11004

Shoichi Nakajima, p-ranks and automorphism groups of algebraic curves, Trans. Amer. Math.
Soc. 303 (1987), no. 2, 595-607. MR 88h:14037

Rachel J. Pries, Deformation of wildly ramified actions on curves, arXivimath.AG (2004),
no. 0403056 v2.

s FEquiramified deformations of  covers in positive characteristic,
arXiv:math.AG/0403056/ v3 (2005).

Michael Schlessinger, Functors of Artin rings, Trans. Amer. Math. Soc. 130 (1968), 208-222.
MR 36 #184

T. Sekiguchi, F. Oort, and N. Suwa, On the deformation of Artin-Schreier to Kummer, Ann.
Sci. Ecole Norm. Sup. (4) 22 (1989), no. 3, 345-375. MR MR1011987 (91g:14041)

Tsutomu Sekiguchi and Noriyuki Suwa, Théories de Kummer-Artin-Schreier- Witt, C. R.
Acad. Sci. Paris Sér. I Math. 319 (1994), no. 2, 105-110. MR MR1288386

, Théorie de Kummer-Artin-Schreier et applications, J. Théor. Nombres Bordeaux
7 (1995), no. 1, 177-189, Les Dix-huitiemes Journées Arithmétiques (Bordeaux, 1993).
MR MR1413576 (98d:11139)

Jean-Pierre Serre, Local fields, Springer-Verlag, New York, 1979, Translated from the French
by Marvin Jay Greenberg. MR 82¢:12016

Henning Stichtenoth, Uber die Automorphismengruppe eines algebraischen Funktionenkérpers
von Primzahlcharakteristik. II. Ein spezieller Typ von Funktionenkorpern, Arch. Math.
(Basel) 24 (1973), 615-631. MR 53 #8068

21


http://arXiv.org/abs/math/0403056

MAX-PLANCK-INSTITUT FUR MATHEMATIK VIVATSGASSE 7 53111 BONN, GERMANY
AND
DEPARTMENT OF MATHEMATICS, UNIVERSITY OF THE AGEAN, 83200 KARLOVASSI, SAMOS, GREECE
http://myria.math.aegean.gr/"~ kontogar

E-mail address: kontogeo@mpim-bonn.mpg.de,kontogar@aegean.gr

22


http://myria.math.aegean.gr/~

	1. Introduction
	2. Branch locus and liftings of matrix representations.
	3. Deformations of Linear groups
	4. Relation to first order infinitesimal deformations
	5. Relation to Deformations of Artin-Schreier curves
	5.1. Relation with equivalence class of Artin-Schreier extensions.

	References

