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THE MINIMAL GENUS PROBLEM FOR ELLIPTIC SURFACES

ABSTRACT. We partly solve the minimal genus problem for embedded surfaces in the case of elliptic
4-manifolds. This involves a certain restricted transitivity property of the action of the orientation
preserving diffeomorphism group on the second homology. In all cases we consider we get the minimal
possible genus allowed by the adjunction inequality.

1. INTRODUCTION

Starting with the classical work of Kervaire and Milnor [[10], who showed that certain second
homology classes in simply-connected 4-manifolds are not represented by embedded spheres, the
question arose to find for a given homology class in a 4-manifold the minimal genus of an embedded
closed connected oriented surface realizing that class. This question has been solved at least partly for
rational and ruled surfaces and for 4-manifolds with a free circle action [4.[5}[14}[15}16}17,118}119,125].
On symplectic 4-manifolds the question is related to the Thom conjecture [[12} 22| 23]]. In particular,
the adjunction inequality from Seiberg-Witten theory gives a lower bound on the genus of a surface
representing a homology class in a closed oriented 4-manifold with a basic class and we can then ask if
this lower bound is indeed realized. Usually the question is more tractable for classes of positive self-
intersection and is still open in most situations in the case of negative self-intersections. In particular,
it is still unknown whether there exist embedded spheres in the K3 surface of arbitrarily negative
self-intersection.

Another interesting class of 4-manifolds are elliptic surfaces. We will restrict to (relatively) mini-
mal simply-connected elliptic surfaces with b;r > 1, but generalizations should be possible. Note that
every orientation preserving diffeomorphism of a closed, oriented 4-manifold induces an isometry of
the intersection form on the second homology (modulo torsion). A very useful fact is that for elliptic
surfaces the image of the orientation preserving diffeomorphism group in the orthogonal group of the
intersection form is known. This is due to Borcea, Donaldson and Matumoto [, 2, [21]] for the K3
surface and to Friedman-Morgan and Lonne in the general case [6} 20]. We will combine this knowl-
edge with the work of Wall on the transitivity of the orthogonal groups of unimodular quadratic forms
[26]]. Similar to the case of rational surfaces, this will allow us to reduce the problem of representing
a homology class by a minimal genus surface to certain special classes. We cannot treat the minimal
genus problem in full generality. Instead we will concentrate on the first interesting special cases that
come to mind. To state one of the results, we will prove the following in the special case that the
elliptic surface has no multiple fibres, i.e. is given by a surface F'(n) with n > 2:

Theorem 1.1. Ler X be an elliptic surface diffeomorphic to E(n) withn > 2. Suppose A is a class in
Ho(X; Z) orthogonal to the canonical class K and of self-intersection A% = 2c — 2 with ¢ > 0. Then
A is represented by a surface of genus c in X. This is the minimal possible genus if A is non-zero.

There is similar, slightly more restrictive theorem in the case of elliptic surfaces with multiple
fibres. We are also interested if we can realize homology classes by surfaces that are contained in
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2 THE MINIMAL GENUS PROBLEM FOR ELLIPTIC SURFACES

certain nice neighbourhoods inside the elliptic surface. The neighbourhood we consider is the Gompf
nucleus N (2).

Notations. In the following X will denote a relatively minimal simply-connected elliptic surface
with the complex orientation. By an elliptic surface we always mean a surface of this kind. Using
the classification of elliptic surfaces [9] X is diffeomorphic to £(n), 4, where the coprime indices
denote logarithmic transformations. We restrict to the case n > 2 or equivalently b5 > 1; see [14]
for a discussion of Dolgachev surfaces F(1),, with by = 1. All self-diffeomorphisms of X are
orientation preserving. We often denote a closed oriented surface in X and the homology class it
represents by the same symbol.

2. ACTION OF THE DIFFEOMORPHISM GROUP

Let Ho(X) denote the integral second homology of X and Diff*(X) the group of orientation
preserving self-diffeomorphisms of X. The intersection form on second homology induces a uni-
modular quadratic form on Hs(X). We denote by O the orthogonal group of all automorphisms of
Hy(X) that preserve the intersection form. The elements of this group are called automorphisms of
the intersection form. The action of diffeomorphisms on homology defines a group homomorphism
Difft(X) — O.

There is a way to choose an orientation on all maximal positive definite linear subspaces of Hy(X; R),
cf. [24]: Fix any such subspace Uy and let m: Hy(X;R) — Uy denote the orthogonal projection. The
restriction of 7 to any maximal positive definite subspace U is an isomorphism with Uy. Choosing
an orientation for Uy we get an orientation for all maximal positive definite subspaces U via 7. This
orientation varies continuously with U. The spinor norm of an element ¢ € O is defined to be +1 de-
pending on whether ¢ preserves or reverses the orientation on a maximal positive definite subspace of
Hs(X;R). A deformation argument shows that this does not depend on the choice of such a subspace.
The subgroup of O of elements of spinor norm 1 is denoted by O’.

Definition 2.1. We let K denote the canonical class of X, which is minus the first Chern class. If
X is not the K3 surface let & denote the Poincaré dual of K divided by its divisibility. If X is
the K3 surface let k denote the class of a general fibre. In any case, k is a primitive class of self-
intersection zero. We also choose a second homology class V' such that k£ - V' = 1. For example if
X has no multiple fibres we can choose for V' a section of an elliptic fibration. We denote by Oy, the
automorphisms fixing & and by O, those of spinor norm 1.

The following was proved in [20].

Theorem 2.2. The image of the diffeomorphism group Diff" (X) in O is equal to O' for the K3
surface and contains O, for all other elliptic surfaces X.

We now consider integral unimodular quadratic forms in general. We let H denote the even hyper-
bolic form of rank 2 and Fg the standard positive definite even form of rank 8. A standard basis for
H is abasis e, f such that

e2=0,f2=0,e-f=1.
Let @) denote the quadratic form Q = [H & m(—Eg) with [ > 2 and m € Z. In [26] Wall proved the
following.
Theorem 2.3. The orthogonal group of Q) acts transitively on primitive elements of given square.

We want to deduce the following.
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Proposition 2.4. The subgroup of elements of spinor norm 1 in the orthogonal group of Q) acts tran-
sitively on primitive elements of given square.

We first prove the following lemma.

Lemma 2.5. For any even number 2a there exist primitive elements p and q of square 2a and auto-
morphisms of @ of spinor norm +1 and —1 which map p to q.

Proof. We consider QQ = [H @& m(—Fjg) and let e, f denote a standard basis for the first H summand.
Letp = e+af and ¢ = —e — af. Then p?> = ¢* = 2a. Consider the automorphism of @
which is minus the identity on the first # summand and the identity on all other summands and the
automorphism which is minus the identity on the first two H summands and the identity on all other
summands. These automorphisms have spinor norm —1 and +1 and map p to q. O

We now prove Proposition [2.4

Proof. Let x and y be arbitrary primitive elements of square 2a and let p and g be the elements from
the lemma of the same square. By Wall’s theorem there exist automorphisms in O mapping x to p and
q to y. Choosing an automorphism that maps p to ¢ of the correct spinor norm we get by composing
an automorphism of spinor norm +1 mapping x to y. ([l

We now consider the elliptic surface X.
Lemma 2.6. The self-intersection number V2 is even if and only if X is spin.

Proof. The intersection form on the span of k£ and V' is unimodular, hence it is unimodular on the
orthogonal complement. The intersection form on this complement is even, since the canonical class
K is characteristic. The claim now follows because X is spin if and only if the intersection form on
both summands is even. U

Let V2 = 2a in the spin case and V2 = 2a + 1 in the non-spin case.

Definition 2.7. Define an element W = V' — ak. Then the intersection form on the span of k£ and W
is the form H in the spin case and the form H’ given by

m=(11)
in the non-spin case. Note that H' is isomorphic to (+1) & (—1).
The complete intersection form of X is then given by
(2.1) H®IH ®m(—Es)or H ®lH & m(—Eg),

where [ > 2 since b; > 3. We also want to choose a standard basis for the second H summand: The
K 3 surface is known to contain a rim torus R of self-intersection zero and a vanishing sphere S of
self-intersection —2 such that R and S intersect transversely in one positive point. Both arise from the
fibre sum construction K3 = E(1)#p—pE(1) along a general fibre F'. See Section 4] for an explicit
model of the rim torus; the vanishing sphere is obtained by sewing together two vanishing disks of
relative self-intersection —1 coming from elliptic Lefschetz fibrations on E(1). Recall the following
definition from [7]]:

Definition 2.8. The nucleus N (2) is defined as the 4-manifold with boundary given by the neighbour-
hood of a cusp fibre and a section in K3.
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Note that the nucleus contains also a smooth torus homologous to the cusp. In addition to the
nucleus given by the definition, the K3 surface contains two other embedded copies of N (2), disjoint
from the first one. The rim torus R and the vanishing sphere S are embedded in one such copy
[8]. Since this nucleus is disjoint from a general fibre it is still contained in an arbitrary elliptic
surface X of the type above because the fibre sums and the logarithmic transformations resulting in
the manifold X = E(n), 4 are performed in the complement of the nucleus. We also choose the
surface representing the class V' to be disjoint from this nucleus.

Definition 2.9. Let 7" denote the torus of self-intersection zero obtained by smoothing the intersection
between R and S. Then T represents the class R + S and the classes R and 7" are a standard basis for
the second H summand in the intersection form of the elliptic surface X.

Using Theorem [2.2] and Proposition[2.4| we have the following:

Proposition 2.10. Let A € Ho(X) be an arbitrary element. Then there exists a self-diffeomorphism
of X which maps A to

A = ak + BW +~yR + 6T,
where o, 5,7,0 are certain integers. The diffeomorphism is the identity on the span of k and W.

Suppose X is the K 3 surface and the class A primitive. Then we can map A via a self-diffeomorphism
to

A'=aR+ S,

where 200 — 2 = A?. Hence the self-diffeomorphisms of the K3 surface act transitively on primitive
elements of given square.

The result for the K3 surface is well-known [11, [14]]. As a final preparation, recall the following
theorem [9], containing the so-called adjunction inequality:

Theorem 2.11. Let Y be a closed oriented 4-manifold with b; > 1. Assume that 3. is an embedded
oriented connected surface in'Y of genus g(X) with self-intersection ¥* > 0, such that the class
represented by 3. is non-zero. Then for every Seiberg-Witten basic class L we have

29(S)—2>% -+ |L-3).

If'Y is of simple type and g(X) > 0, then the same inequality holds for ¥ C Y with arbitrary square
DI

Note that if L is a basic class, i.e. a characteristic class in H?(Y'; Z) with non-vanishing Seiberg-
Witten invariant, then — L is also a basic class. The basic classes of the elliptic surfaces X = E(n), 4
are completely known [3]]. They are given by the set

{rk|r=npqg—p—qmod?2, |r| <npg—p—q}.

The basic classes are multiples of the class k£ where the maximal values at the end are given (up to
sign) by the canonical class K of the elliptic surface X. Hence the adjunction inequality for the
elliptic surfaces X reduces to the statement that

29(S)—2>% -S4 K-35
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3. MINIMAL GENUS PROBLEM FOR THE K3 SURFACE

The minimal genus problem for classes of non-negative square in the K3 surface has already been
solved [14] using the K3 case of Proposition[2.10] We want to recall this solution and also show that
we can realize these surfaces in a nucleus N (2) in a certain standard way. Note that the adjunction
inequality for the K3 surface implies because of K = 0 for the genus of a smooth surface X that
2¢g(X) — 2 > 3 - ¥ if the homology class represented by this surface is non-zero.

Definition 3.1. By the standard surface of genus g embedded in the nucleus N (2) we mean the section
of self-intersection —2 (g = 0), the general fibre of self-intersection 0 (g = 1) or the surface of genus
g > 2 and self-intersection 2g — 2 obtained by smoothing the intersection points of the section and ¢
parallel copies of the general fibre.

According to Proposition we can map any primitive class in the K3 surface via a self-
diffeomorphism to a class in the nucleus. Hence we get:

Corollary 3.2. Consider the K3 surface. Every primitive class of self-intersection 2c — 2 with ¢ > 0
is represented by a surface of genus c. We can assume that it is embedded as the standard surface in
a nucleus N (2) inside K 3. This is the minimal possible genus.

To solve the case of divisible classes with non-negative square we use Lemma 7.7 in [13] due to
Kronheimer-Mrowka (see also Lemma 14 in [[14]]):

Lemma 3.3. Let Y be a closed connected oriented 4-manifold. Let a(X) = 2g(X) —2 — X - X. If
h € Hy(Y) is a homology class with h - h > 0 and %}, is a surface of genus g representing h and
g > 1 when h - h = 0, then for all r > 0, the class rh can be represented by an embedded surface
Xorn With

a(Ern) = ra(Zh).

In particular, we can apply the construction of this lemma to divisible classes of non-negative square
inside the nucleus /N (2) to get surfaces that represent these classes in the nucleus (the construction in
the proof of this lemma works in a tubular neighbourhood of ¥}, and does not need the assumption
that Y is closed). In this case a(X},) is zero, hence also a(X,) is zero. We have:

Corollary 3.4. Every class in Hy(N (2)), not necessarily primitive, which has self-intersection 2c — 2
with ¢ > 0 is represented by an embedded surface of genus c in N (2).

We call these surfaces in the nucleus standard. The transitivity of the action of the diffeomorphism
group then implies that every divisible class of non-negative square in K 3 can also be represented by
such a standard surface inside a nucleus N (2). Hence Corollaryholds without the assumption that
the class is primitive.

4. MINIMAL GENUS PROBLEM FOR OTHER ELLIPTIC SURFACES

We now consider the general case of relatively minimal simply-connected elliptic surfaces X with
b; > 1. Note that the adjunction inequality implies for surfaces ¥ orthogonal to K again that 2g(X) —
2 > 3 - X. The self-intersection of such a surface is even. Using Proposition [2.10]and Corollary [3.4]
we get:

Corollary 4.1. Let X be an elliptic surface. Then every class A of self-intersection 2¢ — 2 with ¢ > 0
that is orthogonal to the classes K and V' is represented by a surface of genus c. We can assume that
it is embedded as the standard surface in a nucleus N (2) in the 4-manifold X. This is the minimal
possible genus if the class is non-zero.
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Proof. The assumptions imply that A can be mapped via a diffeomorphism to A’ = vR + §S. Since
R and S are constructed in a nucleus N (2) the claim follows. U

Remark 4.2. If we relax the assumption and only assume that A is orthogonal to K it seems that the
surface is in general not contained in a nucleus N (2). For example the general fibre is contained in a
nucleus N (n)p.q.

We can deal with the case A2 = —2 in a slightly more general situation:

Proposition 4.3. Let X be an elliptic surface. Then any class A orthogonal to K and of self-
intersection —2 is represented by the standard sphere in a nucleus N (2) in the 4-manifold X.

Proof. The assumptions imply that there exists a self-diffeomorphism of X mapping A to
A =ak+ S,

where S is the vanishing sphere. Consider the following map ¢ on Hs(X) which on the first two
summands of the intersection form is given by

k—k
W= W+ aR
R— R
S+— S —ak

and is the identity on all other summands. It is easy to check that ¢ is an isometry. Letting a be a
real number and taking o — 0 we see that ¢ has spinor norm +1. Hence it is an element in Oj, and
therefore induced by a self-diffeomorphism. It maps A’ to S. This implies the claim. O

Remark 4.4. This result should be compared to the fact that every class of square —2 in the comple-
ment of a general fibre in X is represented by an embedded sphere [6, 20].

We now restrict to the case of elliptic surfaces without multiple fibres, i.e. X = FE(n), because the
following arguments seem to work only in this case. The class k is represented by a general fibre F'.
We also have the rim torus R. Proposition implies:

Lemma 4.5. If A is a class orthogonal to K and of self-intersection zero then there exists a self-
diffeomorphism of X that maps A to
A" = aF +vR.

We want to show that A’ can be represented by an embedded torus. The construction involves
the circle sum from [19]. The idea is the following: Let >y and ¥; denote two disjoint connected
embedded oriented surfaces in a 4-manifold Y. We can tube them together in the standard way to
get a surface of genus g(Xg) + ¢g(X1). Sometimes, however, we can perform a different surgery that
results in a surface of smaller genus. Let Sil C X; denote embedded circles that represent non-trivial
homology classes in the surfaces. In each surface we delete an annulus Si1 x I. We get two disjoint
surfaces whose boundaries consist of two circles for each surface. We want to connect these circles
by annuli embedded in Y. There are several ways to do this: One possibility is to connect the circles
from the same surface. In this way we simply get back the surfaces Yy and ;. Another possibility
is to connect the boundary circles from different surfaces. If this is possible we get an embedded
connected surface of genus g(3g) + ¢g(31) — 1 representing the class [¥¢] + [X1].

The construction works if we can find an embedded annulus A in Y that intersects the surfaces
Yo and 3 precisely in the circles S} and Si. We also need a nowhere vanishing normal vector field
along A that at the ends of A is tangential to the surfaces Y¢ and Y. The annuli connecting the four
boundary circles are then constructed as normal push-offs of the annulus A.
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Lemma 4.6. There exists an embedded annulus A connecting the tori F' and R that satisfies the
necessary assumptions for the circle sum in [19]].

Proof. The elliptic surface X = E(n) is obtained as a fibre sum of E/(n—1) and F(1) along a general
fibre. Let S x S! x D? denote a tubular neighbourhood of the fibre in one of the summands. We
think of D? as the unit disk in the complex plane and let I denote the interval [%, 1] along the real
axis. In forming the fibre sum we delete the open tubular neighbourhood of radius % of the general
fibre in the centre of the tubular neighbourhood. The fibre F'in X is realized as S* x S! x {%} while
the rim torus R is S' x {*} x D2 Consider the annulus A = S* x {x} x I. It intersects the tori
F and R precisely in the circles S} = S' x {*} x {3} and S} = ST x {*} x {1}. Let v be a unit
tangent vector to S! in the point * and vy a unit tangent vector to D? in 1. Then
epzslxvpx{%}
and
eR:Slx{*}va
are framings of the circles S}. and S}, inside the tori. Consider the normal vector field along the
annulus A given on S x {x} x t by

e =S8 x (2—2t)vp x t x (2t — 1)vg.

This is equal to the framings er and er on the boundary and is the required framing of the annulus.
0

This construction allows us to circle sum F' and R. A similar, but easier construction allows us
to circle sum | parallel copies of F' and || parallel copies of R with a suitable orientation to get
embedded tori > and ¥; representing the classes aF' and yvR. The torus Xy contains as an open
subset a copy of the torus F' with an annulus deleted, and similarly for ;. Circle summing > and
31 along these subsets we get an embedded torus representing the class aF" 4+ v R. This construction
proves:

Theorem 4.7. Let X be an elliptic surface without multiple fibres. Then any class A orthogonal to
K and of self-intersection zero is represented by an embedded torus.

This is clearly the minimal possible genus allowed by the adjunction inequality if the class A is
non-zero. The same method can be used to prove the following generalization:

Theorem 4.8. Let X be an elliptic surface without multiple fibres. Suppose A is a class orthogonal
to K such that A2 = 2c — 2 with ¢ > 0. Then A is represented by a surface of genus c in X. This is
the minimal possible genus if A is non-zero.

Proof. The cases ¢ = 0 and ¢ = 1 have been proved above. We can assume that ¢ > 2. The
assumptions imply that there exists a self-diffeomorphism of X mapping A to

A" =aF +yR+ 6T,

where ~ and 0 are positive with 70 = ¢ — 1. We circle sum |« parallel copies of F' with a suitable
orientation to get a torus g representing oF'. Taking circle sums of parallel copies of the tori R
and T we get tori representing YR and §7 that intersect transversely in yd points. Smoothing these
intersections we get a surface 1 of genus vd + 1 = ¢. This surface contains as an open subset a copy
of the torus R with an annulus and ¢ points deleted. We circle sum the surface >; to the torus g to
get an embedded surface of genus c representing A’. ([l



THE MINIMAL GENUS PROBLEM FOR ELLIPTIC SURFACES

Acknowledgements. I would like to thank T. Jentsch and D. Kotschick for reading a preliminary
version of this paper.

B W N~

o)

10.
11.
12.
13.

14.
15.

16.
17.

18.

19.

20.
21.

22.
23.
24.
25.

26.

REFERENCES

C. Borcea, Diffeomorphisms of a K3 surface, Math. Ann. 275, 1-4 (1986).

S. K. Donaldson, Polynomial invariants for smooth four-manifolds, Topology 29, 257-315 (1990).

R. Fintushel, R. J. Stern, Rational blowdowns of smooth 4-manifolds, J. Differential Geom. 46, 181-235 (1997).

S. Friedl, S. Vidussi, Twisted Alexander polynomials, symplectic 4-manifolds and surfaces of minimal complexity,
Banach Center Publ., 85, Polish Acad. Sci. Inst. Math., Warsaw, 2009.

. S. Friedl, S. Vidussi, Minimal genus in 4-manifolds with a free circle action, preprint arXiv:1204.3578v1.
. R. Friedman, J. W. Morgan, Smooth four-manifolds and complex surfaces, Ergebnisse der Mathematik und ihrer

Grenzgebiete (3) 27, Springer-Verlag, Berlin, 1994.

. R. E. Gompf, Nuclei of elliptic surfaces, Topology 30, 479-511 (1991).
. R.E. Gompf, T. S. Mrowka, Irreducible 4-manifolds need not be complex, Ann. of Math. (2) 138, 61-111 (1993).
. R.E. Gompf, A. L. Stipsicz, 4-manifolds and Kirby calculus, Graduate Studies in Mathematics, 20. Providence, Rhode

Island. American Mathematical Society 1999.

M. A. Kervaire, J. W. Milnor, On 2-spheres in 4-manifolds, Proc. Nat. Acad. Sci. U.S.A. 47, 1651-1657 (1961).

P. B. Kronheimer, T. S. Mrowka, Gauge theory for embedded surfaces, I, Topology 32, 773-826 (1993).

P. B. Kronheimer, T. S. Mrowka, The genus of embedded surfaces in the projective plane, Math. Res. Lett. 1, no. 6,
797-808 (1994).

P. B. Kronheimer, T. S. Mrowka, Embedded surfaces and the structure of Donaldson’s polynomial invariants, J. Dif-
ferential Geom. 41, 573-734 (1995).

T. Lawson, The minimal genus problem, Exposition. Math. 15, 385-431 (1997).

B.-H. Li, Representing nonnegative homology classes of CP>*#nCP? by minimal genus smooth embeddings,
Trans. Amer. Math. Soc. 352, 4155-4169 (2000).

B.-H. Li, T.-J. Li, Minimal genus embeddings in S2_bundles over surfaces, Math. Res. Lett. 4, no. 3, 379-394 (1997).
B.-H. Li, T.-J. Li, Minimal genus smooth embeddings in S* x 5% and CP*#nCP2 withn < 8, Topology 37, 575-594
(1998).

B.-H. Li, T.-J. Li, Smooth minimal genera for small negative classes in CP?#nCP? withn < 9, Topology Appl. 132,
1-15 (2003).

B.-H. Li, T.-J. Li, Circle-sum and minimal genus surfaces in ruled 4-manifolds, Proc. Amer. Math. Soc. 135, 3745—
3753 (2007).

M. Lonne, On the diffeomorphism groups of elliptic surfaces, Math. Ann. 310, 103—117 (1998).

T. Matumoto, On diffeomorphisms of a K 3 surface, Algebraic and topological theories (Kinosaki, 1984), 616-621,
Kinokuniya, Tokyo, 1986.

J. W. Morgan, Z. Szabd, C. H. Taubes, A product formula for the Seiberg-Witten invariants and the generalized Thom
conjecture, J. Differential Geom. 44, 706-788 (1996).

P. Ozsvith, Z. Szabd, The symplectic Thom conjecture, Ann. of Math. (2) 151, 93-124 (2000).

U. Ray, Automorphic forms and Lie superalgebras, Algebras and Applications, 5. Springer, Dordrecht, 2006.

D. Ruberman, The minimal genus of an embedded surface of non-negative square in a rational surface, Turkish
J. Math. 20, 129-133 (1996).

C. T. C. Wall, On the orthogonal groups of unimodular quadratic forms, Math. Ann. 147, 328-338 (1962).




THE MINIMAL GENUS PROBLEM FOR ELLIPTIC SURFACES

M. J. D. Hamilton
Universitat Stuttgart
Fachbereich Mathematik
Pfaffenwaldring 57
70569 Stuttgart
Germany






Erschienene Preprints ab Nummer 2007/2007-001
Komplette Liste: http://www.mathematik.uni-stuttgart.de/preprints

2012-010
2012-009
2012-008
2012-007

2012-006
2012-005
2012-004
2012-003
2012-002
2012-001
2011-028
2011-027

2011-026

2011-025

2011-024

2011-023

2011-022

2011-021
2011-020

2011-019

2011-018
2011-017
2011-016
2011-015
2011-014

2011-013
2011-012

2011-011
2011-010

2011-009
2011-008
2011-007
2011-006

2011-005

Hamilton, M.J.D.:  The closure of the symplectic cone of elliptic surfaces

Hamilton, M.J.D.: lterated fibre sums of algebraic Lefschetz fibrations

Hamilton, M.J.D.:  The minimal genus problem for elliptic surfaces

Ferrario, P: Partitioning estimation of local variance based on nearest neighbors under
censoring

Stroppel, M.: Buttons, Holes and Loops of String: Lacing the Doily

Hantsch, F.: Existence of Minimizers in Restricted Hartree-Fock Theory

Grundhéfer, T.; Stroppel, M.; Van Maldeghem, H.: Unitals admitting all translations
Hamilton, M.J.D.: Representing homology classes by symplectic surfaces

Hamilton, M.J.D.:  On certain exotic 4-manifolds of Akhmedov and Park

Jentsch, T.: Parallel submanifolds of the real 2-Grassmannian

Spreer, J.:  Combinatorial 3-manifolds with cyclic automorphism group

Griesemer, M.; Hantsch, F.; Wellig, D.: On the Magnetic Pekar Functional and the
Existence of Bipolarons

Miiller, S.:  Bootstrapping for Bandwidth Selection in Functional Data Regression
Felber, T.; Jones, D.; Kohler, M.; Walk, H.: Weakly universally consistent static
forecasting of stationary and ergodic time series via local averaging and least squares
estimates

Jones, D.; Kohler, M.; Walk, H.: Weakly universally consistent forecasting of stationary
and ergodic time series

Gyorfi, L.; Walk, H.: Strongly consistent nonparametric tests of conditional
independence

Ferrario, PG.; Walk, H.: Nonparametric partitioning estimation of residual and local
variance based on first and second nearest neighbors

Eberts, M.; Steinwart, I.:  Optimal regression rates for SVMs using Gaussian kernels
Frank, R.L.; Geisinger, L.: Refined Semiclassical Asymptotics for Fractional Powers of
the Laplace Operator

Frank, R.L.; Geisinger, L.: Two-term spectral asymptotics for the Dirichlet Laplacian on
a bounded domain

Hénel, A.; Schulz, C.; Wirth, J.: Embedded eigenvalues for the elastic strip with cracks
Wirth, J.: Thermo-elasticity for anisotropic media in higher dimensions

Hdllig, K.; Hérner, J.:  Programming Multigrid Methods with B-Splines

Ferrario, P: Nonparametric Local Averaging Estimation of the Local Variance Function
Miiller, S.; Dippon, J.:  k-NN Kernel Estimate for Nonparametric Functional Regression
in Time Series Analysis

Knarr, N.; Stroppel, M.: Unitals over composition algebras

Knarr, N.; Stroppel, M.: Baer involutions and polarities in Moufang planes of
characteristic two

Knarr, N.; Stroppel, M.: Polarities and planar collineations of Moufang planes

Jentsch, T.; Moroianu, A.; Semmelmann, U.: Extrinsic hyperspheres in manifolds with
special holonomy

Wirth, J.:  Asymptotic Behaviour of Solutions to Hyperbolic Partial Differential Equations
Stroppel, M.: Orthogonal polar spaces and unitals

Nagl, M.:  Charakterisierung der Symmetrischen Gruppen durch ihre komplexe
Gruppenalgebra

Solanes, G.; Teufel, E.:  Horo-tightness and total (absolute) curvatures in hyperbolic
spaces

Ginoux, N.; Semmelmann, U.: Imaginary Kahlerian Killing spinors |



2011-004

2011-003

2011-002
2011-001
2010-018
2010-017

2010-016
2010-015
2010-014
2010-013
2010-012
2010-011
2010-010
2010-009

2010-008
2010-007

2010-006

2010-005

2010-004
2010-003

2010-002

2010-001

2009-008
2009-007

2009-006

2009-005
2009-004
2009-003
2009-002
2009-001
2008-006

2008-005

Scherer, C.W.; Kése, I.E.: Control Synthesis using Dynamic D-Scales: Part Il —
Gain-Scheduled Control

Scherer, C.W.; Kése, I.E.: Control Synthesis using Dynamic D-Scales: Part | — Robust
Control

Alexandrov, B.; Semmelmann, U.: Deformations of nearly parallel G,-structures
Geisinger, L.; Weidl, T.:  Sharp spectral estimates in domains of infinite volume
Kimmerle, W.; Konovalov, A.:  On integral-like units of modular group rings

Gauduchon, P; Moroianu, A.; Semmelmann, U.: Almost complex structures on
quaternion-Kahler manifolds and inner symmetric spaces

Moroianu, A.; Semmelmann,U.: Clifford structures on Riemannian manifolds
Grafarend, E.W.; Kihnel, W.: A minimal atlas for the rotation group SO(3)

Weidl, T.: Semiclassical Spectral Bounds and Beyond

Stroppel, M.: Early explicit examples of non-desarguesian plane geometries
Effenberger, F.: Stacked polytopes and tight triangulations of manifolds

Gydrfi, L.; Walk, H.: Empirical portfolio selection strategies with proportional transaction
costs

Kohler, M.; Krzyzak, A.; Walk, H.: Estimation of the essential supremum of a regression
function

Geisinger, L.; Laptev, A.; Weidl, T.:  Geometrical Versions of improved Berezin-Li-Yau
Inequalities

Poppitz, S.; Stroppel, M.:  Polarities of Schellhammer Planes

Grundhéfer, T.; Krinn, B.; Stroppel, M.: Non-existence of isomorphisms between certain
unitals

Hdllig, K.; Hérner, J.; Hoffacker, A.: Finite Element Analysis with B-Splines: Weighted
and Isogeometric Methods

Kaltenbacher, B.; Walk, H.:  On convergence of local averaging regression function
estimates for the regularization of inverse problems

Kihnel, W.; Solanes, G.: Tight surfaces with boundary

Kohler, M; Walk, H.:  On optimal exercising of American options in discrete time for
stationary and ergodic data

Gulde, M.; Stroppel, M.:  Stabilizers of Subspaces under Similitudes of the Klein
Quadric, and Automorphisms of Heisenberg Algebras

Leitner, F.:  Examples of almost Einstein structures on products and in cohomogeneity
one

Griesemer, M.; Zenk, H.: On the atomic photoeffect in non-relativistic QED

Griesemer, M.; Moeller, J.S.:  Bounds on the minimal energy of translation invariant
n-polaron systems

Demirel, S.; Harrell Il, E.M.:  On semiclassical and universal inequalities for eigenvalues
of quantum graphs

Béchle, A, Kimmerle, W.: Torsion subgroups in integral group rings of finite groups
Geisinger, L.; Weidl, T.: Universal bounds for traces of the Dirichlet Laplace operator
Walk, H.: Strong laws of large numbers and nonparametric estimation

Leitner, F.:  The collapsing sphere product of Poincaré-Einstein spaces

Brehm, U.; Kiihnel, W.: Lattice triangulations of E3 and of the 3-torus

Kohler, M.; Krzyzak, A.; Walk, H.:  Upper bounds for Bermudan options on Markovian
data using nonparametric regression and a reduced number of nested Monte Carlo steps
Kaltenbacher, B.; Schépfer, F.; Schuster, T.: lterative methods for nonlinear ill-posed
problems in Banach spaces: convergence and applications to parameter identification
problems



2008-004

2008-003
2008-002

2008-001

2007-006
2007-005

2007-004
2007-003

2007-002
2007-001

Leitner, F.:  Conformally closed Poincaré-Einstein metrics with intersecting scale
singularities

Effenberger, F.; Kiihnel, W.: Hamiltonian submanifolds of regular polytope

Hertweck, M.; Hofert, C.R.; Kimmerle, W.: Finite groups of units and their composition
factors in the integral group rings of the groups PSL(2, q)

Kovarik, H.; Vugalter, S.; Weidl, T.: Two dimensional Berezin-Li-Yau inequalities with a
correction term

Weidl, T.: Improved Berezin-Li-Yau inequalities with a remainder term

Frank, R.L.; Loss, M.; Weidl, T.: Polya’s conjecture in the presence of a constant
magnetic field

Ekholm, T.; Frank, R.L.; Kovarik, H.: Eigenvalue estimates for Schroédinger operators on
metric trees

Lesky, PH.; Racke, R.: Elastic and electro-magnetic waves in infinite waveguides
Teufel, E.: Spherical transforms and Radon transforms in Moebius geometry

Meister, A.:  Deconvolution from Fourier-oscillating error densities under decay and
smoothness restrictions



	1. Introduction
	2. Action of the diffeomorphism group
	3. Minimal genus problem for the K3 surface
	4. Minimal genus problem for other elliptic surfaces
	References

