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On line arrangements with odd
multiplicities

Marco Golla

Abstract. We obstruct the existence of certain complex line arrangements
with singular points of odd multiplicity using topological arguments on
locally-flat spheres in 4-manifolds. As a corollary, we show that there is no
line arrangement comprising 13 lines and with only triple points.

A classical result due to Gallai asserts that any non-trivial real line arrange-
ment must have at least a double point. This fact, known as the Sylvester–
Gallai theorem, was strengthened and generalised to pseudoline arrangements
by Melchior [Mel41]. By contrast, complex line arrangements can lack double
points: for instance, the arrangement defined by the polynomial (𝑥3− 𝑦3)(𝑦3−
𝑧3)(𝑧3 − 𝑥3), known as the dual Hesse arrangement, comprises 9 lines meeting
at 12 triple points. Using the Bogomolov–Miyaoka–Yau inequality, Hirzebruch
has proven that every non-trivial complex line arrangement must contain at
least a double or a triple point [Hir83]. It has been speculated that the pencil
of degree 3 and the dual Hesse arrangement are the only complex line arrange-
ments to have only triple points [Urz22, Question 3].

Theorem 1. Let 𝐿 be a locally-flat line arrangement inℂℙ2 of degree 𝑑 with only
triple points. Then 𝑑 ≡ 1, 3, 9, 19 (mod 24).

Here, by locally-flat, we mean that each line in the arrangement is a locally-
flatly embedded sphere of self-intersection 1, and that every two lines intersect
transversely and positively exactly once.
If an arrangement of degree 𝑑 has only triple points, then 𝑑 ≡ 1, 3 (mod 6)

by an easy counting argument. Therefore, Theorem 1 covers half of the possi-
ble degrees in which these line arrangements can exist, including in particular
𝑑 = 13 (which was the smallest previously unknown case). The case 𝑑 = 7
is the Fano plane: that it is not realised as a complex line arrangements re-
quires an easy elementary argument; see [RS19] for the case of locally-flat line
arrangements. Since the Fano plane is the projective plane over the field with
two elements, the statement of the Theorem 1 is not purely combinatorial nor
algebraic.
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Corollary 2. There is no pseudoline arrangement, symplectic or complex line ar-
rangement of degree 13 with only triple points. □

The corollary had been proven for complex line arrangements by Limbos
[Lim80] and recently verified by Kühne, Szemberg, and Tutaj-Gasińska in
[KSzT24]. They used the enumeration of all possible matroids with the com-
binatorial type of a line arrangement of 13 lines and 26 triple points (of which
there are two), and showed that none of them is realised over any field.
Theorem 1 is a direct consequence of the following more general statement.

Theorem 3. Let 𝐿 ⊂ ℂℙ2 be a locally-flat line arrangement of total degree 𝑑
whose singular points have only oddmultiplicities. Call 𝑡𝑚 the number of singular
points of 𝐿 of multiplicity𝑚. Then

∑
(𝑚 − 1)𝑡𝑚 ≡ 𝑑 − 1 (mod 16).

Notation and background. Homology is takenwith integer coefficients. The
intersection product and the signature of a 4-manifold are denoted by ⋅ and 𝜎,
respectively. We refer to [GS99] or [Kir89] for background on 4-dimensional
topology.

If 𝑋 is a blow-up of ℂℙ2 at distinct points, then we have a preferred basis of
𝐻2(𝑋) given by the homology classes of a complex line and of the exceptional
divisors. We say that a class in𝐻2(𝑋) is characteristic if all of its coefficients are
odd in this basis. Equivalently, a class𝐴 ∈ 𝐻2(𝑋) is characteristic if𝐴⋅𝐵 ≡ 𝐵 ⋅𝐵
(mod 2) for each 𝐵 ∈ 𝐻2(𝑋).

Lemma 4. Let 𝐹1,… , 𝐹𝑑 ⊂ 𝑋 be a collection of disjoint, locally-flat spheres in a
blow-up𝑋 ofℂℙ2 at 𝑡 points, such that∑𝑘[𝐹𝑘] ⊂ 𝐻2(𝑋) is a characteristic class.
Then ∑

𝑘
𝐹𝑘 ⋅ 𝐹𝑘 ≡ 1 − 𝑡 (mod 16).

Proof. Let us tube the spheres 𝐹1,… , 𝐹𝑑 together by doing an internal con-
nected sum in 𝑋. That is to say, we first choose 𝑑 − 1 pairwise disjoint paths
𝛾2,… , 𝛾𝑑 in𝑋, so that 𝛾𝑘 connects𝐹1 to𝐹𝑘 and is disjoint from𝐹1∪⋯∪𝐹𝑑 except
for its endpoints. We then perform a connected sum of 𝐹1 and 𝐹𝑘 in 𝑋 along
𝛾𝑘. (See Figure 1 for a schematic picture.) In this way, we obtain a locally-flat
sphere 𝐹 with [𝐹] =∑

𝑘[𝐹𝑘] ∈ 𝐻2(𝑋) and 𝐹 ⋅ 𝐹 =∑
𝑘 𝐹𝑘 ⋅ 𝐹𝑘.

Now, 𝐹 is characteristic and, since𝑋 is a smoothmanifold, its Kirby–Sieben-
mann invariant vanishes. Since 𝑋 is simply-connected, by the locally-flat ver-
sion theKervaire–Milnor theorem [KeM61], which is due to Lee andWilczyński
[LeW90], we have

∑

𝑘
𝐹𝑘 ⋅ 𝐹𝑘 = 𝐹 ⋅ 𝐹 ≡ 𝜎(𝑋) = 1 − 𝑡 (mod 16),

which proves the statement. □
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Figure 1. Tubing𝐹1 and𝐹2 along the path 𝛾2: on the left, there
are 𝐹1 (left) and 𝐹2 (right) and 𝛾2 (dashed); on the right, the
result of the operation.

Proof of Theorem 3. Suppose that 𝐿 = 𝐿1 ∪⋯∪𝐿𝑑 is a locally-flat realisation
of an arrangement as in the statement. Since themultiplicities of all its singular
points are odd, each line intersects an even number of lines, so 𝑑 is odd. Call
𝑝𝑘 the number of singular points on the line 𝐿𝑘.
Blow up ℂℙ2 at all the singular points of 𝐿, to obtain a configuration of sur-

faces in a blow-up 𝑋 of ℂℙ2 at 𝑡 ∶= 𝑡3 + 𝑡5 +⋯ + 𝑡𝑑−2 + 𝑡𝑑 points.
First, we observe that the strict transform of 𝐿 comprises 𝑑 pairwise disjoint

locally-flat spheres, 𝐹1,… , 𝐹𝑑, of self-intersection 1 − 𝑝1,… , 1 − 𝑝𝑑.
Since we have only blown up at points of odd multiplicity, the sum of the

homology classes [𝐹1],… , [𝐹𝑑] is characteristic. By Lemma 4, we have:

𝑑 −
∑

𝑘
𝑝𝑘 =

∑

𝑘
(1 − 𝑝𝑘) ≡ 1 − 𝑡 (mod 16).

Recall that 𝑡 =∑
𝑚 𝑡𝑚 and note that

∑

𝑘
𝑝𝑘 =

∑

𝑚
𝑚𝑡𝑚,

so that
∑

𝑚
(𝑚 − 1)𝑡𝑚 =

∑

𝑚
𝑚𝑡𝑚 − 𝑡 =

∑

𝑘
𝑝𝑘 − 𝑡 ≡ 𝑑 − 1 (mod 16). □

Proof of Theorem 1. If 𝐿 is a locally-flat realisation of a line arrangement of
degree 𝑑 with only triple points, 𝑡3 = 𝑑(𝑑−1)

6
, which implies that 𝑑 ≡ 0, 1

(mod 3). To prove the theorem, it suffices to show that 𝑑 ≡ 1, 3 (mod 8).
Applying Theorem 3, we obtain:

2 ⋅ 𝑑(𝑑 − 1)
6 = (3 − 1) ⋅ 𝑡3 ≡ 𝑑 − 1 (mod 16),

which is equivalent to asking that (𝑑 − 1)(𝑑 − 3) ≡ 0 (mod 16), which in turn
implies 𝑑 ≡ 1, 3 (mod 8). □
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Remark 5. Note that the congruence
∑

𝑚
(𝑚 − 1)𝑡𝑚 ≡ 𝑑 − 1 (mod 8)

is entirely combinatorial, and in particular it holds for line arrangements over
any field as well as for locally-flat line arrangements inℂℙ2. Indeed, for𝑚 odd,
2
(𝑚
2
)
≡ 1 −𝑚 (mod 8), so that, working modulo 8:
∑
(𝑚 − 1)𝑡𝑚 ≡ −2

∑

𝑚 odd

(𝑚
2
)
𝑡𝑚 = −2

∑

𝑚

(𝑚
2
)
𝑡𝑚 = −2

(𝑑
2
)
≡ 𝑑 − 1.

Remark 6. Theorem 3 generalises to configurations of rational curves whose
singularities have only odd multiplicities. It also extends to certain classes of
collections of spheres with conical singularities that are modelled over plane
curve singularities whose multiplicity sequence only has odd entries. In turn,
this generalises an obstruction for rational cuspidal curves described in [GK23,
Proposition 4.2.4].

Acknowledgements. I would like to thank the participants of the workshop
Complex and symplectic curve configurations for drawing my interest to this
question. Several stimulating conversations withMauricio Bustamante, Erwan
Brugallé, Piotr Pokora, and Giancarlo Urzúa and the referee’s report helped im-
prove the paper. I would also like to thank Paolo Aceto, Lukas Kühne, Xavier
Roulleau, and Danny Ruberman for their interest. I received support from the
Étoile Montante grant PSyCo of the Région Pays de la Loire.

References
[GK23] Golla, Marco; Kütle Fabien. Symplectic isotopy of rational cuspidal sextics and

septics. Int.Math. Res.Not. 2023 (2023), no. 8, 6504–6578.MR4574379, Zbl 1521.57019,
arXiv:2008.10923, doi: 10.1093/imrn/rnab364. 1646

[GS99] Gompf, Robert E.; Stipsicz, András I. 4-manifolds and Kirby calculus. Gradu-
ate Studies in Mathematics, 20. American Mathematical Society, Providence, RI, 1999.
xvi+558 pp. ISBN:0-8218-0994-6. MR1707327, Zbl 0933.57020, doi: 10.1090/gsm/020.
1644

[Hir83] Hirzebruch, Friedrich. Arrangements of lines and algebraic surfaces. Arithmetic
and geometry, Vol II 113–140. Progress in Mathematics, 36. Birkhäuser, Boston, MA,
1983. ISBN:3-7643-3133-X. MR0717609, Zbl 0527.14033. 1643

[KeM61] Kervaire, Michel A.; Milnor, John W. On 2-spheres in 4-manifolds.
Proc. Natl. Acad. Sci. USA 47 (1961), 1651–1657. MR0133134, Zbl 0107.40303,
doi: 10.1073/pnas.47.10.1651. 1644

[Kir89] Kirby, Robion C. The topology of 4-manifolds. Lecture Notes in Mathematics,
1374. Springer-Verlag, Berlin, 1989. vi+108 pp. ISBN:3-540-51148-2. MR1001966, Zbl
0668.57001, doi: 10.1007/BFb0089031. 1644

[KSzT24] Kühne, Lukas; Szemberg, Tomasz; Tutaj-Gasińska, Halszka. Line arrange-
ments with many triple points. Rend. Circ. Mat. Palermo (2), 2024. arXiv:2401.14766,
doi: 10.1007/s12215-024-01047-x. 1644

[LeW90] Lee, Ronnie; Wilczyński, Dariusz M. Locally flat 2-spheres in simply connected
4-manifolds. Comment. Math. Helv. 65 (1990), no. 3, 388–412. MR1069816, Zbl
0723.57015, doi: 10.1007/BF02566615. 1644

http://www.ams.org/mathscinet-getitem?mr=4574379
http://www.emis.de/cgi-bin/MATH-item?1521.57019
http://arXiv.org/abs/2008.10923
http://dx.doi.org/10.1093/imrn/rnab364
http://www.ams.org/mathscinet-getitem?mr=1707327
http://www.emis.de/cgi-bin/MATH-item?0933.57020
http://dx.doi.org/10.1090/gsm/020
http://www.ams.org/mathscinet-getitem?mr=0717609
http://www.emis.de/cgi-bin/MATH-item?0527.14033
http://www.ams.org/mathscinet-getitem?mr=0133134
http://www.emis.de/cgi-bin/MATH-item?0107.40303
http://dx.doi.org/10.1073/pnas.47.10.1651
http://www.ams.org/mathscinet-getitem?mr=1001966
http://www.emis.de/cgi-bin/MATH-item?0668.57001
http://www.emis.de/cgi-bin/MATH-item?0668.57001
http://dx.doi.org/10.1007/BFb0089031
http://arXiv.org/abs/2401.14766
http://dx.doi.org/10.1007/s12215-024-01047-x
http://www.ams.org/mathscinet-getitem?mr=1069816
http://www.emis.de/cgi-bin/MATH-item?0723.57015
http://www.emis.de/cgi-bin/MATH-item?0723.57015
http://dx.doi.org/10.1007/BF02566615


ON LINE ARRANGEMENTS WITH ODD MULTIPLICITIES 1647

[Lim80] Limbos,Monique. Projective embeddings of small “Steiner triple systems”. Topics on
Steiner systems. Ann. Discrete Math. 7 (1980), 151–173. MR0584412, Zbl 0444.05018,
doi: 10.1016/S0167-5060(08)70179-1. 1644

[Mel41] Melchior, E. Über Vielseite der projektiven Ebene. Deutsche Math. 5 (1941), 461–
475. MR0004476, Zbl 0025.09105. 1643

[RS19] Ruberman, Daniel; Starkston, Laura. Topological realizations of line arrange-
ments. Int. Math. Res. Not. IMRN 2019 (2019), no. 8, 2295–2331. MR3942162, Zbl
1445.57012, arXiv:1606.01776, doi: 10.1093/imrn/rnx190. 1643

[Urz22] Urzúa, Giancarlo. Some open questions about line arrangements in the pro-
jective plane. Proyecciones 41 (2022), no. 2, 517–536. MR4432602, Zbl 1489.14074,
doi: 10.22199/issn.0717-6279-5277. 1643

(Marco Golla) CNRS and Laboratoire de Mathématiques Jean Leray, Nantes Univer-
sité, France
marco.golla@univ-nantes.fr

This paper is available via http://nyjm.albany.edu/j/2024/30-70.html.

http://www.ams.org/mathscinet-getitem?mr=0584412
http://www.emis.de/cgi-bin/MATH-item?0444.05018
http://dx.doi.org/10.1016/S0167-5060(08)70179-1
http://www.ams.org/mathscinet-getitem?mr=0004476
http://www.emis.de/cgi-bin/MATH-item?0025.09105
http://www.ams.org/mathscinet-getitem?mr=3942162
http://www.emis.de/cgi-bin/MATH-item?1445.57012
http://www.emis.de/cgi-bin/MATH-item?1445.57012
http://arXiv.org/abs/1606.01776
http://dx.doi.org/10.1093/imrn/rnx190
http://www.ams.org/mathscinet-getitem?mr=4432602
http://www.emis.de/cgi-bin/MATH-item?1489.14074
http://dx.doi.org/10.22199/issn.0717-6279-5277
mailto:marco.golla@univ-nantes.fr
http://nyjm.albany.edu/j/2024/30-70.html

	Notation and background
	Acknowledgements
	References

