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NONTAUTOLOGICAL BIELLIPTIC CYCLES

JASON VAN ZELM

Let [B2,0,20] and [B2,0,20] respectively be the classes of the loci of stable
and of smooth bielliptic curves with 20 marked points where the bielliptic
involution acts on the marked points as the permutation (1 2) · · · (19 20).
Graber and Pandharipande proved that these classes are nontautological.
In this note we show that their result can be extended to prove that [Bg] is
nontautological for g ≥ 12 and that [B12] is nontautological.

1. Introduction

The system of tautological rings {R•(Mg,n)} is defined (see [Faber and Pand-
haripande 2005]) to be the minimal system of Q-subalgebras of the Chow rings
A•(Mg,n) closed under pushforward along the natural gluing and forgetful mor-
phisms

Mg1,n1+1×Mg2,n2+1→Mg1+g2,n1+n2,

Mg,n+2→Mg+1,n,

Mg,n+1→Mg,n.

The tautological ring R•(Mg,n) of the moduli space of smooth curves is the im-
age of R•(Mg,n) under the localization morphism A•(Mg,n)→ A•(Mg,n). We
denote the image of R•(Mg,n) under the cycle map A•(Mg,n)→ H 2•(Mg,n) by
RH 2•(Mg,n) and define RH 2•(Mg,n) accordingly. We say a cohomology class is
tautological if it lies in the tautological subring of its cohomology ring; otherwise we
say it is nontautological. In this note we work over C and all Chow and cohomology
rings are assumed to be taken with rational coefficients.

The tautological rings are relatively well understood. An additive set of gener-
ators for the vector spaces R•(Mg,n) is given by decorated boundary strata and
there exists an algorithm for computing the intersection product; see [Graber and
Pandharipande 2003]. The class of many “geometrically defined” loci can be shown
to be tautological. For example, this is the case for the class of the locus Hg of
hyperelliptic curves in Mg; see [Faber and Pandharipande 2005, Theorem 1].
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Any odd cohomology class of Mg,n is nontautological by definition. Deligne
proved that H 11(M1,11) 6= 0, thus providing a first example of the existence of
nontautological classes. In fact, it is known that H•(M0,n) = RH•(M0,n) [Keel
1992] and that H 2•(M1,n)= RH 2•(M1,n) [Petersen 2014, Corollary 1.2].

Examples of geometrically defined loci which can be proven to be nontautolog-
ical are still relatively scarce. In [Graber and Pandharipande 2003], Graber and
Pandharipande hunt for algebraic classes in H 2•(Mg,n) and in H 2•(Mg,n) which
are nontautological. In particular, they show that the classes of the loci Bg,n,2m

and Bg,n,2m of, respectively, stable and smooth bielliptic curves of genus g, with
n marked points fixed by the bielliptic involution and 2m marked points pairwise
switched by the bielliptic involution, are nontautological when g = 2, n = 0 and
2m = 20 (i.e., [B2,0,20] /∈ RH•(M2,20) and [B2,0,20] /∈ RH•(M2,20)). They also
show that for sufficiently high odd genus h, the class of the locus of stable curves
of genus 2h admitting a map to a curve of genus h is nontautological in M2h . Their
result relies on the existence of odd cohomology in H•(Mh,1), which was proven
in [Pikaart 1995] for all h ≥ 8069. See [Faber and Pandharipande 2013] for a recent
survey of different methods of detecting nontautological classes.

In [Petersen and Tommasi 2014; Petersen 2016], Petersen and Tommasi proved
that H 2•(M2,n) is tautological for all n < 20 and that H 2•(M2,20) is additively
generated by tautological classes, by the class [B2,0,20], and by its conjugates under
the action of the symmetric group on 20 elements. In this sense the result of Graber
and Pandharipande for the bielliptic locus is sharp.

In this note we prove the following two new results.

Theorem 1. The cohomology class [Bg,n,2m] is nontautological for all g+m ≥ 12,
0≤ n ≤ 2g− 2 and g ≥ 2.

Theorem 2. The cohomology class [Bg,0,2m] is nontautological when g+m = 12
and g ≥ 2.

Theorem 1 reduces the genus for which algebraic nontautological classes on Mg

are known to exist from 16138 to 12. As far as the author is aware, Theorem 2
provides the first example of a nontautological algebraic class on Mg.

2. Preliminaries

Let Bg,n,2m ⊂Mg,n+2m be the locus of smooth bielliptic curves for which the biellip-
tic involution acts on the last 2m markings as the involution (1 2) · · · (2m− 1 2m)
and fixes the remaining points, and let Bg,n,2m ⊂Mg,n+2m be its closure. A modular
interpretation of Bg,n,2m can be given by admissible double covers [Abramovich
et al. 2003].

Definition 3. We define Adm(g, h)2m to be the stack parameterizing admissible
double covers from curves of genus g to curves of genus h with 2m points switched
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by the involution. Specifically, Adm(g, h)2m parameterizes tuples

(C, D, f, y1, . . . , y2m)

together with a total ordering of the smooth ramification points of f such that

• f : C→ D is a double cover of connected nodal curves of arithmetic genus g
and h, respectively,

• y1, . . . , y2m are points in the smooth locus of C such that the covering involu-
tion swaps the points y2k−1 and y2k pairwise,

• the image of each node of C under f is a node,

• the curve C , equipped with the markings given by the set of all ramification
points and the points y1, . . . , y2m , is stable, and so is the curve D, equipped
with the markings given by the ordered set of all smooth branch points and
the images of the points y1, . . . , y2m .

There is a natural map φn : Adm(g, h)2m → Mg,n+2m which assigns to an
admissible double cover (C, D, f, y1, . . . , y2m) the stabilization of the curve

(C, x1, . . . , xn, y1, . . . , y2m),

where the (xi )
n
i=1 are the first n smooth ramification points of f . The space Bg,n,2m

equals the image of Adm(g, 1)2m under φn .
By using the Riemann–Hurwitz formula inductively on the number of nodes

of D, we see that the map f must have 2g+ 2− 4h ramification points. The map
Adm(g, h)2m→Mh,2g+2−4h+m , mapping each admissible cover to its target curve
together with its marked points, is finite. In the bielliptic case it follows that the
dimension of Bg,n,2m is 2g− 2+ 2m. The classes of these loci are denoted by

[Bg,n,2m] ∈ Ag−1+n+2m(Mg,2m+n) and [Bg,n,2m] ∈ Ag−1+n+2m(Mg,2m+n).

Similarly, we let Hg,n,2m be the locus of smooth hyperelliptic curves with n
marked points fixed and 2m points pairwise permuted by the hyperelliptic involution.
We denote its closure inside Mg,n+2m by Hg,n,2m . This closure equals the image
of Adm(g, 0)2m under φn .

Our proof of Theorem 1 relies on the following result for pullbacks along gluing
morphisms.

Proposition 4 [Graber and Pandharipande 2003, Proposition 1]. Let

ξ :Mg1,n1+1×Mg2,n2+1→Mg1+g2,n1+n2

be the gluing morphism and γ ∈ RH•(Mg1+g2,n1+n2). Then

ξ∗(γ ) ∈ RH•(Mg1,n1+1)⊗ RH•(Mg2,n2+1).
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We say that a cycle λ∈ H•(Mg1,n1)⊗H•(Mg2,n2) admits a tautological Künneth
decomposition if λ ∈ RH•(Mg1,n1)⊗ RH•(Mg2,n2). Proposition 4 says that the
pullback of a tautological class admits a tautological Künneth decomposition. It
can be shown that the pullback of a tautological class under the gluing morphism
Mg,n+2→Mg+1,n and the forgetful morphism Mg,n+1→Mg,n is tautological.
In this sense the tautological ring is also closed under pullbacks along the gluing
and the forgetful morphisms.

3. Proof of Theorems 1 and 2

We are now ready to prove Theorem 1. We start by proving the following weaker
result.

Proposition 5. We have

[Bg,0,2m] 6∈ RH•(Mg,2m)

for g+m = 12 and g ≥ 2.

Proof. Let

(†) i :M1,11×M1,11→Mg,2m

be the gluing morphism that pairwise identifies the first g−1 points on the first curve
with the first g− 1 points on the second curve. In Lemma 6 we will prove that the
restriction of i∗[Bg,0,2m] to the interior M1,11×M1,11 is a positive scalar multiple
α of the class [1] of the diagonal. Let ∂(M1,11×M1,11) denote the normalization
of (M1,11×M1,11)\(M1,11×M1,11). It follows from the localization sequence

A10(∂(M1,11×M1,11))→ A11(M1,11×M1,11)→ A11(M1,11×M1,11)→ 0

that i∗[Bg,0,2m] = α ·1+ B, with B supported on the image of ∂(M1,11×M1,11).
The class B admits a tautological Künneth decomposition by Lemma 7(i). Given

a homogeneous basis {ei }i∈I for H•(M1,11)with dual basis {êi }i∈I , the cohomology
class of the diagonal can be written as

[1] =
∑
i∈I

(−1)deg ei ei ⊗ êi .

In particular, since H 11(M1,11) 6= 0, the diagonal [1] does not admit a tautological
Künneth decomposition. Since the pullback of a tautological class along a (composi-
tion of) gluing morphisms admits a tautological Künneth decomposition by repeated
application of Proposition 4, this shows that [Bg,0,2m] is nontautological. �

Lemma 6. Let g+m = 12 and g ≥ 2. The pullback of [Bg,0,2m] to M1,11×M1,11,
under the restriction j of the gluing map i defined in (†), is a scalar multiple α of
the class of the diagonal 1.
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involution

P1 P1 P1 P1 y1 · · · y2m−1

ramification
points

y2 · · · y2m

C

C

P1 P1 P1 P1

C

Figure 1. The image of C under η.

Proof. Let η be the map M1,11→Adm(g, 1)2m which maps a curve (C, x1, . . . , x11)

to the admissible cover which has as a source curve two copies of C glued together
by rational bridges attached to the first g− 1 points of each copy of C , as covering
involution the bielliptic involution which switches around the two copies of C and
has two fixed points on each of the rational bridges, and as target curve a single
copy of C with a rational component attached to the first g−1 points (see Figure 1).
Let δ :M1,11→M1,11×M1,11 be the diagonal morphism. Consider the diagram

(‡)

M1,11

F Adm(g, 1)2m

M1,11×M1,11 Mg,2m

η

ζ

δ φ̃0 φ0�

j

By unwrapping definitions one verifies that j ◦δ= φ0 ◦η. By the universal property
of fiber products this defines a unique map ζ :M1,11→ F , making diagram (‡)
commute.

Claim: The morphism ζ is surjective on closed points.

Assuming the claim, it follows that φ̃0∗[F] is a positive scalar multiple of
δ∗[M1,11] = [1]. Since

codimM1,11×M1,11 1= 11= codimMg,2m
Bg,0,2m,

it follows that there is no excess of intersection between M1,11 ×M1,11 and
Bg,0,2m = φ0(Adm(g, 1)2m) in diagram (‡). We deduce that j∗[Bg,0,2m] = α[1] for
some α ∈Q>0.
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τ

τ

Q̂i τ(Q̂i ) Q̂ j τ(Q̂ j ) S

Pi Pj

T

Figure 2. The admissible cover S→ T when τ fixes C1 and C2.

Proof of the claim. By definition, an object of F(C) consists of a curve C̃ := (C̃1, C̃2)

in M1,11×M1,11(C), an object (S→ T ) ∈ Adm(g, 1)2m(C) and an isomorphism
γ : j (C̃)

∼
−→ φ0(S→ T ). To prove the claim, we show that (C̃, (S→ T ), γ ) is

isomorphic to an object in the image of ζ . Let f : C̃1 ∪ C̃2→ j (C̃) be the map of
curves induced by j , set C := j (C̃), C1 := f (C̃1) and C2 := f (C̃2), let τ be the
involution on C induced by the bielliptic involution of S→ T and let Qi be the
node of C corresponding to the i-th marking of C̃1 and C̃2 via the morphism f .

Since C1 and C2 are smooth, there are two possibilities for the action of τ on C :
either it fixes C1 and C2 or it switches the whole of C1 with the whole of C2.

Suppose τ fixes C1 and C2. By construction the involution τ maps marked
points lying on C1 to marked points lying on C2 so this is only possible if C has
no marked points at all. In this case τ must fix the different branches of C at
each Qi . If the preimage of Qi in S were to be a genus 0 curve Ri , contracted
by the stabilization map, then Ri would have 2 marked ramification points which
are not nodes. But this would imply that τ switches the nodes on Ri and it would
therefore also switch the branches of C at Qi . It follows that the preimage of each
Qi in S is a single node Q̂i . Since C1 and C2 are smooth, τ induces an involution
on the set of nodes {Q̂1, . . . , Q̂11}. We can thus find distinct Q̂i , Q̂ j 6= τ(Q̂i )

such that S−{Q̂i , τ (Q̂i ), Q̂ j , τ (Q̂ j )} is connected. If Pi and Pj are the images of
Qi and Q j , respectively, under the admissible cover S→ T then this means that
T − {Pi , Pj } is connected (see Figure 2). This implies that the arithmetic genus
of T is at least 2, which is a contradiction.

We can therefore assume τ maps C1 to C2. Let us first suppose that τ does not
fix all nodes, so there exist some distinct i , j such that τ(Qi )= Q j (see Figure 3).
If the preimage of Qi in S is a component of S contracted by the stabilization map,
then this component must contain a ramification point. This would be a fixed point
of the involution, contradicting the assumption that τ(Qi )= Q j . So the preimage
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τ

Q̂i Q̂ j

Figure 3. Nodes in S not fixed by τ .

of Qi and Q j in S are nodes Q̂i and Q̂ j . Let P be the image of {Q̂i , Q̂ j } under
the bielliptic map. Arguing as at the end of the last paragraph, we see that T \{P}
is connected. Therefore, since T has arithmetic genus 1, it has geometric genus 0.
However, if S1 is the irreducible component of S which surjects onto C1 under
the stabilization map, then S1 is a smooth curve of geometric genus 1. This is a
contradiction because S1→ T1 is a birational map.

We have thus proven that τ switches the components C1 and C2 and fixes the
nodes Qi , which implies that ((C̃1, C̃2), (S→ T ), γ ) is isomorphic to an object
in the image of M1,11(C). This concludes the proof that the map M1,11→ F is
surjective on closed points. �

Lemma 7. (i) Every algebraic class of codimension 11 in M1,11 ×M1,11 sup-
ported on ∂(M1,11×M1,11) admits a tautological Künneth decomposition.

(ii) Every algebraic class on M1,11×M1,11 of codimension less than 11 admits a
tautological Künneth decomposition.

Proof. This is a slightly weaker version of [Graber and Pandharipande 2003,
Lemma 3]; the proof given there requires that RH 2•(M1,n) = H 2•(M1,n) and
H odd(M1,n)= 0 for n < 11, for which there was no reference at the time of their
paper. The first equation is [Petersen 2014, Corollary 1.2]. The second condition
follows from the computations for n < 11 in [Getzler 1998]. �

We have now concluded the proof of Proposition 5. To prove Theorem 1 it
remains to show that [Bg,n,2m] is nontautological for all g, n, m with 0≤ n≤ 2g−2
and g+m > 12.

Proof of Theorem 1. We will show in Lemma 8 and 9 that if [Bg,n,2m] is nontautolog-
ical then so are [Bg,n+1,2m] for n ≤ 2g− 3, and [Bg,n,2m+2]. In Lemma 10 we will
show that if [Bg,1,0] is nontautological then so is [Bg+1]. Using these statements,
and by induction with the statement of Proposition 5 as the base case, we conclude
that [Bg,n,2m] is nontautological for all g+m ≥ 12. �

Lemma 8. If [Bg,n,2m] is nontautological and n ≤ 2g− 3, then so is [Bg,n+1,2m].

Proof. Let π :Mg,n+1+2m →Mg,n+2m be the morphism that forgets the first
point and stabilizes. By definition π∗([Bg,n+1,2m]) is a positive scalar multiple
of [Bg,n,2m]. Because the pushforward of a tautological class by the forgetful
morphism is tautological by definition, the result follows. �



502 JASON VAN ZELM

Lemma 9. If [Bg,n,2m] is nontautological, then so is [Bg,n,2m+2].

Proof. If n ≤ 2g− 3 then [Bg,n+1,2m] is nontautological by Lemma 8. Consider the
gluing morphism

σ :Mg,n+2m+1×M0,3→Mg,n+2m+2

which glues the first points of both curves together; then σ−1(Bg,n,2m+2)=Bg,n+1,2m .
Since

codimMg,n+2m+2
Bg,n,2m+2 = codimMg,n+2m+1

Bg,n+1,2m,

it follows that σ ∗[Bg,n,2m+2] = α[Bg,n+1,2m] for some α ∈Q>0. Since σ is a gluing
morphism and the pullback of a tautological class along σ admits tautological
Künneth decomposition, [Bg,n,2m+2] is nontautological.

If n = 2g− 2 we first prove that [Bg,n−1,2m+2] is nontautological as above by
pulling back along the map Mg,n+2m ×M0,3 →Mg,n+2m+1 and then applying
Lemma 8. �

Lemma 10. If [Bg,1,0] is nontautological, then so is [Bg+1].

Proof. Let ε :Mg,1×M1,1→Mg+1 be the gluing morphism. From the description
of the boundary divisors of BAdm

g+1 [Pagani 2016, pp. 1275–1276], it follows that
there exist α, β ∈Q>0 such that

ε∗[Bg+1] = α[Bg,1,0×M1,1] +β[(Hg−1,0,2,M1,1)] ∈ H•(Mg,1×M1,1),

where (Hg−1,0,2,M1,1) denotes the locus of pairs (C, E) ∈Mg,1×M1,1, where
C consists of a genus g − 1 hyperelliptic curve C ′ glued to an elliptic curve E ′

isomorphic to E , with the hyperelliptic involution switching the marked point of
C ′ with the point of intersection with E ′. The class [(Hg−1,0,2,M1,1)] admits a
tautological Künneth decomposition because the diagonal inside M1,1×M1,1 does,
the class of the hyperelliptic locus is tautological by [Faber and Pandharipande
2005, Theorem 1], and the pushforward of tautological classes under a gluing
morphism is tautological by definition. The class [Bg,1×M1,1] does not admit a
tautological Künneth decomposition because [Bg,1] is nontautological. It follows
by Proposition 4 that [Bg+1] is nontautological. �

We now complete the proof of Theorem 2.

Proof of Theorem 2. The case g = 2 is treated in [Graber and Pandharipande 2003,
Section 3]. We use a similar argument to prove the remaining cases. The proof
runs by contradiction.

Suppose [Bg,0,2m] ∈ RH•(Mg,2m); then there is a collection of cycles Zk in
Mg,2m , of codimension 11 and supported on ∂Mg,2m , such that

∑
[Zk]+[Bg,0,2m]

is tautological. Consider again the gluing morphism i :M1,11×M1,11→Mg,2m

of (†). By assumption, the pullback of
∑
[Zk] + [Bg,0,2m] to M1,11 ×M1,11
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admits a tautological Künneth decomposition whereby the pullback of
∑
[Zk] to

M1,11×M1,11 must be nontautological (by Proposition 4 and since the pullback
of [Bg,0,2m] is nontautological, as we have shown in the proof of Theorem 1).

We denote by 1h the locus of curves in Mg,2m consisting of two curves, one
of which has genus h, glued together in a single node, and by 1irr the locus that
generically parameterizes irreducible singular curves. So ∂Mg,2m =1irr ∪

⋃
h 1h .

Suppose Zk is supported on 1h for some h. Since i(M1,11×M1,11) does not
have a separating node, we see that i(M1,11×M1,11) 6⊂1h . The intersection

1h ∩ (M1,11×M1,11)

therefore lies in the image of ∂(M1,11 ×M1,11). It follows by Lemma 7(i) that
i∗[Zk] admits a tautological Künneth decomposition.

Suppose now that Zk is supported on 1irr. We decompose the map i as

M1,11×M1,11
i1
−−→Mg−1,2m+2

i2
−−→Mg,2m .

Then there exist cycles Yk in Mg−1,2m+2 such that i2∗[Yk] = [Zk]. Now

i∗[Zk] = i∗1 i∗2 [Zk] = i∗1 (c1(NMg−1,2m+2
Mg,2m)∩ [Yk]).

We see that i∗[Zk] decomposes as a product of algebraic classes of codimension less
than 11, all of which admit tautological Künneth decomposition by Lemma 7(ii).

We conclude that all the cycles [Zk] have a tautological Künneth decomposition
when pulled back to M1,11×M1,11, which is a contradiction. �

Acknowledgements

The author would like to thank his Ph.D. supervisor Nicola Pagani for the many
helpful discussions leading up to this paper. The author would also like to thank
the referees for the many helpful comments. The author is supported by a GTA
Ph.D. fellowship at the University of Liverpool.

References

[Abramovich et al. 2003] D. Abramovich, A. Corti, and A. Vistoli, “Twisted bundles and admissible
covers”, Comm. Algebra 31:8 (2003), 3547–3618. MR Zbl

[Faber and Pandharipande 2005] C. Faber and R. Pandharipande, “Relative maps and tautological
classes”, J. Eur. Math. Soc. (JEMS) 7:1 (2005), 13–49. MR Zbl

[Faber and Pandharipande 2013] C. Faber and R. Pandharipande, “Tautological and non-tautological
cohomology of the moduli space of curves”, pp. 293–330 in Handbook of moduli, vol. I, edited by G.
Farkas and I. Morrison, Advanced Lectures in Math. 24, International Press, Somerville, MA, 2013.
MR Zbl

[Getzler 1998] E. Getzler, “The semi-classical approximation for modular operads”, Comm. Math.
Phys. 194:2 (1998), 481–492. MR Zbl

http://dx.doi.org/10.1081/AGB-120022434
http://dx.doi.org/10.1081/AGB-120022434
http://msp.org/idx/mr/2007376
http://msp.org/idx/zbl/1077.14034
http://dx.doi.org/10.4171/JEMS/20
http://dx.doi.org/10.4171/JEMS/20
http://msp.org/idx/mr/2120989
http://msp.org/idx/zbl/1084.14054
http://msp.org/idx/mr/3184167
http://msp.org/idx/zbl/1322.14046
http://dx.doi.org/10.1007/s002200050365
http://msp.org/idx/mr/1627677
http://msp.org/idx/zbl/0912.18007


504 JASON VAN ZELM

[Graber and Pandharipande 2003] T. Graber and R. Pandharipande, “Constructions of nontautological
classes on moduli spaces of curves”, Michigan Math. J. 51:1 (2003), 93–109. MR Zbl

[Keel 1992] S. Keel, “Intersection theory of moduli space of stable n-pointed curves of genus zero”,
Trans. Amer. Math. Soc. 330:2 (1992), 545–574. MR Zbl

[Pagani 2016] N. Pagani, “Moduli of abelian covers of elliptic curves”, J. Pure Appl. Algebra 220:3
(2016), 1258–1279. MR Zbl

[Petersen 2014] D. Petersen, “The structure of the tautological ring in genus one”, Duke Math. J.
163:4 (2014), 777–793. MR Zbl

[Petersen 2016] D. Petersen, “Tautological rings of spaces of pointed genus two curves of compact
type”, Compos. Math. 152:7 (2016), 1398–1420. MR Zbl

[Petersen and Tommasi 2014] D. Petersen and O. Tommasi, “The Gorenstein conjecture fails for the
tautological ring of M2,n”, Invent. Math. 196:1 (2014), 139–161. MR Zbl

[Pikaart 1995] M. Pikaart, “An orbifold partition of Mn
g”, pp. 467–482 in The moduli space of curves

(Texel Island, Netherlands, 1994), edited by R. Dijkgraaf et al., Progress in Math. 129, Birkhäuser,
Boston, 1995. MR Zbl

Received December 7, 2016. Revised October 18, 2017.

JASON VAN ZELM

DEPARTMENT OF MATHEMATICAL SCIENCES

UNIVERSITY OF LIVERPOOL

LIVERPOOL

UNITED KINGDOM

jasonvanzelm@outlook.com

http://dx.doi.org/10.1307/mmj/1049832895
http://dx.doi.org/10.1307/mmj/1049832895
http://msp.org/idx/mr/1960923
http://msp.org/idx/zbl/1079.14511
http://dx.doi.org/10.2307/2153922
http://msp.org/idx/mr/1034665
http://msp.org/idx/zbl/0768.14002
http://dx.doi.org/10.1016/j.jpaa.2015.08.020
http://msp.org/idx/mr/3414418
http://msp.org/idx/zbl/1328.14048
http://dx.doi.org/10.1215/00127094-2429916
http://msp.org/idx/mr/3178432
http://msp.org/idx/zbl/1291.14045
http://dx.doi.org/10.1112/S0010437X16007478
http://dx.doi.org/10.1112/S0010437X16007478
http://msp.org/idx/mr/3530445
http://msp.org/idx/zbl/1346.14071
http://dx.doi.org/10.1007/s00222-013-0466-z
http://dx.doi.org/10.1007/s00222-013-0466-z
http://msp.org/idx/mr/3179574
http://msp.org/idx/zbl/1295.14030
http://dx.doi.org/10.1007/978-1-4612-4264-2_17
http://msp.org/idx/mr/1363067
http://msp.org/idx/zbl/0860.14023
mailto:jasonvanzelm@outlook.com


PACIFIC JOURNAL OF MATHEMATICS
Founded in 1951 by E. F. Beckenbach (1906–1982) and F. Wolf (1904–1989)

msp.org/pjm

EDITORS

Don Blasius (Managing Editor)
Department of Mathematics

University of California
Los Angeles, CA 90095-1555

blasius@math.ucla.edu

Paul Balmer
Department of Mathematics

University of California
Los Angeles, CA 90095-1555

balmer@math.ucla.edu

Wee Teck Gan
Mathematics Department

National University of Singapore
Singapore 119076

matgwt@nus.edu.sg

Sorin Popa
Department of Mathematics

University of California
Los Angeles, CA 90095-1555

popa@math.ucla.edu

Vyjayanthi Chari
Department of Mathematics

University of California
Riverside, CA 92521-0135

chari@math.ucr.edu

Kefeng Liu
Department of Mathematics

University of California
Los Angeles, CA 90095-1555

liu@math.ucla.edu

Jie Qing
Department of Mathematics

University of California
Santa Cruz, CA 95064

qing@cats.ucsc.edu

Daryl Cooper
Department of Mathematics

University of California
Santa Barbara, CA 93106-3080

cooper@math.ucsb.edu

Jiang-Hua Lu
Department of Mathematics

The University of Hong Kong
Pokfulam Rd., Hong Kong

jhlu@maths.hku.hk

Paul Yang
Department of Mathematics

Princeton University
Princeton NJ 08544-1000
yang@math.princeton.edu

PRODUCTION
Silvio Levy, Scientific Editor, production@msp.org

SUPPORTING INSTITUTIONS

ACADEMIA SINICA, TAIPEI

CALIFORNIA INST. OF TECHNOLOGY

INST. DE MATEMÁTICA PURA E APLICADA

KEIO UNIVERSITY

MATH. SCIENCES RESEARCH INSTITUTE

NEW MEXICO STATE UNIV.
OREGON STATE UNIV.

STANFORD UNIVERSITY

UNIV. OF BRITISH COLUMBIA

UNIV. OF CALIFORNIA, BERKELEY

UNIV. OF CALIFORNIA, DAVIS

UNIV. OF CALIFORNIA, LOS ANGELES

UNIV. OF CALIFORNIA, RIVERSIDE

UNIV. OF CALIFORNIA, SAN DIEGO

UNIV. OF CALIF., SANTA BARBARA

UNIV. OF CALIF., SANTA CRUZ

UNIV. OF MONTANA

UNIV. OF OREGON

UNIV. OF SOUTHERN CALIFORNIA

UNIV. OF UTAH

UNIV. OF WASHINGTON

WASHINGTON STATE UNIVERSITY

These supporting institutions contribute to the cost of publication of this Journal, but they are not owners or publishers and have no
responsibility for its contents or policies.

See inside back cover or msp.org/pjm for submission instructions.

The subscription price for 2018 is US $475/year for the electronic version, and $640/year for print and electronic.
Subscriptions, requests for back issues and changes of subscriber address should be sent to Pacific Journal of Mathematics, P.O. Box
4163, Berkeley, CA 94704-0163, U.S.A. The Pacific Journal of Mathematics is indexed by Mathematical Reviews, Zentralblatt MATH,
PASCAL CNRS Index, Referativnyi Zhurnal, Current Mathematical Publications and Web of Knowledge (Science Citation Index).

The Pacific Journal of Mathematics (ISSN 0030-8730) at the University of California, c/o Department of Mathematics, 798 Evans Hall
#3840, Berkeley, CA 94720-3840, is published twelve times a year. Periodical rate postage paid at Berkeley, CA 94704, and additional
mailing offices. POSTMASTER: send address changes to Pacific Journal of Mathematics, P.O. Box 4163, Berkeley, CA 94704-0163.

PJM peer review and production are managed by EditFLOW® from Mathematical Sciences Publishers.

PUBLISHED BY

mathematical sciences publishers
nonprofit scientific publishing

http://msp.org/
© 2018 Mathematical Sciences Publishers

http://msp.org/pjm/
mailto:blasius@math.ucla.edu
mailto:balmer@math.ucla.edu
mailto:matgwt@nus.edu.sg
mailto:popa@math.ucla.edu
mailto:chari@math.ucr.edu
mailto:liu@math.ucla.edu
mailto:qing@cats.ucsc.edu
mailto:cooper@math.ucsb.edu
mailto:jhlu@maths.hku.hk
mailto:yang@math.princeton.edu
mailto:production@msp.org
http://msp.org/pjm/
http://www.ams.org/mathscinet
http://www.emis.de/ZMATH/
http://www.viniti.ru/math_new.html
http://www.ams.org/bookstore-getitem/item=cmp
http://apps.isiknowledge.com
http://msp.org/
http://msp.org/


PACIFIC JOURNAL OF MATHEMATICS

Volume 294 No. 2 June 2018

257A positive mass theorem and Penrose inequality for graphs with noncompact
boundary

EZEQUIEL BARBOSA and ADSON MEIRA

275Diagrams for relative trisections
NICKOLAS A. CASTRO, DAVID T. GAY and JUANITA PINZÓN-CAICEDO

307Linkage of modules with respect to a semidualizing module
MOHAMMAD T. DIBAEI and ARASH SADEGHI

329Biharmonic hypersurfaces with constant scalar curvature in space forms
YU FU and MIN-CHUN HONG

351Nonabelian Fourier transforms for spherical representations
JAYCE R. GETZ

375Entropy of embedded surfaces in quasi-Fuchsian manifolds
OLIVIER GLORIEUX

401Smooth Schubert varieties and generalized Schubert polynomials in algebraic
cobordism of Grassmannians

JENS HORNBOSTEL and NICOLAS PERRIN

423Sobolev inequalities on a weighted Riemannian manifold of positive
Bakry–Émery curvature and convex boundary

SAÏD ILIAS and ABDOLHAKIM SHOUMAN

453On the existence of closed geodesics on 2-orbifolds
CHRISTIAN LANGE

473A Casselman–Shalika formula for the generalized Shalika model of SO4n

MIYU SUZUKI

495Nontautological bielliptic cycles
JASON VAN ZELM

505Addendum: Singularities of flat fronts in hyperbolic space
MASATOSHI KOKUBU, WAYNE ROSSMAN, KENTARO SAJI, MASAAKI

UMEHARA and KOTARO YAMADA

0030-8730(201806)294:2;1-R

Pacific
JournalofM

athem
atics

2018
Vol.294,N

o.2


	1. Introduction
	2. Preliminaries
	3. Proof of Theorems Theorem 1 and Theorem 2
	Acknowledgements
	References
	
	

