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SURVEY OF GROSS’S CONJECTURE AND ITS REFINEMENTS
NOBORU AOKI AND JOONGUL LEE

Abstract. Let K/k be an abelian extension of global fields (i.e. number fields
or function fields of curves defined over finite field) with Galois group G. In [8],
B. Gross has conjectured a congruence relation which relates the Stickelberger
element in Z[G] with the class number of k and the generalized regulator. The
relation may be viewed as a generalization of the classical class number formula
which describes the leading term of the Taylor expansion of ζk (s) at s = 0 in
terms of the class number and the regulator of k. This conjecture has been
verified to be true in many important special cases but yet it remains to be
proved in general.
Tate has discovered that both sides of the conjecture vanishes under mild
restriction when G is a cyclic group of prime power order, and he conjectured
that a finer version of the congruence relation would hold. This idea has been
developed independently by Burns [5] and Aoki, Lee and Tan [4] to cover the
case when G is an arbitrary finite abelian group with no restriction.
In this paper, we review the various conjectures mentioned above and discuss their relationships.

1. Gross’s conjecture
Let K/k be an abelian extension of global fields with Galois group G. Let S be
a finite non-empty set of places of k which contains all archimedean places and all
places ramified in K, and let T be a finite non-empty set of places of k which is
disjoint from S. We choose T so that US,T , the group of S-units in k which are
congruent to 1 (mod v) for all v ∈ T , is a free abelian group of rank n = |S| − 1.
b = Hom(G, C∗ ), the associated modified LFor a complex character χ ∈ G
function is defined as
Y
Y
LS,T (χ, s) =
(1 − χ(gv )N v 1−s )
(1 − χ(gv )N v −s )−1 ,
v∈T

v6∈S

where gv ∈ G is the Frobenius element for v. The Stickelberger element θG ∈ C[G]
is the unique element that satisfies
χ(θG ) = LS,T (χ, 0)
b In fact, θG ∈ Z[G] which is a deep theorem of Deligne-Ribet(cf. [7]).
for all χ ∈ G.
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Let IG be the augmentation ideal of Z[G], which is defined via the following
short exact sequence
0 → IG → Z[G] → Z → 0,
where the map from Z[G] to Z is given by trivial character of G extended to Z[G]
by linearity. The sequence may be compared with
0 → (s) → C[[s]] → C → 0,
where the map from C[[s]] to C is, of course, the evaluation map at s = 0.
Choose an ordered basis {u1 , . . . , un } of US,T . Pick a place v0 ∈ S, and for each
vi ∈ S \ {v0 }, we let fi : k ∗ → G denote the homomorphism induced from local
reciprocity map for vi . We set
RG :=

det (fi (uj ) − 1).

1≤i,j≤n

Gross has conjectured (cf. [8])
Conjecture 1.
n+1
(mod IG
).

θG ≡ ±hS,T RG
Here, the integer hS,T is defined by
Q
hS,T = hS ·

v∈T (N v − 1)
(US : US,T )

where hS is the S-class number of k and US is the set of S-units. The ± sign is
determined by the (S, T )-version of the analytic class number formula.
Note that Conjecture 1 implies the following weaker congruence relation
n
θ G ∈ IG

which may be viewed as the ”order of vanishing” part of the conjecture. Loosely
speaking, Conjecture 1 predicts the leading term of the Taylor expansion of equivariant L-function at the trivial character.
It is known (cf. [12]) that if G = H1 ⊕ H2 where H1 , H2 are finite abelian groups
n+1 ∼ n
n+1
n+1
n
n
of coprime orders, then IG
/IG
⊕ IH
/IH
for all n ≥ 1. Hence we
= IH1 /IH
2
1
2
may assume that G is an l-group for some prime number l. Also, when S contains
a place that splits completely in K, then Conjecture 1 holds for trivial reason –
both sides of the conjecture are 0 in that case. This enables us to assume, when k
is a number field, that l = 2, k is totally real and that K is totally imaginary.
Several people have proved that Conjecture 1 holds in various special cases ([1,
5, 6, 8, 9, 11, 13, 14, 16, 17]). In number field case, The first author has proved the
conjecture when k = Q in [1], and Tate’s result in the next section shows that when
k 6= Q and G is cyclic, then the conjecture holds. When k has characteristic p 6= 0,
Burns proved the conjecture when l 6= p in [5] and Tan proved the conjecture when
l = p in [14], so the conjecture holds in full generality.
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2. Tate’s refinement
Suppose G is cyclic of order lm . If S contains a place which splits completely
in K, then Conjecture 1 holds as mentioned before. Tate has considered the next
case, namely when S contains a place whose decomposition group has order l (Tate
calls such a place an ”almost splitting place”). Note that the archimedean place
either splits completely or almost splits.
For each v ∈ S, let Gv denote the decomposition group of v in G. We fix the
ordering of the elements of S = {v0 , v1 , . . . , vn } so that
Gv0 ⊇ Gv1 ⊇ · · · ⊇ Gvn .
Let lmi = (G : Gvi ) for i = 0, . . . , n. Thus m0 ≤ m1 ≤ . . . ≤ mn = m − 1. Let
N = lm0 + · · · + lmn−1 .
N
Tate has shown that both θG and hS,T RG belong to IG
and conjectured (cf.
[16])
Conjecture 2. Suppose m0 = 0. Then
θG ≡ ±hS,T RG

N +1
(mod IG
).

Clearly N ≥ n, and N = n if and only if mn−1 = 0. Therefore Conjecture 2 is
stronger than Conjecture 1 in general. When m0 6= 0 (i.e. S has no place with full
decomposition group), there are cases when Conjecture 2 does not hold, as shown
in [10].
The first author [2] has proved that Conjecture 2 holds when k is a number field,
and that in general Conjecture 2 holds up to a unit modulo |G|. Tan [15] proved
Conjecture 2 when k is a function field and l = char(k). A result of Burns [5]
implies that Conjecture 2 holds if k is a function field and l 6= char(k).
3. Generalization of Tate’s refinement
Now let G be an arbitrary finite abelian group. For each subgroup H of G, define
IH = Ker(Z[G] → Z[G/H]). Note that when H = G, this definition coincides with
the augmentation ideal of Z[G].
Conjecture 3. For an arbitrary enumeration v0 , v1 , . . . , vn of the places of S,
θG ≡ ±hS,T RG

(mod IG

n
Y

IGvi ).

i=1

This conjecture is a natural generalization of Conjecture 2 in the following sense.
Let G be a cyclic group of order lm , and assume that S contains an almost splitting
place. If v0 has full decomposition group, Conjecture 3 is equivalent to Conjecture 2.
On the other hand, if v0 does not have full decomposition group, it follows from
Qn
Tate’s result that both θG and hS,T RG are in IG i=1 IGvi , hence Conjecture 3 still
holds.
In [3], the first author proved Conjecture 3 when G is an elementary abelian
2-group. When k is a function field, work of Burns [5] proves Conjecture 3 if
l 6= char(k), and the joint work of the authors with Tan [4] proves Conjecture 3
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if l = char(k). It is worthwhile to note that Burns’s work is very general —
his ”leading term conjecture” provides a unifying approach to Conjecture 3 together with conjectures of Stark, Rubin, Darmon and and their refinements. When
char(k) - [K : k], the leading term conjecture is proved by Burns and therefore
many conjectures including Conjecture 3 is settled in that case.
Acknowledgements
The authors would like to thank David Burns, Benedict
Gross, Anthony Hayward, Cristian Popescu, Michael Reid, Karl Rubin, Ki-Seng
Tan and John Tate for many insightful comments and warm encouragements over
the years, and the organizers of Korea-Japan number theory seminar for the hospitality.
References
[1] Aoki, N., Gross’ conjecture on the special values of abelian L-functions at s = 0, Comment.
Math. Univ. St. Paul. 40 (1991), no. 1, 101–124.
[2] Aoki, N., On Tate’s refinement for a conjecture of Gross and its generalization, Journal de
Theorie des Nombres de Bordeaux 16 (2004), 457–486.
[3] Aoki, N., On the generalized Gross-Tate conjecture for elementary abelian 2-extensions, Comment. Math. Univ. St. Paul. 52 (2003), 197–206.
[4] Aoki, N., Lee, J. and Tan, K.-S., A refinement for a conjecture of Gross, in preparation.
[5] Burns, D., Congruences between derivatives of abelian L-functions at s = 0, preprint.
[6] Burns, D., and Lee, J., On refined class number formula of Gross, J. Number Theory 107
(2004), 282–286.
[7] Deligne, P. and Ribet, K., Values of abelian L-functions at negative integers over totally real
fields, Invent. Math. 59 (1980), 227–286.
[8] Gross, B., On the values of abelian L-functions at s = 0, J. Fac. Sci. Univ. Tokyo Sect. IA
Math. 35 (1988), 177–197.
[9] Lee, J., On Gross’s Refined Class Number Formula for Elementary Abelian Extensions, J.
Math. Sci. Univ. Tokyo 4 (1997), 373–383.
[10] Lee, J., Stickelberger elements for cyclic extensions and the order of zero of abelian Lfunctions at s = 0, Compositio Math. 138 (2003), 157–163.
[11] Lee, J., On the refined class number formula for global function fields, Math. Res. Letters 11
(2004), 583–587.
[12] Passi, I. B. S., Polynomial maps on groups, J. Algebra 9 (1968), 121–151
[13] Reid, M., Gross’ conjecture for extensions ramified over three points of P1 , J. Math. Sci.
Univ. Tokyo 10 (2003), 119–138.
[14] Tan, K.-S., On the special values of abelian L-functions, J. Math. Sci. Univ. Tokyo 1 (1994),
no. 2, 305–319.
[15] Tan, K.-S., A note on the Stickelberger elements for cyclic p-extensions over global function
fields of characteristic p, Math. Res. Letters 11 (2004), 273–278.
[16] Tate, J., Refining Gross’s conjecture on the values of abelian L-functions, Contemp. Math.
358 (2004), 189–192.
[17] Yamagishi, M., On a conjecture of Gross on special values of L-functions, Math. Z. 201
(1989), 391–400.
Department of Mathematics, Rikkyo University, Nishi-Ikebukuro, Toshima-ku, Tokyo
171-8501, Japan
E-mail address: aoki@rkmath.rikkyo.ac.jp
Department of Mathematics Education, Hongik University, 72-1 Sangsu-dong, Mapogu, Seoul, Korea
E-mail address: jglee@wow.hongik.ac.kr

