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ON THE NON-VANISHING OF SHALIKA NEWVECTORS
AT THE IDENTITY

HARALD GROBNER AND NADIR MATRINGE

Dedicated to Marko Tadi¢ at the occasion of his 70th birthday

ABSTRACT. Let 7 be an irreducible admissible unitary t-generic rep-
resentation of the non-archimedean general linear group GL2, (F'), which
admits an (7, )-Shalika model SZ (7). In this paper, we show the non-
vanishing of all non-zero Shalika newvectors S° € SZ (w) at the identity
matrix g = id € GLay, (F), if n is unramified. This complements the anal-
ogous result for Whittaker newvectors, which can be read off the formulae
established independently by Miyauchi in [Miyl4] and the second named
author in [Mat13].

INTRODUCTION

In the representation theory of local and global groups, model spaces of
representations are an indispensable tool. Indeed, such model spaces provide
a (usually unique, but in any case) convenient way to describe an a priori
abstract representation (m, V') of a reductive group G as being realized on a
concrete vector space of (usually smooth) functions on G — this being analo-
gous to the fact that a finite-dimensional vector space is isomorphic to a finite
number of copies of its ground-field and hence allows a canonical description
up to isomorphism.

One of the most studied models of representations, which appear in the
Langlands program, is certainly the Whittaker model. Representations, which
admit a Whittaker model, are also called generic, subsuming the (highly non-
trivial) statements, that local generic representations are fully induced from
their Langlands datum (i.e., equal to their “standard module”), whereas the
globally generic L?-automorphic representations of GL,, are precisely the ir-
reducible cuspidal automorphic representations.
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94 H. GROBNER AND N. MATRINGE

In particular the latter approach to cusp forms of GL, comprises a very
fruitful combination of local and global techniques: Given an irreducible cus-
pidal automorphic representation Il of GL,, the fact that it has local and
global Whittaker models allows one to define local L-factors at its ramified
places and to show — or, at the very least, to educatedly guess — many de-
sirable properties of II: The Ramanujan Conjecture being among the most
prominent such claims.

In slightly more recent years another type of model space has attracted
attention and gained importance in the Langlands program: If one is given
a local or global irreducible admissible representation of GLs,, then one may
try to attach a so-called Shalika model to it. The very ideas underlying its
construction resemble the analogous ideas in the theory of Whittaker models,
but turn out to be more restrictive and exclusive, than the latter. Indeed, it is
not true any more that every irreducible cuspidal automorphic representation
II of GLs, has a Shalika model, but its existence is known — due to work of
Jacquet—Shalika — to be equivalent to the partial exterior square L-function of
IT having a pole at s = 1. In other words, which reflect more the principles of
Langlands functoriality, an irreducible cuspidal automorphic representation
IT of GLs, has a Shalika model, if and only if it is the standard lift from an
irreducible generic cuspidal automorphic representation 7 of the split special
orthogonal group SOg;,11.

However, being a more restrictive concept, the theory of Shalika models
in return gains the advantage of allowing more specialized assertions about
those cusp forms, to which it applies. See [Ash-Gin94] and [Gro-Ragl4] for
examples of such results. In particular in the latter reference, a quite solid
knowledge of the local theory of Shalika models was necessary, in order to yield
the desired global consequences. However, it turned out that one particular
such aspect of the required local theory was not available in the literature and
the authors of [Gro-Ragl4] (one of them being the first-named author of the
present paper) relied on its validity without reference.

It is the goal of this short paper to close this gap and establish the above
local result on Shalika models in the greatest possible generality. More pre-
cisely, let F' be any local non-archimedean field and let 7 be an irreducible ad-
missible unitary i-generic representation of GLa, (F'), which admits an (1, ¥)-
Shalika model /(7). We are going to show the non-vanishing of all non-zero
Shalika newvectors S° € S)/(7) at the identity matrix g = id € GLa,(F), if
71 is unramified. This mirrors the analogous result for Whittaker newvectors,
which was established independently by Miyauchi in [Miy14] and the second
named author in [Mat13] and which has been used in many sources.
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seem to exceed Ng.
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writing up a proof of our main result.

1. BASIC ASSUMPTIONS AND DEFINITIONS

1.1. Fields and characters. Throughout this paper, F' will denote a local,
non-archimedean field with ring of integers O, maximal ideal p, valuation v
and normalized absolute value | . | = | . |,. We fix a non-trivial, unramified
additive continuous character ¢ : F' — C and let n be a continuous character
n : F* — C*. The trivial character is denoted by the symbol 1. By My we
shall denote the algebra of k x k-matrices with entires in F' and by Ny the
subset of upper triangular elements in M. If X is any subset of My, we will
denote 1x the characteristic function of X.

1.2. Local groups. For any k > 1, we abbreviate G, := GLg(F), the F-points
of the split general linear group over F. The group Gy has some well-known
subgroups:

) (g1 O tdg—1 T
P’“'{p<o 1)< 0 1)

the so-called mirabolic subgroup, and Uy, the subgroup of upper triangular
unipotent matrices. If & = 2n is even, then there are also the following

subgroups:
—Jy_(9n O
Lgn._{f—(o hn>

the Levi subgroup of the “Siegel parabolic”, and

| (gn 0N [id, X
(5 2)(% )

gn € Gy
XeM, [’
called the Shalika subgroup.
All measures in this note are normalized to give volume 1 to the respective
maximal compact subgroups, consisting of O-points.

x e Fk1

gk—1 € Gr—1 }
)

Gn,hn € G }

1.3. Non-archimedean Shalika models. The characters n and ¥ can be ex-
tended to a character n ® ¥ of Sa,, using the determinant det, resp. the trace
Tr, of matrices

s= (% ) (5 1) P 0o 0 = ade)ur)

We will also write n(s) := n(det(g,)) and ¥(s) := (Tr(X)).
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DEFINITION 1.1. Let w be an irreducible admissible representation of Goy, .
We say that 7 has a (1,v)-Shalika model S)/(7), if there is a Ga,-submodule
S,(m) of the (unnormalized) smoothly induced representation Indgj: 7 ® ],
which is isomorphic to .

REMARK 1.2. (1) By irreducibility of 7, the defining condition of Defini-
tion 1.1 is obviously equivalent to asserting that there exists an embedding of
Glop-representations

(1.1) ™ Indg>" [n ® Y.

(2) Tt is important to notice that (n,)-Shalika models, if they exist, are
unique, i.e., whatever embedding we had chosen in (1.1), their images in
Indg;: [n ® 9] are all identical: This has been established by Jacquet—Rallis
[Jac-Ral96, p.67] for n = 1 and in general by Chen—Sun in [Che-Sun20],
Theorem A.

We will first concentrate on the case when n = 1. Doing so, we will
abbreviate

_ cl
Sy(m) == Sy ().
2. WHITTAKER MODELS VS. SHALIKA MODELS

2.1. Model comparison. Let m be an irreducible admissible representation of
Gan, which admits a (1,)-Shalika model Sy (7). We will — without big harm?!
— additionally assume that 7 is unitary and that is has a ¢-Whittaker model
Wi (m) € Indgzr [¢],
where, as usual, 9 is extended to Us, by the rule
1 ’U,LQ *
1 uggs

1 = (U2 + U234+ -+ U2n—1,2n)-
U2n—1,2n
0 1
Irreducibility together with Schur’s lemma implies
dim¢ Homg,, Wy (), Sy (7)) = 1.
We will now exhibit an explicit, non-trivial intertwining operator
O : Wy (m) = Sy(m).

IThis is for the global reasons, that we have in mind: Local components of cuspidal
automorphic representations are unitary times a twist by a potentially non-unitary charac-
ter. The assumption that our representation admits a (1,1)-Shalika model hence implies
that, if it is the local component of a cuspdial automorphic representation, then it is itself
unitary. As local components of cuspidal automorphic representations are all -generic,
also the second assumption must hold for such local representations.
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We start off with
ProrosITION 2.1. We have
H0m$2nﬂ7’2n (777 1/’) = HomSQn (Wa 1/})

PrOOF. By Frobenius reciprocity and uniqueness of local Shalika models,
we obviously have

C 2 Homsg,,, (7,v¢) C Homs,, Ap,, (7, 0).

The result then follows from a combination of the following results: By
[Mat14], Proposition 4.3, the latter space Homs, ~p,, (7,1) embeds into
Homp, np,,(m, 1), whereas it follows from the proof of Corollary 4.18 in
[Mat15], that the — again latter — space, Homp, np,, (7, 1), has dimension
at most 1. This implies the assertion. O

It is an immediate consequence of Proposition 2.1, that if A is a non-zero
element of Homg,, np,, Wy (), 1), then
(2.1) O: W (g— Ag-W)),
is a non-zero element of Homg,, Wy (7),Sy(m)). In what follows we will
determine such a A.

To this end, consider the Weyl group representative-matrix ws,, corre-
sponding to the permutation of {1,...,2n}:

1 2 ... n n+1 n+2 ... 2n
1 3 ... 2n—-1 2 4 ... 2n

and put

(2.2)
[ [ 2)6 )

If well-defined, i.e., absolutely convergent, this integral is in
Hom52nﬁ732n (Wﬂ/ (W)v d)) .

Moreover, A will be non-zero as the restriction map of Whittaker functions in
Wy () to Pay, contains Indﬁi: (v) in its image, cf. [Ber-Zel76, 5.15, Proposi-
tion]. It hence remains to prove the following

PROPOSITION 2.2. For any W € Wy(w) the integral defining A(W) is
absolutely convergent.

PROOF. Let us introduce some notation: Let A,, denote the standard
maximal torus of G, and recall that the map a € A,, — p,(a) € Ay,

pn(a) :=diag(ay -+ an, a2 - Apy oy Gpe10n, ay),
is a group isomorphism. We will also use the notation

tn(ar, ... a,) = pn(a)
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for a € A,,. Following the definition in [Jo19, Lemma 3.4], we put
(2.3)
idy, 0 X 0

~ i, — 0 0 _
(W, a) ;:/ W | wan Hin=k id 0 <“ a) YN (Tr(X))dX.
N \My F .
Zdn—k

In fact, as our first observation, by the Iwasawa decomposition, the conver-
gence of A\(W) for any W is reduced to that of

/ 3.(W, a)s5,_, (a)"\da,
a€An_1

where dp, , denotes as usual the modulus character of the standard Borel
B,_1 of G,,_1. Now, by the statement of [Jo19, Lemma 3.4], there exists
W' € Wy(r) (namely the sum of the W;’s in [Jo19, Lemma 3.4]), such that
the following equality holds:

Jn 1(W/a Cl)
lag|t .. Jan g n =t

In(W,a) =

By immediate descending induction on n, one deduces (see [Jol9, p. 505])
that there exists W € Wy (7) such that

3,(0%.0) = T sl 4057 (wzn (“’”(a) un_1<a>>> |

k=0

Hence the convergence of A\(W) for any W € W,,(n) is reduced to that of

/ H |ag |+ k)W( (Mn—l(a) ,Un—l(a)>> 5., (tn-1(a))"‘da

n 1 k=0
for any W € Wy (w). Note that
(2.4)
Wan diag(ﬂn—l(a)a 1) ,un—l(a’)’ l)wZ_nl = ,ugn(17 ay, 17 az, ..., 17 Ap—1, la 1)
Hence applying the asymptotic expansion of [Mat11l, Theorem 2.1] or rather
its corrected version Theorem 2.1 in https://arxiv.org/abs/1004.1315v2 (see

also [Jo19, Proposition 3.1]), it is sufficient to check that integrals of the
following form converge:

la|*C T a9 T wr(ar)v(ar) ™ ®(ar)ds, _, (kn-1(a)) " da.
[ 1 il il |

n—1 k=1

Here, wy, is the central character of an irreducible subquotient of the derivative
7(2n=2k) of 1 (see [Ber-Zel77, 4.3] for the definition of Bernstein-Zelevinsky
derivatives), my € N and ® is a Schwartz function on F. However, this
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integral equals
Sa, T2y law M= TR wi(an)v(ak) ™ ®(ax)dp, , (pn-1(a)) " da
= [ TTi=) wilar)v(ar)™ ®(ax)| det(pin-1(a))|da
= T172) [ lax|Fwr(ar)v(ar)™ ®(ay)dag.

whence, we are reduced to the one-dimensional case of integrating charac-
ters against Schwartz functions. Now, recalling that 7 is unitary, one has
lag|Fwr (ar) = |ax|™ ug(ag) for some rp > 0 and a uy, unitary character, due
to [Ber84, Section 7.3]. The convergence of the last integral is classic and we
end this proof by recalling its proof. By definition of a Schwartz funciton,
the convergence is reduced to that of integrals of the form fp, |z|"v(z)™dx for
leZ,r >0and m > 0, where we recall that dz is a Haar measure on F'™*.
This integral is just up to a positive multiple the series ijl mjq 9", which
converges as r > 0. 0

3. NON-VANISHING OF A\(WW°)

3.1. Preparatory results. Let m be an irreducible admissible unitary ¢-generic
representation of Ga,, = GLa,, (F'), which admits a (1, ¢)-Shalika model S ().
For a such representation, we recall our definition of @, cf. (2.1) with \ as
defined in (2.2).

Let us also recall that an element W° € Wy (m) is a Whittaker newvec-
tor, if it is invariant under the group Ky, (m) as in [Jac-PS-Sha81, Theorem
5.1.(ii)], i.e., if it is invariant under the subgroup of matrices of GLo,(O),
whose last row is congruent to (0,0, ...,0,1) modulo p™, where m is the con-
ductor of 7. If 7 is unramified, i.e., if m = 0, then we make the convention

We fix the following, uniquely defined choice of a Whittaker newvector:
We let W2 be defined by W2 (id) = 1. We refer to [Jac-PS-Sha81, Theorem
5.1.(i1)] (as accompanied by Jacquet’s explanations in [Jac12]) for the unique-
ness of Whittaker newvectors up to scalars and to the main result of [Mat13]
or, independently, [Miyl4, Corollary 4.4] for the non-vanishing of non-zero
newvectors at g = id.

In what follows, we will closely follow [Ana-Mat17], where the analog
computation is performed for local Flicker periods, but the computation below
is more involved.

To start, we recall a version of [Mat13, Theorem 3.1] for ramified generic
representations:

THEOREM 3.1. Suppose that 7 is a ¥-generic and ramified representation
of Gap. Then, there is an integer v, 0 < r < 2n — 1 and an unramified
standard module m,, of G, such that the Whittaker newvector W7 =€ Wy (1),
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normalized by W7 (id) = 1, satisfies

W; (M2n(a17 ceey, A2n—1, 1))
2n—1

=Wy, (ur(as, ... a,)) |det(pr(ar, ..., a)|®"210(a,) [] 1ox(a).
j=r+1

Now, set wap,+1 = diag(way,, 1) € Gay,y1 and let

Pr(0) = {p: (gna_l (1)) (idrg_l :1c> gm—1 € GLp (0) }

zeQOm!
The integrals Jg, cf. (2.3), and their analogues

J/k(W,a) =
id, 0 X 0 0
idp—x 0 0 0} /a
/ W | want1 ide 0 0 ( a ) o N (Tr(X))dX
N \Mj idp_r O 1

for a € A,, will naturally appear in our computation. We record the following
useful relations, satisfied by them, as a lemma.

LEMMA 3.2. Let m be a -generic representation of Gy, and let W €
Wy (m), which is fized by P (O). If m = 2n is even, then

3 (W, in(a) = 1%"“(”"“)W(W2n (”"(a) Ma)))

k=1

]£11|ak|_k<n—k)w (wzn (un(a) an))) .

If m=2n+1 is odd, then

Ky Hn (a)
(W, pn(a H la|™ (n= Wan41 pn (@)
1
n KR py pn(a)
H | (n— Won+1 Mn(a)
k=1 1

PrROOF. We provide the argument for J, (W, un(a)) (the proof of the sec-
ond assertion being completely analogous): Right P, (O)-invariance of W
implies that

k
Jer1 (W, pn(a)) = [T lasl =3k (W, pn (a)).

i=1
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as it follows from the end of the proof of [Jo19, Lemma 3.4] (p. 508 of ibid.,
where we put ¢ = 1« there). Note that the proof in question only deals with
tin(a) with a, = 1, but it remains valid for any pu,(a). From this the claim
follows. O

3.2. The main result. We are now ready to compute A(W?) for ramified .
To this end, note that

AWZ) = /n\m /NMMW W (wgn (id” Z;i) (p p)) Y (Tr(X)) dX dp

_ o id, X diag(g,1) 1
_/Unl\Gn1/Nn\M:,/V7r (w%( idn) ( diag(9’1)>)¢ (r(X)) dxdg.

Using the Iwasawa decomposition and because W¢ is right Pa, (O)-invariant,
this simplifies to

AW = /A (W2, ding(a, 1))65"_(a)da.

Applying first our Lemma 3.2, a simple coordinate change and finally (2.4),
the latter integral becomes

n—1
o (o [ d1a8(kn—1(a), 1) an|R(n—k) §=1 a)da
/A Wﬂ( ( diag(unl(a)7l)>>g| il 550 (un—1(a))d

n—1
diag(sin—1(a), 1) En
_ o 1ag(Hn—1(a), -1 —k(n—k)s—1
- /A e (’”2"( diag(un_l(a),1)> ”““%) [T 1o 05, (Hn-1(a))da
ne k=1

n—1
=/ We(uzn(l,at, 1y an—1,1,1) [ [l 065! (un-1(a))da.
A k=1

n—1

We will now use Theorem 3.1, distinguishing two cases: First, suppose
that r = 27’ is even. Then we get
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)\(WT(:) = / W;u (U'f(17 A1y .-y 17 a?‘/))lo(ar/” det(uﬂr(lv a1, ..., 17 a’r/))|(n_’,‘/)

X H ‘ak‘ik(nik)élgi_l (dlag(nu‘r’ (a)7 idnflfr’))da

:/ W2 (ur(1,a1, ..., 1, a0)) 10 (an)| det (s (ar, .. ., ap )"
ALr
T‘l

x H Jax| RS, (diag(ur (a), idy—1—rv))da

/ Hlal CTOWE (e (101,01 a0)) 10 (a,)05 ", (e ()] det (e (a)" " da
A

r k=1

:/ H lag| R W (wzr/ (Mr/(a) / )) 1O(aT')5§i/ (rr (@) det (s (@)~ da
A, pa (@)

y/ [T (“’2’” ( g «a))) Lo(ar)35, (ur(a)) | det(yur (@) ™" da
Aprp—1 s
/ H |ak|_k(7‘/—k)W:u <1U2r’ </’LT’ (a) " ,(a))) 1o(arl)5gil (,ur/(a))| det(,ur/(a))|da
Arp—1 T

bad —k(r' —k) diag(ptpr—1(a), 1)
/7" 1 Inl |a | (wQW ( diag(ur’—l(a)71))>

x 852, (diag (1,1 (a), 1))| det (1 ())|da / W, (ar)Lo(a, )| days

FX

which, according to Lemma 3.2 again, becomes
:/A I (W2, diag(pr—1(a), 1)35 (1r—1(a))| det(prr—1(a))|da
x / w, (ar ) Lo (ap ) ap | day.
F><

Now, set e, := (0,...,0,1) (a 1 x r’ unit-vector) and denote by J(s, W, ®)
the Jacquet-Shalika integral

J(5, W, @) 1= w (s (M2 ) (7
id,
Ur’\Gr’ Nr'\Mr' T g

x YT (X)) (e g)| det(g)|*dX dg.
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Once more by the Iwasawa decomposition we get that A(W2)=J(1, W2 ,1,.),
whence, applying the unramified computation of the exterior square L-
function from [Jac-Sha90, Section 7.2], we finally obtain

AW2) = L(l,ﬂu,A2) #£0.
This settles the case when r» = 2r’ is even.
Now assume r = 2r’ + 1 is odd. As the variable ba, 41 = bowio of

b = iz, (a) in the integral must vary in O*, whereas W7 is GL,(O)-invariant,
we obtain:

AW2) = [ W2, (r(La, .., 1,4, 1)| det(prp (a)) 2077071
A’V‘/

x [T larl* M5! (diag(u(a), idy—1-.))da.
k=1

Following the steps of the computation in the case, when r was assumed even,
we obtain

AWE) =
v’ B2 o ur/(a) . o
[ Lot we, (e i (@) )| 651 G (@) ety (a))]
Al k=1 1
- k(' —k) 170 e () 1
=[] lel W2, | war i ) 05", (1 (a))da
Ar' k=1 1

- / 3 (W2 s ()55, (1 (a))
A

where the last equality follows from Lemma 3.2. Denoting by J(s, W) the
Jacquet-Shalika integral

J(s, W) :=

idy X g
/ / Wlwsrr [ idys o | o @) det(g) g,
U, \G,s JN_\M,, 1 1

we obtain, thanks to the Iwasawa decomposition, A(W?) = J(1,W? ), and
so, applying the unramified computation of [Jac-Sha90, Section 9.4], finally,

AWE) = L(1, 7, A%) # 0.

s

As a next step, it is important to observe that, when = is unramified, the
above non-vanishing result is also true.

Indeed, the corresponding computations, which lead to it, are much sim-
pler, when 7 is unramified, and the L-value slightly different: We refer to
[Jo23, Theorem 1.2, (ii), second case| for a precise statement and a proof. In
fact, inspired by [Ana-Matl7] and a previous version of the present paper,
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Jo computed in [Jo23] instances of such local periods evaluated at Whittaker
newvectors in the following popular cases: Rankin-Selberg, Asai, Jacquet-
Shalika and Bump-Friedberg exterior square, as well as Bump-Ginzburg sym-
metric square.

Now, summarizing all of our computations, together with the unramified
case, we obtain the main result of our paper:

THEOREM 3.3 (Non-vanishing of Shalika newvectors). Let m be a irre-
ducible admissible unitary v-generic representation of Go,, = GLa, (F'), which
admits a (1,1)-Shalika model Sy (). Let © : Wy (1) — Sy(nm) be the inter-
twining operator given by

/U \Pn/N M, (w2n< o ij(n) (ﬁ 2) g) YN (Tr(X))dX dp

and let S5 := ©(W?), where W2 is the unique Whittaker newvector in Wy, (1),
satisfying W2(id) = 1. Then

S2(id) # 0.

As a consequence, any (non-zero) Shalika newvector in Sy (), i.e., any (non-
zero) element of Sy (), which is invariant under Ko, (m), does not vanish at
g =1d.

4. TWISTING CHARACTERS

We will now consider the case of more general twisting characters n in
our Shalika model S ().

4.1. First, assume that 7, as defined in §1.1, is unitary and unramified. If n
has these two properties, then, as a character of Sy, it extends to Ga,. We
shall denote this new character by the same letter.

Let 7 be a ramified irreducible admissible unitary -generic representa-
tion of Ga,. If 7 has a (n,1)-Shalika model S}(), then n~lr is a unitary
representation, which has a (1,)- Shahka model Sy(m) and one is in the sit-
uation considered above. The vector n~1 - W is then the unique newvector
in Wy (n~'m), which is 1 at the identity and so Spin = O(n~1 - W2) comes
under the purview of Theorem 3.3: Observing that (p~'7), = n~'m,, since n
is unramified, we get

e} - _ —1 2\ __ 2
S0 1 (id) = L(L,n "m,, A%) = L(1,m,, A2 @ 17) # 0.

The same argument applies to unramified generic representations, yielding
the formula

-1

L(l,m, A’ ®
(1,7 ) 4o,
L(QT'L, 1F*)

However, 7 - S;,lﬂ is a non-zero newvector in S:Z(w), so these newvectors do

not vanish at g = id.

Sy nid) =
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4.2. Now, let n = 7| - |, with w € Z and 7} a unitary unramified character.
Let m be an irreducible admissible -generic representation of G, which has
an (n,v)-Shalika model S} (7). Then, every newvector S in S} (r) is of the
form S = |det(-)[*/?- S, with S a newvector in S:Z(?T). See also [Gro-Ragl4],
Lemma 5.1.1. As a consequence, every non-zero newvector in SZ(TF) does not
vanish at g = id.

We summarize the latter observations in the following

COROLLARY 4.1. Letn =17| - |*, with w € Z and 7 a unitary unramified
character. Let w be an irreducible admissible 1-generic representation of Gay,,
which has an (n,)-Shalika model SZ(ﬂ'). Then, for every non-zero newvector
S in S, (m),

S(id) # 0.
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O neiscezavanju Shalika novih vektora na jedni¢noj matrici

Harald Grobner i Nadir Matringe

SAZETAK. Neka je m ireducibilna dopustiva unitarna
1-genericka reprezentacija nearhimedske opce linearne grupe
GL2n(F), koja dopusta (7,1)-Shalika model S}(m). U ovom
radu pokazujemo neis¢ezavanje svih ne-nul Shalika novih vek-
tora S° € S (m) na jedini¢noj matrici g = id € GLa2n(F), ako
je n nerazgranat. Ovo nadopunjuje analogni rezultat za Whit-
takerove nove vektore, koji se mogu ocitati iz formula koje su
nezavisno uspostavili Miyauchi u [Miy14] i drugoimenovani autor
u [Mat13].

Harald Grobner

Faculty of Mathematics, University of Vienna
Oskar-Morgenstern-Platz 1, A-1090 Vienna, Austria
E-mail: harald.grobner@univie.ac.at

Nadir Matringe

IMJ-PRG, Université Paris-Cité

8 P1. Aurélie Nemours, 75013 Paris, France
E-mail: nadir.matringe@imj-prg.fr
Received: 2.5.2023.

Revised: 11.8.2023.

Accepted: 19.9.2023.



