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Abstract.  Cylindric diagrams admit structures of infinite d-complete posets with
natural ordering. The purpose of this paper is to provide a realization of a cylindric
diagram as a subset of an affine root system of type A via colored hook lengths, and
to present several characterizations of its poset structure. Furthermore, the set of finite
order ideals of a cylindric diagram is described as a weak right Bruhat interval of the
affine Weyl group.

Résumé. Les diagrammes cylindriques admettent des structures de posets infinis d-
complets avec un ordre naturel. Le but de cet article est de fournir une réalisation d'un
diagramme cylindrique en tant que sous-ensemble d'un systéme affine de racines de
type A via des longueurs de crochets colorés, et de présenter plusieurs caractérisations
de sa structure de poset. De plus, I'ensemble des idéaux d’ordre fini d'un diagramme
cylindrique est décrit comme un intervalle de Bruhat droit faible du groupe de Weyl
affine.
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1 Introduction

An order filter of a cylinder Z?/Zw (w € Z>, X Z<_4) is called a cylindric (Young)
diagram. A diagram given as set-difference of two cylindric diagrams is called a cylindric
skew diagram (see Fig. 2).

We note that cylindric skew diagrams have been known to parameterize a certain
class of irreducible modules over the Cherednik algebras (double affine Hecke algebras)
([10, 12]) and the (degenerate) affine Hecke algebras ([!, 5]) of type A, where standard
tableaux on those diagrams also appear.

Let w = (m,—/) and let 0 be a cylindric diagram in Z?/Zw. The lattice Z? admits a
partial order < defined by

(a,b) < (c,d) <= a=cand b 24,
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which induces a poset structure on Z?/Zw and also on 6. Together with the content
map ¢ : 0 — Z/«xZ, where c(a,b) = b—a mod «x and k = ¢ + m, the cylindric digram 6
is a locally finite Z /xZ-colored d-complete poset in the sense of [, V].

Our first goal of the present paper is to describe the poset structure (8, <). We briefly
review a description in the classical case. Let A be a finite Young diagram. The associated
Grassmannian permutation w) is an element of the Weyl group of a finite root system R
of type A. In [7], J. R. Stembridge has shown that the poset (A, <) is dually isomorphic
to the poset (R(w, '), <°7), where R(w; ') := Ry Nw, 'R_ and < is the ordinary order
(or the standard order) defined by

a<"B <= P —wisasum of simple roots.

Let 6 be a cylindric diagram in Z?/Zw. We would like to describe the poset (6, <) in
terms of the root system of type Af(l_)l with ¥ = £+ m. A key ingredient in our approach

is the colored hook length ([7, 4]), which is given by

h(X) = Z (xc(y) (X S 9),
yeH(x)

where H(x) denotes the hook at x and «; are simple roots. (See Section 2.4 for precise
definitions.) We will show that the map h embeds the cylindric diagram 6 into the set
R of positive (real) roots, and that the image h() is also characterized as the subset
D(Zg) of R4 consisting of those elements satisfying

<C9/ “\/> = _11

where (y is a predominant integral weight determined by 6 (see Section 2.5 for details).
The set D({y) can be thought as the inversion set R(wy) associated with a “semi-infinite
Grassmannian permutation” wy.

Unlike the classical case, the ordinary order in R(wy) does not lead a poset isomor-
phism, and we need to introduce a modified order < in R(wy) by

a 4B <= P —aisasum of elements of I

to obtain a poset isomorphism (6, <) = (R(wy), <), where Iy is a certain subset of the
affine root system (see Section 3).

Another description of the poset 0 is given by a linear extension or (reverse) standard
tableau t on 6, namely a bijective order preserving map 6§ — Z>;. A linear extension

t: 0 — Z>; brings a partial order §?p to Z>; and the resulting poset is an infinite
analogue of a heap [/]. In summary, we have the following;:

Theorem 1.1 (Theorem 3.6, Proposition 3.10). The followings are poset isomorphisms:

(Z51, <P) & (6,<) B (R(w), Q).
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We will also give several other description of the order in R(wy) (Propositions 3.8
and 3.12).

Another goal of this paper is to describe the poset structure 7 (6). For a finite Young
diagram A, it is known that the set 7 (A) of order ideals of A is isomorphic to the interval
le,wy] ={u € W|e=u=<w,} with weak right Bruhat order < ([4, Proposition I]). For
a cylindric diagram 6, we define a “semi-infinite weak right Bruhat interval” [e, wy), and
we have the following:

Theorem 1.2 (Theorem 3.14). The map ¥ : ([e,wy), =) — (J(R(wy)),C) ~ (T (6),C)
given by ¥(w) = R(w) is a poset isomorphism.

The detailed proofs of the statements in this exteded abstract can be read in [?].

2 Cylindric diagrams

2.1 Cylindric diagrams as posets

Let (P, <) be a poset. For x,y € P, define an interval [x,y] by
%yl = {zeP|x<z <yl

We say that y covers x if [x,y] = {x,y} and x < y.

Definition 2.1. Let (P, <) be a (possibly infinite) poset. A subset | of P is called an order
filter (resp. order ideal) if the following condition holds:

xe€], x<y = ye] (resp.x €], x>y = y€]).

The set of finite order ideals of P is denoted by J(P) and we regard it as a poset with
the inclusion relation.

For w € Z>y x Z<_ 1, we let Zw denote the subgroup of (the additive group) Z2
generated by w, and define the cylinder C,, by

Co=27%Zw.

Let 7w : Z?> — C, be the natural projection. The cylinder C, inherits a Z?>-module
structure via 7.
Define a poset structure on Z? by

(a,b) < (a',V') < a=d and b = I/ as integers.

For x,y € C,, write x < y if there exists ¥, § € Z? such that 77(%¥) = x, 7(§) = y and
¥ < 7. It is not difficult to see the following:
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Lemma 2.2. Let w € Z>y X Z<_4. Then the relation < on Cy, is a partial order, and the
projection 7t is order preserving.

In the rest of this section, we fix w € Z>1 X Z<_;.

Definition 2.3. 1. A non-trivial order filter of C,, is called a cylindric diagram.
2. A finite order ideal of a cylindric diagram is called a cylindric skew diagram.
3. A non-trivial order filter ® of Z? is called a periodic diagram of period w if ® + w = ©.
Lemma 24. 1. For a cylindric diagram 0 in Cy, the inverse image 77~ 1(0) is a periodic
diagram of period w.
2. For a periodic diagram © of period w, the image 1t(®) is a cylindric diagram in C,.

Fig. 1 indicates a periodic diagram of period w = (4, —5). The set consisting of

colored cells is a fundamental domain with respect to the action of Zw, and it is in one
to one correspondence with the associated cylindric diagram.

Figure 2: A cylindric skew diagram.
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2.2 Content map and bottom set

Let © be a periodic diagram of period w. Define the content map
c:0-2Z

by ¢(a,b) =b—a. Put k = |c(w)|. Let 8 = m(®). Since ¢(x + w) = c(x) — «, the content
map ¢ induces the map
0 — Z/xZ,

which we denote by the same symbol c. It is easy to show the following:

Proposition 2.5. For x,y € 0, the followings hold:
1. Ifc(x) —c(y) =0,£1 mod «x, then x and y are comparable.
2. If x is covered by y, then ¢(x) — ¢(y) = £1 mod «.

Remark 2.6. By Proposition 2.5, cylindric diagrams are infinite (locally finite) “Z/xZ-
colored d-complete posets” in the sense of [3, 9].

Let i € Z/xZ. By Proposition 2.5 (1), the inverse image ¢~ !(i) is non-empty totally
ordered subset of 0. Let b; denote the minimum element in ¢~ (7).

Definition 2.7. Define the bottom set I' of 0 by
I'={bj|icZ/xZ}.

The yellowed cells indicate the elements of bottom sets in each diagram of Fig. 3

slol1]|2[3]4[5]6]7]8]|0][1]2]3]|4] 0[1]2]3][0]1][2]3]
718l0/1[2/3/4/5[6]7[810]1 3lol1/2[3l0]1]|2]
6/7|8[0[1]2[3]4[5]6[7[8] ... .. 2[3]0[1[2]3

_____ 5/6/7[8[0][1]2]3[4]5 1/2[3/0]1]2
4|5]6(|7[8]0]1]2]3]4 0[1]2]3
3/4(5[6/7[8]0]1 3[0]1]2
213|4]5]6(718)
1[2[3]4]5

Figure 3: Contents and bottom sets
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(1
x—1

2.3 Root systems and affine Weyl groups of type A

Let x € Z>,. In the rest, we often identify Z/xZ with {0,1,...,x —1}. We use the
following notations:

b : the cartan subalgebra of EE{,
h* : the dual of b,
(,):h" x b — C: the natrual pairing,
IT={ag,a1, - ,ac_1}(C b¥) : the set of simple roots,
MY = {ay,ay, -, & 1}(CH) :the set of simple coroots,

The integers a;; (i,j € Z/xZ) are defined by
2 ifi=j
ajj=4q—1 ifi—j==1 forx = 3, ﬂz’j:{
0  otherwise

2 ifi=j
—2 ifif]

for x = 2.

The pairing satisfies («;, w') = a;j. Put 6 = ap + a1 + - - - + a,_1 which is called the null
root. For i € Z/«xZ, define the simple reflection s; € GL(h*) by

si(0) =0 —(Cai)a; (L Eb).

Define the affine Weyl group W of type Af{l_)1 as the subgroup of GL(h*) generated by
simple reflections:
W= (s|icZ/xZ).

Define the action of W on b by s;(h) = h — (a;,h)a (h € b). The following is well-
known:

Proposition 2.8. The group W has the following fundamental relations:

sisj=sjs; (i—j#0,%1), (2.2)
5iSi+1S; = Si+15iSi+1- (2-3)
We put
Q:{ 2 Cil; ciEZ}, Q+:{ 2 Ciki CiEZZO}-
i€Z/xZ i€Z/xZ

The set Q is called the root lattice. Put

R = WII C p¥, RY = WITY C b.



Colored hooks and poset structure of cylindric diagrams 7

Then R (resp. RY) is the set of real roots (resp. coroots) and R L Z4 is the affine root
system. Define the set R of positive real roots and the set R_ of negative real roots by

x—1 k=1
RJFZRHQJFZ{ZCWQER‘C{GZEO}, RZ{ZC{D@'GRlCZ’EZSO}.

i=0 i=0

For B = Y5} kia; € R, define BV = Y¥" ' k;aY € RY. Then the correspondence g — B
gives a b1]ect1on R — RY. Define the set of positive (resp. negative) coroots RY (resp.
RY) as the image of Ry (resp. R_) by this bijection.

For w € W, we define the length ¢(w) of w as the smallest r for which an expression
w = s;8;, +-si, € W (ij € Z/xZ) exists. An expression w = s;s;, - - -s;, is said to be
reduced if {/(w) = r. The set R(w) = Ry NwR_ is called the inversion set of w. It is known
for any reduced expression w = s; s;, - - - 5;, that £(w) = |R(w)| and

R(w) = {wi,, Si,&iy, SiSiy®is, - - -, SiySiy = * iy &i, }-

2.4 Colored hook length

In this section, we will introduce colored hook length, which is a key ingredient in this
paper. In the rest of this paper, we use the following notations:

a(X) = ag(y), S(x) =8¢y forx € 0.

Definition 2.9. For x € 6, put
Arm(x) = {x+ (0,k) € 0 | k € Z>,}, Leg(x) = {x+(k,0) €6 | k€ Z>},

and define

h(x) =a(x)+ ) aly)+ ) «

yEArm(x) y€Leg(x)

We call h(x) the colored hook length at x. It is straightforward to see that the colored hook
length is a positive real root h(x) € R;..

Remark 2.10. 1. For x € 6, the “multiset” H(x) := {x} U Arm(x) LLeg(x) is a cylindric
analogue of the hook at x.

2. A conjectural hook formula concerning the number of standard tableaux on cylindric
skew diagrams is proposed in [ 1], where the hook length at x € 0 is given by |H(x)| =
|Arm(x)| + |Leg(x)| + 1.
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Figure 4: The sets and Leg(x) for x in the cylindric diagram.

2.5 Predominant weights and hooks
We take an integral weight y € h* such that
1 if b € Timax
(Co, ') = —1 if b; € Tpin (2.4)

0 otherwise.

Note that maximal and minimal elements are lined up alternatively in I'. This implies
that the weight (p is predominant, namely, ({p,«") = —1 for all ¥ € RY. Define

D(Zg) = {a € Ry | (Cp,a") = —1}.

Theorem 2.11 ([3, Proposition 28]). The correspondence x — h(x) gives a bijection

Definition 2.12. Let { € h* be an integral weight.
1. An element w of W is said to be {-pluscule if ({,a¥) = —1 for all & € R(w).

2. An element w of W is said to be {-minuscule if (7, «") =1 for all & € R(w™1).

Remark 2.13. 1. An element w € W is {-pluscule if and only if w is (w~'¢)-minuscule.

2. An element w € W is said to be fully commutative if any reduced expression of w can
be obtained from any other by using only the relations (2.2). It is known that if w is
{-minuscule for some integral weight { then w is fully commutative ([0]).
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Proposition 2.14. We symbolically put R(wg) := Uw:z,-piuscute R(w). Then we have

D(Zp) = R(wy)

The set R(wy) can be thought as the “inversion set” associated with the semi-infinite
word wy.
We denote by < the weak right Bruhat order, namely,

v=w = L(v) +L(v ) = L(w), (v,w e W).

Proposition 2.15. Let v,w € W. If w is (g-pluscule and v < w, then v is also {g-pluscule.

We denote by [e, wy) the set of {p-pluscule elements. Proposition 2.15 justifies using
the notation [e, wy).

3 Poset structure of cylindric diagrams

Recall that Q denote the root lattice: Q = @z /7 Z4;-

Definition 3.1. Define the partial order <°" on Q by

Dégorﬁ <~ ,3—0( €y = @ Zzolxi
icZ/xZ

The order <" is called the ordinary order.

The restriction of the ordinary order defines a poset structure on R(wy) = D({p).

Let 6 be a cylindric diagram in C,, with |w| = x. We have introduced a poset structure
on 6 and also have seen that the map h gives a bijection between 6 and R(wg). Remark
that this is not a poset isomorphism as seen in the following example:

Example 3.2. In the cylindric diagram 6 in Fig. 3 (right), the cells x = 7(3,3) and
y = 7(2,4) are incomparable. On the other hand, h(x) = ¢ +a; and h(y) = a3 +ax + a3,
and hence h(x) —h(y) = ag + a2. This implies h(y)<°"h(x).

~

We will introduce a modified ordinary order <, for which we will have (6, <)
(R(wp), ).

Let T = {b; | i € Z/xZ} be the bottom set of 6, where b; is the element such that
c(b;) = i. Let T'max (resp. I'min) denote the set of maximal (resp. minimal) elements in T
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Definition 3.3. Define
TTp = TT9 L TI3™ LTI, S,

Here,

Hg = {“(x) | x e r\ (rmax Urmin)}/

™ = da(x)+ Y. a(y)|x€Tmax

H};g: a(x)+ Y a(y) | x € Tmax

Note that [Ty C Ry U Z>(0.

Example 3.4. For the cylindric diagram described in Fig. 3 (left), we have

0
HG = {“3/ s, 0‘7}/
ITH™ = {ag + a7 + ag, ap + a3 + g, 00 + 1 },

1
ngg = {ayg + a5+ ag, 01 + ap, a9 + ag}.

Definition 3.5. Define the partial order < on R(wy) by

adp <= Bp—ac Zzzoyz{ka kWEZZO(VyeHQ)}. (3.1)

v€lly v€elly
Theorem 3.6 ([3, Theorem 47]). The map
h: (6,<) — (R(wp), <)
is a poset isomorphism.
Definition 3.7. Let <! denote the transitive closure of the relations
x<* B whenever 8 — a € ITj. (3.2)
Proposition 3.8. The partial order < on R(wy) coincides with <.

Definition 3.9. Let t : 6 — Z>; be a standard tabuleau (or a linear extension), namely
t be an order preserving bijection. Define a partial order =<¢ on Z>; as the transitive
closure of the relations

a =¢ b whenever a < b and either s; s; = s; 5, or iz = ij.

where i = c(t"1(k)) for k € Z>,. The poset (Z>1, =) is called the heap of wy.
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Proposition 3.10. Let 0 be a cylindric diagram and t a standard tableau on 6. Then, the map
t: 0 — Z>q gives a poset isomorphism

(6, <) = (Z21, =)

The posets (Z>;, =) are thought as semi-infinite analogue of heaps introduced by
Stembridge [0]. Stembridge also introduced the heap order on the inversion sets.
We treat a slightly modified version of heap order by Nakada [”].

Definition 3.11. Define a partial order <'"P on D(y) = R(wy) as the transitive closure
of the relations
a <P'P B whenever a<°'f and (&, 8") # 0.

Proposition 3.12. The partial order <"P on D(Zg) = R(wy) coincides with <.

In summary, we get the following poset isomorphisms:
* (0.9) S (Z2, <),

 (6,<) ® (R(wg), <) = (R(wg), <) = (R(wp), <"P).

A poset isomorphism 6 ~ R(wy) (Theorem 3.6) induces a poset isomorphism J () ~

J (R(ws)).

Proposition 3.13. Let w be a (g-pluscule element. Then the inversion set R(w) is a finite order
ideal of (R(wy), <).

Theorem 3.14 ([, Theorem 58]). The map ¥ : ([e,wyg), =) — (J (R(wy)), C) ~ (T (6), C)
given by ¥ (w) = R(w) is a poset isomorphism.
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