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Abstract.  We give the first conjectural construction of a monomial basis for the
coinvariant ring R, for the symmetric group &, acting on one set of bosonic (com-
muting) and two sets of fermionic (anticommuting) variables. Our construction inter-

polates between the modified Motzkin path basis for R,SO’2) of Kim—-Rhoades (2022) and

the super-Artin basis for R,(ll’l) conjectured by Sagan-Swanson (2024) and proven by
Angarone et al. (2024). We prove that our proposed basis has cardinality 2"~ !n!, align-
ing with a conjecture of Zabrocki (2020) on the dimension of R, and show how it
gives a combinatorial expression for the Hilbert series. We also conjecture a Frobenius

series for RS}’Z), including formulas for hook characters and the my, coefficients.
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1 Introduction

The classical coinvariant ring R = Clx,]/(Clx,]$") is the quotient of a polynomial
ring in n variables x,, = {x1, ..., x, } by &,-invariant polynomials with no constant term.
It is well-known (see for example [ 1, Section 1.5]) to have dimension n!, Hilbert series

[n],!, and Frobenius series
y ¥ g3 Mg, .

AFn TESYT(A)

An important basis of the classical coinvariant ring is the Artin basis.

In 1994, Haiman [!1] introduced the diagonal coinvariant ring RSZZ’O) = Clxn, yu)/
(Clxyn, yu|$"), which extends the classical coinvariant ring to two sets of 1 variables. Here
and throughout, &, acts diagonally by permuting the indices of the variables. In 2002,
Haiman [17] proved that R?Y has dimension (n+1)"~1, Hilbert series (V,(e,), h}),
and Frobenius series V (e, ), using several deep results in algebraic geometry. A com-
binatorial formula for its Hilbert series was conjectured by Haglund and Loehr [10], and
eventually was proven as a consequence of the more general shuffle theorem, conjec-

tured by Haglund, Haiman, Loehr, Remmel, and Ulyanov [?] and proven by Carlsson
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and Mellit [5], which gives a combinatorial formula for Vq,t(en). A monomial basis was
given by Carlsson and Oblomkov [0].

Recently, there has been interest (see [3, 2, 4, 21]) in extending the setting to include
coinvariant rings with k sets of n commuting variables x;, y,, z, ... and j sets of n anti-
commuting variables 0y, &y, pn, ... (Which commute with x,, y,, z, .. .). We denote this
by

R,(qk']) = Clxu, Yn, zn, - Ly 04, Cn, P, - .;] / <C[3cn, Yn, Zn, - .;,f)n, En, Py - .Jf”).
k 7 k i

We briefly overview recent results on some special cases of R,gk’] ) for which there
has been significant progress. Kim and Rhoades [1] showed that the fermionic diago-
nal coinvariant ring R = C[01, &n]/(C[01, E4]S") has dimension (2”; 1), confirming a
conjecture of Zabrocki [21]. They gave a combinatorial formula for its Hilbert series:

Hilb(RYY;u,0) = Y udega(mydegs(m) (1.1)
mell(n)>o

where I1(n)-o denotes the set of modified Motzkin paths of length n. They also gave a

monomial basis for R1(10,2) and found its Frobenius series [14, Theorem 6.1].

The superspace coinvariant ring is R = ¢ [%n,04]/ (Cxy,0,]S"). Sagan and Swan-
son [15] conjectured, and Rhoades and Wilson [17] proved, that its Hilbert series is

n
Hilb(R\; g;u) = Y u" ¥ [k], ! Stiry (n, k), (1.2)
k=1
where Stir,(n, k) is a g-analogue of the Stirling numbers. The dimension of R,gl’l) is the
ordered Bell number, which counts the number of ordered set partitions of {1,...,n}.
Sagan and Swanson [!5] conjectured and Angarone, Commins, Karn, Murai, and

Rhoades [!] proved that a certain super-Artin set is a basis for R,(ql’l). A Frobenius series
has been conjectured for R,(ql’l) [+, Equation 5.2].
Zabrocki [20] conjectured a Frobenius series for R,(qz’l). Then D’Adderio, Iraci, and

Vanden Wyngaerd [¢] introduced certain symmetric function operators Oy, called Theta

operators, where f is any symmetric function, to extend Zabrocki’s conjecture to a con-

jectural Frobenius series for Rflz,z). They conjectured that

2,2
Frob(R™;q,61,0) = Y uk0'@,,@c, Vo(eni—o), (1.3)
k>0,
k+l<n

which is known as the Theta conjecture.
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The ring R,(ql’z) = Clxy, 04,&4]/(C [xn,en,gn]f"> is the main object of study in this

paper. Zabrocki [71] conjectured that the dimension of R,(ql’z) is 2"~1n!, and an ungraded

Frobenius series was conjectured by Bergeron [”]. The Theta conjecture specialized at t =
0 immediately gives a conjectural Frobenius series for Rﬁ}'z), however, the specialization
can only be done after applying both of the Theta operators, so the resulting formula
does not easily simplify. Recently, Iraci, Nadeau, and Vanden Wyngaerd [13] have given
a conjectural Hilbert series and conjectural Frobenius series using the combinatorics of
segmented permutations. However, they did not propose a monomial basis.

Our first main contribution is a combinatorial construction of a set of monomials,
denoted by B,(ql’z) (Definition 3.1), which we conjecture to give a basis of R,(ql’z) (Conjec-
ture 3.2). If the conjecture holds, it implies the following combinatorial Hilbert series

(Proposition 3.5):

Hilb(R(; g;u,0) = Y ude8o(Mgd8:() spair, (7). (1.4)
nell(n)>o

In support of this conjecture, we show that the cardinality of B,SLZ) is 2"~ 1n! (Theo-
rem 3.6). By establishing a weight-preserving bijection between B,(ql’z) and the set of
segmented permutations SW(1") (Theorem 5.2), it follows that our conjectural Hilbert
series is equivalent to a conjectural Hilbert series of Iraci, Nadeau, and Vanden Wyn-
gaerd [173].

Our second main contribution is a simple combinatorial formula for the conjectural

Frobenius series of R (Con ecture 4.2):

Frob(R\"”; q;1,0) 2 udesoV)gdese (D) gdes, W)\ (15)
beB 12)

where Qg , denotes the fundamental quasisymmetric function. We show that this is
equivalent to the conjectural Frobenius series of Iraci, Nadeau, and Vanden Wyngaerd
(Theorem 5.3). A benefit of using B,Sl’z) instead of segmented permutations is that de-
termining Asc(b) and deg,(b) for b € B,(ql’z) is typically more direct than determining
Split(c) and sminv(c) for o € SW(1"), which fulfill analogous roles.

Section 5 contains some applications demonstrating the utility of our constructions.
We give a formula for the m, coefficient of our conjectural Frobenius series, which can
also be interpreted as a symmetric function identity. We give a formula for the coefficient
of a hook Schur function S (d41,1n-d-1) in the symmetric function in Equation (1.5):

ké(nfdfkfﬁ) n—1-—d Tl—l—k n—1—£
Z uvovq 2 ) d k 7
k+fl<n q q q
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extending a result of Iraci, Nadeau, and Vanden Wyngaerd on column Schur functions
S(ln).

Full results with proofs advertised in this extended abstract, along with some exten-
sions to type B, can be found in [15].

2 Background

In this section, we describe the Kim—Rhoades basis for REZO’Z) [14] and the super-Artin

basis for RS}'” conjectured by Sagan—-Swanson [15] and proven by Angarone, Commins,
Karn, Murai, and Rhoades [].

Define the set of modified Motzkin paths of length n, I1(n)~¢, to be the set of all paths
7= (p1,...,pu) in Z? such that each step p; is one of:

(a) an up-step (1,1),

(b) a horizontal step (1,0) with decoration 6;,
(c) a horizontal step (1,0) with decoration ¢;,
(d) or a down-step (1, —1) with decoration 6;¢;,

where the first step must be an up-step, and subsequently, the path never goes below
the horizontal line y = 1.1

Define the weight wt(p;) of a step p; of a modified Motzkin path to be its decoration,
or 1 if it does not have a decoration. Then define the weight wt(7r) of a modified Motzkin
path 7t € TI(n)~( to be the product of the weights of each step p;, that is,

wt(m) := I wt(p;).
Pi€(p1rpn) =70
Definition 2.1 ([14]). The Kim—Rhoades basis B,(lo’z) is the set of all weights of the modified
Motzkin paths 77 € T1(n)~, that is,

0,2
B .= {wt(rm) | 7 € I1(n) o).
For an example, see Figure 1.

Theorem 2.2 ([14]). The Kim—Rhoades basis BT(ZO’Z) is a basis for R;(10,2).

IKim and Rhoades defined the modified Motzkin paths in a slightly different manner, where there
are no decorations on the down-steps, but they still contribute 6;¢; to the weight. Furthermore, they
defined the decorations to be just 6 or ¢ instead of 6; and ¢;. Converting between these conventions is
straightforward.
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1 03 G3

0383 )

) 6 03 6 C3 G 63 G2 C3

) 6,03 0283 G203 $283
(0,2)

Figure 1: The basis B; . Each modified Motzkin path is labeled with its correspond-
ing monomial.

Next, we recall the super-Artin basis, defined by Sagan and Swanson. Let x(P) be
1 if the proposition P is true, and 0O if the proposition P is false. Let 0r denote the
ordered product 6y, - - - 6 for any subset T = {t; < --- < } C {1,...,n}. For any
T C {2,...,n}, define the a-sequence a(T) = («1(T), ..., a,(T)) recursively by the initial
condition a1 (T) =0 and for2 <i <n,

ai(T) = ai1(T) + x(i ¢ T).
Definition 2.3 ([17]). The super-Artin set is

BLY . {x"0r|T C{2,...,n} and a < a(T) componentwise}.

See Figure 2 for an example. The following result was conjectured by Sagan and
Swanson, and was proven by Angarone, Commins, Karn, Murai, and Rhoades.

Theorem 2.4 ([1]). The super-Artin set B,(ql’l) is a basis for RS}’”.

We assume familiarity with the basics of symmetric function theory (see for exam-
ple [16, Chapter I] or [19, Chapter 7]). Let m,, ey, h), pr, and s, denote respectively
the monomial, elementary, complete homogeneous, power-sum, and Schur symmetric
functions in infinitely many variables.

Finally, we record the definitions of the multigraded Hilbert and Frobenius series

of R,(f'z) (see for example [’]). For R,(qk’j ) with k,j < 2, we can further specialize the

following. Setting t = 0 gives us the series for (1,2), etc. R,(f’z) decomposes as a direct

sum of multihomogenous components, which are &,-modules:

2,2 2,2
Rgl ) = @ (Rgl ))7’1,7’2,51,52'

r1,72,51,52 20
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1 X3 X2 X2X3 x3
| s N s
x2x§ 03 X303 X203 X2x303
)
0> x36> 6203

Figure 2: The basis B:_(;l’l) . The a-sequence is shown as the outline of all boxes, and

those x; used for a particular basis element are shaded in gray.

We denote the multigraded Hilbert series by

Hilb(Rﬁ,z’z);q, tbu,v):= )  dim <(R,(12’2))r1,r2,51,52> g2 ut1o%,

r1,r2,51,52>0
and the multigraded Frobenius series by
FrOb(R;gz’z)}q/ tiu,v) = Z F char ((Rigzlz))m,rz,sbsz) gt ut0%2,

r1,72,51,52 20

where F denotes the Frobenius characteristic map and char denotes the character. Recall

that <Frob(R,(12’2);q, t,u,v),h}) = Hilb(RSlz’z);q, tu,v).

3 The conjectural monomial basis

The goal of this section is to interpolate between the Kim—-Rhoades basis and the super-
Artin basis to construct a new set B,(ql’2), which we conjecture to be a basis for RS}’Z).

We generalize the a-sequence as follows. Let s denote the ordered product G, - - - Cs,
for any subset S = {s; < --- < s¢} € {1,...,n}. Forany T,S C {2,...,n}, define the
generalized a-sequence a(T,S) = (a1(T,S),...,an(T,S)) recursively by the initial condi-
tion a1(T,S) =0and for2 <i <mn,

a;(T,S) =a; 1(T,S) =1+ x(i g T)+x(i &5).
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Definition 3.1. We let

B = {x%01¢s |07¢s € B and 0 < a; < a;(T, S) foralli € {1,...,n}}.

See Figure 3 for an example of B,(ll’Z) atn = 3.

/ / / /

1 X3 X2 X2X3 X3 X223
o : : o I «
1] *ﬁ Aﬁ [ ] 11 AT
63 x303 X203 X2X303 3 X303
© @ 0 0
6, 0

Aﬁ % ﬁ Aﬁ Al v ann
X263 X2X3G3 0383 x205G3 62 x367
62 &2 62 63 02 3 2 03 2 3

S 1 7
) X302 0205 0283 G263 283

Figure 3: The basis Bél’z). Below each modified Motzkin path is the outline of the

generalized a-sequence, and those x; used for a particular basis element are shaded
in gray. Note that the outline of the generalized a-sequence can be determined by the
following rule: in each position 7, the column of boxes extends up until its right side is
one unit below the path above it.

We are ready to present our main conjecture.

Conjecture 3.2. The set B,(f’z) is a basis for R,(ql’z).

Remark 3.3. B,(}'Z) specializes to the super-Artin basis B,gl’l) by setting all {; = 0, and

B,Sl’2) specializes to the Kim—Rhoades basis B,(lo’z) by setting all x; = 0.
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Next, we consider the implications of Conjecture 3.2 on the Hilbert series of R,(f’z).

Define
stair, (1) := I [k +1],
kea(T(m),5(m))
where T(7r) and S(7) are determined by which elements in {2,...,n} appear as indices
for 0; and ¢; respectively in the weight of the modified Motzkin path 7.

03

Example 3.4. For the modified Motzkin path 77 = / ,

we have that T(71) = {3} and S(7) = @, so a({3},@) = (0,1,1). Thus stair,(77) =
[1]4[2]4[2]4. Observe in Figure 3 that there are 4 basis elements corresponding to 7.

For a modified Motzkin path 7, let deg,(7r) = |T(7r)| and let deg; (1) = [S(7)|.
Proposition 3.5. Assuming Conjecture 3.2, it follows that the Hilbert series of R,gl’z) is

Hilb(R,(ql’z); gu,0) =Y, 119ego (1) deg () stair, (7).
mell(n)>o
We show that the proposed basis B,(ql’z) has Zabrocki’s conjectured dimension, using a
similar argument to Corteel-Nunge [/, Lemma 17] which enumerates marked Laguerre
histories.

Theorem 3.6. The cardinality of B is 2"~ 1n!.

4 A conjectural Frobenius series

The goal of this section is to demonstrate how the conjectural basis can be used to

. . 12
propose a Frobenius series for Rg, ),

For any subset S C {1,...,n — 1}, the fundamental quasisymmetric function Qg, is
defined by

Qsn= Y.  ZnZa " Zay

a1<ay<---<ay,
a;<ajyq1ifieS

We need the following definitions, which are motivated by related definitions of Iraci,

Nadeau, and Vanden Wyngaerd on segmented permutations. For any b € Br(ll’z), write

n
b=+]]x0e],
i=1
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for some exponents &; € Z>p and B;,7; € {0,1}. Since this is an ordered product,
reordering the factors may change the sign, however, for our purposes the sign does not
matter. Then define i to be an ascent of b if and only if one of the following occurs:

* Bi < Pitu;
* Bi=Pit1 =1land a; > i1 + ¥t Or

For b € BY"?, we say that Asc(b) :={i € {1,...,n—1} | i is an ascent of b}.

Example 4.1. Consider b = x2x29495{;’5 € Bél’z), whichhasay =1, 04 =2, 4 =1,85 =1,

75 = 1, and all other exponents are 0. This has ascents at i = 1 (since f; = B> = 0 and
a1 < &y 4 ¥2), at i = 3 (since B3 < Bs), and at i = 4 (since B4 = B5 = 1 and ay > a5+ ¥s).
Thus Asc(b) = {1,3,4}.

Now we can state a conjectural Frobenius series for RS}'Z) in terms of the set B,Sl’z).

Conjecture 4.2.

Frob(R,(f’Z);q;u,v): Z udegg(b)vdegg(b)qdegx(b)Q Ase(b) -

be Bﬁ,u)

We will see further evidence for this conjecture with Theorem 5.3.

5 The proposed basis and segmented permutations

In this section, we establish a g, u, v-weight preserving bijection between our proposed
basis Br(ll’z) and the set of segmented permutations SW(1"). A segmented permutation o is
a permutation of {1,...,n}, where between any letters, there may be a vertical bar |. For
example, the segmented permutations of length 2 are 12,1|2,21,2|1. Denote the set of all
segmented permutations on {1,...,n} by SW(1").? The cardinality of SW(1") is 2"~ 1n!.

2)

Define a map ¢ : B SW(1") as follows. For any b € B, we write it as

n .
b=+] x50l
i=1

for some a; € Z>o and B;,y; € {0,1}. We always have a1 = B; = 71 = 0; start the
corresponding segmented permutation with 1. Then, as i ranges from 2 up through #,
do exactly one of the following for each i:

2The notation SW(1"") comes from the more general class of segmented Smirnov words, of which seg-
mented permutations form a proper subset.
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(a) if B; = ;i = 0: insert “|i” or “i|” in such a way as to create a new block consisting
of only i at position «; + 1 from the rightmost block in the permutation (indexing
starting at 1);

(b) if B; = 1 and ; = 0: insert i as the last element of an existing block, at position
a; + 1 from the rightmost block in the permutation;

(c) if B; = 0 and 7; = 1: insert i as the first element of an existing block, at position
a; + 1 from the rightmost block in the permutation;

(d) if B; = v; = 1: insert i to replace a “|” and thus merge two adjacent blocks into one
block, which is now at position &; + 1 from the rightmost block in the permutation.

Upon completing this process, the output is some segmented permutation ¢ in SW(1").

Example 5.1. Consider b = x,x30405¢5, whichhasay =1, a4 =2,B4=1,85=1, 95 = 1,
and all other exponents are 0. Start building a segmented permutation with 1. Ati =2,
we are in case (a), so we insert 2| to get 2|1, so that 2 is in a new block at position
1+ 1 = 2 from the right. Ati = 3, we are in case (a), so we insert |3 to get 2|1/3, so that
3 is in a new block at the right. At i = 4, we are in case (b), so we insert 4 as the last
element of the block at position 2 +1 = 3 from the right, giving 24[1|3. Ati = 5, we
are in case (d), so we insert 5 to replace a “|” and merge two blocks which is now in the
rightmost position, giving 24|153.

In a segmented permutation o, an ascent (resp. descent) is an index i such that 0; <
0iv1 (resp. 0; > 071 1) and there is no vertical bar | between ¢; and ;1. A consequence
of the bijection is the following, where statistics sminv(c) and Split(c) on segmented
permutations are defined in [17].

Theorem 5.2. The map ¢ : B,Sl’z) — SW(1") is a q, u, v-weight preserving bijection. For any
b e B,(ql’z), we have degy(b) = k, the number of ascents in (b), degz(b) = ¢, the number of

descents in P(b), deg,(b) = sminv(y(b)), and Asc(b) = Split(y(b)).

Let SW(1",k, ) denote the set of segmented permutation of length n with exactly k
ascents and ¢ descents. Now, we are able to establish the equivalence of our conjectural
Frobenius series (Conjecture 4.2) with a conjectural Frobenius series of Iraci, Nadeau,
and Vanden Wyngaerd. This can also be interpreted as a symmetric function identity.

Theorem 5.3.

deg,(b),,degz(b) _deg. (b k.0 i
Z u 8yl )U gg( )q 8 )QAsc(b),n = Z uwo Z qsmmv(g) QSplit(U),n'
pepl? k+l<n oeSW(1%,k,0)

n
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Define the symmetric function SF(n,k, £) = }_,csw(1n k1) gominv(7) Qsplit(c),» by the in-
ner sum on the right hand side of Theorem 5.3 For a composition a F n, let Set(a) :=
(a1, 01 +a2,..., 010 + - +ay_1). We have a formula for the m, coefficient of SF(n,k, ().

Theorem 5.4. Let u = n. For any fixed k, ¢, we have that

(SE(n,k, £),hy,) = Yoo gl

be B,(f'2>,

deg,(b)=k,
deg:(b)=¢,
Asc(b)CSet(p)
We derive the following formula for hook Schur functions s 4, ; jn-4-1), using the com-
binatorics of our conjectural basis. This generalizes a result on column Schur functions
s(n) [15, Theorem 5.6], which is recovered at d = 0. To get the complete conjectural sign

character, multiply by u*v’ and sum over all k + £ < n.

Theorem 5.5. For 0 < d <n—1,

nd—k-0n—1—-d] [n—1—k| [n—1-4¢
<SF(n,k, f), S(d+1,1"_d_1)> = q( 2 ) |: / :|q |: d 1{7 |: k :|q'

Acknowledgements

The author would like to thank Frangois Bergeron, Sylvie Corteel, Nicolle Gonzélez,
Sean Griffin, Mark Haiman, Brendon Rhoades, Josh Swanson, and Mike Zabrocki for
invaluable conversations.

References

[1] R. Angarone, P. Commins, T. Karn, S. Murai, and B. Rhoades. “Superspace coinvariants
and hyperplane arrangements”. Adv. Math. 467 (2025), Paper No. 110185, 36.

[2] FE Bergeron. “The Bosonic-Fermionic Diagonal Coinvariant Modules Conjecture”. 2020.

[3] F Bergeron. “(GLy x S,)-Modules of Multivariate Diagonal Harmonics”. Open Problems in
Algebraic Combinatorics. Ed. by C. Berkesch, B. Brubaker, G. Musiker, P. Pylyavskyy, and V.
Reiner. Vol. 110. Proc. Symp. Pure Math. Providence, RI: American Mathematical Society
(AMS), 2024, pp. 1-22.

[4] F. Bergeron, ]J. Haglund, A. Iraci, and M. Romero. “Bosonic-fermionic diagonal coinvariants
and Theta operators”. 2023.


https://dx.doi.org/10.1016/j.aim.2025.110185
https://arxiv.org/abs/2005.00924
https://www2.math.upenn.edu/~jhaglund/preprints/BF2.pdf

12

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

J. Lentfer

E. Carlsson and A. Mellit. “A proof of the shuffle conjecture”. J. Am. Math. Soc. 31.3 (2018),
pp- 661-697.

E. Carlsson and A. Oblomkov. “Affine Schubert calculus and double coinvariants”. 2018.

S. Corteel and A. Nunge. “Combinatorics of the 2-species exclusion processes, marked
Laguerre histories, and partially signed permutations”. Electron. . Combin. 27.2 (2020),
Paper No. 2.53, 27 pp.

M. D’Adderio, A. Iraci, and A. Vanden Wyngaerd. “Theta operators, refined delta conjec-
tures, and coinvariants”. Adv. Math. 376 (2021). Id/No 107447, p. 60.

J. Haglund, M. Haiman, N. Loehr, J. B. Remmel, and A. Ulyanov. “A combinatorial formula
for the character of the diagonal coinvariants”. Duke Math. ]. 126.2 (2005), pp. 195-232.

J. Haglund and N. Loehr. “A conjectured combinatorial formula for the Hilbert series for
diagonal harmonics”. Discrete Math. 298.1-3 (2005), pp. 189-204.

M. Haiman. “Conjectures on the quotient ring by diagonal invariants”. J. Algebr. Comb. 3.1
(1994), pp. 17-76.

M. Haiman. “Vanishing theorems and character formulas for the Hilbert scheme of points
in the plane”. Invent. Math. 149.2 (2002), pp. 371-407.

A. Iraci, P. Nadeau, and A. Vanden Wyngaerd. “Smirnov words and the delta conjectures”.
Adv. Math. 452 (2024), Paper No. 109793, 41 pp.

J. Kim and B. Rhoades. “Lefschetz theory for exterior algebras and fermionic diagonal
coinvariants”. Int. Math. Res. Not. 2022.4 (2022), pp. 2906-2933.

J. Lentfer. “A conjectural basis for the (1,2)-bosonic-fermionic coinvariant ring”. Accepted
to Algebr. Comb. 2024.

I. G. Macdonald. Symmetric functions and Hall polynomials. Second. Oxford Mathematical
Monographs. The Clarendon Press, Oxford University Press, New York, 1995, pp. x+475.

B. Rhoades and A. T. Wilson. “The Hilbert series of the superspace coinvariant ring”.
Forum Math. Pi 12 (2024), Paper No. el6, 35 pp.

B. E. Sagan and J. P. Swanson. “g-Stirling numbers in type B”. Eur. ]. Comb. 118 (2024),
Paper No. 103899, 35.

R. P. Stanley. Enumerative combinatorics. Vol. 2. Vol. 62. Cambridge Studies in Advanced
Mathematics. Cambridge University Press, Cambridge, 1999, pp. xii+581.

M. Zabrocki. “A module for the Delta conjecture”. 2019.

M. Zabrocki. “Coinvariants and harmonics”. 2020.


https://dx.doi.org/10.1090/jams/893
https://arxiv.org/abs/1801.09033
https://dx.doi.org/10.37236/8910
https://dx.doi.org/10.1016/j.aim.2020.107447
https://dx.doi.org/10.1215/S0012-7094-04-12621-1
https://dx.doi.org/10.1016/j.disc.2004.01.022
https://dx.doi.org/10.1023/A:1022450120589
https://dx.doi.org/10.1007/s002220200219
https://dx.doi.org/10.1016/j.aim.2024.109793
https://dx.doi.org/10.1093/imrn/rnaa203
https://arxiv.org/abs/2406.19715
https://dx.doi.org/10.1017/fmp.2024.14
https://dx.doi.org/10.1016/j.ejc.2023.103899
https://dx.doi.org/10.1017/CBO9780511609589
https://arxiv.org/abs/1902.08966
https://realopacblog.wordpress.com/2020/01/26/coinvariants-and-harmonics/

	Introduction
	Background
	The conjectural monomial basis
	A conjectural Frobenius series
	The proposed basis and segmented permutations

