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Polynomial?
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Nonnegative? Symmetric?
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Let R =Cl@x1,.c e s Tny Y1y+ s Yn)-
R carries a representation of S,,:
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Diagonal harmonics module
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DHy, ={f € R: (8;,+0,,)f =0
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DH,, is bigraded by total degree

DH,, = @, ;V*"?

Example: w“i)’ T wg Yo Yy € V2,

Hilbert series
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Write Cp(q,t) = H(DH,, |s;n).




Write Cp(q,t) = H(DH,, |s;n).
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RESEARCH

c,=1,1,2.5,14,42,132,429,...

CoCp—1 + C1Cp—2 + +*+ + Cp_1Co
1 <2n>
n+1\n .

http://www.research.att.com/~njas/sequences/
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Wanted: A “tstat” such that

Cn(q, t) _ Z qarea(D)ttstat(D)'
DeDy,



Wanted: A “tstat” such that
Cn(q, t) _ Z qarea(D)ttstat(D).
DeDy,

Haglund proposed “bounce” for tstat.
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Conj: Haglund '00; Thm: Garsia-Haglund 01



Haiman proposed “dinv” for tstat.

dinv = 5
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Still no combinatorial proof that

Cn(cb t) — Cn(ta Q)°
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A the ring of symmetric functions
Bases: s,,m,,e,, h,,pu, H,,....
Linear operator V: A — A.

Goal: Find matrices for V.



Algebraic Object Combinatorial Model Conjecture Proof

V(s1n)]syn Dyck Hg G-Hg

C=Can, E=Egge, G=Garsia, Hg=Haglund, H=Haiman, K=Kilpatrick,
Kr=Kremer, Le=Lenart, L=Loehr, R=Remmel, U=Ulyanov, W=W



Algebraic Object Combinatorial Model Conjecture Proof

V™(s17)|syn m-Dyck L

C=Can, E=Egge, G=Garsia, Hg=Haglund, H=Haiman, K=Kilpatrick,
Kr=Kremer, Le=Lenart, L=Loehr, R=Remmel, U=Ulyanov, W=W



Algebraic Object Combinatorial Model Conjecture Proof

V™ (817 ) |myn labeled m-Dyck L-R

C=Can, E=Egge, G=Garsia, Hg=Haglund, H=Haiman, K=Kilpatrick,
Kr=Kremer, Le=Lenart, L=Loehr, R=Remmel, U=Ulyanov, W=W



Algebraic Object Combinatorial Model Conjecture  Proof

V™ (81n) |my labeled m-Dyck Hg-H-L-R-U

C=Can, E=Egge, G=Garsia, Hg=Haglund, H=Haiman, K=Kilpatrick,
Kr=Kremer, Le=Lenart, L=Loehr, R=Remmel, U=Ulyanov, W=W



Algebraic Object Combinatorial Model Conjecture Proof

V(Pn)|sn square L-W C-L
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C=Can, E=Egge, G=Garsia, Hg=Haglund, H=Haiman, K=Kilpatrick,
Kr=Kremer, Le=Lenart, L=Loehr, R=Remmel, U=Ulyanov, W=W



Algebraic Object Combinatorial Model Conjecture Proof

V (Pn)|m; labeled square L-W

741

C=Can, E=Egge, G=Garsia, Hg=Haglund, H=Haiman, K=Kilpatrick,
Kr=Kremer, Le=Lenart, L=Loehr, R=Remmel, U=Ulyanov, W=W



Algebraic Object Combinatorial Model = Conjecture Proof

V™(84)|ma {nest,label}ed m-Dyck L-W
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C=Can, E=Egge, G=Garsia, Hg=Haglund, H=Haiman, K=Kilpatrick,
Kr=Kremer, Le=Lenart, L=Loehr, R=Remmel, U=Ulyanov, W=W



Algebraic Object  Combinatorial Model Conjecture Proof

V(s1n)|myn q, t-parking functions Hg-L
Voi(sup)lsy  digraphs Le
(V(s1n),eqhn,_q) q,t-Schréder paths  E-Hg-K-Kr
H,|m, fillings of F(u) Hg

€

A9
Hg-H-L

C=Can, E=Egge, G=Garsia, Hg=Haglund, H=Haiman, K=Kilpatrick,

Kr=Kremer, Le=Lenart, L=Loehr, R=Remmel, U=Ulyanov, W=W



Theorem The following uniquely determine a family
H,(X;q,t) of symmetric functions:

H,[X(q—1);q,t] = <, Coul(g, t)my(X),
I:Iu X (t—1);q,t] = Zpgp, dp,u(q, t)m,y(X),
® H,(X;q,t)|m = 1.

e

°



Theorem The following uniquely determine a family
H,(X;q,t) of symmetric functions:
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H,[X(q—1);q,t] = <, Coul(g, t)my(X),
I:Iu X (t—1);q,t] = Zpgp, dp,u(q, t)m,y(X),

® H,(X;q,t)|m = 1.

versus H, =)

Filled Ferrers diagrams with
“maj” and “inv” statistics
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Why are C,,(q,t) symmetric?
Prove validity of various models
Explain similarity of models

Expand V(a,)|s,



“The Waiting Room,” Hermann Dyck (Walther’s father)



