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Eh rhar’r Th eor')/
let P ke o i polytope.
& Huw do He numbers
7fp("‘?) # loHie ook oF mP
1p(t)= Binterior loHice pointy o mP
beha.ve NS M ,94”0(4/5?

The answers connect beauh,lul Loml?umeor.Ls
A ﬁebm\ 8 }Come ry.
For wnimedular Zonstepes, He answers ore matridal,

Sy U1, [ Bk o:mgo o]




Graded Ehrhart Theory

For each humber m 9!‘0@«} Ehrhack “'lneory constructs
p(m;q). 1p(m;q)<ZIq]
Swch thut, when g1,
1p(m4)=1,(m) and zw,,(m,'i)zf;(m).

2 Huw do +he Polynomials
ip(m;q) and %\,’,(m;qo)
behave os M g«mws.?




Graded Ehclurt Theary (of Unimoddar Zoneopes)
Q Hw Jo Hhe _PO/YnomiAl.S

ip(m;q) and {\;(M,"U
behave as M g,mws.?

Our Work answers +his for whnimodulan Zonetopes.

Tn our answer, we find lots of inferestin
(ombinatorics , al&ebm 'S }eomal—ry.

The onswers ang Matroidal!



Unimodular Zonotopes
Def A wnimodular zonetope Z s the projection
of o unit cube viee A: R— R’ o\+o*a/l)/ unimodular

madrix
Ex A-1511 Z:O M=U,;

The matrix A determines o matroid M +hot Kpows
a lot about Z, Let T,(xy) be the Tute Poly of M.

‘[I_;_r_rg[S’ran/c/ al]
i,(m)= rn"TM (T;,l 1) 1, (m)= ”"dTm (mW_l 1)




Orbit Hormonics
Vel Given X<R® Finite, let Orb(X):Rlx,....x,)/4eL,
where gJ‘Ix: CE N =EE -+ vonishes on X7
0rb(X)is o }m&d rin} W/ fobl  dimengion e%wxl o #X.

B272-} X202

X(x-1)(X-)) vanishes 5o x’e @rTy
% )’()“I)(y-l) vanishes o y’s}/\I)(
Oey-N0ey)(ey ) yanishes S0 Y- xPy egrIx
In —Fad; 9rIX= <Xf)’3, )'zx-qu) .



Orbit Hormonics of Unimodular Zono*opes
M For R='@_o|? et HI“)(R %) 2 dim(R )%

mzo

ek Let, iplmiq)= HulHOrb(mP/)Z),q))
Tp(m;q) = Hilb(Orblint(mP) NZ") ).
1,(4ig)=1+2q+3q'+
Ex 2 b 13) (g
1,2:(1,90) 1*4% 3%2*“4 %3+5%"+3%‘+f
R rlgdgeg



%Ekrhom‘ Pelyromials ,
Let [m]%lﬂy +q.

i (m g™ LAMG XY
i m;%)=%'"‘""” lm]“ﬂ(ﬁ? q ")

l(m)rn (

1)
S‘I‘anlﬁy : (m)- (W )




%—Hwhor* Po’ymmialgl
Let [m]f1+9°+...+%'" .

'iz( m;%)=%""“"” lml‘ﬂ;,\(%i} 4 ")
1 (m;q)=g" " lm]%(%i} W,

= 3o "Ehrhart poly.” fe@a)lt] o f{lml)=1,(m Iqo).
f

2 1§ “%lmn"'um infeger‘-valwed" [Harman—HoPkins '16],



% Ehohort Scries
Let E,(t.q)=2 iz(mg)t" an E =2 1im gt

mzo mzo

E,(tq), E5lt.9 are rational. They have the form

. Maltg) == Me(tg)
Ez(f'%)'(1-“(1-{1)-..:(1t%) Ez(t‘l) (1-+)(1- £%) (u%)

where Ny, N€Z1tq). They are related by
W Ealtg=1 B,




A’}Cbm. 1— Geome+ny

[ Reiner- Rhoodes ?‘fL ConstHruct a bigracled ring
(Hp and ideal J’lpg J'Ip such that

Hilb(#y: t4)=Eptbq)  Hilb(Hyt.q)=Efltg)

For unimodular zonotopes Z, these have }&omehic ori}in.'

H s H»ﬁ coordinate ring of the matroid SﬁhaEewL
variety Y, wnder Hi S(ﬂfé embedlig- T,9(F) < 7"




A’}Cbm, 1— Geomehy

H, has an explicit presentation!
3. 0 y RIxs:§<i123))  depXg)=(L.19])
Z XXXy HXX X Ko ST=L2,3])

101 e T 41 1.
A- [o 11 tcrmt'i ;,L'k& A\ Seam &%ao.ﬁons

With work of [Ardila-Boocher 16] [Brion “03] [Crow'e/V- Proudfoot 251

Ha 15 Cohon-Macanley. Afbor o degree shift by
q;degree d, ﬂ; is the Canonical module.




W‘Ved'ors 9( GOP&M"BM‘”W

The numendor of E,(¢ q,) is %uh‘e my sterious...
't -(0'+2g)+ (Ag+g )+
Z- 0 E({ ) (1- f)(l-‘bq,)(l ‘bq,)(l-t«f)

Hy is Gorenstein i+ M is Boolean or a diregt
sum of circuits. In +his case, the numerator
of E;(t)9) is "quantum palindromic”.




Thomk Tou!



Z- 0 'Fi(f)= 1[;] +(cg¢2%)lﬂ+(%‘+3%ﬁ4%‘t 2%2)[;]+ t
M=U, 3 (%qﬂ %q- %6— '2%9 -%") [3] Q@) [t],
Ezlé,%ﬁ -¢¢ - (¢-24) £4(2¢419)41

(1-4) (1-£4)(1-14") (1- £53) 36ty _ 44|
b 1 ? Ez(“)' (-8 (1Y

Y (1) =96 1) O gl
z (1-4)(4-tq)(4-t¢) (1-t)




