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Arstract polytopes

Aerstract polytopes are compinatorial ogjects that ceneralize
ceometric ogjects such as

¥ Convex polytopes.
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Arstract polytopes

Aerstract polytopes are compinatorial ogjects that ceneralize
ceometric ogjects such as

¥ Convex polytopes.
¥ Maps on surfaces.

¥ Tessellations of E” and H".
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Arstract polytopes

An aestract n-polytope P is a partially ordered set that
satisfies:
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Arstract polytopes

An aestract n-polytope P is a partially ordered set that
satisfies:
¥ P has a maximum and a
miNinuM.
¥ Every maximal chain

(Plac) of P has n+2
elementts.
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Arstract polytopes

An aestract n-polytope P is a partially ordered set that
satisfies:

¥ P has a maximum and a
MiNiMuM.

¥ Every maximal chain
(Plac) of P has n+2
elementts.

¥ P satisfies the diamond
condition.

¥ P is stronaly
connected.
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Arstract polytopes

Symmetries

¥ An automorphism Of an akstract poiytope P is an
order-preserving Bijection ¢ : P — P.
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Arstract polytopes

Symmetries

¥ An automorphism Of an akstract poiytope P is an
order-preserving Bijection ¢ : P — P.

¥ The aroup I'(P) of automorphisms of P acts freely on
the set of flaas.

¥ An aBstract polytope is recular if the action of T'(P) on
the Plaas is transitive.
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Arstract polytopes

An n-polytope is a Bunch of (n— 1)-polytopes alued toaether
iNn a3 Nice way.
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The extension prorlem

Given an apstract n-polytope K, does there exists an
aestract (n+ 1)-polytope P such that all the facets of P are
isomorphic to 7
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The extension prorlem

Given an apstract n-polytope K, does there exists an
aestract (n+ 1)-polytope P such that all the facets of P are
isomorphic to 7

Given an aBstract recular n-polytope K, does there exists an
agstract recular (n+ 1)-polytope P such that all the facets of
P are isomorphic to L7

In such situation we say that P is a (recular) extension of K.
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Trivial extension

For any polytope I, there is always a trivial extension
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Extensions of type {K, p}

¥ [£ I is an n—polytope and P is an extension of K we say
that P is of type {K, g} i# there are exactly g facets of P
around each of its (n — 2)-faces.
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Extensions of type {K, p}

¥ [£ I is an n—polytope and P is an extension of K we say
that P is of type {K, q} i# there are exactly g facets of P
around each of its (n — 2)-faces.

¥ £ K is reaular, this just a fancy name £or the Schidfii type
of P.

¥ The trivial extension of K is of type {/,2}.

¥ Given [, determine g € N U {oo} such that K admwits an
extension of tyre {K, g}.
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R_eqular extensions

In the context of reaular extensions there are severa|
results:
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R_eaular extensions

In the context of reaular extensions there are severa|
results:

¥ Schulte, 1983: Universal extension of type {K, oo}
¥ Schulte, 1983: Extension of type {K,6}.
% Danzer, [984: Construction 2X: extensions of tye {KC,4}.

¥ Pellicer, 20I0: Extensions of dually gipartite polytopes.
Type {K,2s}.

% Pellicer, 2009: Construction 2sX-1: extensions of type
{K,2s}.

¥ Harley, 2005: The hemicuse {4,3}/2 does not have an
extension of type {{4,3}/2,q} with g odd.
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Less symmetry?

A polytope K is chiral i# T(K) has two oreits on flaas and
adjacent flaas Belona to different oreits.
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Less syvmetry?

A polytope K is chiral i# T(K) has two oreits on flaas and
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Chiral polytopes

Chiral polytopes in high ranks have geen hard to f£ind:

¥ SchuHte and Weiss, [995: First infinite chiral polytopes of
rank 5.
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Chiral polytopes

Chiral polytopes in high ranks have geen hard to find:

¥ SchuHte and Weiss, [995: First infinite chiral polytopes of
rank 5.

¥ Conder, Hurard and Pisanski, 2008: First example of
finite chiral S-polytope.

% Pellicer 20l0: Chiral polytopes exist in every rank.

¥ Conder, Hurard, O'Reilly and Pellicer, 20I77: Infinitely many
chiral n-polytopes with simplicial facets, n > 5.
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Chiral extensions

Proposition (Schulte and Weiss, 99D

The facets of a chiral n-polytope are either chiral or recular.
The (n—2)-faces of a chiral n-polytope are always recular.
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Chiral extensions

Proposition (Schulte and Weiss, 99D

The facets of a chiral n-polytope are either chiral or recular.
The (n—2)-faces of a chiral n-polytope are always recular.

¥ [ we want chiral extensions of K, then K must e
reaular or chiral with regular facets.

¥ Any construction of chiral extensions cannot Be applied
recursively.
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Chiral extensions

There are some results related to chiral extensions:
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¥ Schurte and Weiss, 1995: For any chiral polytope K with
reaular facets there exist a universal chiral extension of
type {IC, 00}
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reaular facets there exist a universal chiral extension of
type {IC, 00}

¥ Cunningham and Pellicer, 204 For any finite chiral

polytope K with reaular facets there exist a finite chiral
extension of type {C,2m} for some m.
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Chiral extensions

There are some results related to chiral extensions:

¥ Schurte and Weiss, 1995: For any chiral polytope K with
reaular facets there exist a universal chiral extension of
type {IC, 00}

¥ Cunningham and Pellicer, 204 For any finite chiral
polytope K with reaular facets there exist a finite chiral
extension of type {C,2m} for some m.

¥ Conder and Zhana, 20l1: Agelian covers of chiral

polytopes.
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Chiral extensions

We have some resultts reaarding the type of some chiral
extensions:
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Chiral extensions

We have some resultts reaarding the type of some chiral
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¥ 1§ K is a dually Bipartite chiral polytope with reaular facets
and m € N, there exists a chiral extension of tye {K, q}
such that m|q.
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Chiral extensions

We have some resultts reaarding the type of some chiral
extensions:

¥ 1§ K is a dually Bipartite chiral polytope with reaular facets
and m € N, there exists a chiral extension of tye {K, q}
such that m|q.

¥ Let K Be a chiral polytope with reaular facets such that K
has a reaular Quotient with at least two facets. £
admits a chiral extension of type {K, g}, then K has a
chiral extension of type {IC,2n%q} for any n € N.
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Chiral extensions

% In 1994 Schukte and \Weiss Built extensions of type
{{4,4}(b,c), 3} and {{6,3}(p,c) 3} #Or certain chiral toroidal
MaPs {4, 4}(b,c) and {613}(b,c)
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¥ Using the techniQue of mixing developed By Cunningham,
Schulte, Breda, Jones.. we were agle tO £ind extensions
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Chiral extensions

¥ In 1994 Schuite and \Weiss Built extensions of type
{{4,4}(b,c), 3} and {{6,3}(p,c) 3} #Or certain chiral toroidal
MaPs {414}(b,c) and {613}(b,c)

¥ Using the techniQue of mixing developed By Cunningham,
Schulte, Breda, Jones.. we were agle tO £ind extensions
of type {{4,4} (). 3} and {{6,3}(sc), 3} #or any chiral map
{4, 4} (b,c) @nd {6,3} (5 ), respectively.

¥ Using our results, civen n € IN, we can Built extensions
of type {{4,4} (), 6n} and for aimost any toroidal map
{4,4} (pc) and extensions of type {{6,3} (), 6n} for almost
any map of type {6,3} (o)
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QRQuestions/work

¥ Find constructions that aive us conerete types of chiral
extensions.

A. Montero (CCM UNAM)Y Chiral extensions of chiral polytopes PRIMA 2201 /10



QRQuestions/work

¥ Find constructions that aive us conerete types of chiral
extensions.

¥ Chiral extensions of reaular polytopes:
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¥ Find constructions that aive us conerete types of chiral
extensions.

¥ Chiral extensions of reaular polytopes:

- do they always exist?
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QRQuestions/work

¥ Find constructions that aive us conerete types of chiral
extensions.

¥ Chiral extensions of reaular polytopes:

- do they always exist?

— ean we say something agout their type?
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Thank you £or your
attention!
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