Reprasenhble Orienjmb\e Mzﬁrralc‘s

thet are not Real=Representable

Ru‘]’ger CaW\pbe”



“The fundamental guestion of completely characterizing
[real - representable  matroids] is left unsolved.”

Whitney, 1435
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Fach resl-representable matroid is a minor of an excluded-minor for
real-representability.

Theorem (Mayhew, Newman, Whittle):
There is no senfence in the monadic second-order language MS, That
choracterizes rea-representobility,

Theorem (Seymour):
Real-representability is not polynomially-cerfifisble with rank evaluations.
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Theorem (Blcmd, Las Vergnas; Fo\kmm\, L awrence):
All red-represenfoble matroids are orientable.

Theorem (Bland, Las Vergnas):
LF an orientable matroid is binary, then it-is real-representable.

Theorem (Lee, Scobee):
Lf on orientable matroid is ternary, then it is real-representable.
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Conjecture (Whittle):
IF an orienfoble mafroid is representable over some field, Then
it is real-representsble. False!

Theorem:
For each odd prime power ¢>3, there exists an orientable matroid

That is GHg)-representable bul- not real-representable.



Focts about Fields

GRS =2y,
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GRS =12y,
For an odd prime power >3, there is an element xeGF@) with order
IK=g-L for some k>1.

For K>1, There is no element of the reals with order k.
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Swirl-like Matroids




Swirl-like Matroids
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A transversal of M is a set T={a) 5, -, &} where a;¢E;; This 1s
either a circuit hyperplane or a basis.
Let C(M) be the dependent tfransversals of M.



Swirl-like Matroids

T:{a))o‘;\a’ ) AN}

A transversal of M is a set T={a) 5, -, &} where a;¢E;; This 1s
either a circuit hyperplane or o basis,

Let C(M) be the dependent tfransversals of M.

Remark:
A swirl-like matroid M is uniquely determined by its vertices, edges and C(Y)



Represe_nhﬁons mf Swir)‘ like MMLFOIAS
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For o representation T:F — F¥ of a swirl-like matoid M=,
we may assume that! f(b;)=€. for b B, and
f(a)=e;i— i Tor some % el for ael;
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For o representation T:F — F¥ of a swirl-like matoid M=,
we may assume that! f(b;)=€. for b B, and
‘[E(d):f_i*O((}eLﬂ ‘FOrSOme Xa éﬁ: for O\éEé

When itis clear which ec@e Ec we dre in, we use o<<ff to
labe\ H\e element with represenhﬂon SO IGIND
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Theorem’.
For each Odo\ prime power q,> 3, H\ere €_><ISJF5 ah orientable ma'l'roid

That is GFg)-representable but- not real-representable.

Construction:
For an odd prime power 4>3, we have xe(F(g) with order g-1=3k.
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Theorem:
For each prime power ¢ with -1 composite, there exists an
orientable matroid that is GHg)-representoble bui- not real-representable .



Theorem:
For each prime power ¢ with -1 composite, there exists an
orientable matroid that is GHg)-representoble bui- not real-representable .

Problem:
It an orienfable matroid is GF@)-representable for some 2" with
-1 prime, Then must it be real“represenJrab\e'f



Theorem (C, Geelen):
There exists on orientable matroid That is complex—representable but
not real-representable.



Worse NeWS :

Corollary (andlog of result by Mayhew, Newman, Whittle):
Fach real-representable matroid is a minor of an excluded-minor for
reol-representability Thot is complex-representoble ond orlentable.

Corollary (analog of result by Mayhew, Newman, Whittle):
There is no sentence in the monadic second-order langnage MS, That
chovacterizes rea-representobility for complex-representable orientable matroids.

Corollary (analog of result by Seymour):
Real-representability is ngf polynomially-certifiable with rank  evaluations
for complex-representable oriertoble mafroids.



WhitHes Conjecture (revised) :

1t an orientable mdfroid is representable over some field,
then T 1s complex-representoble.



Thonk You!



