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1 3 Rigid monoidal categories left and right duals
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1 3 Rigid monoidal categories left and right duals
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1 3 Rigid monoidal categories left and right duals
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1 5 Tracespherical bothtraces coincide

evaluation on sphere
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2d setting






















































































3
2 Traces and the Nakayama furator

In linear algebra leadingtraces w o tensorproduct Basisused

Now let A be a finte briar iategory

2 1 Nakayama functor

N A A

NI 1 Hom a a E Rex A A

A

Rex AA Lex A A

Nr id






















































































2 1 Nakayama functor

N A A

NI 1 Howl a a E Rex A A

Remarks

A A mod g d A f d k algebra

Rightexact Eilenburg Watts then implies

Nj I N Alg

YEAmod

NILA Yay A g y Joy At

Peter Weyl






















































































2 2 The ESS Mainthen onNakayamafactor

A B finite Fa Lex A Bl F leftexact and F leftexact

Then
Vjo F F NG

coherent with composition






















































































2 2 The ESS Mainthen onNakayamafactor

A B finite F c Lex A Bl F leftexact and F leftexact

Then
Vjo F F NG

coherent with composition

2 3 Modifiedtraces on finitecategories

A first calculation p projective

GEA

Homalp NICH S HamIp Hau yi y
GEA
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2 3 Modifiedtraces on finitecategories

Homalp NICH Hom x.pt

Bilinear form pig projective
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2 3 Modifiedtraces on finitecategories

Homalp NICH Hom x.pt

Bilinearform pig projective 9
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Def tp Hom p Nlp k modifiedtrace
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2 3 Modifiedtraces on finitecategories

Homalp NICH Hom x.pt

Def tp Hom p Nlpl k modifiedtrace

f Cid f

Pup SW

1 Cyclic Ig Ip
f
Ng tg fog

top p I NE Nrp 1 Ep Ngo f

2 Non dg Q Are tracesbist considered in a Id setting

9






















































































2 4 Modifiedtraces on finitetensor categories

Ihm ESS Radford 5

A file tumorcategories M an A B bimodule

N a m b a NG m b






















































































2 4 Modifiedtraces on finitetensor categories

Ihm ESS Radford 5

A file tumorcategories M an A B bimodule

N a m b a NG m

Df partial trace

tri Han p Nlp 1 Homlp Nip I
Han p NTpl

no pivotal shack on needed






















































































2 4 Modifiedtraces on finitetensorcategories

Ihm ESS Radford 5

A file tumorcategories M an A B bimodule

NL a m b a NG m

Def partial trace

tri Han p Nlp 1 Homlp Nip Ä
Han p NTpl

no pivotal shack on needed

Prop SW Ep ft Ep tff partialtraceproperty






















































































Eilenburg Watts
balancedDeligneproduct

Noch NK RÄT M MI ZYL MFM

A B und M A A pivotal Za A

Drinfeldcenter is braided it is profitable to consider

traces in a 3d setting
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Chapter 3

State-sum models with defects
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State-sum models with defects

Closed oriented 3-manifold with skeleton

A,B spherical fusion categories

M,N bimodule categories

Edges: balanced Deligne products

Part of the TV construction is an

evaluation at vertices

so

p
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State-sum models with defects

Closed oriented 3-manifold with skeleton

A,B spherical fusion categories

M,N bimodule categories

Edges: balanced Deligne products

Part of the TV construction is an

evaluation at vertices

g

E A Eng A

gerechnet
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Chapter 4

Extruded graphs
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Extruded graphs

Artin, Theory of braids (1947):

Projection [..] which is an excellent tool for intitive investigations is a very

clumsy one for proofs. This has lead me to abandon projections altogether.
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Node labels

x 2 M⇥B N ⇥C K⇥A

U(x) 2 M⇥N ⇥K

f : m ⇥ n ⇥ n ⇥ k ! U(x)

reg
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Sanity check: silent rays

U(�) =
L

µ µ⇥ µ

HomM⇥M(m ⇥m0,
L

µ⇥ µ)

=
L

µ HomM(m, µ)⌦HomM(µ,m0
)

= HomM(m,m0
)

MATT
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Core label

T p
preblock space, depends on

skeleton

T block spaces, independent

T ⇢ T p

Node labels combine to element

in T p

Core label ' 2 T ⇤

Use pivotal structure to exhibit T as

a retract, T p ! T

Prototype: U : Z(C) ! C

HomZ(C)(z , z
0
) ⇢ HomC(Uz ,Uz

0
)

α

EK



State-sum models with defects Extruded graphs

Core label

T p
preblock space, depends on

skeleton

T block spaces, independent

T ⇢ T p

Node labels combine to element

in T p

Core label ' 2 T ⇤

Use pivotal structure to exhibit T as

a retract, T p ! T

Prototype: U : Z(C) ! C

HomZ(C)(z , z
0
) ⇢ HomC(Uz ,Uz

0
)

A

T

AA



State-sum models with defects Extruded graphs

Local moves



State-sum models with defects Extruded graphs

Example for an evaluation
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Example for an evaluation

59 pivotal

N id

N a D a
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Back to Nakayama functors

Cyclicity
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Back to Nakayama functors

Cyclicity
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Conclusions

Summary

Traces are not for endomorphisms and secretely higher structure.

There is a natural “mildly three-dimensional” graphical calculus for Turaev

Viro theories with defects.

Outlook

The calculus can be derived in the case of Dijkgraaf-Witten theories from

field theory.

There are other interesting higher-dimensional graphical calculi.
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