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Herewecan actually compute .
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We emphasise two main themes in these lectures 0

• As the above diagram indicates
,

various kinds
of intowww.#betransl_aed

into
the setting of fusion of defects in LG models

,
and

• This fusion is compute .

Outline ofLecture
�1� ZDTFTS with defects

@ Matrix factorisation ,

�3� Defects in LG models and their fusion

Lecture Thebicategouy Les ( LGICFT ,
Go )

Lecture The Hard Stuff ( re .

how the code work

:
30
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�1� ZD TFT with defects fuz⇐

References
.

•

•

•

wefixtuo sets Dz ( phases ) and D , (dentals ,

or defections) and a pair of

function⇒
\st :D , R

¥b%f×#/i
" e .

" source
" and " target "

. " ÷
1- D , s(×)=a.tw/=b.DefI

The category Bordd,¥n( Dad ,
, sit ) - : Bord has
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0

morphing either a permutation (of decorated aides )
or an ( equivalence class of ) ZD oriented compact
manifolds equipped With a ID oriented sub manifold
( the defection ) with compatible labels

in , , \ ) ) , \ ⇒
/

Qi¥!¥mn#T÷t
"

×

Deft An

6nEnted#Twi#/ek
is a symmetric

monoidalfunct
: Bord Vecte

"

Bord Kent ( Dz ,
D ,

,
st )

Ecamp# • Open / closed ZD TFT
.

Fix a
" trivial '

phase
�1� E Da and at D< and view @g .

0#eDie
.

##
ill I

s ( D= 0
,
t ( × ) = a

' ' boundary condition
"

.
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. ( Conjecturally ) sigma models �4�

Dz - smooth projective CY varieties

13%1,4%1
,

¥€D4whA×B )
. complex of coherent sheaves

. ( Conjecturally ) LG models

Dz = isolated hyper surface singularities

m ,
" %My
,μ/wH

Xehmffvls ) - wk ) )
I

,
matrix factorisation

To define ATFT with defects Zweneedeg . to specify

z(€€¥€¥)€Hom€H#K@
)

Foreveuy matrix factorisation X of V - W
, among many

other quantities . These quantities are organised by the
biYA.LY/denokdL8 .
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{ ZDTFTwl defects } = { bicalegouy with adjoint

which is pivotal + . . . .

}

the vector spaces and linear maps encoded by the fun ctor
Z can be organised into a pivotal bi category with additional
structure

,
and it is expected that any

" sufficiently nice "

bi category arises in this Way ( although , as far as I know ,

the exact list of conditions is not known )
.

Anyway , at least conceptually we view the bi category of
Les models ( lecture 2) as encoding the associated defect TFT .



�2� Matrix factorisation k@
�6�

Let Week ] =Q[ × 's .
- '

' xD be a potential
ie .

the critical points of W are isolated
.

- '

Dee A matixfactonsati÷ of W is a 2- graded
free EED - module X= X°t X ' with an odd
operator dx : × X such that d2×= W . Ix

de foxho )
DI Let XD be ME of W .

Then

Hom ( XY ) = Horn ( xxjo Horn ( × ,YF
is a Zz - graded complex with differential 2 defined by

2 ( f ) = dyf - fyktfdx
.

Deft mf ( W ) = DG category of finilerank ME of W
hmffw ) = H °

mflw )
, homotopy category .

Note ME were introduced by Eisen bud as part of his investigation
of free resolutions over complete intersection singularities .
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tom hmffw ) has f. dimensional Hom - spaces .

Reef 2xiW . 1×EHom( Xix ) W = dx .d×
Jxilw ) = Jxildxkktdidxildx )

.

: Zxilw ) . 1× = 0
.

⇒ H°HomkX ) is afg . Emlyn - module tfdimlawpoisenfiah
, , ,

Example • W =X3,

X = ¢[×]a¢[x]

2axial; "

o
)

• W = ys - is
, Y=e[x,yJ*@¢[×yJ

dy = 0 0 xz - yf::;D
- y4 x2 ) /
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�3� Defects and fusion @

imaginethiusyalocalpakhonabordisrg

wifknowvuanntsaagaa
,

Potential

k¥HH%E¥I%:I¥E¥HeII
isequivunderz

to

y*X
a a a

hmfly5-x3 ) hmfbis )

hmf(y5

)
defect boundanywndt.no#mnnbMnd .

Ifonebeginswiththe TFTZ
,
then the fusion Y*X

isthefrankmfofytbehavinginallwmelatopasapair
of parallel lines labelled 'bX . Luokilythishasasimple

mathematical
description ,

which wetakeasprimany .

the Let

WtDeC[×],VlY)eEG]be
potentials and

Yehmf(¢[ xiy ] ,V - W )
XEhmf(e[x],W )

Then ( Y ,Qy,,X , dyaltlodx

)isaMF÷

430
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Put ( dyoltlodx } �9�

= dpoltlodx
+ ldyol )( lodx ) t ( lodx )(¢y@1 )

= ( V - W ) .

ly@xtWilyaxtdyodx-dyodx-V.1yox.D

No± Y= clay ] ×=¢[xJ*

: Y,qμX
= 66 'T ]

• .

isinfiniterank over EID

= ¢[y]*sa x¢[Y] e .
. .

⇒y]• 's

@ ×¢[ yjd 's
@ .

. .

o.at#wtiowp:Hk.!xn:tEHi .



https://github.com/dmurfet/mf

Brunner - Roggen Kamp a ]

fu@ThmfDefhVCKhovanoy-RozanskyH.Dyckevhoff.M

[D) @

There exists a frank MF Y*X of Vly ) over ¢[ D
and a homotopy equivalence

y*×± ⇒CH
Note • True as staled in the graded case

• In the ungraded case , only true over EKYD
.

ButoverCGJitisstilltmeY@Xisaumm_andofafYgn.k

Ovation What is Y*X ? re - how to describe it
as a matrix given Y , X ?

DEMOO 7

.

At this point I showed how to use Singular to compute
Y*X ( ) in the example from earlier

, namelyf¥¥.IE#Et!e.E.xx:t::.iI!:5fIin:iiH
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Further reading 0

÷Brunner
, Roggen Kamp

" B - type defects in
Landau . Ginzburg models

" arxix : 0707.0922 .

[ D Khovanov
, Rozahsky " Matrix factorisation and

link homology "
ar Xix : 0404.1268 .

[ 3 ] Dyckevhoff , Murfet " Pushing forward matrix
factorisation "

ar Xiv : 1102.2957 .

[ 4 ] Carqneville , Murfet
" Computing Khovanox - Rozansky

homology and defect fusion " avxiy : 1108.1081
( see for more background on the code )

.


