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A 2-dimensional topological field theory with defects is a symmetric
monoidal functor

(-):Coby — Vect%Q

> independent of position of defect lines

Affine Landau-Ginzburg models: defects and defect fields between W
and Wy described by MF(W; ® 1 — 1 ® W)

Example. Invisible defect

O —
I'= (W(x)va) ' 0 y) € MF(W®1-1@W), End(I) = C[z]/(0W)
=y

Kapustin/Rozansky 2004, Brunner/Roggenkamp 2007
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Theorem. MF(W @1 —1® W) is monoidal.
(XoY)men)=Xm)@n+ (-1)mMmeYHh), IeX=2X=2XQI
Remark. Can compute 6j-symbols, agreement with rational CFT.

Remark. Part of structure of bicategory of Landau-Ginzburg models:

@ objects: potentials W
@ 1-morphisms: objects in MF(W; ® 1 — 1 ® Wa)
@ 2-morphisms: morphisms in ME(WW; ® 1 — 1 ® Ws)

Yoshino 1998, Khovanov/Rozansky 2004, Brunner/Roggenkamp 2007, Carqueville/Runkel 2009, Lazaroiu/McNamee
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Action on bulk fields

Idea. Take bulk field ¢ € Jac(W), wrap defect line X around it, then
collapse X on ¢ to produce new bulk field.

Theorem. MF(W ® 1 —1® W) is pivotal rigid monoidal for N = 1.

Theorem. D;, D, induce ring (anti-)homomorphisms

KoMF(W ® 1 - 1® W)) ®z C — End’(Endyrwer—1ew) (1))

Carqueville/Runkel 2010
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Action on bulk fields

<DI(X)(('D)¢>bqu = < QY >

Bx

Di(X)(¢) = Res [90 Str(aleﬁle .0y X)dml/\---/\dmN]

Op, W ... 0 W

Proposition. For all known defects of W = z¢ we have

(Di(X = (¢ Dr(X)(¥))

Carqueville/Runkel 2010
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Tensoring over all crossings in a link diagram £ and compiling gives a
(Z x 7, x Z.)-graded complex over ) whose homology is
Khovanov-Rozansky homology H(L).

Theorem. H(L) is a link invariant and concentrated in one Zsa-degree.

KR, (L) = Y t'¢! dimg(H" (L))
,JEZ

Categorification of SL(n) link invariants: P, (L) = KRn(L)}t:_l

Direct computation obstructed by y-problem:
X € MFq, (Wi(z) — Wa(y)), Y € MFgqy, ) (Wa(y) — Ws(z))

- MFQ[x7y7z](W1(:L') —Wg(z)) SXQY=Te MFQ[z,z}(Wl(-%') —W3<Z))

Theorem. There is an idempotent on X ® Y whose splitting is 7.

Khovanov/Rozansky 2004, Dyckerhoff/Murfet 2011
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Computing Khovanov-Rozansky link invariants

Implementation of idempotent splitting in Singular allows for computation
of arbitrary defect fusions.

Corollary. Khovanov-Rozansky homology can be computed directly.
Reduced and unreduced SL(n) and SO(2n) invariants, e. g.:

O @
QCXDQD O

Carqueville/Murfet 2011

:



Computing Khovanov-Rozansky link invariants

Q-)(\

KRg — (q39 + q37 + q35 + q33 + q31 + q29 + q27 + q23t + q21t3 + q21t
+ q19t3 + q19t + q17t3 + q”t + q15t3 + q15t + q13t3 + q13t
+ qlltS 4 qllt + q9t3 + q7t3)/t3
KRG — (q28 + q26 + q24t2 + q24 + q22t2 + q22 + q20t4 + q20t2 + q20
+ q18t4 + q18t2 + q18 + q16t4 + q16t2 + q14t4 + q12t4 + q12t3
+ q10t3 4+ q8t5 + q8t3 4 q6t5 + q6t3 + q4t5 4 q4t3 4+ q2t5 + tS)/q43
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KR5 — (q28 + q26 4+ q24 4 q22 4 q18t2 + q18t 4+ q16t3 4 q16t2 4 q16t
+ q14t3 + q14t2 + q14t + q12t3 + q12t2 + q12t + q10t3
+ q10t2 + q6t4 + q4t4 + q2t4 + t4)/(q14t2)
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Computing Khovanov-Rozansky link invariants

CSN—

KR3 _ (q20 + q18t + q18 + q16t2 + qlﬁt + q14t2 + ql4t + 2q12t3
+ q12t2 + q12t + q10t4 + 3q10t3 + q10t2 + q8t5 + q8t4
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(N
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Computing Khovanov-Rozansky link invariants

N

[

KRy = (t5q7—|—t5q5+t3q9—|—t2q13—|—tq13—|—tq11—|—q17—|—ql5)/(t5)

Carqueville/Murfet 2011
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Computing Khovanov-Rozansky link invariants

KR = (¢° + ¢ + ¢*t* + ¢°) /?

KRH — (q42 +2q40 +3q38 +4q36 +5q34+6q32 +7q30 +8q28 +9q26
+ 10q24 + 10q22 + q20t2 + 9q20 + q18t2 + 8q18 + q16t2
+ 7q16 + q14t2 + 6q14 + q12t2 + 5q12 + q10t2 4 4q10 + q8t2
+ 3¢5 4+ ¢°t% + 2¢° + ¢*% + ¢* + 212 + 12 /2
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Computing Khovanov-Rozansky link invariants

KR4 —_ (q20 + q18t + q16t2 + q14t3 + q12t2 + q10t3 + 2q8t4 + q4t6
+ q2t6 + q2t5 —|—t6)/q32
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Computing Khovanov-Rozansky link invariants

KR,3 _ (q16 4 2q14t 4 q12t 4 2q10t3 4 2q10t2 + 5q8t3 + 2q6t4 + 2q6t3

+ ¢'t° +24°° + %) /%13
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Computing Khovanov-Rozansky link invariants

Q_

+¢'t7 + 2¢°t° + %) /¢%1?)
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Computing Khovanov-Rozansky link invariants

Q_

KR3 = (qlﬁ + 2q14t + q12t + 2q10t3 + 2q10t2 + 5q8t3 + 2q6t4 + 2q6t3
+¢'t7 + 2¢°t° + %) /¢%1?)

KR% — (q12 + q10 + q8t2 + 3q6t2 + q4t2 4 q2t4 + t4)/(q6t2)

KRy = (q20 4 2q18t 4 2q14t3 + q14t 4 3q12t3 + 2q12t2 + 6q10t3
+ 2q8t4 + 3q8t3 + q6t5 + 2q6t3 + 2q2t5 + t6)/(q10t3)
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