The slég2 Example [BV3]. Here we have two formal variables T1@ F1[{s_, i_, _}1 := CF|

and T», we set T3 := T1T», we integrate over 6 variables for each

edge: pii, P2, P3i> X1i» X2i, and x3;.
©T3 =Ty Ty;
$7 =
(CFeNormal[# +0[e]?] /.
{nis__ =B Tissy Xis = B! Xiss Pis__ B pis} /.

€eB> /;b<0-50/.B>1) &;

st . y .
1_ t=1+1;

©vs;_ :=Sequence[py, i, P2,i» P3,is X1,is X2,is X3,i]3
Flis__1:=E[Sum[m, i p,,i, {1, {i5}}, {v, 3}11;
L[K ] :=CF[L£ /@Features[K][211];
VS [K ]
Union @e Table[{vs;}, {i, Features[K][1]}]
The Lagrangian.

®© L[X;_,; [5_1] := T3 E[CFePlus|
2:1 (%vi (Pvit = Pvi) *Xyj (Pyj* = Pvs) + (TS = 1) Xui (Pyir = Pys*) ) s
(Ti = 1) P3j X1i (Ti X2i = ij) B
es (T3-1) p1j (Pai - P2y) Xa: / (T3-1),
€s (1/ 2 + T3 p1i P2j X1i X2i — P1i P2j X1t X257 — P3i X3i —
(T2 -1) P2j P3i Xai Xai + (T3 - 1) P2j P3j Xai Xai +
2 P2j P3i X25 X3i + P1i P3j X1i X35 = P2i P3j X2i X35 -
T3 P25 P3j Xai X35 +
(15 -12) pajxai (T3° P2y Xai = T3 P2j X2j -
(T3+1) (T5-1) psjX3i + T5 p3j Xa5) +
(T5-1) psjXai (1 - T3 Pri Xai + P2i Xa5 + (T3 - 2) PajXaj)) /
(12-1))11
©LIC [¢.1]1:=T3E [Z‘s:lxvi (Pyi* - Pvi) +€ @ (P3iX3i -1/2)]
Reidemeister 3.

©Short[
lhs = jf[i: 3, k1< £ /@ (Xi,5[1] Xi*,k [1] X4+, [1])
d{VSi, VSj, VS, VSj+, VSj+, VSk+}]
amnT;
3e )
E [7 + T1 P1,2+i 71,1 — (’1 +Tq) Ty p1,2+j TT1,i + <<15@>>}
©rhs = Jf[lJ js klxL/e (X4,k [1] Xy, k+ [1] Xs+ 5+ [1])

d{VSi, VSj, VSk, VSi+, VSj+, VSi+};

1lhs == rhs
OTrue
The Trefoil.

OK = Knot[3, 1]; IL[K] d vs[K]

= —

o-((i1373
E[-((e (1-Ty+T3-To,- T3 T+ T3+ T 75 -
T+ TITs-T3T5+T973) ) / ((1-
(1-Tp+T3) (1-Ty T+ T573))) )
((1-Te+T]) (1-Tp+T3) (1-Ty T+ TiT3))

s (172-gsii +T; 81ii 825i - B1ii 8255 - (T2 - 1) 8a2ji B3ii +
28555 83ii - (1 = T;) 8251 83ji — B2ii 8357 - T3 8251 8355 +
81ii 8355 +
((T1-1) 8151 (T3° 825: - T3 8255 + T3 8355) +
(T; - 1) 837i (1 - T5 81ii - (Ti - 1) (T; + 1) 81ji +
(T2-2) 825+ 8215)) / (T2 - 1)) ]
©Fy[{s6_, i0_, jO_}, {s1_, i1_, ji_}] :=
CF[s1 (13°-1) (73" -1)* (75" - 1) 81,51, 10 83, 50,11
( (73° 82,11,i0 - 82,11,50) - (T3 82,j1,i0 - B2,51,50) ) |
©F3[¢ , R.]1=08wxk-¢/2;
We call the invariant computed 6:
©e[K ] :=0[K] =Modu1e[{x, @, n, A, A, G, ev, 6},
{X, ¢} =Rot[K]; n = Length[X];
A = IdentityMatrix[2n +1];
Cases[X, {s_,1 ,7J }»

(Anets 3, tiet, Gemes (00T

A = T(-Total[¢]-Total[X[ALL,111) /2 pat [A];

)1

G = Inverse[A];
ev[& ] :=Factor[& /.8, ,a,5 = (GIa, A1 /. T->T,)1;

6 = ev[Z’::lH[XIIk]l]]i
6 += ev[21=122=1 F2 [XIk1D, XOk211];
6 += ev[Z::1 F3[okD, k1];
Factor@e{a, (A/.T->Ty) (A/.T>Ty) (A/.T>T;3) 6}
Son!(; Knots.
© Expand [@ [Knot[3, 1]1]]
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® (* PolyPlot suppressed «x)

© GraphicsRow[PolyPlot [©[Knot[#]], C/ED O\v
Labeled - True] & <6§ @)

/@ {"3 1", "K11n34", "K11n42"}]
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K11n42

So 6 detects knot mutation and se-

A faster program, in which the Feynman diagrams
are “pre-computed” (see theta.nb at wef/ap):

parates the Conway knot K11n34
from the Kinoshita-Terasaka knot
K11n42!
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Video and more at http://www.math.toronto.edu/~drorbn/Talks/Bonn-2505.
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