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The algebraic methods are used in the web geometry, in particular in the 3-web. Along the line, we
12
suggest a new, alternative algebraic method for computation of the quantities V; a,, Vi a

d

i

ke and

;klm by means of the embedding of local loops into Lie groups.

1. Introduction

Web geometry is one of the fields of mathematics which springs from two different fields
of mathematics, namely, projective differential geometry and nomography. It was derived
mostly from projective differential geometry. Initially, projective differential geometry mainly
consisted of the study of projective properties of curves and surfaces in R3, that is, of their
differential properties that are invariant up to homographies. Web geometry studied the
properties of (curves and) surfaces in ordinary euclidian space that are invariant up to
isometric transformations. Gauss and other mathematicians have shown the usefulness of the
first and second fundamental forms in the study of surfaces. They also brought to light the
relevance of derived concepts, such as the principal, asymptotic, and conjugated directions.
When considering the integral curves of these tangent direction fields, the mathematicians
of the 19th century were considering what they called 2-nets of lines on surfaces, that is,
the data of 2 families of curves, or in more modern terms, 2-webs. It is when they tried
to generalize these constructions to the projective differential geometry that some 3-nets
projectively attached to surfaces in R® quite naturally made their appearance, Darboux
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introduced a 3-web named after him in [1]. These webs were useful at that time because they
encoded properties of the surfaces under study. Thomsen in [2] shows that a surface area in
R3 is isothermally asymptotic if and only if its Darboux 3-web is hexagonal. At that time, the
study of 3-web on surfaces from the point of view of projective differential geometry was
on the agenda. Thomsens result has this particular feature of characterizing the geometric-
differential property of being isothermally asymptotic by a closedness property of more topo-
logical nature that is (or not) verified by a configuration traced on the surface itself. It is this
feature which struck some mathematicians and led to the study of webs at the beginning of
the 1930s. The development of geometry of fiber bundles and foliations stimulates the interest
for new investigation of three webs [3-17]. In [18-27], the techniques were developed for
webs using the intrinsic geometry structure. In this investigation, we propose to give another
approach of computation of some classical relations, using the technique of the projective
space. Our approach is based on the embedding of a smooth loop into a Lie group, by means
of a closed subgroup. This transports the geometric problem into an abstract algebraic prob-
lem, where the 3-web is seen as a homogeneous space coset in a generic position. Using this
technique the computation of the tensor structure of local loop is made easier. Therefore, we
give an application of the computation of the well-known tensor. We use algebraic methods to

compute the relations élaj.k, élai‘k' and d;klm. The paper is organized as follows. In Section 2,
we derive the analytic representation of the law of composition of local smooth loops,
embedding in Lie groups. In Section 3, we evaluate tensor structure of a smooth analytic loop.
In Section 4, we look at the tensor structure of a smooth local loop, embedding in Lie group.

2. 1.
In Section 5 we applied our method to compute Vv la}k and Vla;.k. In Section 6 we deal with the

. 2 .
computation of the tensor d}klm = Vmb}kl. The last section is devoted to the hexagonal loops.

2. Analytic Representation of Law of Composition of
Local Smooth Loops, Embedding in Lie Groups

Let (G, -, e) be a local Lie group and let H be its local closed subgroup. Denote by & and h
their corresponding Lie algebra and Lie subalgebra, and let Q be a smooth space section of
left coset G mod H passing through e the unit element of G (e € G).

The composition law

x:QxQ—0Q,

(o) — e =TTx ), @1)

where [], : G — Qs the projection on Q parallel to the subgroup H, defines in Q a structure
of a local loop, that is, (Q, x, e)-loop [25, 28-36].

Let us map the tangent space T,Q with the vector subspace V C G such that T.Q = V.
Then & =V 4 b since the submanifolds Q and H are transversal in the Lie group G.

Let us introduce the mapping ¢

¢:V—h,
§— ¢(8),

(2.2)
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defined by the condition exp (¢ + ¢(¢)) € Q (for every vector ¢ € V, in the neighborhood of O,
and the map ¢ is well defined).
Then ¢(O) = O and

$(¢) = R(s, ) +5(5,6,6) +0(3), (2.3)

where

R:VxV —b,
(2.4)
S:VxVxV-—h

are bilinear and trilinear symmetric maps. A base (e, ey,...,en) is fixed in & such that
(e1,ez,...,e,) generates V, thatis, V = (e, ez, ..., e,) and (€1, €442,...,eN) generates b :
h = (en+1,€ns2, ..., en). Introduce in the local Lie group G the following normal coordinates:
the coordinate on the submanifold Q which is the projection from exp V, that is, for all x € Q,
x = (x'),_1;, this means exp(x'e; + p(x'e;)) = x € Q.

Introduce the map

—V,
Q . (2.5)
x+—Xx=Xx'e;.
Then the condition written before is equivalent to
X+¢(x)=x€Q. (2.6)

In what follows, we will compute the constructed coordinates, fixed on the submanifold Q.
It is known that the law of composition in a Lie group G(-) has the following
representation up to the fourth order in the normal coordinates:

a-b=a+b+%[a,b]+11—2[a,[a,b]]+11—2[b,[b,a]] ;
(2.4

1 1
-5l [ [0, b11] - g5 [a, 10, [a,b]]] + o4).

Consider the coordinate representation of the law of composition x, for y : x = (x) and
y = (¥) in Q. We have

() =3+ 7+ K(ZT) + LEET) + MET) )

+P(x,x,%,y) +Q(x,x,y,y) +U(X,y,y,y) +0(4).

(Our notations are similar to the notations of the work [24]).
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Denote the right side in (2.7) by z = (z). Then, for its computation, we obtain the
following:

exp(Z+¢(z)) =exp(x+ p(x)) -exp(y + ¢ (y))h, (2.8)
where h is an element from b, and indeed we have h = h(x, 7).

The following proposition holds.

Proposition 2.1. We have
— - 1 —
Kxy) =511yl (29)
where T][x,y] is the projection of the commutator [x,y] on V parallel to the subalgebra b
1_ . 1 _ —
h(x,y) = -5 [x,y] + 5 H[x,y] +2R(X,Y) + 0(2). (2.10)

Proof. we use the formulae (2.8). Comparing the terms from V and h and considering only
the terms of the first order, we obtain that

z=x+ye€vV,
(2.11)
h=o0€h.
For computing the term of the second order, we denote
z=x+y+K(x,y) eV,
(2.12)
h=N(x7y)€b,
from (2.8) and considering (2.4) and (2.4'), we have
X+y+K(x,y)+R(X,X)+R(,Y) +2R(x,Y)
(2.13)

=x+y+N(x,y) +R(xx)+R(y,y) + %[E,y],

then by comparing term from V and h and noting that

1 1

S5 = 1Tl + (G0 - 3 TT ), @19
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hence

K& =5 1%,

. . (2.15)
h(xy) =5 [%7) + 3 TT[E 7] +2R(E ). -
Corollary 2.2. From Proposition 2.1, it follows that
— - 1 _
(xxy) =x+y+ EH[x,y] +0(2). (2.16)

Proposition 2.3. One can show that

LEEy) = [1EEA+ S [TRED9 + ; TI[F 1]« [TERED]
MEZD) =5 [ 15 B+ 5 TTERG] - ;T T3]« T15RED)],
h(x,y) = —% %] + %H[E,y] +2R(%Y) +R(Z[][E7]) +35(x %)
SALE [£7]] - AR TTE T - 30RG ), 9] - AF RE )]
RFTIET) +35E7.9) - 5AF [7.]

A B T3] - 3R RE 9] - A RE )] +06),

(2.17)
where A : & — b is the projection on b parallel to V.
Proof. The proof is based on the direct computation. Denote that
- — 1
Z=X+Yy+ E[x y] +L(x,xy) + M(X,y,Y),
(2.18)

h(E7) =-3[E7) + 3 TIE 7] +2RED) +EEET) + FETT).
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From (2.8) with the consideration of (2.4) and (2.4'), we obtain the following:
L(x%y) +ME7y) +RETTEY]) + R [TE]) +SGE %%
+35(x,7,y) +3S(x, %) +S(Y.v,Y) +- -
Ty 1 o o
=5 % X+ 57 WA +E@TY) +F(X YY)
e T T T e —
+SEEX) +SH YY) + 5 [RED), ] + 5 [X RG] + 7 [2+v. [ [[%7]]

1 = — —
- XTI+ X+ REY)] £
(2.19)

Then by comparing term from V and b in the last identity, we obtain the requirement
for L(x,x,y), M(x,y,y) and h(x,y) in addition

EE%T) = RETIRT) +3@EE) + 5ARE 7] - AR TTE7]

_%Amajyﬂ—ABﬂ«Z@L

(2.20)

KG9 =R TTI31) +35G 2.9 - 3415 7]+ 547 [T
- %A[E,R(y,y)] - Aly, R, 7)].

Corollary 2.4. One can obtain that

1

(o) =547+ 5 [T 3 - : [T %31 + 5 [TIRG 7] + 3 [T[= TT7]]
+TIRRED] +5 [17 53] + 5 [1E RG]

i TIFIEA] 15 RE)] +o6).

(2.21)

For the computation of terms of the fourth order, denote that

Z=Q22)+P(X%%Y) +QE% YY) +UX T 7.7), (2.22)
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and for h to take terms of the third order
P(xxxy) +Q(x %y y) +U(X,Y,,Y)
=[x+ R(x,x)+S(xx,x)] - [y+RW,Y)+SW.v.v)] (2.23)

- <—%A[E,y] +2R(E7) +E®EY) + FE7,7) + )

in the fourth order one needs to compute only the term in V. Conducting the reasoning as in the
previous cases one obtains that

P(%,%,%,7) + Q¥ %,7,7) + U(Z,7,7,7)modb

= {E+ R(x,x)+S(x,x,x)+y+R(y,y) +S,y.v) + %[E,y]

+S[ERE )] + 5 [RED, RGP + 5 [£5F7.9)] + 5[5 %7),7]
5 BT+ 5 % BRG] + 1515, [,7]] + 517 [5.RE D))
1 1

- B E - 5 T E ] )
(-ZART 4 2RED) + EEEY) + FETT) ¢ )
modn; TJ[% EG %) +5 [TEFET D]+ 5 [T EGER7)]
2 TImFEE] - TI[T1EL E] -2 T[T 1ERE )]
+11_2H[7, [—, ; [ 7 ]+11—21_[[y, [y,—%A[I,yth(?,?)”
]‘[[ [y, Alx,y] +2R(x,y ] H[y, [y,-%/\[y,y]ule(z,y)”
S TIES@ED] + 5 TT5E%,9]+ 55 [ 1% £ RED)]]

+ S T B RED - 5 [1F B E] - 5 [1F 5 )

(2.24)

All the equalities in the above expression are modulo b.
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Then the following proposition holds.

Proposition 2.5. We have the following:

P(x,x,x,Y) = ——H[y, (x,x,x)] + —H[x,[ x, ——=A[x, Y] +2R(x,y)”
+§H[E,E(E,E,y)],
N | 1
uEyyy) =5I11xESEvl+ 5 I_I[y, [y, A E Y] +2R(%, y)”
S TIBFETY)
0E%TY) = 5 [T EEED] +3 [1FEFETD] - 5 T[T 7). 7]
5 TIITEARED] + 1 [T[R [7-5AF7 +2R G y)]]

« 35 1|7 [f 3859 + 2k G| | + 5 T 5 R@9)])
+ 5T 7 RED]] - = T17 = £ 9] - & [T 7 F91)

(2.25)

Corollary 2.6. We have the following:

() =575 T - %HR 7] +11‘[[R<M>,yl - 1l‘[[zl‘[[w]]
1546911 5 TT 691 - T )

+[[[Z.RE W]+ P(X%%7) + QX %Y. 7) + U(f,?/?/?) +0(4),
(2.26)

where P(x,x,%,y), Q(x,x,y,y), and U(X,y,y,y) are from (2.25).

3. Tensor Structure of a Smooth Analytic Loop

Let (Q, x, e) be a smooth analytic loop with the neutral element e. In a standard way, see [26]
on the Cartesian product Q x Q, we introduce the structure of a three-web W such that the
submanifold in the view of {a} x Q is a vertical foliations (a € Q), Q x {b} is a horizontal
foliations (b € Q) and the set {(a,b) : a x b = ¢ = conts} foliations of the third family (c € Q).
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In the coordinate (x',x%,...,x",y!,y?...,y"), the indicated foliations are described by the
system of differential 1-form [18, 19, 21, 23, 28, 37-40]

i_ i_ R N
w; =0, w, =0, ws = w; +w;, =0, (3.1)

where
=Pldx", wh= Q;dyﬂ,
op'

Pi(x,y) = L
(32)

i

Qﬂ(x’y) a [5’

W(xy) = (xxy)"

In the space of a 3-Web W, introduce the so-called Chern canonical connection V =

12
(V, V) [24,38].
The indicated connection is described by

Tk
w =TI w1 +F]1w2,

aZ‘Hk (3~3)
Q7 dxxdyP’

where 131.”‘ and Qf are inverse matrices for P{* and Q]p , respectively, in terms of the following
structural equations:

dwl —wl/\wl +a wl/\wl,

dwk = wh A wf - a wz/\wZ, (3.4)
dw —w A w; +b;<lmw1/\w'2",
where
1 62‘”1( o~ _
k _ _— a ﬂ_ a P
- S amias (13- )
aS”k ~p 83/4" AT azﬂp o
b= - Py P\ peyY Tk papP 35
" < oxioxtoyr | oxaoypoyr S )T Om ~ Timag 1T (3-)
O*u
Fk Qﬁ —Fk I*p +I"krp

+
lPayaa [5 pm=Ij Ip™ jm®
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The Chern connection in the 3-Web associated to the loop (Q,x,e) admits an
alternative description in terms of antiproduct of the loop Q by itself [31, 33]. In the set @ x Q,
introduce the covering loopuscular structure, by denoting for any pair X = (x,x'), Y = (y, '),
A(u,v)

LA Y) = ((x(\ yo)) /o,u) (uy /0))). (36)

Then the Chern connection coincides with the connection tangent to the covering
loopuscular structure [33].
In particular, for any tensor field Q(u, v), in the space of 3-web W = Q x Q

, (3.7)

é-Q(u =ev=¢)= 9 [L(E’E) _1Q(u e)
' ST ol (e)ls(e,e) ’

u=e

(3.8)

2 _ .0 (e0) -
ViQu=ev=¢e)= 30 [{ L(e,v)]*,(e,e) Q(e,v)

v=e

The value in the point (e, e) of the 3-Web W = Q x Q to the loop (Q, x, e) fundamental

S 12
tensor field a;.k, b}kl and their corresponding derivations V;, V; are called the tensors structure
of the loop. The structure tensor of the smooth loop (Q, x,e) is defined uniquely by its
construction up to isomorphism [24, 28, 29, 38].

Proposition 3.1 (see [17, 38]). The following relations hold

1 . .

1 _ 1
Vi = by
i (3.9)
Vidy = by

For the proof of the proposition, it is sufficient to consider the first differential ex-
pression of the system (3.4).
Introduce the notation

(8,8)’

. 1,
C;’klm = V"lb;‘kl
(3.10)

. 2 .
1 _ 1
i = Vbl

(ee)

And consider Proposition 2.3. The law of composition (x) of the smooth local loop
(Q, %, e) in the coordinate x = (X) centralized at the point e is given by

(xxy)=x+y+K(x,y)+L(x,x,y) + M(x,y,y) + P(x,x,X,Y) (3.11)

+Q(x,x,y,y)+U(X,y,Y,Yy) +04).
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Consider (Q, x, e) as a coordinate loop of the 3-Web W, defined in the neighborhood
of the point (e, e) of the manifold Q x Q. Then in conformity with [24, 37], the basic tensor
of the web can be expressed in terms of coefficient of the decomposition of the loop in the
following way:

a(x,y) = -K(xy),

(3.12)
b(x,v,Z) = -B(7,%,2),
c(z,y,z, ) (4Q - 6P)<y,t X,Z >+a<t b(x,y,z)) ( ,b(?,f,i))
-b(xa(ty).2) +a(2L(7,1%),2) -2L(a(x ) 1.2)
-2L(y,a(%,1),%) - 2L(7, L a(%, 7)),
(3.13)
d(xy,z1) = 4Q-6P)(7,% 51) - a(b(x y,2),1) - a(b(%,¥,1), Z)
+b(x7,a(2 1)) +a(y,2M (X 51)) -2M(a(,%),5 1)
-2M(¥,a(z,%),) -2M (¥, %, a(1 %)),
where
B(%,%,%) = 2L(%,7,Z) - 2M(%,7,Z) - K(%, K (,2)) + K(K (%, 7), Z).- (3.14)

4. Tensor Structure of a Smooth Local Loop, Embedding in Lie Group

Let (Q, x,e) be a local smooth loop, the embedding in the Lie group G as a section of left
coset G mod H, where H is a closed subgroup in G. In what follows, we will consider that
(Q, x, e) is referred to the normal coordinates X = (x).

Proposition 4.1. The following relations holds

a(X,y) =5 H[x vl (4.1)
bx 32 =5 1= 5 [I[[1EA ] -2T1RED . @2

Proof. The first relation follows from Proposition 2.1 and the relation (3.12). In the relation
(3.14), we have

B(%,7,Z) = 2L(X,7,%Z) - 2M(X,%,Z) - K(%, K(7,2)) + K(K(Z,7),2), (4.3)
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and from Proposition 2.3 we have

2772 =~ [T 72 - [TRE9).3 - TI[F T3] -5 115 =)
+T1%R@2)] +[[7 R 2)] + 31 H[y,l_[[f,z]],
1

ME 7.2 = s [T =8+ [1ERE )] - T1[7 [1=5)] 5 [1E 53]
T RrE2)] +T1ERED] -5 [T T1H5)

(4.4)
Furthermore,
K(xK(2) = ; 112,
K(K(E7).2) =1 [T[[TF7.7]

(4.5)

Substituting these expressions in B(x,y, z), we obtain that

Bx 32 =517+, [I[[1E73 2 [1RED.Z. @6

but from (3.12) we have b(x,y,z) = -B(y, X, z). Hence,

b®7.2) = [1[[E72 - [1[[1EAZ 2[1RED.E. @)

Let Q2 be one of the structural tensor of the loop Q, and consider the expression of the
fundamental tensor field Q(u, v) in the space of three-web W = QO x Q. Then Q = Q(u =¢,v =

1 2
e) and for V,Q(u =e,v =€), V;Q(u = e, v = e), the formulae obtained in (3.7) hold.

1
Consider the computation of V;Q(u = e, v = e), the value of the tensor field Q(u, v) for
v = e can be seen as the structure of the smooth local loop (Q, x, u), where
u

x:jy:xx(u\y). (4.8)

As a result, V is transported from T,,Q in T,Q by means of the inverse transformation R,,
which coincide with the structure of the tensor €, and the smooth local loop (Q, -, e) with
u

the operation

xp-ly=u\((u><x)><y). (4.9)
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So that
0Q,

oui !

u=e

1
ViQu=e,v=e)= (4.10)

in addition the law of composition (4.9) allows an intuitive algebraic interpretation in terms
of the enveloping Lie group G.

Consider the section Q!, = Q - u™! of the coset space G/ ’I-\I;, where ﬁu =u-H-ul,
u € Q and the map

¥,:Q—Q,
(4.11)
xr— (uxx)xul.
Denote by (*) the law of composition in Q;,, so that
axb=]] (ab), (4.12)

where [T, : G — Q, is the projection on Q) parallel to H,. The following proposition
hold. O

Proposition 4.2. The map ¥, : Q — Q. is an isomorphism of the smooth loops (Q, -,e) and
u
(Qu xe).

Proof. Leta=%,x,b=%,y,and a*b = ¥,z, where x,y,z € Q.
Then

azb = H;(ab) = H;((uxx) cut (uxy) -u‘l),

(4.13)
<a*b> xu-h-ut=@xx)yut (uxy) u'
Multiplying by u we obtain that
(a*b)xu-hz(uxx)xy. (4.14)

Applying the projection to the last equality, we obtain that

<aﬁb>xu=(uxx)xy. (4.15)
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Furthermore,
<a;b>xu:(‘Puz)xu:(uxz)-u‘lxu:(uxx)xy. (4.16)
Thenz =u\ (u x x) x y and
<a . b> = (W) * (Puy) = Wz = Wo{u\ (xx) xy) = ‘I‘u<x1;y). (4.17)

Therefore ¥, (x - y) = (Wux) * (¥,y). Hence, here is the result. Similarly we establish that

0Q,
ovt

2
ViQu=e,v=¢e)= , (4.18)

v=e

where Q correspond to the structure tensor of the local loop (Q,1/v, e) with the composition
law

x%y = (xx (yxv))/v. (4.19)

The law of composition (4.19) allows us to find an algebraic interpretation in terms of
the enveloping Lie group G. O

Let us introduce in consideration the subgroup H; = vHv™! where v € Q. The
following proposition holds.

Proposition 4.3. We have the following:

1 "
Xy = Hv (xy) (4.20)
forall x,y € Q, where
Hz : G — Q is the projection on Q parallel to H,. (4.21)

Proof. In the Lie group G, we have xy = (x L y) x vho™! which is equivalent to xy - v = (x L
y) x vh. Applying [T to the last formula, we get the following;:

xx(yxv)=(xLly)xo. (4.22)

Therefore, x L y = x x (y xv)/v. O
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5. Application: Computation of V,a;, and V,a;;

2
(1) Computation of Vid,

For u € Q, introduce the map

Ad,:G—G,

X — uxu L

Let u = exp ¢, where { € Q and g € H. Then

Ady(g) =ugu™ = Ad(exp¢)(g) = exp(adi(g)) = g+ [¢ 8] +0(8)

and g+ [¢,g] +0(8) € Hl,, where H), = uHu".

Let [T, : & — T.Q be the projection on T,Q parallel to b, and exp b, = Hj,.

By fixing ¢, 7 from &, we find that

=T 1l&n]+m,
&n =TT, &0+

15

(5.1)

(5.2)

(5.3)

(5.4)

where h; € hand hy € b),. From (5.2) we obtain that h; has the form hy = by + fz(g) +[¢ ] +

0(g), where ﬁ(g) € b. From (5.3) and (5.4), it follows that

[L&ul=[&n] ~h=Tl&n] -1~ &l +0@) = [l&n] - [T ] +o0@).

But from (5.3), we have h; = [¢,17] — T][¢, n]. It follows that

[T.len =TTen-TTl & +TT[eTT

=TTl + Tl n.4 —H[H[g,n],c] +0(0)

Denote by a(¢, 1) = ~(1/2)TT4[¢,7]. Then

a(en)=a@n) -5 [Tl + 5 [T[TTInl.¢]

Finally we have

éla;kéjﬂkél -2 < oxpte (& 71)>| = H[B ulll H[HB e ]

(5.5)

(5.6)

(5.7)

(5.8)
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We obtain a result in conformity with Proposition 3.1 and the relation (4.2) indeed,
from the relation (4.2)

b(m.8) = 5 [[e],8] + 5 TT[T T n¢] -2 T TIRG ). 4] 59)

From which we find that

pEne) -bedl =5 [Tlenld+ s T[Ty G

N —

2. )
so that Vla;.k = b‘[],k]l.

1,
(1I) Computation of Vza}k

Let us introduce the map

q‘u:Q_>Q;u

x— (uxx)u . (10

Then d¥,|, : T.Q — T.Q,,. Then the following proposition holds.

Proposition 5.1. The map defined from the tangent space T,Q to tangent space T,Q,, is defined as
follows:

dlpule : TeQ — TEQ;,{I
. . (5.12)
d & 28]+ 3 T Tl 2]+ 2R, 8) + o(w)

Proof. For the proof of this proposition, using the notion from Section 2 and the relation (2.8),
we have u x ¢ = (u - ¢) - h but from Proposition 1.4, we have

Mu@):—%m@]+%hbﬂ+2RUh@+o@0. (5.13)
Thus,
ux§=@r@-h=u+§+%W@]+%IIh@ﬂ+2RW@)+duL
mxg)xu4=u+g+%I]Uha+2Rm@)—u—%gﬁq+om) (5.14)

= ¢+ 2 [Tl dl + 510,80+ 2R(w,d) + o(w).
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Let f'[vu :® — T,Q' be the projection on T,Q' parallel to f):’ where exp B:/ =uHu™.
Then we obtain the following;:

w+h =w' +h + [u, k] (5.15)

with w € T,Q, hy € b, ' € T,Q', K| € h. For the computation of w' = «'(u,w). From
Proposition 5.1, we have

w+h =+ % [ Tl @1 + %[u,d)] +2R(u, @) + Wy + [, K] +o(u), (5.16)
where w € T,Q, so that
a)+11‘[[u a;]+1[u @] +2R(u, @) = w' (5.17)
2 7 2 7 7 - . .

It follows that

w = w+Hua) + [u, K],

(5.18)
hy = K| + terms with u,
from which
w=w-| [[uw]-[uh],
H (5.19)
hy = h1 + term with u.
Then substituting in w' the expression from ¢, we obtain that
, 1 1
w=w- H[u,w] - H[u,hl] + = H[u,hl] + E[u,w] +2R(u, w) + o(u)
(5.20)
=wtslnwl -5 H[u w] - H u, h] +2R(u, w) + o(u),
from which we find that
ﬁ(w+h)—w'—w+1[uw]—1[uw]+2R(uw)—H[uh] (5.21)
, 1) = - 2 7 2 ’ 7 s 1] .

Now let us compute that

T2 n) = — (@®) [ [[a%, a¥,), 622)
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where ¢, 7 € T,Q,
(d9) " ][4, d¥,]

= @) TT [¢+ 5081+ 5 [Tl 0+ 2R, + 5 [w1]

+% H[u, 1] +2R(u,n)
= @ TT{ ] + 506 beonl) 6 Tl ] +208 RG]

3t - 3 [ Tt 1] - 20 R 9]}
_ (dwl{m,n] + 5 TTLe Tl + 5 TT[e Tkl + 2T Tl R )]

1

-5 1, [u,]] __H[q ug]]—ZH[n,R(u,é)]+%[”:H[§Jl]]
_l[u,H [¢, 7] ] +2R(u,H[§,11]) —H u, [¢,1]] +H[u,H &) ]}

1

=TTl + 5l benl] + 5 TT[& TTlwnl] +2 TR R m)] - 5 TTln [l
-5 T TTtwel] -2 TTln Rae 9] - [Tl 1)
1

=H[§q]+§ rlu] _En[é 71”]"‘21_[[5 R(u,1)]
—%H[m[é [T[n TTte ] -2 Tl Rew )],

(5.23)

where

@) =5 [Tl - 3 [T ulal + 5 TT[T Tt uln] - TT[RGw2).n]
v 1 TT w8 - 3 TT[T Tl ul.¢] + TTIRGen). 2.

(5.24)

From this last equation, it follows that

vid, e = —“ Aexpri (¢, 71)|
[[¢ ¢l n] + 4]_[[ (¢, 11] [T[RG ). 7] (5.25)
+1H[’1f§f 1 TI[ITE el ¢ + TTIRG0),8)
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We obtain a result in conformity with Proposition 3.1 and the relation (4.2) indeed
from the formulae (4.2), it follows that

1

[b(¢,6m) - b(n,4,¢)] = %{—5 [Tl ¢l + % T[T ¢l n] -2TTIRE 0.1)
+3 TTnel.e - 5 TI[TTin 8] + 2 TTIRG )¢}

=3 Tl e+ 5 TT[TT ¢l n] - TTIRE 21
+ ;T8 -3 T[T Tl eL4] + TTIRG0) .

N =

(5.26)

Therefore,

1 . .
1 — 1
Vil =bj (5.27)

. 2 .
6. Computation of the Tensor Ay = Vmbiy

Denote that u - R(17,1) - u™* by Rl(17,17). For the computation of d;.klm let us firstly compute

Ry (7).
The following proposition holds.

Proposition 6.1. We have the following:

Ri(n,n) = R(pm) + [ [l R(nm)] +0(u, ). (6.1)

The proof of this proposition is from Section 1. It is clear that ¢ + ¢(¢) € Q, and from
Section 4 h, = h1+[u, h1] +0(u), where h; € h. Furthermore n+ R}, (1,1) € Qbut R},(1,1) € h,
that is why R/ (1, 17) can be represented as R}, (1,1) = h1 + [u, h1] + 0(u), where hy = R),(1,17) —
[u, R (17,1)] + O(u). Let us write n + R, (1, 17) as

n+ Ry () = { (n+ TTIw Ri(nn)]) + (R (n.m) = [, Ry (n,m)])

(6.2)
+([w R m)] - T Ri(m)]) },
putn+ [1[u, R)(1,1)] = ¢ then
¢(@) = Ry (n,1) = [, Ry (n,m)] + [, R (n,m)] = [ [, Ri(n,m)] 63

=Ry (n,m) - [ [[w R (n,n)] + o),

from the relation (2.4) we have ¢(¢) = R(¢,¢&) + S(¢,¢,¢) + 0(3).
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Therefore by comparing the term on the right hand sides of the last two relations, we
obtain that

R (n,n) = R(n,m) + T [ R(q,m)] +0(u, ) (6.4)

Let [T, : & — V = T,Q be the projection of & to V parallel to h),. Then we obtain the
following:

E+h=¢+h +[uh), (6.5)
where g,E eVandh h € b for the search of 5 = §~(§,u), we have
g+h=E+h+ [Tlwml+ (wm] -l ml), (6.6)

where

¢=&+[Twml

- (6.7)
h=h+[uhi] - H[u, h1] = hy + terms with wu.
From these two equalities, we obtain that
i=¢-T1 [u, fz] +0(u). (6.8)

Hence
[T.(¢+m)=¢-TT[wH]- (6.9)

We pass now to the computation of d'
From (4.2) it follows that

jklm*

b(&n.8) =5 [Tl L8 + 5 TT[TTE e -2 TTRE .4, 610

that is why

b nd) =5 Tl + 5T, [H & n],c] ~2[ T, [Ri(&n).¢]- (6.11)

From (6.9) it follows that

1

"l =5 Tl + 5 [Tk (&l &l -3 TT[w TR 4] (612
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Furthermore,

ST ¢ =TT ¢ - ST Tk el ¢
5 TLT [ T nl).¢
=S T[T ¢ - 5 TT[w [Tl nl¢]] + 5 TT[« TT[TTE .4

+o(u).
(6.13)

Finally from (6.1) and (6.9), it follows that

[T [Ri&m).¢] = 2 T [Ru(@ ). 8] -2 T[T T R ). ¢]
=2TTIRG ).l +2 T [w [R& ), ¢l] -2 T [ TTIRG n).4]]
~2TT[TT [ R )], ¢] +o(w)

(6.14)

from (6.12), (6.13), and (6.14), it follows that

gl - G (on@nd)|

e 41 - ST T ]% [T[r [TTen.¢]
+§I_[[T/H[H§f’1'§” H[H ], ¢] + ZH[H[ &) 4]
+2[Tlr [R& ). ¢l -2 T|= TTIRGn). ¢l -2 T|[I Tl= RE ). 4

(6.15)

2 i
d(gm,67) = Vimbiy »

In the theory of 3-Web [17, 37, 39], the following relation is known:

d

jk[im] = -b;

]kpalm (6.16)
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Let us verify that:

2@ ne) - nme)
= TTIm el all - TT [l #ll - § TT[= Tl ) ]
e TT1[e T 7] - S TT[e ([T a¢]) +  TT[e [T 7]
+ 3 T[T 4] - 3 TT[e T[T 1 7] - 5 TT[T Tl g

+§H[H[§,[g,n]],r]+}1H[H[r,1‘[[g,rl],g]—1 [[T[e ITi 1) 7]
+ Tl RG] - TTI [RE@ ), 71 - TT|m TTIRG ). 4]
+TT[e TTIRG . 7] -TI[T Tl REm)).¢] + TT[T Tl R@ )], 7]

= ‘41; [Tl 7 1g 711 + %H[H[é,n],[é,rl] ~TTIRG@ 7). 18 71].

(6.17)
In addition, considering that
6,71 = TTie 1+ (1& 71 - TTie 71)- (6.18)
One obtain that
@@ o) -d@n ) =~ TT[1eal T+ ; TI[T Tl TTie <] o

-TT[RG@ ) TTie ).
From relations (4.1) and (4.2), it follows that
b(¢n,ae,m) = 3b(&n [ 16 7))
= - TT[E& . TTte 7] (6.20)
+ ST ) T 1] - TT[RG ). TTie 71

i
Hence d].k[ b] kp alm
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7. Hexagonal Loops

The analytic hexagonal 3-Web and their corresponding loops can be characterize by the
following condition:

bi(]_kl) =0, (7.1)

where b(¢,7,¢) = —(1/2)T1II, 11, &1+ (1/2)TIITTIE, 1], 1 - 2[T[R(, 1), ¢], thatis, way, b, ) =

0 is equivalent to the following condition:

[TIRG n). ] + TTIR(.0).¢] + T TR &), 7] =0, (7.2)

which can be written as follows:

ggl_[[R(ﬁ, 1),¢] =0, (7.3)

where gog is the cyclic sum for ¢, 7, ¢.
i
We have furthermore, for the hexagonal three webs the following relation:

di

(i =0 (7.4)

Considering (6.15) and (7.2), one obtain that
o IT{[= [R@ .21 - [Tl RE )L} =0, 7.5)

where gog is the cyclic sum for ¢, 7, ¢.
11
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