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1. Elementary operators and their actions

The holonomy operator acts as multiplication:

ey (AP - f(A) = [0y (e, (AN A)

The flux operator acts on a cylindrical function f, with respect to the graph y adapted
to S as a derivative operator,

EAS) - f,(A) = =i {f,(A). E(S))]
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2. Spin-network states (based on standard graphs)

The original graph = standard graph
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1. Adding a (pseudo-)vertex ¥, to each edge e”** of the original graph. e’ = ¢ 0 6’-_1
2. Splitting each edge of the orlglnal graph into two edges (two segments) l ! !
_starting from the original graph's vertices.
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A Spin-network stateé (based on a standard graph)
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2. Spin-network states (based on standard graphs)
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3. The actions on spin-network states (based on standard graphs)

For a spin-network state T7 ﬁ(A) on a graph vy, we consider a true vertex v € V(y) er
at which n edges e, ... e, incident and denote 7" , (A) the terms, in Ty f;(A), directly - —
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3. The actions on spin-network states (based on standard graphs)

For a spin-network state T »»(A) on a graph vy, we consider a true vertex v € V(y) er
at which n edges ey, ... e, 1n01dent and denote TV ,(A) the terms, in T »{A) directly ,
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4. Graphical representation: intertwiner

For a spin-network state T »»(A) on a graph vy, we consider a true vertex v € V(y) eu

at which n edges ey, ... e, 1n01dent and denote TV ,(A) the terms, in T e{A) directly
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4. Graphical representation: holonomy

For a spin-network state Ty ;7(A) on a graph vy, we consider a true vertex v € V(y)
at which n edges e, ... e, incident and denote 7" , (A) the terms, in Ty ﬁ(A), directly
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4. Graphical representation: spin network states

For a spin-network state Ty ;7(A) on a graph vy, we consider a true vertex v € V(y) eu

at which n edges e, ... e, incident and denote 7" , (A) the terms, in Ty ﬁ(A), directly
Vi >

associated to v

T AA) = Gy,
,)/’.]’l

M [7Tj1 (hel)]ml ni T [ﬂj](hel)] mlnl e [7'[]'” (hen)]mn n,

.i]' .J; 7
Hi o
N J1Jn

4 ny
n—1 2 Y Y WP
T".(A) = ‘ ‘ Vd,, \d;
Yo Jol |
=2 B 1
— e > - .
Qr 4 aj



9. Graphical calculus: the actions of elementary operators

For a spin-network state Ty ﬁ(A) on a graph vy, we consider a true vertex v € V(y) eu
at which n edges e, ... e, incident and denote 7" , (A) the terms, in Ty ﬁ(A), directly - <=
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9. Graphical calculus: the actions of elementary operators

For a spin-network state 7' »{A) on a graph y, we consider a true vertex v € V(y)  j.,
at which n edges ey, ... e, incident and denote 7" ._(A) the terms, in T »«A), directly
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9. Graphical calculation: the actions of elementary operators

For a spin-network state Ty ﬁ(A) on a graph vy, we consider a true vertex v € V(y) Jer
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9. Graphical calculation: the actions of elementary operators

For a spin-network state Ty ﬁ(A) on a graph vy, we consider a true vertex v € V(y) eu
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9. Graphical calculation: the actions of elementary operators

For a spin-network state T, ﬁ(A) on a graph vy, we consider a true vertex v € V(y)  j.,

at which n edges e, ... e, incident and denote 7" , (A) the terms, in Ty f;(A), directly
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9. Graphical calculation: the actions of elementary operators

For a spin-network state T7 ﬁ(A) on a graph vy, we consider a true vertex v € V(y) eu

at which n edges e, ... e, incident and denote 7" , (A) the terms, in Ty f;(A), directly
YsJsl *J?

associated to v ‘ &
“ €o /
" (A) := (i,) Mg (e )™ o[, (he )™ [ (B )™ by che—
%]"-j : v/my--mp---my Ji\ren n Ji\rer ny Jn\""€n ny, ,
n, n; 3 eil
n—1 Y WA crh7j; Z;k'
— da,- Vd.]
=2 9 s
e > e i ———

T, n; n.,
n—1 61‘j1 GI‘jI €. 87,
Jey - T7 A &) = x (i) | | VN
. i=2 j I 1 j
( iy " "
............. > * - > M



6. Graphical calculation: some useful rules of transforming graphs
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Thawnks for your attention!



