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Motivation

V" is erucial for various Parts of LQG |

B [rick: Can treat negative powers of det g bv rewriting as Poisson bracket
By ——— | Fi. ey BSED 2o e CO R D
LRVE 1 gL it e '

» Identities: € ELE}

B (Spatial) Diffeomorphism Invariant (Complexifier) Coherent States
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LQG - Basics 1
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angular momentum operators acting on a spin svstem!
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LQG - Basics 11
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LQG - Basics 11
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LQG - Basics 11
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LQG - Basics III: Recoupling Basis 1
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LQG - Basics III: Recoupling Basis 2

['he order of recoupling matters!

GINJIM: 7Y =S (a12)JM:a|lgUNHJM:7) |a12)JM: #
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LQG - Basics III: 3nj-Symbols in Terms of 6j-Symbols
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LQG - Basics III: 6/-Symbols

B Definition
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Volume Operator I: Definition

B (Classical Volume Expression: - / a0 —
j -II

B According Operator in LQG

/ g2 | K Hgal TK) + 1 ] T TR : _ FTKG
AT
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Volume Operator II: Simplified Expression for the Matrix Element 1

B Solution

| . 1
e _:. — - F- s l_\..l.l i 1— - i s
I [ — 1)+ | — | i
e o 1_' 1 i —

with X (b.c) = 2b(2b + 1)(2b + 2)2¢(2¢ + 1)(2¢ + 2).

Pirsa: 04100028 ML Page 14/29




Volume Operator II: Simplified Expression for the Matrix Element 2
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Application I: Numerical Studies 1

B Gauge Invariant 4-Vertex

" [._':lr]:‘"._?"—h";r.:lrl'j-

p auce [nvariance
RISy AN A A

| Y. st ad pu—

Pirsa: 04100028 i Page 16/29




Application I: Numerical Studies 2

» Matrix Structure » First Impression

IN[=EY+1]
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e
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Application I: Numerical Studies 1

B Gauge Invariant 4-Vertex

" [._'llr]i"._b—h";f.’lfl':-

p Gauge [nvariance
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Application I: Numerical Studies 2

» Matrix Structure » First Impression

IN[=EY+1]

@ p

o
S

Pirsa: 04100028 i Page 19/29




Application II: Triad Operators in LQG 1

1 ':I_.]r-ﬁ._f. al. [':lf_‘- “ili'-lll [:]rll'1 L.I[. l'rl'r
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» Regularized Expression

Hg(N)~ Y N(v(A)€e" Tr | hopy (A)he (A)[RZL(A). V

— STl l_‘f i Ipt't':l LOT

"l k. - =]y T K [ h.l : 7 |
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Application II: Triad Operators in LQG 2

B What about [,(2[.'. 7

» Holonomie Action [ ()] T (x4
Ll = |2
Ja 2 o T
T |7 A | [ . = 5 3 : =
_[— _ = | 3 : Bl
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Application II: Triad Operators in LQG 2

B What about [Jj(‘. g

» Holonomie Action [=1()],, =% | A
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Application II: Triad Operators in LQG 3

B [7(1)°-CS Caleulation

» Studvy  €i(v) = Tr| 7; h, [ Bt ‘1] for SU(2
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> [-:_'.:[ ectation Value \J II ;J (v.7) H I I I-

1s finite. no matter if ['Ii'-:ll{f"fi al 1"lil.."«?‘«l1"ill_l__‘f ﬁ«ill,!_'lllnl' (E = 0) configuration
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Conclusions & Outlook

Simplified Volume Operator in Full Theory

1) Numerical Studies

2) Analytical Studies — | Tools to check LQC and the question of singularity

(dis-) appearance in the Full Theory

=)

[Tiad - ‘\}}"t't':m.t in General nof lLe'-f't'ﬁ«ﬁ«:lt'll_R' naed (S-vertex)

on O-volume Eigenstates — | Calculation in U'(1)°-CS shows finite behavior

A

r

B | Dt.;
» Further numerical studies
» Triad at 4-vertex?

> Re-Do U(1) =y ‘alculation for SU(2)

~~> Examine action of Hg in detail
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Conclusions & Outlook

Simplified Volume Operator in Full Theory

1) Numerical Studies
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Application II: Triad Operators in LQG 1
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Volume Operator II: Simplified Expression for the Matrix Element 2
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Application I: Numerical Studies 1

B Gauge Invariant 4-Vertex
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» (Gauge Invariance
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Application I: Numerical Studies 2

» Matrix Structure » First Impression
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