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Motivation.

Test semi-classical limit of LOQG.

Evolution of inhomogeneities is expected to explain
cosmological structure formation and lead to observable
results.

Effective approximation allows to extract predictions of
the underlying quantum theory without going into
consideration of quantum states.



Effective Approximation. Strateqy.

Classical Theory Classical Constraints & {, }og
Quantization Quantum Operators & [, ]
Effective Theory Quantum variables:

(=8 Gt =il =g > Y S =r g > ) S
CExpectation values,spreads, deformations, etc.

Truncation Expectation Values

classically well classically diverging
behaved expressions expressions

Classical Classical { Correction
Expressions Expressiong | Functions



Effective Approximation. Summary.

Classical Constraints & Poisson Algebra

S uUa ntizaticom ﬁ

Constraint Operators & Commutation Relations
efffective [| approximation

Effective Constraints & Effective Poisson Algebra

(differs from classical Poisson Algebra)

Effective Equations of Motion Anomaly lssue
(Bojowald, Hernandez, MK, Singh, Skirzewski
Phys. Rev. D, 74, 123512, 2006;
Phys. Rev. Lett. 98, 031301, 2007
for scalar mode in longitudinal gauge)
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Anomalies. Source of Corrections.

" Densitized triad Ef’
Basic Variables . Ashtekar connection Al = I + vK,
Scalar field &,
KField momentum T

Diffeomorphism Constraint
Intact

Hamiltonian constraint
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Anomalies. Restrictions on Correction Functions.

Corrected constraint algebra

H® = HY + HY, DY=D=Dy+ Dn,

(HOIN], DN} = ~HOIN] + [ d®eNcoN? (E56] — B56¢)

o6 oD do
{8E§L("') G = 8E§('") ofF aEf("')]

{HP[N1], HY[N2]} = Dgla?(N18%Ny — Np9d®Ny)]
+ Dm[Do(N10“No — N20“Ny)]
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Anomalies. Restrictions on Correction Functions.

Anomaly free conditions:

o, D,0 = f (E(EY))

o0&
FCHe — LCS9 =i
( Fon7 Jz)ﬁﬁ?
o = Do

f=arbitrary function 2



Effective Constraints. Lattice formulation.

(scalar mode/longitudinal gauge, Bojowald, Hernandez, MK, Skirzewski, 2007)

J {1-labels Fluxes Holonomies
iz Bl =pl(2)s]  Kj=Fi(@)3

lo ’ l / Dy, I ~ l%ﬁj(v) Ny, I =~ €XP (ilO%I(v))
V N

e (integrated over S, ) (integrated over e, )
Cu, I

¥ e '?“:'f!l"}.} e ’Y T“I'}I gt . Ufjj Y sl Z

ﬁﬁ,f“":l’l’@"jja--->= *--;P’:yjj—klj...).

13



Effective Constraints. Hamiltonian.

Curvature
F(A) =dA+AA = ('ydK-l—'}'zKK)—l—(dl_—l—rl_)—l—fy(I_K—I—KI_)

FEE - KKEE _
V| det E|

FE
- /| det E]|

(jf( KK) + (dr + )]

1 i
Hx=) Hx, Hy
v
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Effective Constraints. Hamiltonian.

Curvature
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Effective Constraints. Inverse triad corrections.

1 .. EJEK
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Effective Constraints. Inverse triad corrections.

1 .. EJEK
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Effective Constraints. Inverse triad corrections.

Generalization
(dete)”

\/| det E| | det E|(k+1)/2

for k>1 and 7, =
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Effective Constraints. Inverse triad corrections.

Generalization

1 . (dete)” 1K . o o
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Effective Constraints. Inverse triad corrections.

Higher j-representations
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Summary.

1.Can check anomalies order by order. Do not
have to work with full setting.

2. Indications that ambiguities are restricted.

3.There iIs a consistent set of corrected
constraints which are first class.

4.Cosmology: can formulate equations of
motion in terms of gauge invariant variables.
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