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Goals of this talk:
I. Regularity (on large length scales)

II. Application to quantitative homogenization

III. Correlated coefficients

Uniformly elliptic operator

Homogenization: 
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Assumption on the coefficients:



Classical theorem of elliptic homogenization:

[60s, 70s: Spagnolo, Tartar, Bensoussan, Lions, Papanicolaou, ...]

[Papanicolaou, Varadhan '79, Kozlov '79]



Formula for the homogenized coefficients

Corrector equation 

Sublinear growth property [cf. Sidovaricius & Sznitman '04]

Existence: e.g. via regularization (massive term)



Harmonic coordinates

Role played by the corrector (I)

Flux corrector



Two-scale Expansion

Role played by the corrector (II)



Two-scale Expansion

Classical estimate (for periodic coefficients) 

Goal: 
Similar result in the stochastic case, yet optimal scaling is different...

[cf. Avellaneda-Lin '87, Allaire-Amar '99, Gerard-Varet – Masmoudi '12]

Role played by the corrector (II)



A cartoon of the periodic case
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Plan of the talk

● [Avellaneda, Lin '87]: periodic case, compactness method

● [Armstrong, Smart '14]: convex energies, finite range condition

● [Armstrong, Mourrat '15]: monotone operators, mixing condition



Lemma [Gloria, N. & Otto '15]

Regularity of harmonic functions:

Intrinsic regularity



Cartoon of the proof







Theorem (Excess decay). [Gloria, N. & Otto '15]

Excess decay & minimal radius



Consequences of excess decay

Lipschitz estimate

Non-degeneracy of the corrector

Corollary (Liouville property).
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Quantification of ergodicity via LSI and SG

Discrete case 

● (SG) introduced to homogenization in the context of statistical mechanics by 

[Naddaf & Spencer '97]

● Systematic use in quantitative stochastic homogenization

(SG): [Gloria, Otto '11], [Gloria, N., Otto '15]

(LSI): [Otto, Marahrens '14], [Ben-Artzi, Marahrens, N. '14]

Morally speaking, (SG), (LSI) corresponds to integrable correlations.



Coarsened LSI

Definition: c-LSI 



“vertical derivative”



Example: Correlated Gaussian random field

Example [Gloria, N. & Otto '15]



Two-fold usage of LSI and SG

● Periodic case:

● Stochastic case:

 

● As a Poincaré Inequality

● In the spirit of concentration of measure

[Herbst' argument]



Optimal control of      

Theorem [Gloria, N. & Otto '15]
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Theorem (decay of spatial averages of the corrector's gradient)

[Gloria, N. & Otto '15]



Sensitivity Estimate

Theorem [Gloria, N. & Otto '15]

In particular: 



Sensitivity estimate – Ingredients of the proof (p=1)

Identify vertical derivative

Duality 

Weighted L2 regularity for  dual equation

Hole filling and Non-degeneracy



Theorem (moment bounds on the corrector)

[Gloria, N. & Otto '15]



[Gloria, N. & Otto '15]

Theorem (Quantitative 2scale expansion).



Thank you for your attention!

For details see:

arXiv:1409.2678
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