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Park et al. (2012): “The SGW is Perfectly Normal!”  
They find many such structures in the Horizon 

Simulation and predict larger structures to come.

Sheth & Diafrio (2011): “The SGW Shouldn’t 
Exist! (given ΛCDM and Gaussian Fluctuations)”
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Some Early Work (pre-Dark Energy)

Moffat & Tatarski (1995)
➢ Cite observed large-scale structure (e.g. Geller and Huchra 1989) and galaxy 
counts suggesting a substantial excess of faint galaxies (e.g. Lilly 1993, Maddox et 
al. 1990)   
➢ Study a local void embedded in an FLRW universe

Bonnor (1972)
➢ Motivated by De Vaucouleurs (1970) article on inhomogeneities, he considers 
Lemaitre-Tolman-Bondi (LTB) cosmologies to explore the effects of inhomogeneities 
on observed quantities.  
➢ Concludes that large-scale inhomogeneities can have significant effects on the 
observed redshift-distance relation.  Note Cosmological Principle

Szekeres (1975)
➢ Studies a new class of inhomogeneous cosmological models.  These models are 
employed today in so called “swiss cheese models”.  

Krasinski (1997)
➢ A book providing a review of inhomogeneous cosmologies since the theory 
of relativity was first established.

Partovi  & Mashhoon (1984)
➢ Study the effects of inhomogeneities on observed quantities and conclude that these 
effects could be on the same order (or greater) than the deceleration paramteter



1998: The Accelerating Expansion!

Redshift



A Large Void Can Produce an 
Apparent Accleration of Expansion



A Large Void Can Produce an 
Apparent Accleration of Expansion

Violation of the Copernican 
Principle!



The Last Decade (post-Dark Energy)

Bolejko (2010) ➢ Study “Szekeres Swiss Cheese” model cosmologies to investigate inhomogeneities.

Pascual-Sánchez (1999) ➢ Inhomogeneity can explain the SNIa data as well as ΛCDM. 
Dabrowski (1998) ➢ Inhomogeneous models can fit SNIa data just as well as ΛCDM.

 Celerier (2000) ➢ Do we really see a cosmological constant in the supernovae data?

 Tomita (2000) ➢ A void out to z ∼ 0.07 could reproduce the apparent acceleration.
 Buchert (2001) ➢ Study back reaction effects in inhomogeneous cosmologies.

 Iguchi et al. (2002) ➢ Inhomogeneous universe without dark energy still possible given DL(z).
 Tomita (2003) ➢ Study CMB dipole anisotropy in the context of a possible large void.

 Räsänen (2004) ➢ Consider apparent dark energy due to back reaction from inhomogeneity.
 Buchert (2005) ➢ Apparent dark energy due to back reaction requires a paradigm shift.

 Celerier (2007) ➢ Review of inhomogeneous cosmologies.
 Yoo et al. (2008) ➢ LTB metrics can fit as well as ΛCDM and are distinguishable observationally.

 Alexander et al. (2009) ➢ Find a void radius of ∼250 Mpc is sufficient to fit DL(z) observations.
 Celerier (2010) ➢ Giant (Gpc scale) voids are not necessary to match observations .

 Chung & Romano (2006) ➢ Demonstrate that a void model can match ΛCDM.

Bolejko & Sussman (2011) ➢ Find that a void to z ∼ 0.08 can reproduce observed DL(z).
Romano et al. (2011) ➢ Void models are not ruled out by accurate measurements of H0.



Recent Work

Celerier (2012)
➢ Note that, while current inhomogeneous cosmological models are overly 
simplistic, they confirm that the effects of inhomogeneities on observed 
quantities are non-negligible   
➢ State that physically realistic inhomogeneous models are on the way. 

Meures et al. (2012)
➢ Study large inhomogeneities in an overall homogeneous ΛCDM universe 
and find the redshift-distance relation will be significantly effected by 
inhomogeneities along the line of sight.

Romano & Chen (2012)
➢ Study ΛLTB cosmologies for a central observer in a spherically symmetric 
inhomogeneous universe.  

Bull & Clifton (2012)
➢ Conclude that observations made in an inhomogeneous universe can imply 
acceleration without the existence of dark energy

Buchert & Räsänen (2012)
➢ Conclude that before the effects of structure formation on the average 
expansion rate are reliably quantified, we simply will not know whether dark 
energy or modified gravity are needed to explain cosmology.  



Observational Work
Huang et al. (1997)

➢ Use NIR galaxy counts and find the universe may be under-dense by 50% on 300 Mpc scales.    

Busswell et al. (2004)
➢ Use NIR galaxy counts and find a 30% local under-density out to z ∼ 0.1

Frith et al. (2005/2006)
➢ Use NIR galaxy counts and find a 30% local under-density out to z ∼ 0.1

Moss et al. (2011)
➢ Use a wide range of observables to rule out Hubble scale voids

Keenan et al. (2010)
➢ Use NIR galaxy counts and find a 30-50% local under-density out to z ∼ 0.1

Keenan et al. (2012)
➢ Use NIR galaxy luminosity functions and find a 30% local under-density out to z ∼ 0.1

García Bellido & Haugbølle (2008)
➢ Kinetic S-Z effect in clusters rules out voids of r > 1.5 Gpc.

Zibin et al. (2008)
➢ Use WMAP and H(z) data to rule out Hubble scale voids.

Zhang & Stebbins (2011)
➢ Use kinetic S-Z effect to rule out > 1 Gpc scale voids

Reiss et al. (2011)
➢ Use new measurements of H0 to rule out > 1 Gpc scale voids.



Minimal Void Scenarios

Bolejko & Sussman (2011): “While this configuration is not spherically symmetric, its proper 
volume average yields a spherical void profile of 250 Mpc that roughly agrees with observations.”

Text

Alexander et al. (2009): “… We have shown that, for WMAP and SNIa observations, our 
Minimal Void model can be an alternative to invoking dark energy… However, this should 
only be taken as a first step toward building an viable alternative to ΛCDM.”



NIR Galaxy Counts to Probe Structure
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Counts Slope is Too Steep Over 75% 
of the  Observable Extragalactic Sky



Our Study of the NIR LF at z ∼ 0.2
UH 2.2m + 
ULBCam

UKIRT + 
WFCam

CFHT + 
WIRCam

WIYN + 
Hydra 
(H<18)



Estimating the Luminosity Function
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Testing for a Local Void Using 
the LF Normalization
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Testing for a Local Void Using 
the LF Normalization

Observed Data               Simulated Data



A K-selected Sample from the Archives
Coverage on the Sky of UKIDSS LAS+ SDSS + 2DFGRS Overlap Region



A K-selected Sample from the Archives
Coverage on the Sky of UKIDSS LAS+ SDSS + 2DFGRS Overlap Region

Uniform Completeness Over ～ 275 Square Degrees ( > 20,000 galaxies)



Redshift Distribution of our Sample

The Sloan Great Wall 
is seen prominently in 

this sample



The K-band LF 0 < z < 0.2: Poor Fit!
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K-band LF as a function of Redshift



Comparison with Keenan et al. 2012
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Rising K-band Luminosity Density?



Ongoing Surveys That Will  
Complement This Work

SDSS III + UKIDSS LAS
➢ We are now exploring the data to see what kind of completeness the current data 
releases for UKIDSS and SDSS.
➢ With the completion and release of the UKIDSS LAS and full SDSS III we can 
extend this work to a much larger volume.  

Galaxy And Mass Assembly (GAMA) Survey
➢ Soon to release their R < 19 sample and will eventually provide complete spectroscopy 
to R < 19.8 over several large survey fields with NIR photometry already in place. 

WIRCam SDSS Equatorial Region (WISER) Survey
➢ Currently collecting medium-deep J and K-band photometry for ∼180 square degrees in 
the SDSS Stripe 82 region, where tens of thousands of redshifts already exist and follow-up 
spectroscopy will continue.  



Summary
Large-scale structure is observed on scales of the largest 
volumes surveyed, and simulations predict this trend will 
continue up to Gpc scales.

Observations of the accelerating expansion of the universe have 
triggered intense interest in inhomogeneous cosmological 
models, particularly those that feature a large local void.

Studies of NIR galaxy counts and of the NIR luminosity function 
of galaxies appear to indicate that the local universe appears 
under-dense out to distances of a few hundred Mpc. 

Ongoing surveys, as well as further development of 
inhomogeneous cosmological models, will serve to better quantify 
the effects of large-scale structure on our observed cosmology.



Kine(ma)tic SZ Constraints
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García-Bellido & Haugbølle (2008)

Shirokoff et al. (2011)


