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Hubble Problem Today
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Figure Source: Verde et al 2019
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• Under-density increases local 
Hubble constant


     


                  

δH0/H0 = − f(ΩM)/3 × δρ/ρ

≈ − 1/6 × δρ/ρ

Grey, underdense region will 
expand more quickly than 

black background 

Can a Void solve the 
Hubble Problem?
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• SH0ES cuts at low redshift


• Theoretical effect on SH0ES is 
0.48%


• Peculiar velocity corrections

Simulated realizations of SH0ES - 
like H0 measurements affected by 

local structure from Wu and 
Huterer, 2017

Can a Void solve the 
Hubble Problem?

6 Wu and Huterer

Figure 3. Sample variance in �H loc
0 from our simulations, compared to P16 and R16 error bars (assuming P16 is the true global value).

The blue histogram shows 3240 rotations of SN coordinate system from 512 subvolumes in the Dark Sky simulations, corresponding to
⇠1.5 million SN-to-halo coordinate system configurations. The green, slightly more jagged, histogram shows the results of a particularly
underdense subvolume with a high �H loc

0 at the 2-� level relative to all subvolumes. The two histograms are separately normalized. Note

that the sample variance in H
loc
0 is much smaller than the di↵erence between R16 and P16 measurements.

Contributions to rms variance in H
loc
0 [km/s/Mpc]

Source of scatter:

box-to-box,
all halos,

no weighting
+

weighted by
n
SN(z)/nhalo(z) +

3D matching,
3240 rotations,
no weighting

+

weighted by mag err
(equation 5)

Cumulative
� (0.023 < z < 0.15): 0.12 0.38 0.42 0.31

Table 1. Contributions to the total sample variance by various assumptions about the H
loc
0 measurements.

• Keenan et al. (2013) used the K-band (near-infrared)
luminosity density to trace the matter density for 0.01 < z <
0.2 over 600 deg2 of the sky. They have found that the nearby
Universe is underdense out to ' 300 Mpc. Specifically, at '
200 Mpc, the density is ' 30% lower than at ' 600 Mpc
(� = �0.3, see their figure 11).

• Whitbourn & Shanks (2014) used the K- and r-band
galaxy number densities out to ' 300 h�1Mpc. They include
almost full-sky data but the depth is not uniform. They have
found ' 5, 15, and 40 % underdensity (� = �0.05, �0.15, and
�0.4) out to 150 h�1Mpc, depending on the survey field (see
their figures 3, 8, 10).

• Carrick et al. (2015) have used the galaxy luminosity
density from 2M++ to reconstruct the density of galax-
ies out to 200 h�1Mpc. They include full-sky results out to
' 120 h�1Mpc. They have found no evidence for local under-

density (� = 0); in fact, their results suggest slight overden-
sity (see their figure 10).5

We emphasize that there are substantial sources of sys-
tematic uncertainty in mapping out the mass density con-
trast from the luminosity and number density of galaxies.
Hence, we only include the observational constraints above
as a rough guideline on what the current data indicate.

5.2 Comparing simulations and observations

We next turn to the relation between density contrast and
local measurement of Hubble constant in the simulations.
We first verify that, as expected, Hloc

0 and � measured over

5 Their luminosity-weighted density contrast and peculiar veloc-
ity are publicly available at http://cosmicflows.iap.fr.
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• Keenan, Barger, and Cowie 2013 
(KBC) found 30% under-density 
within z=0.07


• Whitbourn and Shanks 2014 
(WS14) found 20% under-density 
within z=0.05


• These studies cover minorities of 
the sky


• Some overlap with SN Ia 
distribution

Suggested Voids
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Dots show positions of SNe Ia from our 
sample across the sky. Fields studied by 
KBC  are shown in the  upper panel, and 
those studied by WS14 in the lower panel
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Mockup Hubble diagram. Blue line shows 
effect of a local void on the distance-

redshift relation 

• Are nearby supernovae too 
bright?


• Measure  for two bins, look 
for a step


• SH0ES redshift range is 

H0

0.023 < z < 0.15

Testing Local Voids with SNe Ia

mailto:wkenwor1@jhu.edu


W. D’Arcy Kenworthy, wkenwor1@jhu.edu Johns Hopkins University7

Mockup Hubble diagram. Blue line shows 
effect of a local void on the distance-

redshift relation 

Testing Local Voids with SNe Ia

• Are nearby supernovae too 
bright?


• Measure  for two bins, look 
for a step


• SH0ES redshift range is 

H0

0.023 < z < 0.15
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Histogram of redshifts in our 
sample of SNe. Blue is Pantheon, 

red is Foundation/CSP

SNe Ia Sample

• Pantheon, Foundation, 
CSPDR3


• 1054 SNe in redshift range 



• Analysis similar to Riess et al 
2016


• Pantheon systematics


• Cosmology included as 
systematic

0.01 < z < 0.50
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Hubble constant relative to background value against redshift. Each 
point represents ~80 SNe. Blue shading shows expected cosmic 

variance from Wu and Huterer 2017
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Variation in H0
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Hubble constant relative to background value against 
redshift, for supernovae contained within the KBC fields 

(left) and WS14 fields (right).
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Isotropy
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Difference in  when measured above and below  There is 
no evidence for a void biasing the local measurement of the 
Hubble constant at any redshift. Smoothed for visualization

H0 zsplit

Voids at Arbitrary Distances?
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• SH0ES measurement unaffected by local structure with 
precision of 0.61%, compared to overall 1.91% uncertainty 


• Theoretically disfavored at 20σ


• Local structure cannot resolve Hubble problem


• 5σ constraint on scales ≳ 100 Mpc  |δρ/ρ | < 27 %

Implications for Hubble Problem

Questions?
12
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Hubble constant relative to background value against redshift. Each 
point represents ~80 SNe. Blue shading shows expected cosmic 

variance from Wu and Huterer 2017
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Variation in H0
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