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A note on the Measurement Dispersion at Low Redshift in Pantheon+ database

We considered the observational data extracted from online archives1 on which is based The 
Pantheon+ Analysis by [Brout et al., 2022], relating to 1,701 SnIa in a wide redshift range 
( 0.0012  ≤ z  ≤ 2.26 ).
For redshift approximately in the range  z  ≤ 0.01  or  log z  ≤ - 2 , the dispersion of distance 
measurements is particularly evident, see Figure 1 , where the ouliers are the data exceeding 
3 σ  .  Various  studies  have been published to  suggest  improvements  in  the  processing 
methodologies of the Pantheon+ database in the case of very low redshift and to reduce data 
dispersion; in particular:

- [Peterson et al., 2022] focuse on the two dominant 'motions' contributing to nearby peculiar 
velocities: large-scale, coherent-flow motions and small-scale motions due to gravitationally 
associated  galaxies  deemed  to  be  in  a  galaxy  group;  they  find  that  the  optimal  flow 
corrections derived from various local density maps significantly reduce Hubble residuals or 
the dispersion of distance measurements;

- [Wojtak & Hjorth, 2022] reanalyize the slopes of the colour correction in the calibration 
sample for SnIa standardisation, finding that the local measurement of the Hubble constant 
becomes dependent on the choice of SnIa reference colour, and indirectly changes the 
estimate of the absolute magnitude value, which can directly lead to a larger dispersion in 
inferred distances for the sources;

-  [Perivolaropoulos  &  Skara,  2023]  introducing  the  volumetric  redshift  scatter  bias 
systematic and a mild signal for a change of intrinsic SnIa luminosity at about 20 Mpc; they 
use a likelihood model for the absolute magnitude parameter which dramatically changes 
the quality of fit to the Pantheon+ sample.

Probably the dispersion of data at low redshift depends on a combination of the factors 
considered in the cited studies. In particular, the Phillips relation (involved in the distance 
modulus2),  which links peak luminosity to the shape of the light curve, is particularly 
sensitive to peculiar effects (proper velocities, local conditions, and intrinsic variability). 
These  at  low redshift  can  become  significant  and  introduce  greater  dispersion  in  the 
observed magnitudes and consequent calculated measurements.

1 https://github.com/PantheonPlusSH0ES/DataRelease
2 The distance modulus  μ  = (m - M )  represents the difference between apparent magnitude ( m ) and absolute 

magnitude ( M  ), and considering the distance in Mpc, is  μ  = 5 lg(DL)+25  = 5 lg(DURD)+25 ; the relation 

with corrective parameters (SALT2 model) is  μ  = m - M + α x1- β c , where  α   is the coefficient that links to 

their luminosity the stretch of the light curves   x1  of SnIa (Phillips effect, [Phillips, 1993]) and  β  the 

coefficient that links them to color  c  (color correction)
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Figure 1 - Pantheon+ data whith outliers exceeding  3 σ
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