
Summary

• Astrophysical Distance Indicators (e.g., the TRGB) provide an increasingly accurate 
means of measuring distances in the local universe. 

• Three decades ago, the distances to nearby galaxies were not known to better than a 
factor of two. Including systematic errors, we now have accuracies of 

2% percent for galaxies < 5 Mpc [ground-based observations]
3% percent for galaxies < 30 Mpc [with HST]

• The TRGB and Cepheid calibrations of  SNeIa and H0 differ by 4.6%
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TRGB Compared to CMB

WLF+ (2019);       WLF (2021) ApJ,  919, 16

1.3 sigma tension with Planck
TRGB
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The Current Status of H0





The Ideal Case: NGC 4258 Megamaser disk

Moran, Reid









Status: Gaia Early Data Release 3 (EDR3)

A cautionary note:

• Corrections for very bright sources are 

significantly more uncertain  - a problem 

for the  Milky Way Cepheids (4<G<12 mag)

• Parallax offset is degenerate with Cepheid 

metallicity

• There is a minimum systematic error floor 

of 10 !as in the parallax distance to any 
given cluster (Lindegren et al. 2020; Maíz

Apellániz et al. 2021; Cerny et al. 2021)

“The biases related to angular covariance are likely to be 

hard to eliminate. The hope there is that DR4 will 

significantly reduce them. “



Hipparcos

120,000 stars

600-1000 !as

DR1

2,000,000 stars

300 !as

DR2

1,300,000,000 stars

30-40 !as

EDR3

1,500,000,000 stars

10 !as !!

Global ZP offset 
~30 !as

Multi-parameter 
ZP offset

Gaia

Improvement in Parallaxes



1.  Milky Way Parallaxes from Gaia



Absolute Calibration of the Distance Scale

1. Milky Way                           Gaia Parallaxes
2. LMC                                      Detached Eclipsing Binaries
3. NGC 4258                            H2O Megamasers



Recent NGC 4258 TRGB Measurements

Jang et al, ApJ, 2021

X

In Sung Jang



Additional Tests of the TRGB: 
Hoyt (2022) PhD Thesis

Multiwavelength (VIJHK) measurements of TRGB
results in differential LMC/SMC distance 
modulus  consistent with DEBs at 2% level

3D tilt of LMC measured using TRGB, consistent 
with Cepheid measurements.



New LMC TRGB Measurements:
Hoyt (2022) PhD Thesis

Hoyt  (2022, submitted)



Recent  Tests of the TRG

New Gaia program 
WLF et al. 2021

Will Cerny

Cerny et al.2021,arXiv:2012.09701

Milky Way globular clusters

Recent Tests of the TRGB Calibration

Independent zero points in agreement at 
the ±1% level. [WLF (2021), ApJ,  919, 16]In Sung Jang

NGC 4258

Jang et al. 2021    

Taylor Hoyt

LMC SMC

Hoyt  2021, 2022    



CCHP TRGB Calibration of Ho

Show TRGB separately

MCMC analysis: 

H0 = 69.6  ± 0.8 (stat) [1.1%]
± 1.7  (sys) [2.4%] km s-1 Mpc-1

LMC as the anchor galaxy  **

WLF et al.  (2019, 2020)
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Carnegie Supernova Project sample: N = 99
TRGB calibrators: N = 18



CSP: Dealing With Systematics

SNooPy (C. Burns) 

Well-sampled photometry and spectra

Most extensive, self-consistent data set 
for dealing with systematics

Input to MCMC analysis 



Carnegie Supernova Project-I (CSP)

Swope 1-meter Magellan 6.5-meterdu Pont 2.5-meter

M. Phillips, W. Freedman co- PIs


