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• TRGB as distance indicators
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Part I

Why to measure distances?



Why to measure distances in astronomy?

• Distance is one of the most important Fundmental 
parameters in astronomy

• Stellar physics
Calibration of Period-Luminosity relation

• Structure of the Galaxy
e.g. ~8 kpc from the Sun to GC

• Cosmology & Hubble Tension
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What is the Hubble Tension(哈勃常数危机)?



What is the Hubble Tension(哈勃常数危机)?



What is the Hubble Tension(哈勃常数危机)?

• Discrepancy of the H0 from observations and
CMB and cosmological models, which is over 5𝜎. 

Plank 2018 vs Observations



Part II

How to measure distances?



(1) Astrometry-Parallax
e.g. Hipparcos, Gaia (for 1.8 billion stars)
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How to measure distances in astronomy?



(2) Distance indicators (tracers) - Standard candles
vRR Lyrae
vCepheid

Credit:	//www.stsci.edu

How to measure distances in astronomy?



(3) Tip of Red Giant Branch

How to measure distances in astronomy?

Freedman 2021, ApJ

Based on constant luminosity ( -4 mag)



(4) Measure distances to galaxies with globular 
cluster velocity dispersions

arXiv:2312.01420,	
accepted	for	publication	 in	MNRAS

Dubath & Grillmair 1997

It	actually	depends	on	the	relation	between	
mass	and	luminosity	of	globulat	clusters

How to measure distances in astronomy?



(5) Tully-Fisher method
e.g. Width of 21cm HI line – Luminosity of galaxy

𝑀 = −6.25 lg
𝑊"

𝑠𝑖𝑛𝑖
− 3.5 ± 0.3

Credit:	Irina	Yegorova

How to measure distances in astronomy?



(6) Extinction (sudden change) to measure the 
distance of molecular clouds

Chen, Bing-Qiu + 2020, MNRAS

How to measure distances in astronomy?



(7) Eclipsing binaries as distance tracers

Pietrzyński et al., 2019, Nature, 567, 200

49.59 ± 0.09 (statistical) ± 0.54 (systematic) kpc 
for LMC

How to measure distances in astronomy?



(8) The Local Distance Ladder: 
Geometry to Cepheids to Type Ia Supernovae

• Distance Rungs of SH0ES

LMC: 50 kpc
M31: 765 kpc
N4258: 7.58 Mpc

0.4kpc-10Mpc

10-100Mpc

>	100	Mpc

Kamionkowski	&	Riess,	2023,	ARAA

How to measure distances in astronomy?



H0 measurement programs

• SH0ES (Supernovae and H0 for the Equation of State of 
dark energy)

PI: Riess, Adam (Awarded the Nobel prize of 2011)

• CCHP (Chicago-Carnegie Hubble Program)
PI: Freedman
Based on HST observations

• EDD (Extragalatic Distance Database) Tully et al. 2009, AJ, 138, 323

The Extragalactic Distance Database: The Color–Magnitude Diagrams/Tip of the Red 
Giant Branch Distance Catalog , Anand+2021, AJ, 162, 80



Part III

TRGB as distance indicators



Assuming
Limiting magnitude: ~27 mag

• RR Lyrae
𝑀D	~	0	𝑚𝑎𝑔 (0.69 ± 0.10 mag). 𝑑~2.5 Mpc

• Tip of Red giant branch (TRGB)
𝑀H 	= −4	𝑚𝑎𝑔 𝑑~15 Mpc

• Cepheid
𝑀D~ − 6	𝑚𝑎𝑔 𝑑~40	Mpc

• SN Ia
𝑀D~ − 19.3	𝑚𝑎𝑔 𝑑~15000	Mpc

𝑚 = 𝑀+ 5𝑙𝑜𝑔𝑑 𝑝𝑐 − 5 + 𝐴D



The Local Distance Ladder: 
Geometry to Cepheids to Type Ia Supernovae

• Distance Rungs
of SH0ES

LMC: 50 kpc
M31: 765 kpc
N4258: 7.58 Mpc

Kamionkowski	&	Riess,	2023,	ARAA

TRGB 𝑀H 	= −4	𝑚𝑎𝑔
DM	=	31	mag		(𝑑~15 Mpc)



TRGB as standard candles to calibrate SN Ia

𝑚 = 𝑀 + 5𝑙𝑜𝑔𝑑 𝑝𝑐 − 5 + 𝐴D

Δ𝑀 = O
PQR"

S%
%

S%
%
= STU
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0.1 mag for Δ𝑀, corresponding to S%
%

~ 4.6%, 

and STU
TU

~ 4.6%  ( ~ 3𝜎 of 𝐻")

So, it’s necessary to calibration TRGB precisionly.



Reserches on calibrating TRGB zero-point
(First rung)

• Research	History

• Current	Gaia	and	big	surveys	era.

Freedman 2021, ApJ



Li, Si-Yang et al. 2022, ApJ, 939, 96

Hoyt, 2023, Nature Astronomy,
Volume 7  590–601



Part IV

What can we do further more?



Precisionly calibration of TRGB probably 
is the most feasible way to measure H0.



Calibration of TRGB
Precision Photometry
• Gaia Synthetic photometry

Catalog (GSPC)
Gaia Collaboration, 2023, A&A 674, 
A33 
synthetic photometry can be 
obtained from XP spectra
• Photometry of the corrected XP 

spectra
Huang, Bo-Wen, Yuan, Hai-Bo et al. 
in prep.
Improvement of 0.01-0.02 mag

Gao,	Zi-Qi	et	al.	in	prep.



Calibration of TRGB
2-dimention calibration of TRGB (theoretical)
Analysis the influence of [Fe/H] (color) on the calibration 
of TRGB (MESA stellar code)

Madore+2023,	accepted
arxiv:	2311.05048

Qiao,	Ze-Xu,	in	prep.



Calibration of TRGB

• Calibration of TRGB with CSST and Mephisto
CSST: ~27 mag (deep field)
Mephisto: 22.4 mag (Wide Survey i-band)

1701 light curves of 1550 unique, spectroscopically confirmed Type Ia supernovae (SNe Ia) 

SN Ia database



Summary

• About 10 methods to measure distance in astronomy

• TRGB zero-point àCalibration of SN Ia à SN Ia distance

• Precisionly zero-point of TRGB is probably the most 
feasible way to calibrate SN Ia to measure H0.

• From observations as well as numerical 
calculation(theoretical) to calibrate TRGB



Thanks


