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 Two big cosmological questions 

I had with high dream (a seed of High 1?)!
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NGC 1309 (HST)



4ESA/GAIA/SDSS
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How can I measure the distance to NGC 185, dE?
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CFHT BVI with short exposure but excellent seeing, 

resolving both young and old stars!
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Dec 30/31, 1991

Las Campanas Observatory 2.5m, I-band
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 The Tip of the Red Giant Branch (RGB) in CMDs/HRDs

 Low mass stars at He flash in stellar evolution theory

 TRGB magnitude at I-band is almost constant at MI ~ -4.00.1 

(Lee, Freedman & Madore 1993).

TRGBGlobular cluster M55

Mochejska & KaluznyWikipedia
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 Key: calibration of SN Ia & TRGB/Cepheids

TRGB, Cepheids

SN Ia

Geometric anchors (primary)

H0

Wikipedia

Geometric anchors: parallax, DEB, H2O MASERs 



Answer 1:

All local galaxies are very old (t<13.8 Gyr)!

Answer 2:

We can measure distances to all resolved galaxies with 
TRGB!
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-Anand+2021: Extragalactic Distance Database (EDD): 
HST CMD/TRGB Catalog (Anand+2021) (d<20 Mpc)

-Jang & Lee 2017: the most distant galaxies (d<31 Mpc)

EDD (Anand+2021) TIPSNU ( Jang&Lee 2017) 

D  31Mpc
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(Jang2019)

HST vs JWST: Simulation CMDs



From HST and JWST 
PSF simulation tools

(Jang2019)

HST vs JWST: Spatial Resolution



F606W (S/N=5)

F814W (S/N=10)

F115W (S/M=10)

F200W (S/N=10)

×10 faster

×2-3 further

HDF, 180 ks

HST and JWST ETCs

(Jang2019)
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TRGB survey with JWST!

N will increase from ~500 to a few 103 , 

filling the universe out to 100 Mpc from 2022!

EDD (Anand+2021) TIPSNU ( Jang&Lee 2017) 

D  31Mpc

To be filled!
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 Cepheids: Late type galaxies only, extinction, metallicity

 TRGB: any type galaxies, little extinction

Revised 

(MGL)!

Shah+(2021)
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 The precision, accuracy, and versatility of the TRGB is a 
critical key to cosmography.

 Another golden era in high resolution imaging began 
with JWST (post-HST), providing the best time for the 
TRGB.

 The volume and filling factor of the local universe with 
TRGB will increase soon.

 Tensions/Puzzles will be resolved or not?

 Let’s enjoy High 1!
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