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Illustration of SBF Models at 3 distances 
(Greco, van Dokkum, Danieli, Carlsten, Conroy 2021, ApJ) 

Simulated ground-based data, expected Rubin/LSST-like 0.6” seeing.



Illustration of SBF Models at 3 distances 
(Greco, van Dokkum, Danieli, Carlsten, Conroy 2021, ApJ) 

Expected appearance of similar galaxies with Hubble at ~ 0.1” in F814W

D ≈ 3 Mpc D ≈ 12 Mpc D ≈ 50 Mpc



SBF Calibrations from MIST Models 
(Greco, van Dokkum, Danieli, Carlsten, Conry 2021, ApJ) 



SBF Calibrations from MIST Models 
(Greco, van Dokkum, Danieli, Carlsten, Conry 2021, ApJ) 

Need to calibrate using galaxies similar to those used for measuring H0

2 Gyr



Unveiling	the	Universe	
with	Emerging	

Cosmological	Probes,	

Moresco et al. 2022 
arXiv:2201.07241 

Sec. 3.9: ~10 pages on SBF, 
by M.Cantiello & JPB

For more details on 
SBF analysis, see…

(or ask later)



New WFC3/IR SBF distances to a complete sample of the most massive 
northern early-type galaxies (MK < –25.5 mag) with  Mpc, a sparser 
sampling to ~100 Mpc, plus 20 early-type hosts of well-observed SNe Ia. 

Along with host of GW170817, total of 63 early-type galaxies, 20–100 Mpc.

d ≲ 75



◆Blakeslee+10

◆σ~0.06mag

◆MC+18

◆σ~0.1mag

◆σ~0.06mag

Typical WFC3/IR F110W SBF Error Budget

Source (m-M) sigma

PSF normalization 0.02 mag

Sky background 0.02 mag

External sources fit (GC+gal) 0.03 mag

Total SBF power spectrum fit 0.03 mag

(g-z) color from PanSTARRS + 
extinction uncertainty 0.03 mag

Calibration intrinsic scatter, for 
red early-type galaxies 0.06 mag

Total distance uncertainty 
(random)

~ 0.084 mag 
(4% in distance)

Cepheid-based zero-point uncertainty also ~ 4.2%.

Jensen, Blakeslee et al. 2021

Jensen et al. 2015

Blakeslee et al. 2009



χ2
ν = 0.97 χ2

ν = 0.89



But, the best calibration 
of SBF method will 

come from the Tip of 
the Red Giant Branch 

(TRGB) distances.

Preceding results are based on 
the Cepheid calibration of SBF



12 dwarfs with both TRGB + SBF distances

Calibrating SBF via TRGB in diffuse dwarf galaxies

Cohen, van Dokkum et al. 2018



(CMB frame, no model correction)

Blakeslee et al. 2021

Better to calibrate using galaxies similar to those used for measuring H0



(CMB frame, no model correction)

Blakeslee et al. 2021

Better to calibrate using galaxies similar to those used for measuring H0



Unveiling	the	Universe	
with	Emerging	

Cosmological	Probes,	

Moresco et al. 2022 
arXiv:2201.07241 

Section 4: Synergies & 
complementarities

How SBF H0 compares…



Using	SBF	to	“calibrate”	SNe	Ia	and	estimate	H0 ?

• Blakeslee et al. (2021): SBF distances 
to massive ellipticals in Hubble flow, 
no supernovae:  
 

       


• Khetan et al. (2021): SBF distances 
from a heterogeneous collection of 
literature sources cross-matched 
with SN light curve catalogs: 
 

         

H0 = 73.3 ± 0.7 ± 2.4

H0 = 70.5 ± 2.4 ± 3.4 Hubble diagram from Khetan et al. (2021)

Dr Charlotte Wood

What’s going on with that? 

Revised calibration gives  for Khetan. 
No overlap in samples, so agree to .

H0 ≈ 71
< 1σ



Are non-linear corrections needed?

• Modified Tripp relation: 

correlation between SNIa absolute magnitude, 
SALT2 stretch & color, with bias corrections. 

• 90% of SBF-calibrated SNe have  x1 < –1, while 
90% of Cepheid-calibrated SNe have x1 > –1. 

• Slopes of blue and red line correspond to #, 
which is twice as steep for SNe with x1 < –1.

μ = mB + α x1 − β c − MB − δbias

Phillips/Tripp Relation for SBF vs. Cepheid SNe

Mag vs. stretch for SBF, Cepheid, & Hubble flow SNe

Garnavich, Wood, et al. 2022, arXiv:2204.12060



Are non-linear corrections needed?

• Modified Tripp relation: 

correlation between SNIa absolute magnitude, 
SALT2 stretch & color, with bias corrections. 

• 90% of SBF-calibrated SNe have  x1 < –1, while 
90% of Cepheid-calibrated SNe have x1 > –1. 

• Slopes of blue and red line correspond to #, 
which is twice as steep for SNe with x1 < –1.

μ = mB + α x1 − β c − MB − δbias

Tripp relation may be improved by non-linear 
stretch term when fast-declining SNe present.

Phillips/Tripp Relation for SBF vs. Cepheid SNe

Mag vs. stretch for SBF, Cepheid, & Hubble flow SNe

Garnavich, Wood, et al. 2022, arXiv:2204.12060



Estimations of H0 — Refitting to SBF-like SNe
• What if we use a different, optimized set of Tripp-relation coefficients 

for the fast-declining supernovae?

“SBF-like”

“Cepheid-like”

log(host mass) vs stretch for SBF, Cepheid, & Hubble flow SNe



Estimations of H0 — Refitting to SBF-like SNe

MCMC refitting of Tripp relation using only the “SBF-like” sample

Garnavich, Wood, et al. 2022, arXiv:2204.12060

• What if we use a different, optimized set of Tripp-relation coefficients 
for the fast-declining supernovae?

“SBF-like”

“Cepheid-like”

log(host mass) vs stretch for SBF, Cepheid, & Hubble flow SNe



Comparison of Cepheid/TRGB-SBF, 
Cepheid-SNIa & Cepheid-SBF-SNIa,  

 resultsH0

• Previous SBF-related  results 
are in line or lower than SH0ES 

• SBF-SNIa  results using the 
Pantheon+ Tripp parameters 
are higher by  

• Re-fitting Tripp relation to the 
“SBF-like” SNIa brings SBF-SNIa 

 value in line with both SH0ES 
and SBF Hubble flow 

H0

H0

∼ 1σ

H0
H0

Garnavich, Wood, et al. 2022, arXiv:2204.12060

Previous

This work



The way forward: an independent 2-step Pop-II 
Distance Ladder

        TRGB

Milky Way     Local Group     ~Virgo        Hubble Flow

 SBF



Towards < 2% H0 from SBF…

Replace the current Cepheid 
calibration with Gaia parallax  
distances to calibrate TRGB.

Measure TRGB and SBF 
distances to common set 
of ~15 giant ellipticals 
with JWST or HST.

With JWST, extend 
current limit from 
100 to ~200 Mpc.

Geometric 
anchor

Calibrate 
SBF

Measure 
H0



Towards < 2% H0 from SBF…

Replace the current Cepheid 
calibration with Gaia parallax  
distances to calibrate TRGB.

Measure TRGB and SBF 
distances to common set 
of ~15 giant ellipticals 
with JWST or HST.

With JWST, extend 
current limit from 
100 to ~200 Mpc.

Geometric 
anchor

Calibrate 
SBF

Measure 
H0

In parallel, use realistic galaxy models to check stellar pop effects.



Thanks!



Velocity  
treatment

SBF H0, N=60  
(JPB+ 2021)

 Maser H0, N=6 
(Pesce+ 2020)

&n
2 

 SBF / Maser

CMB frame velocities 
(group or individual), 

no corrections
73.4 73.9 0.97 / 0.60

CF3 model 
(Graziani+ 2019) 73.3 71.8 1.05 / 0.75

2M++ model  
(Carrick+ 2015) 73.8 71.8 0.89 / 0.55

Mould+ 2000 model 76.5 76.9 ~1.05 / 0.75

Cautionary note about velocities

H0 higher by ~4% using old flow model (as in 2019).



Jensen, Blakeslee et al. 2021

Example WFC3/IR SBF reductions

IC 2597 NGC 4386



Estimations of the Hubble Constant
What happens if we calculate H0 using different SNe groupings?

Figure 25: Estimates of H0 from individual SBF & Cepheid SNe Ia as compared to the Hubble flow in the 
Pantheon+ sample



Courtesy of Michele Cantiello, MIAAP June 2018

Previous SBF H0’s this century 
(ratty data, small samples, and/or shaky calibrations)

Work H0 
(km s-1 Mpc-1)

ΔH0 
Statistical 

ΔH0 
Systematic Notes

Tonry et al. (2000) 77 ±4 ±7 SBF survey, velocity field 
model, Cepheids ZP

Jensen et al. (2001) 72-76 ±2 ±9
Near-IR NICMOS/HST data, 

Cepheids ZP
uncertain calibration

Blakeslee et al. (2002) 73 ±4 ±11 SBF Survey + FP + IRAS 
Vel. Field model

Biscardi I. et al., (2008) 76 ±6 ±5 ACS optical
Model calibration

Mould & Sakai (2009) 68 ±6 ±4 SBF survey data,
rough TRGB calibration



Bonus: Appendix on TRGB!



Takeaway: Cepheid & TRGB calibrations of SBF agree within the errors, 
but we need more TRGB distances to meaty ellipticals out to Virgo.

Note: Need to calibrate using galaxies similar to those used for measuring H0

Blakeslee et al. 2021



van Dokkum et al. 2018

SBF calibration via TRGB anchored to maser galaxy

Blakeslee+ 2010

Extrapolation of Cepheid 
calibration of SBF for red galaxies 

agrees with TRGB+NGC4258 
calibration using blue dwarfs. 

But really need red galaxies for H0


