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POTOR 10, 16-20 Września 2024r.
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What to say about the Hubble tension?

Everything has been told, and is told everyday. Some reviews:

� Di Valentino et al., 2203.06142 (163 pages)

� Kamionkowski & Riess, 2211.04492

� Verde et al., 2311.13305 (“A tale of many H0”)

Polarization of community in 2(+1) groups:

� Theoreticians: “We are on the verge of a paradigm shift in
cosmology”

� “We have a lot of models, but no new theory” (cit. Sakellariadou M.)

� Astronomers: “There is hidden systematics in data”

� “Who among us is wrong?”

� “Conventionalist bias”



Lessons from the past: Hubble’s constant “prehistory”

https://lweb.cfa.harvard.edu/~dfabricant/huchra/hubble/
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Lessons from the past: Hubble’s constant “prehistory”

Why H0 was such an “incredible shrinking constant”? (Trimble V., 1996,

PASP 108, 1073)

Wrong calibration of the Cepheid P-L relation (30 years to solve)

� small-number statistics

� neglect contribution of peculiar motion

� poor data:

� some Hubble bright stars where not star, but stars+gas

� missing interstellar absorption:

� Cepheids zero point should be brighter - lower H0 (↓ MB ≡↓ H0)

� Malmquist bias: magnitude-limited samples

� more distant objects look closer because brighter ones are selected
� distance to M31 from Hubble, 275 kpc vs real distance to M31,

765 kpc
� bias in the Cepheid relation to brigthter zero point

� N.B. age problem: Hubble value implied an age of ∼ 2 · 109 yrs.
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Lessons from the past: Hubble’s constant “middle ages”

Approaching the (second) Great Debate (1996)

https://lweb.cfa.harvard.edu/~dfabricant/huchra/hubble/

SALZANO VINCENZO The Hubble tension POTOR 10 3 / 67

https://lweb.cfa.harvard.edu/~dfabricant/huchra/hubble/


Lessons from the past: Hubble’s constant “modern era”

After the 1996 debate: ladder measurements of H0 were at odds with the
favored cosmological model of the time, CDM with Λ = 0

https://lweb.cfa.harvard.edu/~dfabricant/huchra/hubble/
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Lessons from the past: Hubble’s constant “modern era”

The intruder: the Cosmic Microwave Background radiation (CMB).

Freedman W. L., arXiv:2106.15656
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The Hubble’s constant “contemporary era”

Now: ladder measurements of H0 are at odds with the favored
cosmological model of the time, CDM with Λ ̸= 0

Freedman W. L., arXiv:2106.15656
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The Hubble’s constant “contemporary era”

H0 between precision and accuracy: where we are now?
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Approaching the third Great Debate?

The start: the SH0ES Team.

arXiv:2112.04510, arXiv:2401.04773



The Cosmic Distance Ladder
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The Cosmic Distance Ladder: the first rung

Cepheids calibrated with anchors (non SNeIa hosts)

mW
H,i ,j = µ0,i +MW

H + bW (logPi ,j − 1) + ZW [O/H]i ,j

� 980 Cepheids in 4 anchors (LMC, SMC, NGC4258, M31) + MW

mW
H,LMC ,j = µ0,LMC +MW

H + bW (logPLMC ,j − 1) + ZW [O/H]LMC ,j

� MW: parallaxes; NGC4258: maser; LMC/SMC: eclipsing binaries;

� NGC4258: ∆µNGC4258; LMC/SMC: ∆µLMC ; M31: µ0,M31;

� LMC data both from ground telescopes and Gaia: zp;
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The Cosmic Distance Ladder: the second rung

SNeIa calibrated with Cepheids

� 37 Cepheid+SNeIa hosts: 2150 Cepheids, 42 SNeIa (77 data points)

m0
B,i ,j = µ0,i +MB

m0
B,i ,j = mB,i ,j − α x1,i ,j − β C⟩,|

� α and β fitted a priori independently from Pantheon+ sample

� 37 µ0,i ;
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The Cosmic Distance Ladder: the third rung

Hubble flow SNeIa from Pantheon+

� 238 Hubble flow SNeIa (277 data points), 0.023 ≤ z ≤ 0.15

µ0,HF = m0
B,HF −MB = 5 log (dL/Mpc) + 25

dL(zHF ) = (1 + zHF )
c

H0

∫ zHF

0

dz ′

H(z ′)/H0
=

DL(zHF )

H0

� cosmography: “cosmological model independent” approach

logDL(zHF ) ≈ log

[
czHF

(
1 +

1− q0
2

zHF − 1− q0 − 3q20 + j0
6

z2HF + . . .

)]
m0

B,HF − logDL(zHF )− 25 = MB − 5 log H0

� q0 = −0.55 and j0 = 1 values have minimal impact
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The Cosmic Distance Ladder: summary

We get H0 from a simultaneous fit:

Geometric Distances + Cepheids data from anchors
⇓

Cepheids calibration MW
H and slopes bW ,ZW in anchors

⇓
Distances µ0,i of Cepheids+SNeIa hosts

⇓
SNeIa calibration MB

⇓
H0 from Hubble flow SNeIa

� 46 free parameters: only 1 is cosmological

� 3492× 3492 covariance matrix

� H0 = 73.04± 1.04 km s−1Mpc−1 (1.4% error)
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The Cosmic Distance Ladder: summary
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SH0ES error budget

Multiple variants analysis (67): H0 from 71.93 to 74.78;
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SH0ES error budget

Multiple variants analysis (67): H0 from 71.93 to 74.78;
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SH0ES error budget. Any room for improvement?

Breuval et al. 2024 (2404.08038): 88 new Cepheids + 15 DEB in SMC,
H0 = 73.17± 0.86 km s−1Mpc−1 (1.2% error)

SALZANO VINCENZO The Hubble tension POTOR 10 16 / 67



SH0ES error budget. Any room for improvement?

SH0ES uses log(DL-series) !!! Proper use: µ-series; µ < logDL ⇒↓ H0

Effect ≲ 0.01%, no change in H0
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SH0ES error budget. Any room for improvement?

“Old” Cepheids problems: metallicity?
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SH0ES error budget. Any room for improvement?

“Old” Cepheids problems: metallicity? NO: ∼ 0.5 km s−1Mpc−1 (↑)
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SH0ES error budget. Any room for improvement?

“Old” Cepheids problems: Dust?
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SH0ES error budget. Any room for improvement?

“Old” Cepheids problems: Dust? NO: well constrained from multi-bands
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SH0ES error budget. Any room for improvement?

� One instrument for all Cepheids, HST. Good:

� Multiple photometric systems/instruments for Cepheids, 1.4− 1.8%
systematic error in distance measurements

→ SNeIa from Pantheon+, an homogenized sample from 18 surveys

� One instrument for all Cepheids, HST. Good?

→ But what if hidden systematics?
→ Cross-check from JWST
→ Useful to solve “crowding”
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SH0ES error budget. Any room for improvement?

Crowding
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SH0ES error budget. Any room for improvement?

Crowding
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SH0ES error budget. Any room for improvement?

� One instrument for all Cepheids, HST. Good:

� Multiple photometric systems/instruments for Cepheids, 1.4− 1.8%
systematic error in distance measurements

→ SNeIa from Pantheon+, an homogenized sample from 18 surveys

� One instrument for all Cepheids, HST. Good?

→ But what if hidden systematics?
✓ Cross-check from JWST
✓ Useful to solve “crowding”
✓ JWST = 2.5 times reduction in the dispersion of the Cepheid P–L

relations;
✓ no significant difference in the mean distance measurements from HST

and JWST
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SH0ES error budget. Any room for improvement?

� One instrument for all Cepheids, HST. Good:
� Multiple photometric systems/instruments for Cepheids, 1.4− 1.8%

systematic error in distance measurements
→ SNeIa from Pantheon+, an homogenized sample from 18 surveys

� One instrument for all Cepheids, HST. Good?
→ But what if hidden systematics?
✓ Cross-check from JWST
✓ Useful to solve “crowding”
✓ JWST = 2.5 times reduction in the dispersion of the Cepheid P–L

relations
✓ no significant difference in the mean distance measurements from HST

and JWST
→ NGC7250 at 20Mpc, area 8 times larger than NGC4258 at 7Mpc; at

40Mpc, area 33 times larger. Any distance effects?
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SH0ES error budget. Any room for improvement?

Model: crowding linear with distance to solve Hubble tension, i.e. on
average 5 log(73/67.5) = 0.17mag or ∼ 0.07mag bias per mag of distance
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SH0ES error budget. Any room for improvement?

� One instrument for all Cepheids, HST. Good:

� Multiple photometric systems/instruments for Cepheids, 1.4− 1.8%
systematic error in distance measurements

→ SNeIa from Pantheon+, an homogenized sample from 18 surveys

� One instrument for all Cepheids, HST. Good?

→ But what if hidden systematics?
✓ Cross-check from JWST
✓ Useful to solve “crowding”
✓ JWST = 2.5 times reduction in the dispersion of the Cepheid P–L

relations
✓ no significant difference in the mean distance measurements from HST

and JWST
✓ NGC7250 at 20Mpc, area 8 times larger than NGC4258 at 7Mpc; at

40Mpc, area 33 times larger. Any distance effect?
✓ No, rejected at 8.2σ, more than Hubble tension itself
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Approaching the third Great Debate?

The contestant: the Chicago-Carnegie Hubble

Program (CCHP).

arXiv:2408.06153



A different strategy: hosts with multiple independent calibrators

What if there is a Cepheid-bias?
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A different strategy: hosts with multiple independent calibrators

CCHP:

� 10 galaxies + NGC4258 (anchor), D ≲ 23Mpc

� 3 independent methods

� Cepheids
� Tip of the Red Giant Branch (TRGB)
� Carbon-rich Asymptotic Giant Branch stars in the J band (JAGB)

� same 2 instruments for everything (new JWST + archival HST )

� comparing with SH0ES data

� blinding procedure: “during the entire year and a half of the
photometric analysis, no one in the group had any knowledge of what
the true distances or the value of H0 might be.” (cit.)
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A different strategy: hosts with multiple independent calibrators

SALZANO VINCENZO The Hubble tension POTOR 10 31 / 67



A different strategy: hosts with multiple independent calibrators

TRGB:

� Well-based physics: luminosity of MHe
core ∼ 0.47M⊙ with T ≈ 108 K
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A different strategy: hosts with multiple independent calibrators

TRGB:

� Well-based physics: luminosity of MHe
core ∼ 0.47M⊙ with T ≈ 108 K
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A different strategy: hosts with multiple independent calibrators

TRGB:

� Well-based physics: luminosity of MHe
core ∼ 0.47M⊙ with T ≈ 108 K
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A different strategy: hosts with multiple independent calibrators

TRGB:

� Well-based physics: luminosity of MHe
core ∼ 0.47M⊙ with T ≈ 108 K
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A different strategy: hosts with multiple independent calibrators

TRGB:

� Well-based physics: luminosity of MHe
core ∼ 0.47M⊙ with T ≈ 108 K
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A different strategy: hosts with multiple independent calibrators

JAGB ≡ constant luminosities:

� LMC: JAGB+DEB
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A different strategy: hosts with multiple independent calibrators

JAGB ≡ constant luminosities:

� LMC: JAGB+DEB
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A different strategy: hosts with multiple independent calibrators

JAGB ≡ constant luminosities:

� LMC: JAGB+DEB; SMC: JAGB+DEB
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A different strategy: hosts with multiple independent calibrators

JAGB ≡ constant luminosities:

� LMC: JAGB+DEB; SMC: JAGB+DEB; and more. . .
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A different strategy: hosts with multiple independent calibrators

Results of CCHP project: comparing distances
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Results of CCHP project: comparing distances
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SALZANO VINCENZO The Hubble tension POTOR 10 43 / 67



A different strategy: hosts with multiple independent calibrators

Results of CCHP project: comparing distances
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A different strategy: hosts with multiple independent calibrators

Results of CCHP project + CSP vs. SH0ES :

� 3 independent distances, 10 hosts vs. 1 distance, 37 hosts
� not free parameters vs. free parameters (?)

� 11 calibrating SNeIa (JWST) vs. 42 (HST)

� 287 SNeIa at z > 0.01 vs. 277 SNeIa at z > 0.023

� CSP homogenized in the run vs. Pantheon+ a posteriori

� 9 parameters (1 cosmological) vs. 46 (1 cosmological)
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A different strategy: hosts with multiple independent calibrators

Results of CCHP project + CSP vs. SH0ES :

� JAGB: 67.96± 1.57, TRGB: 69.85± 1.75, Cepheids: 72.05± 1.86
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A different strategy: hosts with multiple independent calibrators

Results of CCHP project + CSP vs. SH0ES : does SH0ES have problems?

� SNeIa calibration MB . Small sample? Poorer resolution?
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A different strategy: hosts with multiple independent calibrators

Results of CCHP project + CSP vs. SH0ES : does SH0ES have problems?

� Variations in MB due to reanalysis: MB ↓ −0.037 ⇒ H0 ↓ 1.7%
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A different strategy: hosts with multiple independent calibrators

Results of CCHP project + CSP vs. SH0ES : does SH0ES have problems?

� SNeIa calibration MB : bimodality, nearby vs. distant?
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A different strategy: hosts with multiple independent calibrators

Results of CCHP project + CSP vs. SH0ES : does SH0ES have problems?

� SNeIa calibration MB : bimodality, nearby vs. distant?
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Approaching the third Great Debate?

The counterattack from SH0ES.

arXiv:2408.11770



Have we really found the possible culprit(s)?

Reply of SH0ES :

� full HST Cepheid SH0ES sample, 42 SNe Ia in 37 hosts, 4 different
anchors ≡ ideal reference for all other samples

� SH0ES :

1. JWST more precise but fewer statistics than HST
2. JWST: hosts (5) by numbers of Cepheids and SNeIa (8) per host
3. +HST: D ≤ 80Mpc
4. 1 anchor, NGC4258 (re-analysis)

� CCHP:

1. just a sub-sample of HST SH0ES
2. JWST: hosts (10) with SNeIa (11) to measure Cepheids, TRGB and

JAGB
3. D ≤ 25Mpc
4. 1 anchor, NGC4258
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Have we really found the possible culprit(s)?

Perfect agreement (in the distances)
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Have we really found the possible culprit(s)?

No systematic difference (in the distances)
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Have we really found the possible culprit(s)?

Non linearity (of Cepheid distances found from CCHP)?
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Have we really found the possible culprit(s)?

Non linearity? Nope?! Because MB = mB − µ (??)
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Have we really found the possible culprit(s)?

Non linearity? Independent axis: linearity ̸= Hubble tension at 7σ
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Have we really found the possible culprit(s)?

Subsample bias (SH0ES still using Pantheon+ SNeIa)
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Have we really found the possible culprit(s)?

Subsample bias (SH0ES still using Pantheon+ SNeIa)
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Have we really found the possible culprit(s)?

Subsample bias (SH0ES still using Pantheon+ SNeIa)

SALZANO VINCENZO The Hubble tension POTOR 10 59 / 67



Have we really found the possible culprit(s)?

End? (for now)
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Have we really found the possible culprit(s)?

End? For now: H0 = 72.6± 2.0 km s−1Mpc−1
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Where we are? Where are we going?

arXiv:2407.18292, arXiv:2408.04530, arXiv:2408.11031



Are we shifting from current “convention”. . .

. . . moving beyond early vs. late times H0?. . .

� Distance Ladder-based sample: H0 = 72.8± 0.5 km s−1Mpc−1

� Independent (NO CMB) sample: H0 = 69.0± 0.5 km s−1Mpc−1

But introducing:

� unknown unknowns

� new physics of calibrators (mostly astrophysics?)

� subtly but deeply questioning SH0ES?!
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Are we shifting far from current “convention”. . .

. . . or just rebranding the problem as a “Cosmic calibration tension”. . .
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Are we shifting far from current “convention”?

. . . because of multi-dimensional cosmological degeneracies. . .

SALZANO VINCENZO The Hubble tension POTOR 10 64 / 67



Are we shifting far from current “convention”?

. . . which neither only-late nor only-early times models can accommodate?
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Final remarks
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Personal announcement

https://inspirehep.net/jobs/2804674

https://inspirehep.net/jobs/2804674


DZIȨKUJȨ BARDZO!




