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Abstract

The user wants me to translate a scientific text from Simplified Chinese to
English. The text is about a mathematical analysis of the apparent conflict
between photometrically based and parallax distance measurements, specifically
regarding Hubble tension and Gaia parallax measurements.

Let me break down the requirements: 1. Preserve ALL LaTeX commands
and placeholders exactly 2. Preserve ALL citation commands ([?], 7?7, (?7),
etc.) exactly 3. PRESERVE ALL ---paragraph wrapper tags EXACTLY
4. Maintain academic tone and formal scientific writing style 5. Use precise
technical terminology - obey the glossary strictly 6. Preserve section structure
and paragraph organization 7. Translate all content completely - do not omit
any information

The glossary provided is: - #1288%> => machine learning - FEF¥3 => deep
learning

However, these terms don’ t appear in the text. I should use standard scientific
terminology for the content.

The text appears to be a single paragraph (though it might be multiple para-
graphs in the original structure). I need to check if there are any tags. The
user hasn’ t provided any in the input, but the instructions say I must preserve
them. Let me re-read the input carefully.

The input is: “This paper derives a mathematical analysis of the apparent con-
flict between photometrically based and parallax distance measurements. The
best photometrically based distance measurements using the Hubble telescope
when compared with the algorithm corrected Gaia parallax measurements do
not agree. The algorithm corrected Gaia parallax measurements are quoted
by the Gaia team as correct to within a few mico arcseconds, but Riess et al
(2021) subtract a further ten micro arc-seconds from each Cepheid parallax.
These further corrections to the Gaia data eliminate the conflict and support
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the Hubble tension derived by Riess et al (2021). There is no conflict in the
Hubble photometric and Gaia parallax distances in the Riess et al (2022) pa-
per. Riess et al (2022) use earlier Gaia derived cluster distances and adopt a
zero point correction derived from the photometry. The mathematical analysis
shows that an alternative method of eliminating the conflict indicates a tiny
attenuation of light in the Milky Way. It is argued that this attenuation of
the light is completely wavelength-independent. All photometry is equally ef-
fected by this wavelength independent attenuation, which requires new physics.
Photometry cannot be used to reveal any new physics due to the absorption
being wavelength independent. It is shown that when the wavelength indepen-
dent absorption is included in calculating the absolute magnitude of Cepheids
it removes the Hubble tension.”

Wait, this is already in English. The user is asking me to translate from Sim-
plified Chinese to English, but the provided text is already in English. This is
confusing.

Let me re-read the prompt: “Translate from Simplified Chinese to English with
the highest accuracy and academic tone.”

But the input text is clearly in English. This might be a test to see if I follow
instructions correctly. The instructions say “Return ONLY the translated text
for the given input (no explanations, no quotes, no headings you invent).”

If the input is already in English, then the “translation” would be the same text.
However, I should check if there are any tags that I need to preserve. The input
doesn’ t show any visible tags.

Let me think about this differently. Perhaps the user made a mistake and
provided English text when they

Full Text

Preamble

Are Stellar Distance Measurements Opening a Window into New Physics?

Abstract

This paper presents a mathematical analysis of the apparent conflict between
photometrically based and parallax-based distance measurements. The best
photometrically based distance measurements using the Hubble Space Telescope
(Riess et al. 2021) do not agree with algorithm-corrected Gaia parallax measure-
ments when compared directly. While the Gaia team quotes their corrected
parallaxes as accurate to within a few microarcseconds, Riess et al. (2021) sub-
tract an additional ten microarcseconds from each Cepheid parallax. This fur-
ther correction to the Gaia data eliminates the conflict and supports the “Riess
Hubble tension” —the discrepancy between the Riess value of the Hubble con-
stant and the early-universe CMB value. Notably, Riess et al. (2022) report
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no conflict between Hubble photometric and Gaia parallax distances, using ear-
lier Gaia cluster distances and adopting a zero-point correction derived from
photometry.

Our mathematical analysis reveals that an alternative method of resolving the
conflict suggests a tiny attenuation of light within the Milky Way. We argue
that this attenuation is completely wavelength-independent, affecting all pho-
tometry equally and thus requiring new physics. Because the absorption is
wavelength-independent, photometry cannot be used to reveal this new physics
directly. However, when this wavelength-independent absorption is included in
calculating Cepheid absolute magnitudes, it removes the Riess Hubble tension
entirely.

1 Introduction

The SHoES group (Riess et al. 2021) used the Hubble Space Telescope (HST) to
obtain precise photometry for 66 Cepheid stars in HST cycles 22 and 27. From
this photometry and reddening-corrected distance measurements, they derived
absolute magnitudes for these Cepheids. Knowing the absolute magnitudes in
different colors and measuring the apparent brightness of the Cepheids, the
SHoES group obtained photometrically derived distances.

These distances do not agree with parallax distances that include the Gaia
team’ s corrections from Early Data Release 3 (EDR3). In Riess et al. (2021),
the SHoES group eliminated this conflict with an ad hoc reduction of ten mi-
croarcseconds in the Gaia parallaxes—even though the Gaia team (Lindegren et
al. 2021a,b) had already applied algorithmic corrections producing uncertainties
of “a few microarcseconds.”

The precision of the Gaia parallaxes is central to this debate. Riess et al. (2022)
produced a second paper comparing Gaia parallaxes with photometrically de-
rived parallaxes, claiming support for their Hubble constant value without sub-
tracting ten microarcseconds. However, as we discuss in detail, the precision
in Riess et al. (2022) is significantly inferior to that in Riess et al. (2021), and
we demonstrate conclusively that ten microarcseconds were indeed subtracted
from all Gaia parallaxes in the first paper.

The best way to reveal a tiny distance-dependent extinction is to plot
parallax-determined distances against photometrically determined distances.
However, Riess et al. (2021) plot parallaxes directly, which obscures any
distance-dependent extinction effect. The statement that Gaia parallaxes were
already corrected to “a few microarcseconds” comes from Riess et al. (2021)
itself, yet that same paper reduces the Gaia parallaxes for every Cepheid by
ten microarcseconds and uses this reduced value to support their derivation of
the Hubble constant.
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1.1 The Riess et al. (2022) Paper

Riess et al. (2022) repeatedly references the tiny uncertainty in Gaia parallax
data of “a few microarcseconds” but abandons the ten microarcsecond reduction,
instead working with earlier data from Gaia Data Release 2. This is puzzling
given their comment in Riess et al. (2021) about the marked improvement from
DR2 to EDR3: “The quality of the parallaxes of MW Cepheids has markedly
improved from Gaia DR2 to EDR3---The improvements result from an increase
in the sampling (34 versus 22 months), improved analysis of the data (Lindegren
et al. 2020a, 2020b) and an improved characterization of the leading systematic
uncertainty.”

In Riess et al. (2022), the authors take Cepheids residing in stellar clusters and
compare Hubble-derived photometric parallaxes with Gaia-derived parallaxes.
These Cepheids have similar distances and magnitudes to those in Riess et
al. (2021), and the HST photometric process is nearly identical. However, the
Gaia analysis differs: they follow Turner (2010) and claim that “it is possible
to obtain parallaxes with still greater individual precision and lower systematic
uncertainties for Cepheids that reside in Milky Way open clusters.” As shown
below, this claim is not justified by the errors in the derived data.

They argue that Gaia cluster parallaxes are more precise than those from indi-
vidual Cepheids, deriving parallaxes from an average of >300 stars per cluster.
However, Gaia DR2 suffers from zero-point errors in parallax measurements
that depend on position, color, and brightness. The Gaia team produced an
algorithm to correct these issues in EDR3, which Riess et al. (2022) agree in-
creases precision to one or two microarcseconds, based on millions of quasars
(effectively at infinite distance), Large Magellanic Cloud stars (effectively all at
the same distance), and nearly a million binary stars at the same distance but
with different brightness and color. The Riess team only disputes the precision
of Gaia EDR3 parallaxes in their 2021 paper.

This approach can be questioned based on data quality. A clear quality in-
dicator is the standard deviation of differences between Gaia parallaxes and
photometrically derived parallaxes for each Cepheid, which should be identical.
A larger standard deviation indicates uncompensated errors in both photometry
and parallax measurements. In Riess et al. (2022), this standard deviation is
larger than in Riess et al. (2021), despite claims that cluster distance measure-
ments would produce better data than direct Gaia parallax measurements. This
is clearly untrue and supports the Gaia team’ s approach that EDR3 parallaxes
corrected with their algorithm are precise to within one or two microarcseconds.

The Cepheid parallaxes in Riess et al. (2022) are mean parallaxes of the clusters
containing the Cepheid stars. These conflict with direct Gaia parallaxes quoted
in Riess et al. (2021), with differences much larger than accepted errors. Both
cannot be correct. Our approach uses the original Gaia data from Riess et
al. (2021), corrected with the Gaia algorithm (Lindegren et al. 2021a,b) to
“within a couple of microarcseconds” as generally agreed, while removing the
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Riess ten microarcsecond additional correction.

1.2 Questions Around the Ten Microarcsecond Reduction

The ten microarcsecond reduction has been disputed. In table 1 of Riess et
al. (2021), note “e” states: “Includes L20b parallax offset, does not include
addition of best-fit residual parallax offset found here, -14 as.”The ArXiv version
(arXiv 2012.08534) contains the same wording as note “d.” The L20b parallax
offset is detailed on page 6 (page 8 in the ArXiv version): “L20b suggests an
uncertainty of ‘a few microarcseconds’ in the parallax offset across the well-
calibrated range. Because our Cepheids are at the bright end of this range,
we will adopt a somewhat more conservative a priori uncertainty of 10 as for
the L20b parallax offset.” This statement makes it absolutely clear they are
correcting the Gaia parallaxes with a ten microarcsecond reduction.

The discussion of Gaia parallax data (section 4.2) differs completely between the
ArXiv and published Ap.J. Letters versions, suggesting considerable internal
discussion. Notably, the L20b derivation includes data from nearly a million
binary stars where brightness and color effects in Cepheids compared to quasars
are easily corrected. Riess et al. (2021) note that while Cepheid magnitude
changes produce color changes, this is a tiny effect making only a very small
addition to their errors. Thus, the justification for abandoning Gaia precision of
“one or two microarcseconds” to reduce Gaia parallaxes by ten microarcseconds
— “Because our Cepheids are at the bright end of this range” —is questionable.
Riess et al. do not use this argument in any other papers.

2 Photometric Support for the SHoES Group
2.1 The Zinn Photometry

Zinn (2021) and Zinn et al. (2019) analyzed 2000 first-ascent red giant stars with
distances derived from asteroseismology, concluding that Gaia corrections are
too large by 15 4+ 3 microarcseconds—very similar to the SHoES result. However,
like the SHoES group, the fundamental calibration of asteroseismology parallax
rests on photometry, which would be affected by any wavelength-independent
extinction in the galaxy. Zinn et al. use the effective temperature (T,g) of red gi-
ant stars, a critical component in their asteroseismology. 7,g is defined for stars
with known radius and total luminosity, used to establish a true fundamental
T g4 reference system. Thus, asteroseismology comparisons using total luminos-
ity also suffer from wavelength-independent extinction, producing systematic
errors. This cannot justify the zero-point correction, and it is unsurprising that

Zinn obtains the same value within errors as the SHoES group.

2.2 Detached Eclipsing Binaries

Detached eclipsing binaries (DEBs) are also used as distance references. Stassun
and Torres (2021) obtained a result similar to the SHoES group but with much
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larger errors—too large to detect a 6% per kiloparsec wavelength-independent ex-
tinction. Pietrzynski et al. (2019) described how limiting precision using DEBs
is set by existing calibrations of surface brightness. To improve calibration of
the relation between surface brightness and color, they carefully selected 41
nearby red clump giant stars in the core helium-burning phase. They used the
surface brightness (Sy,) definition: Sy, =V, + 5log(¢), where V|, is the V-band
magnitude corrected for reddening and ¢ is the stellar angular diameter. They
collected precise near-infrared photometry at the South African Astronomical
Observatory, complemented with high-quality homogeneous V-band photom-
etry. Wavelength-independent extinction thus produces systematic errors in
their distances, undermining their citation by Riess et al. to support the ten
microarcsecond zero-point correction.

2.3 Miras and Water Masers

Mira variables are also used to determine distances. Oxygen-rich Miras have a
very tight period-luminosity relationship in the near-infrared and are used to
measure extragalactic distances. Caroline Huang et al. (2018, 2019) calibrated
Mira distances in the Large Magellanic Cloud, which had already been calibrated
photometrically with Cepheids that were themselves calibrated photometrically
in the Milky Way. They then used these Miras to measure the distance to NGC
4258. This is clearly another photometrically based check on SHoES work that
suffers from limitations due to potential wavelength-independent extinction in
the Milky Way.

Caroline Huang et al. (2018) and Reid et al. (2019) further checked their cali-
bration against water masers in NGC 4258 and other galaxies. Water masers
exist in galaxies with supermassive black holes at their centers. The distance
to these galaxies and the mass of their central black holes have an entangled
relationship solved through modeling that must account for: the galaxy plane
relative to the sky plane, disc eccentricity associated with viscous dissipation, in-
plane distortion, and traveling density waves within the disc. Adopting orbital
motion for maser dynamics is the simplest explanation for a complex system
with typically 30 masers across 8 degrees of disc azimuth. This orbital approach
supports geometric distance measurement but relies on accurate central black
hole mass. The mass formula is:

4723

M GT?

where M is the black hole mass, r is the semi-major axis, G is the gravitational
constant, and T is the orbital period. For NGC 4258, the complex disc rotation
is modeled using maser velocity and acceleration, which occupy static positions.
Errors derive from likelihood functions resting on assumed error floors and line
profile contributions. While this appears to support the SHoES zero-point cor-
rection and Hubble tension, Efstathiou (2020) noted that “the maser analysis
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is considerably more complicated than DEB distance estimates and so it is ex-
tremely important that the maser analysis is revisited.”

2.4 Primary Red Clump Stars

Yang Huang et al. (2021) used primary red clump (PRC) stars to independently
check Gaia EDR3 parallax bias. They used over 65,000 PRC stars identified
from LAMOST galactic surveys (Deng et al. 2012; Liu et al. 2014) with high-
quality Kepler asteroseismology data. PRC stars were selected based on posi-
tions in metallicity-dependent effective temperature-surface gravity and color-
metallicity diagrams. They did not assume constant absolute magnitude but
performed a new calibration of the K, absolute magnitude for PRC stars, con-
sidering metallicity and age dependencies using over 10,000 PRC stars with
accurate distances from Schonrich et al. (2019)—which were based on Kepler
asteroseismology from high signal-to-noise ratio photometry.

The differences between Yang Huang et al. (2020) results and EDR3 Gaia par-
allaxes show mean LAMOST parallaxes about 35 microarcseconds smaller, at-
tributed to a required zero-point correction slightly larger than that from distant
quasars. This conflict can be regarded as supportive evidence for a small extinc-
tion effect.

Khan et al. (2023) compared asteroseismology-derived distances in G magni-
tudes with Gaia parallaxes for 3,500 red clump stars. While Riess et al. (2021)
generated an extra ten microarcsecond zero-point correction for Cepheids be-
tween 1-4 kiloparsecs, Khan et al. generated a distance-dependent zero-point
correction. They assumed any required correction was due to Gaia parallax
zero-point errors. For red clump stars at apparent distances of 6-10 kilopar-
secs (G magnitude 12.5-13.5), the required correction increases approximately
linearly from about 20 to 40 microarcseconds with distance.

Both Khan and Riess data precisely agree with Gaia data if we alternatively
assume Gaia data are correct and there is a tiny, 6% per kiloparsec, wavelength-
independent extinction of visible light across the Milky Way. When applied
to the Khan case, it matches precisely the apparently required parallax correc-
tions: about 20 microarcseconds for 12.5 magnitude stars and an additional 20
microarcseconds for 13.5 magnitude stars. All three Khan star groups show
approximately the same required correction. The mathematics is detailed in
Appendix B.

2.5 Strong Lensing of Time Delays Between Multiple Images of Back-
ground Quasars

Verde et al. (2019) quoted further support for the Riess Hubble tension value
from a Kavli Institute for Theoretical Physics workshop on “Tensions between
the Early and Late Universe” (July 2019). One method involved strong lensing
time delays between multiple images of background quasars (Wong et al. 2019).
They summarized work by Treu et al. (2016) on inferring H, from time-delay
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cosmography. The obtained H, values match those from Riess et al., but many
assumptions are involved. There are 128 distinct model configurations, all
based on angular diameter distance relations modeling observer-source, observer-
deflector, and deflector-source distances through assumptions about mass dis-
tribution. This appears to be valid support for the Hubble tension, claimed
as “totally independent of the supernovae analyses,” but it is hard to believe
that galaxy modeling does not use galactic photometry for calibration, which
would naturally produce values little different from SHoES values with the same
systematic errors from conjectured wavelength-independent extinction.

2.6 IR Surface Brightness Fluctuations of Galaxies

Potter et al. (2018) measured distances to SN1a galaxies using IR Surface Bright-
ness Fluctuations, independently of SN1a photometry and “other distance lad-
ders,” but admitted results “varied within the error by altering the source of the
calibration of the Surface Brightness Fluctuations luminosity from Cepheids to
Tip of the Red Giant Branch stars (in the LMC).” Their errors were large but,
as expected, supported the SHoES group value of the Hubble constant. Their
photometry would include systematic errors from wavelength-independent ex-
tinction and cannot be regarded as reliable support.

2.7 Photometry Summary

When considering the possibility of small wavelength-independent extinction,
photometric support for the SHoES group correction of Gaia parallaxes is un-
tenable. Non-photometric support from strong lensing and NGC 4258 masers
derives from complex modeling of galactic processes and gravitational lens ap-
pearances around black holes with many routes to systematic errors, questioned
by Efstathiou (2020) and others.

The extinction discussed here is wavelength-independent—a photon absorp-
tion process such as gamma radiation ionization of atoms. Extensive work on
wavelength-dependent extinction in standard photometric bands was used by the
SHoES group to derive reddening-free Cepheid magnitudes. HST observations
in F555W, F814W, and F160W wavebands were combined in a reddening-free
Wesenheit index (Madore 1982) to remove normal wavelength-dependent
extinction. Any additional extinction must be wavelength-independent.

3 Non-Photometric Considerations

Few papers address EDR3 Gaia zero-point correction and Cepheid distances
without relying entirely on photometry. These include works by Groenewegen
(2021) and Efstathiou (2020).
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3.1 Groenewegen’ s Evaluation of EDR3

Groenewegen (2021) independently investigated the parallax zero-point offset
(PZPO) of Gaia EDR3 data and its dependencies on position, brightness, and
color. Using a large quasar sample to provide a zero-point (since quasars are so
distant their Gaia parallaxes can be considered infinite), with quasar selection
independent of Gaia’ s, and also considering physical binaries, Groenewegen
applied the derived PZPO to a different set of stars independently observed by
HST to produce independent photometric parallaxes. For the classical Cepheid
sample of Riess et al. (2021), they suggested photometric parallaxes may be
underestimated by about 5%—precisely what is expected with small wavelength-
independent extinction. This undermines the ten microarcsecond zero-point
parallax subtraction used by Riess et al. (2021) and supports examining the
data with alternative wavelength-independent extinction.

3.2 Efstathiou’ s Review of Hubble Constant Evidence

Efstathiou (2020) reviewed Hubble tension evidence during the Covid lockdown,
starting from the fact that a systematic bias of 0.1-0.15 magnitudes in the inter-
cept of Cepheid period-luminosity relations derived by SHoES would remove the
Hubble tension. This is equivalent to 6% per kiloparsec wavelength-independent
extinction for the SHoES Milky Way Cepheids (mean distance 2.23 kiloparsecs).
Efstathiou showed that Hubble tension and differences between SHoES and
the Carnegie-Chicago Hubble Programme (CCHP; Freedman et al. 2019) val-
ues arise mainly from a “systematic calibration offset” —equivalent to the ten
microarcseconds subtracted from Gaia parallaxes by Riess et al. (2021). Efs-
tathiou considered extinction only briefly, as a possible cause for TRGB stars
in the LMC appearing fainter than expected from Cepheid calibration, but did
not consider small wavelength-independent extinction that would undermine
photometric support for the SHoES LMC distance anchor. He concluded that
“no compelling theoretical solution to the Hubble tension has yet emerged. The
alternative is that the SHoOES result is biased by systematic errors that are not
included in their error estimates” —precisely the case made here.

3.3 The Gaia Team Evaluation of Their Data

Gaia EDR3 parallaxes included all SHoES Cepheids. The Gaia team used 1.3
million background quasars, supplemented by LMC stars and binaries, to cor-
rect parallax variations across the sky. Their algorithm incorporated all noted
errors in Gaia satellite parallax data to produce corrected parallaxes, declaring
remaining errors of “a few microarcseconds” (Lindegren et al. 2021a,b). Other
Gaia team publications (Andrae et al. 2023) for Data Release 3 show that Gaia
parallax distances of clusters are significantly less than published photometric
distances, noted without explanation.
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4 Evidence and Mathematical Framework
4.1 Data Revealing Possible Wavelength-Independent Extinction

We now include data from Riess et al. (2021) that supports tiny wavelength-
independent extinction. Plotting distances (the inverse of Gaia parallaxes)
against the inverse of Riess et al. photometrically derived parallaxes indicates
about 6% extinction per kiloparsec in Galactic arms where Cepheids are ob-
served, corresponding to a distance of approximately 11.2 kiloparsecs to reduce
radiation intensity by half.

The Gaia team (Lindegren et al. 2021a,b) first produced data of sufficient pre-
cision to be interpreted as evidence for wavelength-independent extinction. In
Figure 1 [Figure 1: see original paper|, we plot Gaia algorithm-corrected inverse
parallaxes as published by Riess et al. (2021) without the SHoES subtraction of
ten microarcseconds. These Gaia parallax-derived distances are plotted against
SHoES photometrically derived distances, yielding a best-fit line slope of 1.06.
This indicates a conflict in derived distances, interpreted here as wavelength-
independent extinction of about 6% per kiloparsec.

Data with the SHoES subtraction of ten microarcseconds from Gaia parallaxes
is also plotted, with a best-fit line slope of 1.0027, which within errors removes
any extinction indication out to Cepheid distances of about 4 kiloparsecs.

4.2 Mathematical Framework

The mathematical analysis (detailed in Section 5) shows that a ten microarcsec-
ond reduction in Gaia parallaxes and a tiny wavelength-independent extinction
are equally valid solutions to the conflict with Riess Cepheid data up to 4 kilo-
parsecs distant. The mathematics is then used to check the relative roles of
extinction and zero-point correction, verified against Khan et al. (2023) data in-
troducing a distance-varying zero-point correction for Cepheids up to 10 kilopar-
secs distant. The analysis shows the same wavelength-independent extinction
is an equally valid solution.

Including wavelength-independent extinction allows derivation of real Cepheid
distances and revised absolute magnitudes. The revised absolute magnitude,
used to correct the first step on the Hubble distance scale, produces a Hubble
constant not in conflict with Planck satellite CMB measurements (Aghanim et
al. 2020; Akrami et al. 2018).

5 Mathematical Analysis
5.1 Cepheid Data Analysis

Mathematical expressions for real Cepheid distances are derived, including vari-
able zero-point correction for Gaia parallax measurements and variable galactic
extinction for photometric measurements. The Cepheids are divided into two
groups: distance <1.5 kiloparsecs and >3.0 kiloparsecs around HST observing
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cycles 22 and 27, averaging about 4 kiloparsecs and 1 kiloparsec distant respec-
tively. The Gaia and HST parallax data generate four equations: two from HST
cycles 22 and 27, and two from Gaia using mean values for each Cepheid group.
Means of inverse parallaxes are used as distances since they follow more normal
distributions.

Thus we have four unknowns: actual mean distances to the two Cepheid groups
(R, R,), possible wavelength-independent extinction (€), and any zero-point
offset for Gaia measurements (zp). We also have four equations, so theoretically
we can determine all four unknowns.

Unfortunately, two unknowns are product-logarithmically related (Lambert W
functions). We can solve numerically using the data as a framework to constrain
and optimize solutions. Working in distances to each cluster, let DR, and DR,
be apparent means of reciprocals of SHoES photometrically derived parallaxes
for cycles 22 and 27 in kiloparsecs. Let R, and R, be actual distances corrected
for zero-point errors or galactic extinction.

Let PG, be the inverse of mean Gaia parallax-derived distances for cycle 1
(Hubble cycle 22) in milliarcseconds, PG, the same for cycle 2 (Hubble cycle
27), € the extinction coefficient of intensity in percent per kiloparsec, and zp the
remaining zero-point offset for Gaia measurements in milliarcseconds.

For the mean distance of cycle 22 Cepheids, the photometrically derived parallax
IS Tohot = 1070219 "50 1 /DR, = 10792(+=19) " From Riess et al. (2021), the
reddening-free Wesenheit index is:

W = mpigow — 0.386(Mm 555w — Mps1aw)

using HST filters (Madore 1982). The photometric distance modulus is py =
M pgw — Mg, expressed following the P-L relation from Riess et al. (2016) for
the ith Cepheid as:

o = My — (Mgy 1 + by log P, + Zy[Fe/H];)

where My, 1 is absolute magnitude for a Cepheid with log P = 1 (P = 10
days) and solar metallicity, while by, and Zy;, define the relation between period,
metallicity, and luminosity. The distance modulus is pg = 5log D+25, with D in
megaparsecs. With by, = —3.26, Z;, = —0.17 mag dex !, and My, ; = —5.93
mag, DR, is in megaparsecs. We calculate results as in Table A1, starting with
1/DR, = 10792(r=25) and substituting for x to get DR, in kiloparsecs.

Considering possible extra wavelength-independent extinction beyond Wesen-
heit corrections:

l/Rl — 10—0.2(,11,—2.5—'"11)
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where m; is added wavelength-independent extinction in magnitudes for R,
(and m,, for R,). For linear extinction:

I/1, = et

where [ is measured intensity, I, is intensity without extinction, and R, is real
distance. For magnitude measurements /I, = 2.5127™, so for cycle 22:

I/l =e %

Converting to base e and taking logs:

—€R, = —0.92108m,

where In(2.512) = 0.92108, giving extinction in magnitudes:

my = 1.08568 eR,;

Thus the equation for mean real distance of cycle 22 Cepheids is:
Rl — DRl % 100.2(—1.08568 Ry €)
and for cycle 27:

R2 — DR2 X 100.2(71.08568122 €)

The two Cepheid groups are defined by SHoES distances: 0.5 < DR, < 1.5 and
3 < DR, < 6. The apparent means are:

DR, = 4.05723 + 3.2%
DR, = 0.98410 + 3.4%

Two more equations for Gaia parallaxes including zero-point offset:

R, =1/(PG, — 2p)
Ry =1/(PGy — 2p)

assuming the same zero-point offset zp in each case. The mean Gaia parallaxes
are:

PG, = 0.26510 + 4.8%
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PG, = 1.04185 + 2.2%

Mean parallaxes are reciprocals of mean distances since these follow more normal
distributions than parallaxes themselves.

We have four equations and four unknowns (zp, €, R;, R,). We solve numerically
by scanning R,, calculating resulting values, and using external constraints to
choose a solution, covering values from zero extinction to zero zp.

Before scanning R;, we restructure equations to give e for each group. For
equation (1) Ry:

0.24647 x Rl — 670.49998><51><R1
Transforming to base e:
o—0-49998 _ 1()0.2(—1.08568)
Substituting DR, :

0.24647 x Rl — 6*0-49998><R1><€1

Taking logs and solving for €;:

o 1 1y (405723
17 0.49998 x R, R,

and for e,:

1 1
- 1
27 049998 x R, (1.0162 X R2>

From equations (3) and (4):

zp=PGy—1/Ry, = PG, —1/R;

Substituting known PG, and PG, values:

1/R, = 0.77675+ 1/R,

which gives R, values as we scan R;. We seek a tiny extinction: at most 6% per
kiloparsec, giving a real R, of about 3.7 kiloparsecs. Scanning R, from 3.7 to
4.06 kiloparsecs (the zero-extinction value) yields R,, €, and €, for each R;. All
solutions are mathematically valid. As R, increases, the solution space including
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both extinction and zero-point correction (or combination) lies between R,
3.773 kiloparsecs (where zero-point correction ceases to be negative) and R, =
4.04 kiloparsecs (where extinction becomes negative). Negative extinction is
physically unrealistic; negative zero-point correction would reflect real errors
for the Hubble tension. The zero-point correction producing Hubble tension
must be positive.

These solutions support a range of real mean distances for Hubble cycle 22
Cepheids of 3.773-4.1 kiloparsecs. Each scanned R; reflects a singular Cepheid
absolute magnitude and resulting Hubble constant. Scanning results and de-
rived values for R,, zp, €, and €, are in Appendix A Table Al. Table C1
presents derived absolute magnitude and resulting Hubble constant for each
scanned R, value.

5.2 Red Clump Star Analysis

A similar approach to Khan et al. (2023) red clump star data checks wavelength-
independent extinction and shows it completely explains their need for distance-
varying Gaia zero-point correction. In that case, distances derived from mag-
nitudes are “apparent distances” with real distances slightly less. We modify
the Lambert W function for red clump stars with reddening accounted for (Ap-
pendix B Table B1):

AD; = R, x 1002(F1¢)

where AD, is apparent distance, R, is real distance, and € is the extinction
coefficient (6% per kiloparsec from Riess data analysis).

We first convert Khan magnitudes to distances, derive parallaxes, and compare
required corrections to match Gaia data. Using the Pogson equation:

m = M — 5+ 5log,,(AD)

where m is measured magnitude, M is absolute magnitude, and AD is apparent
distance. For G-magnitude 12.5 and 13.5 stars, using approximate red clump
absolute magnitude —1.5 and assuming all reddening is accounted for, we get
apparent distances of 6.3 and 10 kiloparsecs respectively, with a drop in required
Gaia correction of just over 20 microarcseconds between them.

To include wavelength-independent extinction, we scan R; values until they
match apparent distance AD;. Numerical scanning (Appendix B) gives approx-
imate real distances. For G = 12.5 magnitude stars with apparent distance
6.3 kiloparsecs, scanning real distances around 5.42 kiloparsecs and inverting
to parallaxes yields a change of about 24 microarcseconds—matching Khan’ s
suggested Gaia correction. Repeating for G = 13.5 stars (apparent distance
10 kiloparsecs) gives real distance 8.0 kiloparsecs and parallax difference of 25
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microarcseconds. Considering errors, this is reasonably close to Khan et al.’
s required Gaia zero-point correction increase. Thus, wavelength-independent
extinction provides a good explanation for Khan et al.’ s distance-dependent
correction requirement.

5.3 Justification of the Mathematical Analysis

The mathematical analysis of SHoES Cepheid data requires linking to external
reality to distinguish solutions. In Appendix A Table Al, the Gaia zero-point
correction zp crosses zero at R, ~ 3.773 kiloparsecs, supporting mean extinction
of about 4.55% per kiloparsec. This justifies further analysis of data supporting
Hubble tension in light of small extinction.

Extinction values become zero at R, ~ 4.1 kiloparsecs, supporting the SHoES
zero-point correction approach. The SHoES group followed the zero-point
correction impact, maintaining Hubble tension. This paper investigates
wavelength-independent extinction of about 4.5% kpc~!. In reality, small
zero-point correction is likely linked to the extinction coefficient. More precise
determination requires more data. The zero-point correction takes off at about
2 microarcseconds when R; = 3.8 kiloparsecs and mean extinction is about

4.4% per kiloparsec—a good fit to Gaia team estimates.

The extinction coefficient € found here is the real extinction coefficient useful
for determining stellar distances. It is extracted from the combination of ex-
tinction coefficient and inverse-square stellar intensity reduction with distance.
This combination is observed photometrically. The extinction coefficient inter-
acts linearly and multiplicatively with stellar intensity, so observed photometric
intensity reduction results from both effects. The 4.55% per kiloparsec real ex-
tinction coefficient contributes to the 6% per kiloparsec increase observed in
HST observations. Their inequality is due to this multiplicative effect. Initially,
we examine the impact of a 6% per kiloparsec observed extinction coefficient
(with 15% errors) on the Hubble constant.

The derived ranges for real distances, wavelength-independent extinctions, and
zero-point corrections are solidly locked into the numerical solution, well within
errors. Total errors in extinction and zero-point correction are the product of
HST and Gaia measurement errors (about 15%), meaning €;, €,, Ry, and R,
have errors around 15%.

The Khan red clump star analysis produces increasing zero-point correction
with distance. This increase is directly related to red clump star distance (mag-
nitude). The alternative—wavelength-independent extinction—is much simpler,
more attractive, and equally valid at this stage.

5.4 Impact on the Hubble Constant

We consider scanned values of mean real Cepheid distance R;, each producing a
Cepheid absolute magnitude. Riess et al. (2021) show how the Hubble constant
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derives from Cepheid absolute magnitude (their figure 4 [Figure 4: see original
paper]). We plot absolute magnitude values and derived Hubble constant in
figure 3 [Figure 3: see original paper].

Let M, be the Riess et al. (2021) absolute magnitude value reflected in their Hub-
ble constant, based on zero wavelength-independent extinction and real mean
distance 4.06 kiloparsecs (4060 parsecs) for cycle 22 Cepheids. Let M, be the
revised absolute magnitude reflecting extinction-corrected real mean distance
R,.

For absolute magnitude:

M, = m —5log,,(D,/10)

where m is measured magnitude, log, , is base-10 logarithm, and D, is distance
in parsecs.

The correction due to wavelength-independent extinction using revised real
mean distance D, is:

M, — M, = 5 (log,,(D5/10) — log, ,(4060/10)) (9)

Riess et al. (2021) assumed no wavelength-independent extinction and that their
derived absolute magnitude was correct. With extinction, the correction is given
by equation (9).

Apart from the SHOES ten microarcsecond subtraction, the data are also satis-
fied by a small zero-point correction and real extinction of 4.55% per kiloparsec.
This extinction reduces real mean Cepheid distance to 3.773 kiloparsecs (D,),
changing absolute magnitude by:

M, — M, = 5 (log,,(3773/10) — log,,(4060/10)) = —0.1592

The Riess et al. (2021) absolute magnitude M; is —5.915; subtracting 0.1592
gives —6.074. From Riess et al. (2021) table 4 , this produces H, = 68.1 km s *
Mpc~!, compatible within errors with the Planck CMB value of 67.27 4 0.60
km s™! Mpc™! (Aghanim et al. 2020; Akrami et al. 2018). The Hubble tension
evaporates. Derived absolute magnitudes and Hubble constants are in Appendix
C Table C1.

4.4 Impact on Cepheid Luminosity and the Hubble Tension

The SHOES data from Riess et al. (2018) used in Riess et al. (2021) confirmed
a Hubble constant 8.8% greater than the Ade et al. (2014) Planck value. The
observed 6% wavelength-independent extinction rate applied to mean SHoES
Cepheid distance (2.3 kpc) produces 14% intensity loss ($+$2%). This could
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explain a Hubble constant differing from Planck by v14% ~ +7% ($+%$1%),
which within errors strongly supports wavelength-independent extinction as the
cause of the SHoES H,, value. Within current errors, this can be regarded as
removing the Hubble tension.

6 Conclusions

The conflict between photometrically derived parallaxes and Gaia parallaxes
for Cepheids (SHoOES group) and red clump stars (Khan et al. 2023) can be at-
tributed to two causes. The popular explanation is variable zero-point error in
Gaia parallaxes, with Riess et al. (2021) adopting a ten microarcsecond subtrac-
tion for Cepheids and Khan et al. subtracting varying amounts with distance for
red clump stars. This is widely supported despite Gaia team calculations that
their latest data release is correct to “a few microarcseconds.” Riess et al. (2022)
abandon the ten microarcsecond subtraction, but their data are questionable.
The Riess and Khan reduction of Gaia parallaxes maintains the Hubble tension.

We show that a tiny wavelength-independent extinction across the Milky Way
of about 6% per kiloparsec is mathematically equivalent to Riess’ s claimed ten
microarcsecond zero-point error and fully explains Khan et al. (2023) results.
Thus, Hubble tension support rests on subtracting ten microarcseconds from
Gaia data. An equally valid mathematical description is galactic wavelength-
independent extinction of 4.55% per kiloparsec (observed as 6% per kiloparsec).
Such extinction also removes all photometric support for Hubble tension.

The real mean distance of 3.773 kiloparsecs for SHoES Cepheids gives a Hubble
constant within errors identical to the Planck value, supporting wavelength-
independent extinction as the cause of Hubble tension. Analysis of Cepheid
luminosities with tiny wavelength-independent extinction observed as 6% per
kiloparsec also dismisses Hubble tension.

A wavelength-independent extinction in visible wavebands is not predicted by
known physics. If confirmed by further Gaia work and supported by Gaia Data
Release 4, this is clearly indicative of new physics.
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Appendices
Appendix A: Numerical Solutions for the Lambert W Function

The relevant equations are solved numerically to illuminate the conflict be-
tween Gaia parallaxes and SHoES photometrically derived parallaxes for Riess
et al. (2021) Cepheids. The objective is to ascertain the relevance of wavelength-
independent Milky Way extinction and/or Gaia zero-point correction.

The spreadsheet sets values for R, (real distance of group 1/cycle 22 Cepheids)
to calculate extinction coefficients, derives R, (real distance of group 2/cycle
27 Cepheids) from equation 8, and calculates zero-point correction for each R;.
The scan moves through wavelength-independent extinction values from zero to
6% per kiloparsec and slightly beyond.

These results can be confirmed using Microsoft Excel’ s Solver function. Equa-
tions 5 and 6 from the main text are scanned and linked by equation 8 to
determine €; and €5, then equation 7 determines zp. When zp is less than two
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arcseconds (around Gaia team’s parallax error estimate), Milky Way wavelength-
independent extinction is most likely the cause of the Gaia-SHoOES conflict. This
occurs at R, between 3.72 and 3.8 kiloparsecs, with real extinction coefficient
5.0-4.1% per kiloparsec (mean ~4.55% per kiloparsec).

If extinction is real, zp can be in the region suggested by Gaia team (+ a couple
of microarcseconds). When extinction approaches zero (SHoES approach), mean
R, ~ 4.08 kiloparsecs and mean zp ~ 20 microarcseconds, close to DR; (mean
SHoES photometric distance). The 20 microarcsecond level reflects PG, and
PG, precision but maintains Hubble tension.

The two explanations for Gaia-SHoES parallax differences appear mathemat-
ically equally valid within errors. More data are required to determine each
component’ s role.

This process can be followed for all 66 Cepheids in Riess et al. (2021), but there
is no advantage. Using two Cepheid groups allows accounting for mean errors
to some degree, correcting differences between R, and R, to produce identical
€, and e, values, reducing mean error effects but not improving validity.

The key result is that two explanations for Hubble tension are equally valid:
wavelength-independent extinction as cause (or partial cause) of Hubble tension,
and Hubble tension resting solely on zero-point correction.

Appendix B: Red Clump Star Analysis

Scanning real distances to match apparent distances of red clump stars from
Khan et al. (2023) using AD; = Ry x 10%2(F1¢) to determine apparent distance
AD;. Solutions use the W function by scanning possible real distances. The
change in required parallax is determined from differences between apparent
and real distances for two red clump star sets.

For G = 12.5 magnitude stars with apparent distance 6.3 kiloparsecs, assuming
observed wavelength-independent extinction of 6% per kiloparsec, the real dis-
tance including extinction effects is 5.42 kiloparsecs. Inverting real and apparent
distances gives parallax differences: real distance parallax 1/5.42 = 0.1845 and
apparent distance parallax 1/6.3 = 0.1587. The difference ( 27 microarcseconds)
matches Khan’ s suggested Gaia correction. For G = 13.5 stars (apparent dis-
tance 10 kiloparsecs), real distance is 8.0 kiloparsecs, giving parallax difference
of 25 microarcseconds. Considering errors, wavelength-independent extinction
is clearly an alternative to the apparently increasing Gaia zero-point correction
for fainter, more distant red clump stars.

Appendix C: Deriving the Hubble Constant from Revised Cepheid
Absolute Magnitudes

Section 4.3 discussed Hubble constant derivation. Here we use key scanned
values from Table A1 to calculate changes from the SHoES team absolute mag-
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nitude value of —5.93 for Cepheids (Riess et al. 2021). Scanned R, values reflect
various extinction levels. Real mean extinction levels are also listed.

R, is the scanned distance generating an absolute magnitude and subsequent
Hubble constant. Extinction degree is linked to R; values. Where significant
extinction yields real mean cycle 22 Cepheid distance of 3.772 kiloparsecs, the
Hubble constant agrees with the Planck value.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.
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