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Abstract: Local measurements of the expansion rate of the local universe differ from predictions of ssmple models fitted to large-scale cosmol ogical
measurements, at a statistically significant level. Sample variance (often caled cosmic variance) is a key component of errors placed on
measurements made from a small data set. For the Hubble constant, which parametrises the expansion rate, the size of the patch of the Universe
covered by recent supernovae observations has a radius of 300Mpc. The smaller the patch, the larger the patch-to-patch fluctuations and the larger
the error on the measured value of HO from sample variance. Using the HO measurement from supernovae as an example, | will consider a number
of different ways to estimate sample variance using techniques developed for multiple uses, and show that they all approximately agree. The sample
variance error on HO measurements from the recent Pantheon supernovae sample is +/-1 kms™-1Mpc”-1, insufficient to explain the Hubble tension
in a standard Lambda-CDM universe. This will demonstrate methods for comparing variations in expansion rate in the universe and what we mean
by saying the universe is expanding (on average), or that galaxies move apart with particular velocities.

Zoom Link: https://pitp.zoom.us/j/999461495652pwd=M 2puMy9InSEtBZTg1MnRmSIIHeUEOUT09
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Long history of incorrect measurements!
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The emergence of the “current” Hubble tension

: Key Project
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The emergence of the “current” Hubble tension

: Key Project
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= Start with a local (absolute) calibrator to a galaxy
» Parallax (sun-earth distance)
= Detached eclipsing binaries (period)
= Masers (acceleration)

= Use these to calibrate objects viewed further out
= Cepheid variables (luminosity-period relation)

= TRGB observations (universality of Helium flash)

= Use this to calibrate SN1a in cosmological volume (e.g. the
Pantheon SN1a sample)

= Measure H,
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Example calibrator galaxy

Use calibration to determine M, ; o Sty
if SN1a goes off S— o
Measure apparent brightness of distant SN
To estimate distances

p=m— M = 5log(dr,/Mpc) + 25

G

e.g. Riess et al. (20XX); Freedman et al. (20xx)
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To measure H, we need an
absolute calibration

For the CMB this is the
temperature T=2.7255K

The projected peak
positions, together with the
theory for their intrinsic
position gives H,
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H, from BBN + BRO
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H, from BBN + BRO
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To measure H, we need an
absolute calibration

For the CMB this is the
temperature T=2.7255K

The projected peak
positions, together with the
theory for their intrinsic
position gives H,
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= Need an absolute measurement (H,, is absolute)

= CMB temperature

= Earth-sun distance
= Theoretically link these to observed physical quantity

= BBN, CMB physics, BAO position

= Parallax, Cepheid period-luminosity relation, universality of SN1a
= Make projected distance observations (with errors)

= CMB / BAO peak positions

= Distance ladder up to SN1a brightness observations

ASTR®
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Each component could he wrong!

And most have been carefully examined without finding a
solution
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+ m-Ms,
+ LDE + Gaussian Hp
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at z<0.1 to get a higher H,,
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il Introduce another period of
ce. acceleration after matter-

=2 radiation equality, before
recombination. Component
evolves to different w at later

times, stopping acceleration
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Each component could he wrong!

And most have been carefully examined without finding a
solution
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