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Peebles: ΛCDM as an approximate theory
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Peebles on ffΛCDM
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Peebles on the H0 tension

“An error of 10% from tracing cosmic expansion back by a factor of
a thousand is impressive accuracy.”

So much for precision cosmology.....
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My hierarchy of models

simple: normal GR plus
baryons-only, HDM-only, CDM-only, or Λ-only

more complicated but generic:
ΛCDM, ΛHDM, TEVES (rel. MOND).......

aΛCDM (almostΛCDM):
warmDM; kΛCDM, φcdm, interacting-DM,

non-scale invariance at 1Mpc

Peebles considers that in the first two categories, only ΛCDM is
consistent with observation.

But if ΛCDM is an “approximate” theory, is the only possibility an
even more finely-tuned aΛCDM?

Or are there other ways that the theory could be approximate?
e.g. use of ideal-gas law, RW metric....
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aΛCDM: Early Dark Energy

arXiv:2109.04451:
The Atacama Cosmology Telescope: Constraints on
Pre-Recombination Early DarkEnergy
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Some themes

Importance of imprecision cosmology

Test of cosmological principle (isotropy)

Peculiarities of the local universe

Formation and properties of galaxies

Anthropics
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Importance of imprecision cosmology

Not just CMB and BAO are important:

ΩM: Virgo infall...... weak lensing

ΩΛ: ages of globular clusters

ΩB baryons in clusters, galaxies, Lyα-forest, fast-radio bursts
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Cosmological principle/isotropy controversy

ΛCDM⇒ anistropy due only to our peculiar motion (600km/sec)
with respect to the frame where the CMB is isotropic.

Evidence for excess anistropy, peculiar velocity from

Quasar angular distribution on sky

SNIa Hubble diagram

Galaxy cluster Hubble diagram

Suggestion of movement approximately in direction of CMB
anisotropy but two times too fast.
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COBE CMB dipole
.

Mostly Doppler shift due to our
movement
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Anisotropy from Local Group Peculiar velocity

Compilation from Mohayaee, Rameez, & Sarkar arXiv:2106.03119
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Secrest et al, arXiv:2009.14826

Jim Rich (IRFU) Improving Physical Cosmology: An Empiricists Assessment P.J.E. Peebles arXiv:2106.02672September, 2021 13 / 34



Secrest et al, arXiv:2009.14826

Note: to see 3% variation in Nqso

need variations in threshold < 1%.
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Criticisms of standard SNIa analysis

Mohayaee, Rameez, & Sarkar arXiv:2106.03119
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Soltis et al, arXiv:1902.07189

No anisotropy seen in Hubble diagram residuals:
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Rahman et al, arXiv:2108.12497
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Migkas et al, arXiv:2103.13904

Anisotropic Hubble diagram of galaxy clusters:
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But is isotropy really really fundamental?
Sarkar et al:

Peebles (unflappable!):
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Importance of imprecision cosmology

Test of cosmological principle (isotropy)

Peculiarities of the local universe

Formation and properties of galaxies

Anthropics
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The local supercluster
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At distances D < 85Mpc galaxies that are exceptionally luminous at
radio wavelengths tend to be close to the plane of the Local
Supercluster .....defined by the galaxies at D < 10Mpc, along with
the Virgo cluster at D = 20 kpc. But LIRGs, which are exceptionally
luminous at λ ≈ 60µm, show no preference for the plane.

Little has been made of the striking
contrast between the distributions of
galaxies that are exceptionally
luminous in the infrared and those
exceptionally luminous at radio
wavelengths. This is not surprising
because it is difficult to know what to
make of it.
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Fundamental physics to the rescue?
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SDSS nearby-galaxy color-magnitude diagram

arXiv:0309710

Bright,red,elliptical

Faint,blue,spiral
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Peebles: do we understand bimodality?
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Peebles: Merging insensitive to environment?
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Isolated galaxies
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Bulge-to-total ratio

“Simulations of the formation of large galaxies with masses
comparable to the Milky Way usually produce spirals with promi-
nent classical bulges of stars that rise out of the disk in the center of
the galaxy.......But the classical bulge issue has been in the literature
for a decade [68], and simulated galaxy images continue to have
prominent bulges.”
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Is the Anthropic solution excessive?

Do we really need all these galaxies and stars to get one civilization?

Question also asked by Penrose
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Some biologists think so

“The origin of the eukaryotic cell was a singular event. Here on earth
it happened just once in 4 billion years of evolution. .......
Complex life might arise elsewhere, but it is unlikely to be common,
for the same reasons it did not arise repeatedly here.”

Nick Lane
The Vital Question:
Energy, Evolution, and the Origins of Complex Life
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End of the story?
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My summary: my questions

Do we need galactic astronomy (and biology)
to understand cosmology?

Can we learn to love aΛCDM?
(like R.L.S would have)
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