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ABSTRACT

The A cold dark matter (ACDM) standard cosmological model is in severe tension with several cosmological observations.
Foremost is the Hubble tension, which exceeds 5o confidence. Galaxy number counts show the Keenan-Barger-Cowie (KBC)
supervoid, a significant underdensity out to 300 Mpc that cannot be reconciled with ACDM cosmology. Haslbauer et al.
previously showed that a high local Hubble constant arises naturally due to gravitationally driven outflows from the observed
KBC supervoid. The main prediction of this model is that peculiar velocities are typically much larger than expected in the
ACDM framework. This agrees with the recent discovery by Watkins et al. that galaxies in the CosmicFlows-4 catalogue have
significantly faster bulk flows than expected in the ACDM model on scales of 100 — 2502~ Mpe. The rising bulk flow curve
is unexpected in standard cosmology, causing 4.8¢ tension at 200 1~ ! Mpc. In this work, we determine what the semi-analytic
void model of Haslbauer et al. predicts for the bulk flows on these scales. We find qualitative agreement with the observations,
especially if our vantage point is chosen to match the observed bulk flow on a scale of 50 2~' Mpc. This represents a highly
non-trivial success of a previously published model that was not constrained by bulk flow measurements, but which was shown
to solve the Hubble tension and explain the KBC void consistently with the peculiar velocity of the Local Group. Our results
suggest that several cosmological tensions can be simultaneously resolved if structure grows more efliciently than in the ACDM
paradigm on scales of tens to hundreds of Mpe.
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* OrpoMHbIN MECTHbIVN BOMA, pagauycoM Kak
MuHumMmym 300 Mnk: Keenan et al.(2013)

- He cornacyetcs ¢ npeackasdaHnamm LCDM

Mopaenb aHanorMyHoro Bonga B pamMkax
HoBon kKocmonorun (Haslbauer+ 2020):
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3agayvn gaHHoM paboThl:

* [locMoTpeTh None NekynsapHbIX CKOPOCTEN
moaenu sovaa u3 Haslbauer +(2020)...

* I cpaBHUTL 3TN MOAENbHbIE
npeackasaHunst ¢ HabnogaembiMu
naHHbIMM Cosmicflow-4 no
KpynHOMacCLUTaOHbIM MOTOKaM ranakTuk B
onmxHen BceneHHon, onybnnkoBaHHbLIM
Tonbko B 2023 ropay.
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Figure 1. Bulk flows in spheres of different radii around an observer with a suitable CMB-frame velocity for the Maxwell-Boltzmann, Gaussian, and Exponential
density profiles (green, red. and blue curves, respectively). The solid black points with uncertainties show the observed bulk flows (bottom right panel of
figure 7 in Watkins et al. 2023). The two innermost data points use the same method and survey data but were not published in that study, so these were
provided in a private communication by its lead author. At ny, = 0, the simulated curves begin at v /3 because the observed bulk flows use only the line
of sight velocities, which are treated as vectors that are then combined (see below Equation 5). The solid curves represent the bulk flows as seen by the inner
observer if v g = 627 km s~'. The dashed curves (typically above each solid curve) are the bulk flows for v g = 627 + 22km s~ !, The dashed-dotted curves
(typically below each solid curve) are the bulk flows for v g = 627 — 22kms~!. These additional curves help to show the impact of the uncertainty in v .
which slightly shifts our vantage point in the context of each model and can thus affect the predicted bulk flow. The grey dashed (dotted) curve shows the bulk
flow curve for the Gaussian (Exponential) density profile if vig = 840 km s™!, which shifis the inner vantage point by 29.8 (38.0) Mpc towards the void
centre. The coloured thin dotted curves represent the outer observers for all density profiles. These all assume the observed vy g and use the same colour as the
corresponding results for the inner observer.



BbiBOObI:

* Ecnun cynepBong peaneH, aTo 06bAcCHAET
BbICOKOE 3Ha4yeHne NocTosiHHoN Xabbna B
nokanbHou BceneHHOW: ranakTukKu npocTo
pa3neTarTcs B HanpasleHun OT LeHTpa Bonaa
3a cYeT rpaB. NPUTAKEHUA CTEHOK

* Ho utobkl caenatb Boua paaunycom 300 Mnk,
Hano oTkasaTtbca oT LCDM (roe BepOATHOCTb
cyLlecTBoBaHuA Takoro songa 104)

* A TOrga peluaTtcsi U Opyrne HeCTbIKOBKU:
MaCCUBHbIE CKOMMNeHns Ha bonblUnX z, AUNOnb B
pacnpeaeneHnm KBasapoB U T



