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Cosmological Principle

The Universe iIs homogeneous
and isotropic on large scale,
Independent of location.

The law of physics should be
the same at different positions

of the Universe
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Cosmic Inhomogeneity

The List of Voids

KBC Void
308 Mpc

Keenan, R. C., Barger, A. J., & Cowie, L. L. (2013).
Evidence for a~ 300 megaparsec scale under-density in
the local galaxy distribution. The Astrophysical

Journal, 775(1), 62.
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Cosmic Anisotropy

CMB Temperature Dipole
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Potential Explanation

Doppler effect in CMB temperature
T'"=y(1+LcosH)T

_ 1 'B_v
Y = '—1—,82 ~
1%
D = —
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Potential Explanation

Doppler effect and aberration in
guasar number counting

Vy = 1,0 (V)

dN
Sxv™® ——xS§¥
dQ

D = [2+x(1+a)]§
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Dipolar Tension
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Secrest, Nathan J., et al. "A test of the cosmological principle with
guasars." The Astrophysical journal letters 908.2 (2021): L51.
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A local structure may exist and influence the observations



A Local Void
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A Local Void & H,
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A Local Void & H,
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Higher H,
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Gpc scale
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A Local Void & Dipole
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Multi-Stream Inflation

isocurvature fluctuation:
controls inside/outside void «

outside void

bifurcation scale:
controls void size

e-fold difference:
controls void depth

combination scale;
controls edge width ~ K

observable universe

We parameterize the void profile by introducing éy, ry and A,
1 —tanh((r — 1ry/)/24,)
5(7") = SV
1 + tanh(ry,/24,)

Here, the void shape is decided by the multi-stream inflation potential

1 1 1
4 v ki' T ki ke
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Sg tension in a Gpc-scale local void

Jounghun Lee 1308.3869
Kiyotomo Ichiki, Chul-Moon Yoo,
Masamune Oguri, 1509.04342
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Hubble tension in a Gpc-scale local void

Qianhang Ding, Tomohiro
Nakama, Yi Wang, 1912.12600



oid (2) — Hrrw (2)

H,

Hrrw (2)

LTB Metric & H,

In order to describe spacetime in void model, we use the Lemaitre-Tolman-
Bondi (LTB) metric:
R'(r,t)?
2 — 2942 _ 2 _ R2 0?2
ds cedt T— k() dr (r,t)d
The Friedmann equation in LTB metric is

3 2
H(r,t)*= Hy(r)* (QM( ) (Or(rt))g 0( )

Which can introduce different Hubble parameters in a Iocal void
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Hubble Tension

Early route

a Planck
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Global structure

Riess, Adam G. "The expansion of the
universe is faster than expected." Nature
Reviews Physics 2.1 (2020): 10-12.

Late route

f SHOES g HOLICOW
h STRIDES i TRGB1
j TRGB2 k Miras

L Masers m SBF

Local structure
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Hubble Tension

Early route

a Planck

b BBN+BAO

¢ WMAP+BAO
d ACTPol+BAO
e SPT-SZ+BAO

Global structure

Local structure

Late route
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h STRIDES i TRGB1

j TRGB2 k Miras

m SBF

L Masers

outside void
Riess, Adam G. "The expansion of the 5[ oot
universe is faster than expected." Nature =S
Reviews Physics 2.1 (2020): 10-12. g=o
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Local void structure N —
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BAO observation
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Kinematic SZ Effect
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Dipolar tension in a Gpc-scale local void

Tinggi Cai, Qianhang Ding,
Yi Wang, 2211.06857



Geodesic Equations

LTB Metric
R'(r,t)?

2 _ 2442 _
ds cedt = k()

dr? — R%(r,t)dQ?

Geodesic Equations
d?xH dx® dx”

r“ =
oz P =0

T(44)
T(4e)

Initial Conditions

1+2z(4,) =

The location of observers r
and the observational angle 6
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CMB Dipole

Temperature anisotropy
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CMB Dipole

Temperature anisotropy
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Allowed Void
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Redshift Dipole
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Quasar Dipole

Cosmic redshift in quasar number counting
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D(x107?)
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Allowed Void Profile
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Cosmic Dipole
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