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Fig. 1. The Hubble-constant tension: The nearly 5o discrepancy between the Hp constraint (blue) from CMB-Planck+ ACDM and
the Ho measurement (green) from SHOES group using the distance ladder SNe+Cepheid. The figure comes from Ref. [2].
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Fig. 2. The Hubble-constant tension: The indirect constraints from fitting the early Universe and direct measurements from the late

Universe. The figure comes from Ref. [§].
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Paper contents

Baseline: 277 SN la 0.023 < z < 0.15 (late-type)

42 SN la in 37 Hosts (late-type)

Baseline Hy, Hy+qo—S 5
Hubble flow SN—S 4.8, 6.8

Calibrator SN—S 4.8, 6.9

Cepheid data, SN hosts—S 3.1—3.3

LMC (DEBs) Cepheid data, NGC 4258—S 4.4

R ———— “Anchor and Ancillary Cepheid data
MW -—-S 4.1
LMC-S 4.2

SMC-S 4.3
M31-S 4.5

Geometric Priors—S 4.7

&l 4 SHOES & fE41R AR =B B Birbh. 18 Jr 2k B 3k [2]
Fig. 4. The three-rung distance ladder adopted by the SHOES group. The figure comes from Ref. [2].
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Hjy measurements in flat ACDM-performed blindly

Wong et al. 2020 73.371%
e t8
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Millon et al. 2020

6 time-delay lenses
(5 HOLICOW +1 STRIDES)

TDCOSMO (NFW +stars/constant M/L)
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This work | kinematics-only constraints on mass profile
7 time-delay lenses
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15) 0!
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—_
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L L

60 65 70 75 80
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P 5 ok S5 0 B B TIC DG Y SR 5| g 37 5 I TR] S 3R X iy
2 BN, PR ok B SO (18]

Fig. 5. The Hubble-constant measurements from strong
lensing time delay independent of distance ladders. The fig-

ure comes from Ref. [18].
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Fig. 6. The dark siren constraints on the Hubble constant
from the LISA-Taiji network. The figure comes from Ref. [40].
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Fig. 7. The constraints (left) on the early-Universe models (right) from the galactic weak lensing observation (left top), the SHOES

measurement on Ho (left medium), and the BAO observation (left bottom). The figure comes from Ref. [12].
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the dashed curve with lower one, then the potential energy (vacuum energy) at the vacuum expectation value of the effective poten-
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(blue). The figure comes from Ref. [88].
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Abstract

The Hubble constant quantitatively characterizes the expansion rate of the current Universe, and its
precise measurement has become a crucial scientific problem. In recent years, there has been an increasingly
serious discrepancy between the local direct measurements of the Hubble constant and the global fitting results,
where the local direct measurements come from the local distance ladder measurements of the late universe, and
the global fitting results come from fitting the standard model of cosmology to the microwave background
radiation from the early universe. If this discrepancy is not caused by the observation error and systematic error
of any of the observation methods, it probably means that there is a new physics beyond the existing standard
model of cosmology. This article briefly reviews the Hubble constant problem from two aspects with
observational and theoretical points of view, and finally provide a perspective view from both observational and
theoretical aspects by combining the author’s research on this problem in recent years. The observational review
includes cosmological observations from both early Universe (either depending or independent of the CMB
measurements) and late Universe (either depending or independent of the distant-ladder measurements), and
the theoretical review includes model buildings from modifying both early Universe (either recombination
history or expansion history) and late Universe (either homogeneous modifications or inhomogeneous
modifications). The final observational perspective includes both local and non-local cosmic variances with their
Hubble residual correlated to the matter density contrasts of observer and sample, respectively, and the final
theoretical perspective concludes the interacting dark energy model as the most promising candidate for both
Hubble tension and Sg tension, which can be specifically realized in a chameleon dark energy model, pointing to

a scale-dependent effective cosmological constant.
Keywords: Hubble constant, distance ladder, cosmological models, systematics, new physics

PACS: 98.80.-k, 98.80.Es, 98.62.Py, 97.60.Bw DOI: 10.7498 /aps.72.20231270

* Project supported by the National Key Research and Development Program of China (Grant Nos. 2021YFA0718304,
2021YFC2203004, 2020YFC2201502) and the National Natural Science Foundation of China (Grant Nos. 12105344,
12235019, 11821505, 11991052, 11947302, 12122513).

1 Corresponding author. E-mail: schwang@itp.ac.cn

239801-17


http://doi.org/10.7498/aps.72.20231270
mailto:schwang@itp.ac.cn
mailto:schwang@itp.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

WSS AL
EAEM Em Eour

Hubble—-constant crisis

CAIRong-Gen  LILi  WANG Shao-Jiang

5] Fi{5 B Citation: Acta Physica Sinica, 72, 239801 (2023) DOI: 10.7498/aps.72.20231270
TEZE RT3 View online: https:/doi.org/10.7498/aps.72.20231270
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

TGS T S LR T

Quantum entanglement and cosmological Friedmann equations

WIFEAEA. 2018, 67(17): 179501 https://doi.org/10.7498/aps.67.20180813

1] S P (SR 0 M 7 o 4 o ) 0k ) 2 )

Effect of vibration noise with fixed phase on absolute gravimetry applying vibration isolator

YIFRE4. 2021, 70(21): 219101 https://doi.org/10.7498/aps.70.20210884

NGURRE TEE Re A A f ZR A B AR (e
Discussion on Verdet constant solution model of paramagnetic magneto—optical materials

PFEEEAR. 2019, 68(20): 207802  https:/doi.org/10.7498/aps.68.20190845

TAG1 1 H B GAE B i S 50 30k i
Progress on the precision measurement of the Newtonian gravitational constant G

PPz 2018, 67(16): 160603  https:/doi.org/10.7498/aps.67.20181381

PR30 B K 2% 5 o ) L MR 7 S R o
Development of quantum voltage noise source chip for precision measurement of Boltzmann constant

YrH2E4. 2018, 67(10): 108501  https://doi.org/10.7498/aps.67.20172643

TR T Fisherfs B HOFEHH ELAERD G- Bl & W oAt

Estimation of light—matter coupling constant under dispersive interaction based on quantum Fisher information

YIBR2A . 2022, 71(9): 090601  https://doi.org/10.7498/aps.71.20212029


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20231270
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20180813
https://doi.org/10.7498/aps.70.20210884
https://doi.org/10.7498/aps.68.20190845
https://doi.org/10.7498/aps.67.20181381
https://doi.org/10.7498/aps.67.20172643
https://doi.org/10.7498/aps.71.20212029

	1 引　言
	2 观　测
	2.1 早期宇宙
	2.1.1 宇宙微波背景辐射
	2.1.2 重子声学振荡+原初核合成

	2.2 晚期宇宙
	2.2.1 距离阶梯测距
	2.2.2 距离阶梯无关测距


	3 模　型
	3.1 早期宇宙
	3.1.1 修改再复合历史
	3.1.2 修改早期膨胀历史

	3.2 晚期宇宙
	3.2.1 均匀性修改
	3.2.2 非均匀性修改


	4 展　望
	4.1 观　测
	4.1.1 局域宇宙学方差
	4.1.2 非局域宇宙学方差

	4.2 模　型
	4.2.1 变色龙暗能量模型
	4.2.2 尺度依赖暗能量


	5 结　论
	参考文献

