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• 距离阶梯


• BBO+BAO


• 距离红移对欧关系


• H0LiCOW


• Hubble tension的直接原因/Neff


• 早期暗能量


• Cephied vs TRGB


• GW sirens


• AdS-EDE



[Freedman, Nature 2017]
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[Riess et. al. 2016]
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共动距离

宇宙的全局坐标时

速度越快，到达指定距离（L）就时间越短；时间越短，宇宙能够膨胀的半径就越⼩。



Cosmic Distance Ladder

25Mpc500pc 1Gpc



[Riess et. al. 2016]

1) find Cepheid in WM & LMC, using parallex  
measurement calibrate Cepheid

2) find nearby galaxies, which host both  
SNe Ia & Cepheid, using Cepheid  
calibrate SNe Ia.

3) After the 1) & 2), we can trust SNe Ia. 
Search for further distant SNe Ia,  
measure H0

3种距离测量⽅法：

1. 三⻆视差法（纯⼏何）

2. 灶⽗变星的周光关系

3. 超新星的光变曲线



Cosmic Distance Ladder



1. 三⻆视差法测距

• Even the nearest known Cepheid has a parallax of only a few mas, requiring sub-mas 
measurements

[mas=milli-arcsec]

• The most precise previous measurements of stellar parallax came from the Fine Guidance Sensor (FGS) on 
HST, which can measure relative astrometry to a typical precision of ∼ 0.2–0.3 mas 

• Unfortunately, only two of these have P ≥ 10 days, the lower end of the period range of those measurable at the 
typical distances of SN Ia hosts. (too near!)



Cosmic Distance Ladder

25Mpc500pc 1Gpc



paper-I, 2014



Cosmic Distance Ladder
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2. 灶⽗变星／周光关系 [P-L relation]

• To produce a meaningful 
measurement (SNR ≈ 10) 
of the parallax of P > 10 
day Cepheids, nearly all of 
which have D > 2 kpc, it is 
necessary to reach an 
astrometric precision of ∼ 
30 μas for individual 
epochs of MW Cepheids.



paper-II, 2016
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paper-III, 2018a [7 WM cepheids] [2.4%->2.3%]

[3.7\sigma in tension with Planck]



paper-IV, 2018b [+Gaia DR2] [3.8\sigma in tension with Planck]



3. SNe Ia

µ = m�M = 5 log10(dL) + 25

a v
⌘

av only depends on the relative distance (i.e. expansion history),  

is free of absolute distance (i.e. free of H0) !

The absolute magnitude Mv is completely degenerate with H0!



e.g. Pantheon data compilation

Different data sets using different absolute 
magnitude calibration, hence can not trust neither 

of them. Hence, only use the relative 

distance indicator, e.g. PANTHEON data 
compilation can only constrain EoS!



µ =  5log10(dL/pc) - 5

0.1 mag uncertainty -> 5% dL uncertainty

single SNe Ia 10% uncertainty in distance measurement!



主要误差



1. blending (混光)

PSF



TRGB
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TRGB （helium flash） 
Standard candle:  

insensitive to metallicity 
mass, etc.









2. Cepheid metallicity





我的看法：SH0ES基本靠谱，
LCDM需要修正



第三⽅检验



BAO：宇宙早期等离⼦体热汤中声学振动的基频波所传播的尺度
引⼒向内；热压向外

～150Mpc



LCDM Model 

✓

CMB/BAO CMB/BAO  并不直接测量H0！其测量的是再复合时期的声学视界的张⻆

dL

H0 from CMB/BAO=  
 measurement + LCDM✓



148 Mpc

✓dL

[1806.06781]



BAO本身不能给予H0以很好地限制（测量张⻆）；需要通过重⼦过程确定绝对的横向尺度后，⽅可给出。
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(⌦b,⌦m, H0)



BAO+BBN（原初氘、氦丰度）/独⽴于CMB的测量结果
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H0LiCOW
�t =
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c
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H0

H0LiCOW 
H0 Lenses in COSMOGRAIL’s Wellspring

B1608+656 RXJ1131-1231

22[Suyu et al. 2017]

HE0435-1223 WFI2033-4723 HE1104-1805

H0 to 
<3.5% 

precision

multi images w 5% uncertainty

time delay 
w 2% uncertainty



Riess+16

26

  H0 with 3 Lenses

[Riess et al. 2016]

3 Lenses 
H0LiCOW+COSMOGRAIL



哈勃危机的中国⽅案



[credit: 叶根 (朴云松)]

在recombination时期之前增加总能量



[credit: 叶根 (朴云松)]

AdS-EDE的好处在于：AdS相中，EDE组分衰减够快。所以早期可以产⽣很多⽽不残留！



[credit: 叶根 (朴云松)]


