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Abstract As the advent of precision cosmology, the Hubble constépj (nferred from the Lambda Cold
Dark Matter fit to the Cosmic Microwave Background data iséasingly in tension with the measurements
from the local distance ladder. To approach its real valeenged more independent methods to measure, or
to make constraint of, the Hubble constant. In this papeappdy a plain method, which is merely based on
the Friedman-Lemaitre-Robertson-Walker cosmologyttogrewith geometrical relations, to constrain the
Hubble constant by proper motions of radio components @ksdn AGN twin-jets. Under the assumption
that the ultimate ejection strengths in both sides of the{@t concerned are intrinsically the same, we
obtain a lower limit ofHg i, = 51.5 + 2.3 kms~! Mpc~! from the measured maximum proper motions
of the radio components observed in the twin-jet of NGC 1052.
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1 INTRODUCTION local measurements. As reported recently, the Planck

_ collaboration has founfly = 67.274-0.60 kms~! Mpc—!
The Hubble constant{) parametrizes the current expan- y5sed on the Lambda Cold Dark MattekQDM) fit

sion rate of the UniverséHubble 1929. Locally, redshifts {5 the Cosmic Microwave Background (CMB) data

of the nearby extragalactic sources are very smak(1),  (pjanck Collaboration et al. 20p0while combining 70
and then within the framework of the Friedman-LemaTtre-Iong_period Cepheids in the Large Magellanic Cloud

Robertson-Walker (FLRW) cosmology, the Hubble law ;pcared by the Hubble Space Telescope, the local

can be maintained for all kinds of universe measurement presented by the 2019 SHOEi8sS et al.
cz 201 Il ration h in = 4.03 +
Da(l4+2)~ 2, (1) 019 coi?bo aE? as obta e_cHo 74.03
Hy 1.42kms™ " Mpc™+. These two typical measurements are

in tension at about 444 As being pointed out recently, this
fact may indicate that we are seeing the first signs of new

hysics beyond the standandCDM cosmological model
?Riess 201p.

where D, is the angular distance, andis the speed
of light. As one of the most important quantities in
cosmology, the Hubble constant can characterize not onl
the current age of the Universe, but also the overal
extragalactic distance scale. For decades, considerable At this crossroad of cosmology, we urgently need
resources have been devoted to improve precision ahore new methods to constrain the Hubble constant. The
the Hubble constant measurements, using a varietygew methods would be desirable if they do not rely on
of independent methods (e.¢rlanck Collaboration et al. either traditional distance ladders or the standa@DM
202Q Riess etal. 2019Abbott et al. 2018 Burns etal. cosmological model. Indeed, more and more methods of
2018 Freedman et al. 2018luang et al. 202(Pesce et al. the Hubble constant measurement have been developed.
202Q Wong et al. 2020 Birrer et al. 2020 Abbottetal. It is now possible to use, for example, the gravitational-
2017 Hotokezaka et al. 201®Vang et al. 202D wave standard sirens (the gravitational-wave analog of
Unexpectedly, as the advent of precision cosmologyastronomical standard candles, e.8hbottetal. 2017
the Hubble constant inferred from the early universe iZzhao & Wen 2018 Yu etal. 202(, water megamasers
increasingly in tension with the value available fromresiding in the accretion disks around supermassive black
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100 [T — — For sources within the Galaxy, the term(@f+ z) can be
I AN ] omitted Mirabel & Rodriguez 1994 From Equation Z)
one finds Qin 1999:

C

8o ] Da(l4z) = VB (ta + pr)? = (pa — pr)? . (3)
| | b fbr
o Combining Equationsl) and @) yields
= r -
T L TN | g fbr
g 60 ‘ H() ~ - H ;’L = (4)
= | [|Thiswork T -] \/6 (Ma + M7) - (,U/a - IU/T)
= From Equation4), the law of3<1 leads to
40— T
| Ho min = 2v/lafbr - 5)
_ Q1999 _________________] Equation ) shows that the lower limit of the
ol Hubble constant, min) can be well determined, once
0.4 06 08 10 the values ofz, u, and u, are known. Note thaju,
£ and ., are proportional to53. For the same source, an

] ] Hy min calculated from the components with a larger
Fig.1 The Hubble constanfi, as a function of the

L N value would give rise to a stronger constraint k.
real ejection velocitys in the case of the adopted PTOPET 1« chown abov distant rce that i itable for
motions measured in the NGC 1052 twin-jet. Tdiwited S shown above, a distant source that IS sultable 1o
linesindicate the uncertainty range. Twlashed horizontal ~ PPlying Equations4) and ©) should meet the following
lines represent the lower limits of the Hubble constantconditions:
obtained inQin (1999 and this work, respectively. (1) redshiftz <« 1;

(2) showing twin-jet structure, and the more measure-

holes (SMBHSs) in active galactic nuclei (AGNs, e.g., ments of the proper motions of each radio components on

Pesce et al. 2030strong gravitational lensing effects on both jet sides, the better;

quasar systems (e.g\ong et al. 202)) spectroastrometry (3) real velocities of certain components on both jet

and reverberation mapping of AGN (e.g/ang etal. Sides being intrinsically the same.

2020, to constrain the Hubble constant. In particular, ~ According to the above three conditions, we find that

standard sirens may play an important role in thethe twin-jetin radio galaxy NGC 1052 is the most likely

next decade (e.gAbbott et al. 2017Zhao & Wen 2018  targetsource observed. First, NGC 1052 is an extragalactic

Yu et al. 2020, since this measurement does not requirdadio source with a redshift of 0.005080.000020

traditional distance ladders and it is independent of théDenicolo etal. 200p Secondly, the proper motions of

standard\CDM cosmological model. dozens of jet components in both sides have been
In this paper, we apply a quite plain method, whichintensively measured at 15 GH¥grmeulen et al. 2003

is merely based on the FLRW cosmology together with-ister etal. 201p and 43GHz Baczkoetal. 201p

geometrical relations, to constrain the Hubble constant bffinally, bi-symmetric jet width profiles between the

proper motions of radio components observed in AGNaPproaching and receding jet sides throughout scales from
twin-jets. 300 to 4x107 Schwarzschild radii have been reported

(Nakahara et al. 2020which offers strong evidence for
intrinsically symmetric ejections of NGC 1052.

The observation of the bi-symmetric jet width profiles
between the two jet sides throughout so large scales
strongly suggests that the motion of the jet components
velocity of the ejections), with the axis of the ejectionsmUSt be relativistic and the ejections on both sides must

at an angle? (0°<#<90°) with respect to the observer's have almos.t the same strength. We- accordir?gly assume
sightline. Under the framework of general relativity andth"flt '.[he ultimate ejection _stre_ng_ths in both sides of the
assuming intrinsically symmetric ejections, the propefWin-jet of NGC1052 are intrinsically the same. Under
motion equation for the approaching.) and receding this assumption, when there are enough jet components in

(1) components can be given as (e.iRees 1966 both approaching and receding jet sides being observed,
Be7hr et al. 197pBlandford & Konigl 1979 : it is reasonable to consider that the real velocities of the

jet components with maximum proper motions on the
_ Psind ¢ : approaching and receding jet sides are the same. In fact,
T 1+ BcosODa(l+2)° (2) as shown in Equation5f, maximum values ofu, and

2 METHODSAND RESULTS

Consider a pair of twin-jets moving bidirectionally at
a relativistic velocity 5 (5 = wv/c, where v is the

Hr,a
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proper motion values for source NGC 1052. It shows that
the Hubble constant is monotonically decreasing along
with the increase of the real velocity of the concerned
components. With this method alone, one can only set
the lower limit of the Hubble constant, therefore it is
reasonable to expect larger values of the lower limit of
the constant in future monitoring of the twin-jet proper
motions in NGC 1052. Moreover, monitoring twin-jets
of other nearby extragalactic sources can also provide
constraint to the Hubble constant. Among all these lower
limits, the largest value should be the closest one to tHe rea
value of the Hubble constant. The more of observation, the
closer to the real value is reached. Typically, with the same
method, a lower limit of the Hubble constant&f .in =
27kms~! Mpc~! was obtained ifQin (1999, while new
observation of NGC 1052 in this work shows a significant
larger value of the lower limit of the Hubble constant.
This is largely due to the better observation in NGC 1052.

For the sources used iQin (1999, less observation of

Fig.2 Comparisons of various measured values of thdhe individual jet components was available, and for these
Hubble constant. Two independent predictions of Plancigources, only the mean proper motions of the approaching
(Planck Collaboration et al. 20pGnd DES+BAO+BBN and receding components were provided. As a contrast,

(Dark Energy Survey+Baryon Acoustic Oscillation+Big NGC 1052 has been intensively observed and dozens of
Bhang Nuclﬁ_cl)syrr:the&s%bt;otltqetgll. 201pare shown at h'et components in both sides have been measured. With
the top, while the rest of the data points represent thi, o measurements, there would be a larger probability
measurements from the SHOES (SHg, for the Equation b : hat h | locities f
of State of dark energyiess et al. 2019 the CSP (The to_o serve Jet components that have arger ve ocities for
this source. Indeed, we are able to get a significant larger

Carnegie Supernova ProjeByrns et al. 2018 the CCHP
(The Carnegie‘CChicago Hubble ProjeEteedman etal. Vvalue of the lower limit of the Hubble constant from the
observation of NGC 1052.

2019, the MIRAS (variable red giant starkluang et al.
2020, the MCP (the Megamaser Cosmology Project,
Pesce etal. 2020 the HOLICOW (The Hy Lenses in
COSMOGRAIL's Wellspring ProjectWWong et al. 202))

We find that, if the real velocity of the jet component
is very close to the speed of light, the valuesHf and
the TDCOSMO+SLACS Birrer et al. 2029, the GWSS  Hj ,,,i, calculated from Equationd) and 6) respectively
(gravitational-wave standard siremybbottetal. 2017  would be almost the same. This suggests that, when more
Hotokezaka et al. 203@nd the SARM (spectroastromelry g more observations of NGC 1052 and/or other sources
and reverberation mappingyang et al. 2020 The lower . . .
limit measurement obtained in this work is represented b@re available in the future_, we may expect to observe jet
thesolid vertical lineand thedotted vertical linesrepresent  cOmponents whose velocities are very close to the speed
the uncertainty range. of light, then a certain value afl; .,i, Mmay be fixed and
no longer be exceeded. If this happens, that value would

1 would give rise to the maximum value of the lower be considered a good representativé/of

limit of the Hubble constant. Therefore, we adopt the  As illustrated above, the constraint presented in
maximum proper motions of the radio components in thehis paper does not rely on either traditional distance
twin-jet of NGC 1052 detected so far in our calculation, |adders, or the standardCDM cosmological model where
which are, = 2.156 + 0.055masyr~" and . =  certain values of the cosmological parameters should be
2.152 + 0.138 mas yr~! for the approaching and receding involved. It requires only well observations of proper
componentsiaczko et al. 2019 respectively. As aresult, motions of radio components observed in AGN twin-jets.
we obtainHo min = 51.5 + 2.3kms ™! Mpc™'. Comparisons of the existing values of the Hubble con-
stant in recent literaturd®{anck Collaboration et al. 2020
Riess et al. 20LRAbbott et al. 2018Freedman et al. 2019
Huang et al. 2020Pesce etal. 2020Wong et al. 2020
The Hubble constant as a function of the real velocityBirrer et al. 2020 Abbott et al. 2017 Hotokezaka et al.

of the concerned components is well described 2019 Burns et al. 2018Vang et al. 202Pand this work is
Equation 8). Presented in Figurkis the relation between presented in Figur2. It reveals that values of the Hubble
the two quantities when adopting the above maximuntonstant estimated with other methods are all larger than

3 DISCUSSION
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the lower limit presented in this work. All these values are 356, 1440

not conflicted with our constraint. We expect that future Freedman, W. L., Madore, B. F.,, Hatt, D., et al. 2019, ApJ,,882
monitoring of more twin-jet sources would precent tighter 34

boundary of the Hubble constant and probably provide aHotokezaka, K., Nakar, E., Gottlieb, O., et al. 2019, Nature
contribution to solve the Hubble constant tension. Astronomy, 3, 940
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