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1. Background

Ø Low-luminosity AGNs (LLAGNs; e.g., Ho, 2008):

• Very common in the local universe (> 30%)

• Low bolometric luminosity (𝐿!"# ≤ 10$% erg/s)

• Low radiation efficiency (<< 0.1)

• Low accretion rate (𝐿!"#/𝐿&'' ≈ 10()~10(*)

• Radio loud 

• Abnormal SED and spectral lines 

Ho, (2008); Nemmen et al., (2014)
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ØOnly four AGNs show firm evidence of concurrent ACZ:

• M 87 (LLAGN; Park et al. 2019) 

• NGC 315 (LLAGN; Park et al. 2021, 2024; Boccardi et al. 

2021; Ricci et al. 2022)

• 1H 0323+342 (NLS1 galaxy; Hada et al. 2018)

• 1928+738 (FSRQ; Yi et al. 2024)

1. Background

NGC 315 



ØHow about the ACZ properties in other AGNs? 

ØngEHT SMBH imaging candidates

l NGC 4261

l NGC 4594 (M 104, Sombrero galaxy)

l NGC 3998

Johnson et al. (2024)

1. Background

Yan et al. (2023, 2024, 2025a, 2025b)



NGC 4261

𝑳𝐛𝐨𝐥 (erg s$%) 1.4×10&'

𝑳𝐛𝐨𝐥/𝑳𝐄𝐝𝐝 2.5×10$*

𝑫 (Mpc) 31.6

𝑴𝐁𝐇 (M⨀) 1.62×10.

Scale 1 mas ∼ 0.15 pc ∼ 988 𝑅/

1. Background

A VLA + HST view of NGC 4261

Jaffe et al. (1993); Ho et al., (1997b, 1999b) ; Tonry et al. (2001); Sutter and Fadda, (2022) 



2.1 Archival VLBA  Datasets

Yan et al. (2023, 2025)

ØFreq. 1.4 - 88 GHz

ØTime: 1995 - 2022



2.2 Jet Morphology

Yan et al. (2025)



Yan et al. (2023)

15 GHz

2.2 Jet Morphology
SFPRed Image

The first ever high-quality image at 
88 GHz
• 𝑑 ≈ 0.09mas ≈ 90𝑅,
• 𝑆 ≈ 60 mJy
• 𝑇- ≈ 1.3×10. K



2.3 Jet Viewing Angle

Ø𝜃： 54° ≲ 𝜃 ≲ 84° （71° ± 2° ）

Yan et al. (2023, 2025)

ØPiner et al. (2001) & Laing et al. (2014): 

60° ≲ 𝜃 ≲ 76°

ØWeighted mean viewing angle: 68° ± 4°, based 

on the 71° ± 2° and 63° ± 3° (Piner et al. 2001)



2.4 Jet Collimation

Ø Parabolic shape: 𝑊 ∝ 𝑟!.#$±!.!&

Nakahara et al. (2018) Yan et al. (2023)

Ø 𝑟'()*+ ≪ 𝑟,-./0 , on subparsec scale of ≲ 1 pc （≪ 100	pc）



2.4 Jet Collimation

ØTo robustly determine the subparsec transition (≲ 1 pc), we analyzed additional VLBA datasets and 

employed multiple methods:

• Deconvolution (e.g., Asada & Nakamura 2012; Park et al. 2021, 2024)

• Model fitting (e.g., Boccardi et al. 2021)

• Using the multi-frequency core properties, i.e., core size and core shift (Hada et al. 2013) 

Yan et al. (2025)



2.4 Jet Collimation

Yan et al. (2025)

ØThe jet collimation is indeed already completed on the (sub)parsec scale of ~1pc

ØThe collimation profiles of the twin jets show a high degree of symmetry 



2.5 Jet Acceleration
Ø Previous work (Piner et al. 2001)：

• The approaching jet： 0.52 ± 0.07 𝑐

Ø Yan et al. (2023)：

• Approaching：0.31 ± 0.14 𝑐 ~ 0.59 ± 0.40 𝑐 

• Receding：0.32 ± 0.14 𝑐

Yan et al. (2023)



2.5 Jet Acceleration

For a pair of intrinsically symmetric twin jets: 

Jet viewing angle, ~68 deg

Jet-to-counterjet brightness ratio

Spectral index



𝑅! 𝛼



2.5 Jet Acceleration



2.5 Jet Acceleration
Ø Jet reaches relativistic speeds at ~1 pc

ØCoincide well with the jet collimation break location (~1 pc)

ØSuggest a subparsec-scale co-spatial ACZ in  NGC 4261

~1 pc~1 pc



2.5 Jet Acceleration

M 87; Park et al. (2019)NGC 4261; Yan et al. (2025)

ØΓ ∝ 𝑟!.#$±!.!& at distances of 1 − 3 ×10'𝑅( vs.         Γ ∝ 𝑟!.$)±!.!$ for M 87 



2.6 Recollimation Shock?

M87 
(Asada et al. 2012)

1H 0323+342
(Hada et al. 2018)

NGC 4261
Yan et al. (2025)



2.7 Discussion

ØADAF

ØWind

ØB field

à A (sub)parsec-scale ACZ

Menezes et al. (2020) ; Tomar et al. (2021)  



A Brief Comparison with M 87

M 87 NGC 4261

𝑴𝐁𝐇 (M⨀) 6.5×10. 1.62×10.

𝜽 ~18° ~68°

Jet Collimation
Parabolic à Conical
(~ 200 pc; ~ 𝒓𝐁𝐨𝐧𝐝𝐢)

Parabolic à Conical
(~𝟏 pc; ≪ 𝒓𝐁𝐨𝐧𝐝𝐢= 100 pc)

Jet Acceleration
Gradual acceleration

(Γ ∝ 𝑟5.7)±5.57; Γ9:; = 10)
Gradual acceleration

(Γ ∝ 𝑟5.%7±5.5$; Γ9:; = 2.6)

Jet ACZ
~ 200 pc
~ 𝒓𝐁𝐨𝐧𝐝𝐢

~1 pc
≪ 𝒓𝐁𝐨𝐧𝐝𝐢

Recollimation Shock Clearly observed at the end of the ACZ
A possible hint of the presence of 

recollimation shock at the end of ACZ

γ-ray Emission High-energy γ-ray emission has been detected in these two low-luminosity radio galaxies

Yan et al. (2025)



3. Summary and Outlook
ØNGC 4261’s  ACZ may represent a scaled-down analogue of that in M 87

ØNGC 4261 is the fifth radio-loud AGN showing compelling evidence of a co-spatial ACZ

Ø mm-VLBI observations with multi-band receivers + SFPR technique will play a key role in 

probing the innermost jet region of nearby LLAGNs

ØFuture works: 

o EAVN 6.7 GHz data (40 hours; observed)

o HSA (VLBA+VLA27) 22/43 GHz data (8 hours; approved)



Thank you very much for your attention!

Sombrero Galaxy. Image Credit: NASA, ESA, CSA, STScI, Hubble Heritage Project (STScI, AURA)


