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■ Outlines of this talk
1. Radio-Gamma Connection
2. Accretion Flow Properties
3. ALMA Observations of Cold Gas

VLBIALMASMA+VLA+Candra



1. Radio-Gamma Connection
Nagai et al. 2010, PASJ
Nagai et al. 2012, MNRAS
Nagai et al. 2014, ApJ
Fujita & Nagai 2017, MNRAS



Radio-Gamma connection?

• Yes, on the timescale of years
• But, the correlation is not evident on shorter timescales (SMA-Fermi light 

curve; Nagai+ 12)
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Things to be considered
• Core (C1) + Hotspot/Lobe (C3) + Backflow? 

(C2)
‒ Constitute >80% of total flux

• Integrated flux of C3 is ~2x larger than that of 
C1 at 22/43GHz, and both C1 and C3 fluxes 
are variable (Hodgson+ 18).

• C1 can produce HE emissions by SSC, and 
C1+C2+C3 may also produce HE emissions 
by upscattering of various surrounding 
photons (Stawarz+ 08).

• Limb-brightening indicates the spine-layer 
structure, which works for the amplification of 
HE emissions (Ghisellini 05; Tavecchio+ 14).
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Misaligned Blazar?

• Jet-length ratio -> viewing angle 65+/-16 deg (Fujita & Nagai 17)
‒ Inconsistent with the S-L model with θ=18 deg (Tavecchio+ 14)

• Misaligned blazar models may not work.

Fujita & Nagai 2017
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2. Accretion Flow Properties
Fujita & Nagai 2017, MNRAS
Nagai et al. 2017, ApJ
Kino et al. submitted to ApJ



Recap
• MBH=8 x 108 Msun (determined 

by kinematics of H2 gas, 
Scharwachter+ 13)

• Lbol=4 x 1044 erg/s
‒ 0.4% of Eddington Luminosity
‒ RIAF should be applicable 

30
0 

pc



Jet-Counterjet Asymmetry Caused by
Inhomogeneous Disk

• Jet-counterjet asymmetry must be caused by FFA (see also Walker+ 
2000)

‒ 𝑅𝑅obs = 𝑅𝑅exp(𝜏𝜏ff)
• Optical depth

‒ 𝜏𝜏ff ∝ 𝜈𝜈−0.6(observation)
‒ 𝜏𝜏ff ∝ 𝜈𝜈−2(theory for homogeneous medium)
‒ The FFA disk may be inhomogeneous
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Jet Interaction with Inhomogeneous Medium

• Detection of hotspot movement with the enhancement of 
polarized flux
‒ Interaction with clumpy/inhomogeneous ambient medium (see also 

poster by Kino+)
• Measured RM is not consistent with the standard RIAF 

(Plambeck+ 14; Nagai+ 17)
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Jet Interaction with Inhomogeneous Medium

• Detection of hotspot movement with the enhancement of 
polarized flux
‒ Interaction with clumpy/inhomogeneous ambient medium (see also 
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3. ALMA Observations of Cold Gas
Cycle 5 Proposal 2017.1.01257.S
In collaboration with Keiichi Asada; Yutaka Fujita; Hirofumi Noda; Yasushi 
Fukazawa; Nozomu Kawakatu; Motoki Kino; Kiyoaki Wajima; Jeremy Lim; William 
Forman; Jan Vrtilek; Laurence David; Youichi Ohyama



History of Jet Activities
10

 k
pc

40
 p

c

5 
pc

Asada+ 2006

Vermeulen & Taylor 1996

Pedler+ 1991

1 
pc

• Intermittent activity
• Jet deflection 

Nagai+ 14



Chaotic Cold Accretion in BCGs
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Chaotic Cold Accretion in BCGs

1 
kp

c
1 

pc



Large Amount of Cold Gas

Gray：X-ray
Contour（black）：CO
Contour（gray）：Radio

Lim et al. 2008

• CO gas filaments in kpc scale (1010 Msun)
• Possibly infalling to the center



We have ALMA.



Disk of Cold Molecular Gas

• Detection of the HCN(3-2) and HCO+(3-2) “disk”
‒ θbeam=0.086” x 0.024” (30 pc x 14 pc)

• Intensity distribution not smooth
‒ Inhomogeneous disk

• Velocity gradient in p.a. ~70 deg, nearly perpendicular to 
the jet axis in subpc scale Giovannini+ 18

Inner jet image
(Radioastron)

Contour: Velocity integrated intensity
Color: Velocity distribution
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Disk of Cold Molecular Gas

• vsys (=5260km/s) +/- ~200 km/s, roughly 
consistent with warm H2 gas velocity

• Possible association with the Fe-Kα emitter 
(Hitomi Collaboration 2018)

• Proposed higher resolution observation for 
Cy6 to resolve the Bondi radius (8.6 pc)

Contour: Velocity integrated intensity
Color: Velocity distribution
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Disk of Cold Molecular Gas

• vsys (=5260km/s) +/- ~200 km/s, roughly 
consistent with warm H2 gas velocity

• Possible association with the Fe-Kα emitter 
(Hitomi Collaboration 2018)

• Proposed higher resolution observation for 
Cy6 to resolve the Bondi radius (8.6 pc)
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Take Home Messages
• Radio-Gamma connection, not so simple

‒ Jet viewing angle estimated by VLBI observations is not consistent 
with the misaligned blazar scenario

‒ Multiple locations can contribute HE emissions (spine-layer, 
hotspot/lobe)

• Accretion flow properties
‒ Subpc environment is likely inhomogeneous (FFA, hotspot 

movement, polarization/RM)
‒ Not standard RIAF

• ALMA observations of cold molecular gas
‒ Revealed the HCN(3-2)/HCO(3-2) disk on tens-pc scale
‒ Velocity gradient perpendicular to the subpc jet axis, suggesting disk 

rotation?
‒ Gas distribution is inhomogeneous, as expected by recent numerical 

simulations





Lim et al. 2008

Gray：X-ray
Contour（black）：CO
Contour（gray）：Radio

• CO gas filaments in kpc scale 
(1010 Msun)

• Possibly infalling to the center
• Partially overlapped with the Hα 

filaments


	Inflow and Outflow (Jets) in NGC 1275
	1. Radio-Gamma Connection
	Radio-Gamma connection?
	Things to be considered
	Misaligned Blazar?
	2. Accretion Flow Properties
	Recap
	Jet-Counterjet Asymmetry Caused by Inhomogeneous Disk
	Jet Interaction with Inhomogeneous Medium
	Jet Interaction with Inhomogeneous Medium
	3. ALMA Observations of Cold Gas
	History of Jet Activities
	Chaotic Cold Accretion in BCGs
	Chaotic Cold Accretion in BCGs
	Large Amount of Cold Gas
	スライド番号 16
	Disk of Cold Molecular Gas
	Disk of Cold Molecular Gas
	Disk of Cold Molecular Gas
	Take Home Messages
	スライド番号 21
	スライド番号 22

