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Jets from Flat Spectrum Radio Quasars

Side View

Jet

Black hole

Accretion disk

Imaae Credit : Sophia Daanello. NRAO/AUI/NSF
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Flat Spectrum Radio Quasar
(Top View)

Relativistic jet (v ~ C)
Narrow angle (6,,<1)
Massive Black Hole

(10°-10"M,)

High accretion rate
(Mg, /M.,,=0.1~0.5 )

Mostly in distant universe



MOJAVE 15 GHz Image

Peak: 3330.1, RMS: 0.14 mJy/beam
Beam: 0.61 x 0.60 mas at 29.4 deg., Nat. Wgt. (no taper)
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- 1928+738, 2018-04—-22, VLBA 15.4 GHz
- MOJAVE Program
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- http://www.phvsics.purdue.edu/astro/MOJAVE/sourcepages/1928+738.shtml

Nakamura-san’s talk
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KaVA Monitoring of FSRQ 1928+738

KaVA 43 GHz Image

-2 0 2
Relative RA [mas]
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KaVA Q band 43 GHz
2017 Feb ~ 2019 Jan (~2yr)

Monthly interval

Main Goals
- (1) Exploring its jet kinematics

- (2) its variability



KaVA Monitoring of FSRQ 1928+738

core
K1
K2
K3
K4

t
+¢+ ety

Lo thege et

‘v
©
£
O
L
()]
()
2
—
0
9]
o

G080 8 000004 8L 200k

0 -1 2017.5 2018.0 2018.5 2019.0
Relative RA [mas] time [yr]

(1) Jet kinematics — Proper motion analysis

(2) Exploring its variability — Light curve analysis



KaVA Monitoring of FSRQ 1928+738

2017.0 2017.5 2018.0 2018.5 2019.0 = 100
time [yr] Distance from origin [mas]

Oyqr = Jorstad et al. (05, 17)




Jet Kinematics of FSRQ 1928+738

 Jet kinematics
' Bgpp increases

as a function of distance

* [ &0 :coupled
- Real acceleration?

or projection effect?

10°
Distance from origin [mas]




Jet Kinematics of FSRQ 1928+738
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e Observed Parameters  Intrinsic Parameters

. ﬁapp & O increase Real Acceleration

as a function of distance :
— Acceleration Zone

0,~12.8 | Hovatta et al. 2009

e Due to Real Acceleration!

No significant jet bending !



Jet Kinematics of FSRQ 1928+738

KaVA 43GHz ° I‘Xa:[015,016,025,025]

I': Lorentz factor, o.: half opening angle
(de— projected)

* I'Xa=0.2 in average
: Acceleration & Collimation

— Causal Connected
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Angular distance from core [mas] Jorstad+ (05,17), Pushkarev+ (09,17)
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Jet Kinematics of FSRQ 1928+738

4  KaVA 43GHz Cross-Check
4 MOJAVE 15GHz

* More knotty structure on 15 GHz
 Both data shows acceleration

» Acceleration Zone (0 ~ 6 mas region)

Q1) Acceleration keep going?
Q2) Max of 3 ?

10° 10! i
Angular distance from core [mas] Q3) Collimation Zone ?
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Jet Kinematics of FSRQ 1928+738

KaVA 43GHz
MOJAVE 15GHz
Astrogeo 8.6GHz
Astrogeo 2.3GHz

10° 10!
Angular distance from core [mas]

Cross-Check

e Jet Kinematics (~20 mas)
- Acceleration — Deceleration

 Transition @~ 5 mas

v Q1) Acceleration keep going?

v Q2) Maxof 7

X Q3) Collimation Zone ?



Jet Kinematics of FSRQ 1928+738

Park+ 2019 10 + KaVA 22 GHz

+ KaVA 43 GHz <(<<>
KaVA 22 GHz S (<
(Hada+ 2017) S

+ VLBA 1.7 GHz

« Literature

/A GRMHD Simulations

Biretta+ 1995 @
Biretta+ 1999 @
Cheung+ 2007 @
Giroletti+ 2012
Meyer+ 2013
Asada+ 2014
Hada+ 2015 @
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Cross-Check

e Jet Kinematics (~20 mas)
- Acceleration — Deceleration

 Transition @~ 5 mas

v Q1) Acceleration keep going?

v Q2) Maxof 7

10° 10’

Jet axial distance (de-projected) [Rs] X 3) Collimation Zone ?




Jet Kinematics of FSRQ 1928+738

Nakamura+ 2018 R

Jetradius:R(r,

Jet axial distance (de — projected ): z(r )

g/

Cross-Check

e Jet Kinematics (~20 mas)
- Acceleration — Deceleration

 Transition @~ 5 mas

v Q1) Acceleration keep going?
v Q2) Maxof 3 7

10° 10’ PP

Jet axial distance (de-projected) [Rs] X 3) Collimation Zone ?




Jet Collimation of FSRQ 1928+738

15.2 GHz
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Extended Jet structure

(~ 40 mas)

Relative DEC [mas]

— Jet collimation profile
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Relative RA [mas] Relative RA [mas]




Jet Collimation of FSRQ 1928+738

15.2 GHz
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s High-freq data

23.9 GHz

« Extended Jet structure
(~ 8 mas)

* W(z)cz", a~0.553

Jet width [mas]

 Jet collimation

=
9

. parabolic jet (being collimated)

10° 101
Angular distance from core [mas]




Jet Collimation of FSRQ 1928+738
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Low-freq data

« Extended Jet structure
(~ 40 mas)
¢ W(z)cz", a~1.142

Jet width [mas]

a~1.142+0.051
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Jet collimation

. conical (/ hyperbolic) jet

100 10? _
Angular distance from core [mas] (free expansion)




Jet Collimation of FSRQ 1928+738

Jet width [mas]

Jet width [mas]

¥ 7.7 GHz
{ 15.2GHz
§ 23.9GHz

10° 10!
Angular distance from core [mas]

a~1.03£0.013

4.73+0.30mas

10° 10t 102
Angular distance from core [mas]
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10° 10!
Angular distance from core [mas]

Broken — Power Law Fit

e W(z)oxcz (z<b)
e W(z)cz(z=b)

e Db :transition site

— parabolic to conical transition

(Jet Geometry)



Acceleration & Collimation of FSRQ 1928+738

KaVA 43GHz
MOJAVE 15GHz { .
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Astrogeo 2.3GHz
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e Jet Geometry « Jet Kinematics

e Collimation Zone ~ Acceleration Zone - ACZ
« Jet Kinematics : acceleration — deceleration
« Jet Geometry : parabolic — conical

(= Jet Collimation Break)

e Both transition @ 5 mas



Jet Collimation Break @ Sphere Of Influence

KaVA 43GHz
MOJAVE 15GHz

»  Astrogeo 8.6GHz
Astrogeo 2.3GHz
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Jet axial distance (de-projected) [Rs] Jet axial distance (de-projected) [Rs]

e Jet Geometry « Jet Kinematics

© My,~10""M,, 0,~12.8° |Park 2017, Hovatta+ 09

rS.O.I = GMBH/Oiar
O gar ~ Ojom)= 128—166km/s Bian & Zhao 2004
> g~ 1.6—-28%10°r,, (r,;g = ~ 2.7%x10°r,)

: coincident !!



Jet Collimation Break @ Sphere Of Influence
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KaVA 43GHz
MOJAVE 15GHz

¢ Astrogeo 8.6GHz
Astrogeo 2.3GHz

4.73 # 0.30 mas

10° 10! 10° 10!
Angular distance from core [mas]

Angular distance from core [mas]

Jet Geometry « Jet Kinematics

e Collimation Zone ~ Acceleration Zone - ACZ
« JCB (& Kinematics transition) @ S.O.I

« ACZ:Inside S.O.l of the SMBH

JCB site (End of ACZ) : resembles HST-1 & S region ?

JCB site

M87, 1H0323+342




JCB site : Brightness Enhanced

15.2 GHz
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JCB site : Limb-Brightening

Stacked Knot
positions

Stacked Knot
positions

Relative DEC [mas]
Relative DEC [mas]

VLBA 15GHz

Amp =5.77
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JCB site : Limb-Brightening

0321+340 at 15.357 C Jul 15

tn

Intensity (mJy beam” )
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(1) Enhanced Intensity
(2) Limb-brightening

C
o
=
9]
=
O
©
a
©
-2
O
)
o

\\ . . .
Intensity peak — Re-collimation shock

Convergence site
¥

5
Right Ascension (mas)
Map center: RA: 03 24 41.161, Dec: +34 10 45.857 (2000.0)
Map peak: 0.223 Jy/beam
Contours: 0.00054 Jy/beam x (=1 1 1.41 2 2.83 4 566 8 11.3 16 32 64 128 256)
Beam FWHM: 0.56 x 0.56 (mas) at 0°

NLS1 1H0323+342 : Doi+2018
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ACZ & JCB : Conclusion

KaVA 43GHz
MOJAVE 15GHz

}  Astrogeo 8.6GHz
Astrogeo 2.3GHz

e
&

4.73 # 0.30 mas
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Angular distance from core [mas] Angular distance from core [mas]

e Jet Geometry « Jet Kinematics

 Collimation Zone ~ Acceleration Zone - ACZ
« JCB (& Kinematics transition) @ S.O.I
e ACZ:Inside S.O.l of the SMBH

 Are-collimation shock candidate @ S.O.l

JCB site

. pressure imbalance likewise M87, 1H0323+342







Acceleration & Collimation Zone

Observational Strategy




MWL analysis of FSRQ 1928+738

 Long-term perspective ( 10 yrs 4)
- @ 225, 37, 15 GHz
- large flares

-4-- KaVA 43GHz
- flares with yr time scale
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— Similar Global Trend

-4-- Metsahovi 37GHz .
« Short-term perspective (~2 yrs)

ﬁwx&@w’k‘ “}(o Mm - @ 225, 43, 37, 15 GHz
Vol

- 2 (or 1) small flares

Flux [Jy]
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4 OVRO 15GHz - flares with month time scale
4 MOJAVE 15GHz :

Flux [Jy]

w b

2008 2010 2012 2014 2016 2018 2020
Time [yr]




MWL analysis of FSRQ 1928+738

*\ -4- SMA 225GHz
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« Long-term perspective ( 10 yrs 1)
- @ 225, 37, 15 GHz

o
[N)

Residual Flux [Jy]
o
o

- large flares

»

w

- flares with yr time scale

Flux [Jy]

— Similar Global Trend

« Short-term perspective (~2 yrs)

- @ 225, 43, 37, 15 GHz
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- 2 (or 1) small flares
- flares with month time scale

: Well-constrained Event

Residual Flux [Jy]

¢ OVRO 15GHz '
: ¢ MOJAVE 15GHz ShOWIﬂg Atlag

2016.5 2017.0 2017.5 2018.0 2018.5 2019.0 2019.5 2020.0
Time [yr]




MWL analysis of FSRQ 1928+738
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Thank you
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