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Newborn Radio Jets!
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Motivation:
How do radio jets form,
grow, and alter their
environments over
cosmic time?
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|dentifying Young Radio Jets

Key Radio Properties

1) Morphology Kpc-scale or smaller

2) Spectral curvature Peaked spectral shapes

3) Variability Intrinsic/extrinsic variability




The Evolving Radio Properties of Young Jets

Size and Luminosity Spectral Shape and Flux
[ Older jets Young jets have
n (CSS, FRI/I)  1Kpe curved radio

0kpe L N spectral energy
' 5 distributions

FLUX DENSITY
T

RADIO POWER

Young radio
jets brighten | | | | |
until they reach o 10 10.0 005 0.1 05 10 50 100
LINEAR SIZE (Kpc) FREQUENCY (GHz)
~kpc scales

- Adapted from Snellen et al. 2000
(Reviews on young jets: O’dea & Saikia 2020; O’dea 1998; Orienti 2016)
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|dentifying Young Radio Jets

Observational Demands
1) Morphology High-resolution imaging

2) Spectral curvature Broadband radio spectra

3) Variability Multi-epoch data




|dentifying Young Radio Jets

Observational Demands

1) Morphology High-resolution imaging
2) Spectral curvature Broadband radio spectra
3) Variability Multi-epoch data

See talks by: Aleksandra Wotowska (5/11), Monica Orienti (5/11), & Kathryn Ross (5/13)



VLA Sky Survey

Frequency 2-4 GHz
Orwhm 2.5
Area 33,885 deg?
Epochs 3

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

cirada.ca

NVSS FIRST | VLASS

Increasing angular resolution =2



Catching Young Jets with Multi-epoch Radio Data

Vv (GHZ) GFWHM Dates

FIRST | 1.5 5" 1993-2011

VLASS | 24 2.5” | 2017-2019°

References:
Becker et al. 1995
Helfand et al. 2015

Lacy et al. 2020
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Initial Sample:
2000 variable sources
over 3440 deg? of VLASS

FIRST

e L £ -
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_VLASS

Selection Criteria
2

Quasar Cross-matching:

A
( \
SDSS

WISE

Nyland et al. 2020
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Final sample:
26 newly radio-loud
quasars (Sy ass > 3 mly)




Nyland et al. 2020
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Sample Properties

Redshifts (13/26): 0.2<z< 3.2
log(Ly ass/erg s1) =40 - 42
log(L,,/ergst)=45.2 -46.8

log(Mspen /M) = 8.0-9.7
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Example SDSS Images and Spectra
z=0.2 z=1.6

z=3.2
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Simultaneous Multi-band VLA Follow-up

* Verification of VLASS quick look images_ Projects:
* Single-band variability measurements 19A-422 (Pl — Hallinan)

e Radio spectral curvature (1-18 GHz) 20B-329, 20B-459 (Pl — Nyland)

5/9/21 Dr. Kristina Nyland 15



Radio Variability Constraints

3000% 80%
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Intrinsic Radio Variability Scenarios

Stochastic
1) AGN Flaring? accretion, shocks
along the jet

SMBH binary
orbital motion,

jet deflection,
helical B-fields?

2) Jet re-orientation?

Jets launched in

3) Newborn jets? the last few
decades?
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Multiple
mechanisms
possible . ..

Continued
monitoring is
essential!
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Radio Spectral Shapes

Nyland et al. 2020
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Peaked spectra consistent
with absorbed and
compact jets
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Radio Spectra
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Origin of the Absorption?

__J1447+0512
Synchrotron self 1Z2=1.7475
absorption (SSA) ™~
£
< Deep sub-GHz data
Froa.f % ; -~ reeriavll | needed to separate
reetree L2y o SSA/FFA
absorption’ (FFA) \ o R |
- ’ @ JVLA
By L L
"Possible sign of 107" 10° 10" 102
jet-ISM interaction log(v/GHz)
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Size Constraints from Turnover-size Relation
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Consistent
with sub-kpc
jets launched
decades ago
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Turnover-Size Relation: Age Constraint Example

J0807+2102 S I W itve
i o “Fye o || Velocity: 0.1c (assumed)
10" . ‘_g ]
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Spectral peak: 15 GHz

: Size estimate: ~1-10 pc Young Jet!
(= 40 GHz in restframe)
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Radio AGN Life Stages
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Implications for Galaxy Evolution

Sky density:
4 x 103 deg2 - period of
occurrence = 10° yr
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Nyland et al. 2020

Episodic, short-lived jets
commonatz=1-3 >
Jet-ISM feedback?

Image credit: Sophia Dagnello; NRAO/AUI/NSF
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Connection with Quasar Reddening (and Mergers?)

Infrared AGN “wedge” (Matteos et al. 2012)

2.55 . .
] “_L — Heavily obscured,
\ 2.25 - .
24 2.4 : 0.34 P luminous AGN
‘ 1.95 )
o e [low | (Lonsdale etal.2015)
§1.8 165 §1.8 0
| | 1.35 & | | 0.64 g
— o = — °
=" oo". N =" .o@oo 0.79 s:\EJ“
. o - Wo7s . o - @ See talks by:
| 0.45 | 09 =| | Carol Lonsdale (5/12)
0.0 5 5 ; Mo 15 0.0 5 5 . 1.09 Pallavi Patil (5/13)
W2 — W3 W2 — W3

Nyland et al. 2020

5/10/21 Dr. Kristina Nyland 25



On-going and Future Work
Continued radio SED monitoring (VLA)
Milliarcsecond-scale imaging (VLBA)

X-ray accretion state/morphology
(new Cycle 22 Chandra data)

Optical variability, host properties
(new ground-based data, HST?)

ISM content and conditions (ALMA?)

5/9/21 Dr. Kristina Nyland
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Summary

5/9/21
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Nyland et al. 2020

Radio jets may “switch-on”
over human timescales

Multi-epoch radio surveys
catch newborn jets!

Short-lived jets common at
z=1-3 =2 jet-ISM feedback?

kristina.nyland.ctr@nrl.navy.mil
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The Next-generation Very Large Array

Radio jet +
molecular gas
energetics > new
insights on SMBH-
| galaxy co-
evolution!

See Nyland et al. 2018 for a review of AGN science with ngVLA
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Imaging Compact Jets with the ngVLA

Nyland et al. 2018

— Band 1 (2.0 GHz) Band 4 (26.4 GHz) NGC404
Band 2 (6.6 GHz) Band 5 (39.2 GHz) i iy
Band 3 (15.9 GHz) == Band 6 (90.1 GHz)

10° | -
1 Mpc

102 |- E
100 kpc

10 kpc

Jet Angular Size (arcseconds)

All antenna positions are approximate and subject to change. = Redsh Ift
o L (WA

Bmax = 1000 km ngVLA will probe jet-ISM feedback on
.., =0.5to 44 mas sub-galactic scales of 10 pcto 1 kpc
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Imaging Compact Jets with the ngVLA

Bmax = 8,860 km
0...=0.06to5 mas

aaaaaaaaaaaaaaaaaaaaaaaaaaaaa
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Angular resolution (milliarcseconds)
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Nyland et al. 2018

pc-scale
resolution at z
~ 2 in highest-
freq bands
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Simulated ngVLA Images of Radio Jets
% Simulations

Nyland et al. 2018

NGC404

NGC1266 |

Original Model VLA NGVLA
03" 01 0.1
D = 3.1 Mpc D = 10.0 Mpc D = 10.0 Mpc
\ 207 0.2 02"
z = 0.007238 z=0.2

K
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=

z=0.2

z=1.0

z=1.0
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10 pc jet

1 kpc jet

100 kpc jet
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Pietka et al. 2015
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Origin of the Variability: Intrinsic Effects?
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luminosity and

timescale
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|dentifying Young Jets: Radio Surveys

10 | Ol

102 |

log(S/m)y)

107" [

LOFAR-LBA

T ‘2J‘y

der * Younger ]
\
Gsse E":?/Scss\

SUMSS
[ ]

NVSS
L ]

VLITE-CDFS EFIRST
LOFAR-HBA °
e

102

1072

5/9/21

10" 10° 10" 107
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Differences:
* Sensitivity —
e Resolution AGN jets in
* Frequency different
° BandW|dth ||fe StageS!
 (Cadence

Figure based on Callingham et al. 2017

Dr. Kristina Nyland 34



VLITE: The VLA Low-band lonosphere &
Transient Experiment

« Commensal 340 MHz system operating
on 16 antennas of the Very Large Array e

> RFI-free bandwidth: ~40 MHz
» Resolution: up to ~5”

« Data are recorded simultaneously
during most regular VLA observations

» VLITE Commensal Sky Survey (VCSS)
operates alongside VLA Sky Survey

vlite.nrao.edu
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VLITE 6 year benchmark: 37,589 hours of data!

0.01 time [hrs] 24
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