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Overview

Relativistic jets: motivations to understand them

What we know from past slow and rapid
variability studies

Jet bursts: a new tool



Why understand jets?
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Astrophysical jets

From Blandford, Meier & Readhead 2019: M87 on different spatial scales



Things we don’t know about jets

Why do the electron populations stay refreshed?

Are the positive charges mostly protons or positrons (or does
this depend on the state of the system)?

How does the speed depend on other quantities?

How are they launched and collimated? Does BH spin matter?

Must they be perpendicular to the accretion disks?



The “Standard” Model for Compact Jets

(Maitra et al., submitted)
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self-absorption in conical jet (Blandford & things may be more complicated, but the basic picture
Konigl 1979), if cenergy is replenished. probably still holds



X-ray binaries
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From Fender et al. 1999; see also Tananbaum et al. 1997; Gallo et al. 2003

1972, Hannikainen et al. 1997

AGN viscous times are too long for this kind of work with

individual sources!



Testing the model given the featureless spectra

...........

AAAAAAA

Stirling et al. 2001

Cyg X-1 (at 2 kpc) 1s barely resolved, other
objects are generally unresolvable

BK79 model predicts same size (in resolution
elements) at all wavelengths, because both resolution
and jet size are proportional to wavelength



Variability as the key to understanding

Core astronomical
tools:

Images

Spectra
Polarization
Variability




Variability quantities of interest

CharaCteri Stic _ (Maitra et al., submitted)
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Flux density F, (mJy)

Spectral energy distributions of X-ray binaries
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Optical can be reprocessed thermal emission from disk
and/or donor star emission and/or jet emission

IR through radio: often from jet
Radio should be furthest up the jet



Variability studies: infrared

L I "]
J X—rays
200
. L i
s
n
z
=
5
S
100 [ .
L M I”,
— S —
I
02 Infrared
5] 1 i
£ ‘ .
B | |
E 0.1 | |
= |
| | | L
7500 8000 8500
Time (s)

From Casella, TIM, et al., 2010

-1 30

20

mdy

10

X—ray/Infrared cross—correlation function

0.25

0.2

0.15

0.1

0.05

\

T I T

T

3rd. grbit.

1st orbit

w iy ’wm

,,W 1 “

»’?M

Infrared lag (s)

100




Internal shocks can explain things

Normalised response

Lag [s]

Response of Lorentz factor and IR flux to changes
in X-ray flux, from Malzac et al. 2018

Assumes (F — 1) X LX



Radio/mm/sub-mm

Bands most obviously from the jet
Further up the jet, timescales should be longer

Getting lags at many frequencies can probe jet
acceleration!



A failed attempt about 15 years ago
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Total Intensity

MAXI J1820+070 in radio and submm
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Some conclusions from this work

Jet base spatial scales typically at ~0.1 seconds
lag

Jet Lorentz factors <~ 7 for hard states, but some
model dependence remains

Hard to have proton-dominated jets

(e.g. Casella et al. 2010; Tetarenko et al. 2019,2021, Zdziarski, Tetarenko &
Sikora 2022)



Neutron star jets
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RATE (30-60 keV) in count/s RATE (15-30 keV) in count/s

Why this was a surprise

Quenching of Corona During a Type | Burst
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the corona



Poynting-Robertson drag?
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Summary

Jets are an important and ubiquitous
phenomenon 1n nature

Variability 1s needed to understand them

Jet bursts open up a fundamental puzzle for
GRMHD work



