>HOLE R
TRANSIENTS"

W A MA

Piergiorgio Casella
(INAF-OAR)

ALMA Workshop - Bologna 2019




TRANSIENTS with ALMA

BLACK HOLE TRANSIENTS

Accretion. .+ Xrayheating "
L . - Hot spot

<3

" Accretion = \ ’

Companion

‘stream.. . “OMPa
1 B T - star- - -

R Aymas. 200/

accessible timescales - high brightnesses - multi-A

Piergiorgio Casella - ALMA Workshop - Bologna 2019



TRANSIENTS with ALMA

BLACK HOLE TRANSIENTS

_ («.f‘“\_\\ Gx33é-4§
! \

., S| ’ e\ (e.qg.) :

“i

1000

1

Accretion. .G R X i {/" "
- _— e -1';.'. : X '_ ; 3 SRL . 3 1 i

10

200 300 400 500 600

 Hot ’spbt

Days since stort of outburst

“. . Accretion = \ e
" stream =~ Companion

P s - star- - .
R Aymas. 200/

accessible timescales - high brightnesses - multi-A

Piergiorgio Casella - ALMA Workshop - Bologna 2019



hard state

outflow/jet emitting radio/IR/...

variable inner scattered
direct soft radius hard photons
photons reflected %

photons_.

cold outer disk

(a)

hot inner disk BIEER FEIB

soft state

Zdziarski & Gierlinski (2004)

scattered
active region soft seed % hard
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(b) cold accretion disk black hole
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RADIO-FLAT
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* % * R

JETS

PROTOSTARS
Very common: associated with accretion processes at all scales
GRBs - SNe - AGN - X-ray Binaries - WDs - Protostars - (ULXs?)

nfluence on their surroundings (ISM, IGM, SF)

nfluence on the evolution of the launching system
Launched from, or close to, strong-gravity environments

© Unknown launching mechanisms

o Unknown geometry, structure, and composition
© Unknown powering mechanism

Jets In XBs are transient and variable

sl EVOLUTION
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A Flux

Total spectrum results from
v summed contributions at
eacb distance z along the jet

asic assumptions Basic synchrotron theory FLAT radio

+ Vbreak=V| T ~ 1! => SpeCtrum

A a
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STANDARD STE

the “missing-en

A Flux

Total spectrum results from
summed contributions at
each distance z along the jet

Basic synchrotron theory FLAT radio
i Vbreak=V|T ~ 1 => spectrum

A N\
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A Flux

Total spectrum results from
summed contributions at
each distance z along the jet

LIMCASUTCU 11N T ITAINC U1 UIC HUIU) WIHCII WIIL valy as 7, WIHCTIT 7 1D LUT UDLALVEC 1V LHE apta (Vi LIe mvuss v ’
NGC 6251 in Readhead, Cohen, and Blandford 1978). We assume that relativistic electrons can be accelerated |
continuously within the jet, and that their distribution function is N(y,) = Ky, 2, With ¥, min < ¥e < Yemax and
Yemax > Yemin- 1hese electrons will radiate synchrotron radiation with a spectral index « = }. The electron energy

ENERGY LOSSES ACT VERY FAST:
E SHOULD NOT SEE THE RADIO JET
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STANDARD STE

unexpected radi
o Pe’er & Casella 2009, Casella & Pe’er 2009
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ENERGY LOSSES ACT VERY FAST:
E SHOULD NOT SEE THE RADIO JET
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STANDARD STE

unexpected radi
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STANDARD-STEADY-JET THEORY

POSSIBLE SOLUTION
RE-HEATING FROM INTERNAL SHOCKS

GRB jet emission theory ——> blazars (Spada et al. 2001)

recent works on XBs: Malzac 2013; Drappeau et al. 2014; Malzac et al. 2018; Péault et al. 2019

longitudinal
& ) — >
expansion
/2
lateral. _____‘P___) —{.r 1 5 rj-l
expansion J
¢ 0 — |
di)

SHOCKS BETWEEN SHELLS GIVING EXTRA ENERGY?
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hard state
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VARIAB
Casella et al. 2010
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Casella et al. 2010 INFRARED
. o outf[ow
o (et thick thin
X-RAYS
inflow
PHYSICAL MEASUREMENTS (corona)
From the 0. s delay, we can estimate: .
(all model dependent)
IF: THEN:
kN RY
(I) IR:thick  X-rays: thin [ jet > 2
(2)  IR:thin X-rays: thin B~10*G and [lelec.~10*—>50
(3) IR: thin X-rays: inflow ejection timescale < 0.1 s
(4) IR: thick  X-rays: inflow [ jet >> 2 and ejec. timesc. << 0.ls
———
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CONCLUSIONS & OUTLOOK

#* Jets in XBs vary on timescales from years to milliseconds.

% Jet variability is connected with inflow variability.

* Jet variability can be used to measure jet properties.

* Variabllity propagates through the jet and is observed at different wavelengths.
* ALMAIs crucial to solve data degeneracies and test models.

* ALMA (interferometers in general) CAN produce time series.

% A novel, innovative, and ambitious use of ALMA. Difficult, but feasible.

THANKS
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(on behalf of ENGRAVE & GRAWITA)
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GWI170817 detection timeline
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Cowrtesy of R.Ciolft
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S.D. Vergani - Aspen - 02.10.2019

Prsgor 2017 *, ,,f GWI170817

remnant * disk

radial or angular structure due to the interaction

of the jet head with the merger ejecta

~,

RS

Choked jet (not successful)
radial structure

Structured Jet (successful)

off-axis jet
some degree of anisotropy

| + angular structure
[ <T2<T3 Rise t08

g [1>T>1;
E1 > E2 > E3 : . “~,~ ~“~~ E1 > E2 > E3
Ejet i Eejecta i %y 3 Ejet < Eejecta

Cowrtesy of S.D.Vergoni & G.Ghirlandaw
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GWI170817

VLBI observations

global network of 32 radio telescopes

Mooley et al. 2018 Ghirlanda et al. 2018
- =

12

23°22'53.38"

—
1

......
- .
o

Dec offset (mas)
)
DEC

s
[lux densily |pJv/beam|

@
L

0
b
N

o0
[H]
&L
L]
o 4
L¥]
3
(=]
-]

RA offsel (mas)

apparent superluminal motion
between 75 and 230 days

' 4 3 2 o 2 > 1] ? 2 o 2
1
2
1
-2
-3
c 2 1) ‘ € pi] 12 M 1€ 18
o N Surface bightaess [Istaresesl

relativistically source size < 2 m arcseconds @ 207 days
(and getting closer) source is still rather compact!
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¥ ¥ ¥ *

SE
SE

GW NS-(NS/BH) events
the role of ALMA

D building

D time evolution (spectral break moving through ALMA bands)

Polarimetry measurements -> diagnostic for jet geometry

Absorption/emission lines (e.g. CO [1-0]) -> environment

30
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