Blowtorch of the Gods:
EHT Imaging of the Blazar 3C 279

e —

Geoffrey C. Bower
EHT Project Scientist
(ASIAA, Hilo)

For the EHT Collaboration



M8 7

42 pas
MBH:6'5 +/‘ 07 X 109 MSUH

First Image of a Black Hole



‘_- T
ealm
d
{
{

h
‘\




0 AN




The Submillimeter Array
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Event Horizon Telescope imaging of the archetypal blazar 3C 279 at
an extreme 20 microarcsecond resolution
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The Largest Black Holes on the Sky

Event Horizon Telescope

1.3 mm Flux (Jy)

10

O

0.01

I

}—

IITTITII L} | B B B A

T T

I 1 ITTII]_

Bright targets 3C273
—  for 2017 campaign Cen A @ =
- ® .
I Sgr A* ]
- }-.- —
M87

] —@ ;
. Primary targets ]

for horizon science ]

| o
= 10 mga 429 Ngazer
- 10 M, @ @
- 8 @ i
" ‘06 Mo ® NGC1399 ‘
10 Mg |
1T | 1 1 11 1 ll 1 1 | 1 L1 1l ll 1 1 | 1 L1 1 11-
2 4 6 8 2 4 6 8 2 4 6 8
1 10 100
EHT Resolution (Re.p)

3C 279
1700 Rq

EHT-M87, 17 April 2019



M87
NGC 4486
HST ACS/WFC .

Curtis 1918

K 15,000 light-years A
FoOBW V - E
@}3 Event Horizon Telescope 4600 parsecs =i '

EHT-M87, 17 April 2019



VEA 29em M87 = Virgo A
| 107 | VLA 90cm
I 25 kpc ;
:

™
4 VLA 2cm
» R 400 pc
[ i
-
80
HS TG -

y
b h
VLBA 2cm

0.8 pc

—
0°01

17 April 2019




Jet in 3C 279
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Alternate Models of Motion

—_ 2 | ‘\f’ A > Ly ‘4’:'
wn Ao 7N L, 7@
r i | 0 M P |
g 0 / AX) ig; e /
g g
O o
= 75} % co-o0 - ) _75F @ Co0-0 g3
% 75 3 o1 : % 75 3 Co-1 /' /
CO0-2 C0-2 ,
o —100F & ci0 (» ) o —100F & c10 (&
%:' Cl-1 l:i:l Cl-1 .
-125p * 97, | —125p % 7 |
0 —50 0 —50

Event | Relative RA (uas) Relative RA (uas)




Superiuminal

\Viotion

Bapp v I 0
(C) (°)
Curved jet case”
CO-1 1635 <15 220 > 32
C0-2 20 + 1 <29 > 20 > 20
C1-0/1/2 (13-15+2 >6-8 =220 <5-7
Straight jet case”
C1-0/1/2 (13-15)+2 2 16 -17 24-25

[>20 2> v>0.998 c

Event Horizon Telescope

\\ -

:3:1:163/

Ar (pas)

| L1 | | | R

T T T T T T T =
v =13 +0.2 pas/day

- —

(N N N N S S

| l_ | | L

l L
1 1 11T I 1T
-u = 1.1 £0.2 pas/day -
_ﬂ.pp::lilig

IR (N NN (N N S
= 1 T T T T -
v =1.1+0.2 pas/day
—3.pp = 13i2
| | | | | | |
&‘V' v
o oL



Superluminal Motion Demo
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SuperLuminal Motion e NO Distance vs. Time
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Models tor the Bend

Event Horizon Telescope




Jet Simulation

Event Horiz




Meerkat+GBT

The Galactic Center

Event Horizon Telescope
ERT-M87, 17 April 2019




Strong Evidence for a Black Hole
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Schwarzschild Precession
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The Current State of the Art
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EHT Campaigns

<2017 2017 2018 2019 2020 2021
Stations SMT, SPT, ALMA, |SPT, ALMA, [SPT, ALMA, [SPT, ALMA, [SPT, ALMA,
CARMA, APEX, SMA, APEX, SMA, APEX, SMA, APEX, SMA, |APEX, SMA,
SMA, ICMT [JCMT, LMT, JCMT, LMT, |[JCMT, LMT, [JCMT, LMT, [JCMT, LMT,
APEX SMT, PV SMT, PV, SMT, PV, SMT, PV, SMT, PV,
GLT GLT GLT, KP, GLT, KP,
NOEMA NOEMA
Bandwidth 32 Gbps 64 Gbps 64 Gbps 64 Gbps 64 Gbps

Results

Technical
Difficulties




EHT Future

* Sgr A*!

* Polarimetry
* AGN, Pulsars

* 2018 & 2021 Epochs

* Multi-wavelength Data

®* Movies

* Higher image fidelity

®* More sources



