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“What's that blue stuff below?”

- Hanny van Arkel (Dutch school teacher) discovered "Hanny's
Voorwerp'" via the GalaxyZoo project:
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'voorwerp = "object" in dutch
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1C2497 (Vsys ~ 15056 km/s)

Highly ionised
T ~ 15000-20000 K

Credit: WHT (g,i) image, Jarvis++




What's the big deal?

* Huge Galaxy-sized ionised nebula - where did that come from!

e What is the source of ionisation ?
- no stars in nebula,

- only weak liner spectrum of galaxy 1C2497,

- no x-ray detection of 1C2497 (SWIFT).




* Lintott et al. (2009) suggest 1C2497/ is a dead quasar, recently
turned-off =>Voorwerp is the first example of a quasar light-echo.

~ 50000 yr ago




Lintott et al. suggest 1C2497 is a dead quasar, recently turned-
off, Voorwerp is the first example of a quasar light-echo.

~ 50000 yr ago
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Hanny van Arkel "citizen scientist”, international celebrity, honourary ASTRON affiliation!

GALAXY ZOO

A : Al
THE ¢ S

3 SKYAT NIGHT -

Binnenland Buitenla: Economie Sport Kuns! fetenschap Multimedia Archief

‘Asgronomen hebben zoiets nog nooit

A

p HANNY VAN ARKEL
’ ’amalrur sterrenkundige

Hanny van Arkel - courtesy National Geographic.




Interview with Chris Lintott was broadcast on the "Jodcast”

ca. 2008?

==> sceptical of quasar light-echo hypothesis.

|C2497 - detected in VLA FIRST survey St~ 17 mjy.

Requested radio obs:

WSRT 20 & 6cm continuum
WSRT 2lcm spectral-line
MERLIN 18 & 6cm

e-VLBI 18cm
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Continuum "jet" (contours) in the

direction of the Voorwerp!

Massive gas cloud complex > 100

kpc across ~ 8x107 Mgun in the
vicinity of 1C2497++ .

HI absorption against 1C2497, =>
2 x 102! (T¢/100) f! atoms cm-2

Jozsa, Garrett, Oosterloo et al. 2009




NASA sponsored Voorwerp Comic:

IF ONE TELESCOPE CAN GIVE YOU
A BETTER IDEA WHAT AN OBJECT IS,
MAYBE POINTING A WHOLE LOT OF
TELESCOPES AT THE OBJELT AT THE
SAME TIME CAN DO MORE! THAT'S EX-
ACTLY WHAT THE VERY LONG BASELINE
INTERFEROMETRY NETWORK IS - A
GLOBAL SYSTEM OF TELESCOPES THAT
CAN EACH COLLECT DATA ON AN
OBJELT, THEN, THROUGH SOME MATH-
EMATICAL MAGIC, COMBINE THEM. THE
COMBINED IMAGE OF THE OBJECT ENDS
UP BEING NEARLY AS DETAILED AS WHAT
YOU'D GET IF YOU HAD A TELESCOPE AS
LARGE AS THE AREA COVERED BY THE
TELESCOPES. MIKE GARRETT AND HIS
COLLABORATORS COMMANDEERED
(WITH PERMISSION) A TELESCOPE THE
SIZE OF THE PLANET, AND WAS AIMING
IT STRAIGHT AT THE HEART OF
OUR MYSTERY: THE VOORWERP!
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"4 http://hannysvborwerp.zooniverse.org. .




FROM WESTERBORK WEVE 60T
RIDDLES, MERLIN. WILL YOU
DO SOME OF YOUR MAGIC AND
CONJURE ANSWERS?

j -

VBT, CAN YOU HELP US
| SOLVE A COSMIC MYSTERY
P\ WITH YOUR WORLD OF

T GUESS HALF A WISH IS
BETTER THAN NONE, THANK
YOU WBT EUROPE FOR
SAYING YES.

MAYBE T SHOULD HAVE
DROPPED THE 'ABSOLUTELY
BRILLIANT.' DO YOU THINK
T SHOULD HAVE DROPPED
THE 'ABSOLUTELY
BRILLIANT?'
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UNFORTUNATELY, THE COMBINATION 2D
OF DONG SCIENCE 'oUT LOUDY AND o
THE TIME IT TAKES CAN HAVE SOME
UNINTENDED CONSEQUENCES.
WHILE THE ORIGINAL TEAM WORKS
TO GATHER A COMPLETE DATA SET
ﬁss THE ENTIRE ELECTROMAG-

e ———

IC SPECTRUM, MICHAEL GAR-
RACES FORWARD TO PUBLISH
HIS WONDERFUL RADIO RESULTS.

YOU MEAN IT WELL THIS IS...
SULKS 7 WE WERE UNPLEASANT
BEATEN TO THE :




e-VLBI is great (data on demand) - thank-you!




e-VLBI 18cm, | Gbps Results: Galaxy 1C2497

497 IPOL 1

e-VLBI [8cm

Two components,
interpreted as core-jet
(hot-spot).

Ty, > few x 10° Kelvin

=> evidence for
(obscured) AGN
activity in 1C2497

Can’t rule-out
possible SNe/SNRs
but unlikely?




e-VLBI 18cm/ MERLIN 6cm Results

A VLRI 8erm Two components, |
interpreted as core-jet
(hot-spot).

Ty, > 10° Kelvin

=> evidence for
Flat spectrum ~ [ mjy (obscured) AGN

AGN core activity in 1C2497
®

MERLIN 6cm

Rampadarath, Garrett, Muxlow et al. A&A 2010




BUT most of the radio emission == Star formation

IC 2497
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IC2497 Spectral index ~ - 0.55 IRAS - 3.6 & 1.6 Jy (100, 60 um resp.)
|C2497 radio power ~ | x 1023 W/Hz =>q=21

VLBI recovers only 10% of WSRT emission =>Total SFR ~ 100 Msun lyr




Nuclear Starburst revealed by MERLIN (18 cm)

Major axis
~ ~ optical light




Also revealed in the MERLIN 18 cm image

2.000
light years




So what is our take on all of this?

* Quasar light-echo still seems unlikely.
* More likely (?):
- 1 C 2497 is heavily obscured AGN (compton thick?),
- Voorwerp is part of a masssive complex of neutral gas

surrounding IC 2497, arising via past galaxy-galaxy

interactions,

AGN generates a cone of radiation that illuminates part of

the gas cloud (the Voorwerp).




un-obscured LoS obscured LoS

un-obscured LoS




To be continued...

pp— . "y . .
WHILE X-RAY MAY BE A LYNCHPIN FOR SEPARATING
LIFE FROM DEATH FOR THIS QUASAR, IT DOESN'T 3
OFFER DETAILS. THOSE COME FROM ANOTHER
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HUBBLE REVEALS DETAILS WHICH IS
. HOPELESSLY BLURRED TOGETHER
Data be I n an aI S ed FROM GROUND-BASED TELESLOPES:
oo THERE IS AN EXPANDING RING OF
GAS THAT WAS LAUNCHED FROM THE
GALAXY'S NUCLEUS PERHAPS A
MILLION YEARS ASO. THERE ARE
CLUSTERS OF NEWBORN STARS N
THE BRIGHTEST PIECE OF THE
VOORWERP. THESE ARE ALL CLUES
AS TO HOW CUT-FLOWING 6AS
FROM THE GALAXY HAS INTERALZTED
WITH THE VOORWERP -~ DETAILS
WHICH ARE LOST IN THE GROUND~

Apparently HST observations | % G L
lend support to Quasar ligh
echo hypothesis.

AND EVEN HUBBLE FINDS GAS NEAR THE GALAXY CORE
WHICH IS EXPOSED TO ONLY A TINY FRALCTION OF THE
TO POWER THE VOORWERP -~ MORE
EVDE E ~TIME QUASAR HAS FADED DRAMATI-
CALLY = THIS IS A LIGHT ECHO. THE GAS STREAM AROUND
IC 2497 ACTS AS A MIRROR REFLELTING THE GALAXY'S
CORE, PROVIDING A UNIQUE WINDOW TO THE GALAXY'S PAST.




Apparently HST
observations lend
support to Quasar

light-echo hypothesis.




