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Galaxy- Black hole co-evolution via Feedback

Silk 2013
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Great Wall: Gavazzi et al. 2010

Infall & Feedback key to Galacy Evolution



                            Jet @ ICTS Feedback during merger (Springel et al. 2005)
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Hanny Voorwerp in spiral galaxy IC 2497
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Image: wikipedia
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Time scales: Quasar relic 

20,000 – 70,000 years
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Time scale or relics of 
Radio Galaxy Activity ???
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Fealin et al 2011
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Double-double radio galaxy Schoenmakers 2000
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Smoking gun Evidence of AGN-feedback
Wait.....Timescle has to match
Need to push the limit a few Myr to 100s to billion yrs.
Only radio seems to be capable of....

1, 2, 3, three bullets fired, that is Speca
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50cm 90cm and 120cm bands
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NGC1482: 25 Mpc NGC6810 27Mpc

NGC1266:
30 Mpc

Near-by

ETGs In
Transition
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Cosmic Leaf-blower galaxy -- NGC3801
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NASA-JPL-CalTech 
news release, 
TIME magazine site
Times of India
~ 3 lakhs peak google hits

             NGC3801
SDSS -stellar light
Spitzer 8micron dust/PAH
GALEX NUV young stars 
VLA 20m radio bent jets

NGC 3801 caught in the act: A post-merger starforming 
early-type galaxy with AGN-jet feedback 

Hota et al. 2012 
MNRAS, Letters 

Cosmic Leaf Blower
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A evolutionary sequence..

NASA-JPL-CalTech (Ananda Hota & Tim PyleHota et al. 2012

Observed with the
GMRT for

HI sign of
Multiple
Feedbacks

Event before this
S-shaped jet
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NOW                                    Future
                 ~ 10 Millin years
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Discovery of a spiral-host episodic radio galaxy
Hota, Sirothia, Ohyama, Konar, Kim, Rey, Saikia, Croston, Matsushita 2011

Megaparsec Relativistic Jets Launched from an Accreting Supermassive 
Black Hole in an Extreme Spiral Galaxy
Bagchi, Vivek, Vikram, Hota, Biju, Sirothia, Srianand, 
Gopal-Krishna, Jacob 2014
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An Unusual Radio Galaxy 
in Abell 428: 
A Large, Powerful FR I 
Source in a 
Disk-dominated Host

Ledlow, Michael J.; 
Owen, Frazer N.; 
Keel, William C.

1998ApJ...495..227L

Speca:  Hota+ 2011
J2345:  Bagchi+ 2014
 J0836:  Singh+ 2015
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Discovery of a spiral-host episodic radio galaxy
Hota, Sirothia, Ohyama, Konar, Kim, Rey, Saikia, Croston, Matsushita 2011

Megaparsec Relativistic Jets Launched from an Accreting Supermassive 
Black Hole in an Extreme Spiral Galaxy
Bagchi, Vivek, Vikram, Hota, Biju, Sirothia, Srianand, 
Gopal-Krishna, Jacob 2014
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Speca
Hota, Sirothia, Ohyama et al.
2011, MNRAS Letters

NRAO (VLA), NSF, NCRA-TIFR
Royal Astronomical Society
Press Release
Indian Express

Became very popular
~ 3 lakhs peak google hits

Discovery of a Spiral-host Episodic radio galaxy
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Spectral index

-0.32    

-0.92

-0.98

-0.75
19 % polarised

1.3 Mpc separatn
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Speca....traces Accretion  ?

Is the diffuse plasma in 
Morphology
Spectral index
Polarisation

Suggest cosmic accretion ??

Multi-Mpc giant radio galaxies 
Several 100 Myr relic plasma
May trace continuing accretion
On to the galaxy clusters

Can we also see the cosmic web ??



                            Jet @ ICTS
Speca: Spiral-host Episodic radio galaxy tracing Cluster Accretion
GMRT 90cm image on Lulin optical   (Hota, Sirothia, Ohyama et al. 2011)

Speca
Z~0.14
BCG

spiral/disk galaxy
3 episodes of AGN jet

Incomplete quenching ?
Merger/ ICM-accretion ?

cluster merger ~ NO
Filament accretion ? ..!!

(Odd balls of Today
             or 
Messengers from 
Early Universe ?)
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Speca: Lulin 1 m Tel. R-band contours, on R-band, NUV, FUV from GALEX

UV colour suggest young stellar population < 500 Myr old.

a BCG with spiral nature and young stars is pretty unusual.

Such objects are likely common in high-z

Speca: BCG, star forming disk !
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Speca: Subaru spectroscopy

Ananda Hota  Youichi Ohyama C.S. Stalin 
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Ananda Hota Youichi Ohyama C.S. Stalin 

Speca: A massive Fast rotating Star forming Disk

Speca
Long-slit Subaru Spectroscopy

Example: Universetoday.com
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Speca: XMM + GMRT 325

Ananda Hota  Judith Croston 
Martin Cardcastle 
Chiranjib Konar 
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GMRT-325 MHz
HCT R-band

HCT-B band

SDSS

Detecting Infalling galaxies...

(HCT Obsn). 

Ananda Hota
C. S. Stalin (IIA, India)
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Speca: Is it a missing link ???

Earliest big spiral with supermassive black holes ???

Linking 
Early irregulars
First Spirals
High-z Quasars
First ellipticals
Radio galaxies (ellipticals)
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Radio bubbles in the composite AGN-starburst galaxy NGC6764
Hota & Saikia 2006

Chandra Evidence for  AGN Feedback in the 
Spiral Galaxy NGC 6764
Croston, Hardcastle, Kharb, Kraft, Hota 2008

PARSEC-SCALE IMAGING OF THE RADIO-BUBBLE 
SEYFERT GALAXY NGC 6764
Kharb, Hota, Croston, Hardcastle, O’Dea, Kraft, Axon, Robinson 2010
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Croston, Hardcastle, Kharb, Kraft, Hota 2008

Chandra Evidence for
 AGN Feedback in the 
Spiral Galaxy NGC 6764
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The dynamical time scale of the radio bubble
Matches the time since decline of star formation

!!
Can we see the same on large-scale
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                               3-5 MYA Star Formation 

•                            12-21 Myr time for 
•                                 bubble expansion
•

•                             15-50 MYA Star Formation
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A merger-remnant early-type galaxy with
Starburst-driven Superwind 

Tidal-tails binary nuclei
One AGN(?) other star burst

A rare opportunity for Feedback-studies
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GMRT HI: Hota & Saikia 2005
SMA CO: Hota, Espada, Matsushita, Kotaro.... 
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3C321: The Death Star galaxy
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GOOD-RAC: GMRT Observation of Objects Discovered by
RAD@home Astronomy Collaboratory   I, II III cycles

SKA-India recognised it as  a successful model of training students 
in large number  and taking them up to  GMRT Observation  

mailto:RAD@home
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RAD-12
Hota et al 2013
With 
Sravani Vaddi  (RAD@home)
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Positive Feedback
             (short time)

Negative Feedback
            (Long term)
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Ref: TGSS press-release News

RAD@home 
60 trained, f2f n online
E-astronomers
1600 members
Supported by DAE, 
UGC, CBS, IOP, HRI, 
NP, VP, DST, NCRA
ASI, SKA-India  etc etc 

GOOD-RAC: GMRT Observation of Objects
Discovered by RAD@home Astronomy Collaboratory
Zero-funded Zero-infrastructure Human Resource Network
Through Facebook & Google, trying to discover
Observe with the GMRT and publish with you...
Addressing BIG-DATA & socio-economic geo-political inequality

Contact: RADatHOMEindia@gmail.com
 RDCC members:
Pratik Dabhade, Alakananda Patra, Pdadeepta Mohanty, 
Megha Rajoria, Sagar Sethi, Charitarth Vyas 

Please Donate FITS for re-cycle by citizen-scientists 
We will publish with you, the professionals...

2.5 yr old the only Indian Citizen-science project, RAD@home 

Please
Help
RAD@home

Thank You

Hota et al. 2014 arXiv1402.3674H

mailto:RAD@home
mailto:RAD@home
mailto:RADatHOMEindia@gmail.com
mailto:RAD@home
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