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~1.9 Mpc

Dabhade et al. (2020) / Lan & Prochaska (2021)

An extreme rare population - giant radio galaxies

The distance between  
the two lobes >700 kpc 

~5% of radio galaxies



An extreme rare population - giant radio galaxies

What drives such extended radio structures?
1. GRGs tend to live in low density environments.

(e.g., Mack et al. 1998; Malarecki et al. 2015)

2. GRGs tend to have long activity time or powerful engines. 
(e.g. Subrahmanyan et al. 1996; Hardcastle et al. 2019; Bruni et al. 2020)



An extreme rare population - giant radio galaxies

What drives such extended radio structures?

Is the environment the main cause of  
the enormous radio structures?



The LOFAR Two-metre Sky Survey

~100 MHz / ~6” resolution

DR1

Shimwell et al. (2019)  

~400 deg2 
~300,000 radio objects

Dabhade et al. (2020)

~200 GRGs



GRG sample and the control sample

110 GRGs with  
SDSS spectroscopic redshifts

Lan and Prochaska (2021)

GRG sample The control sample 
(no radio emission)

5 optical selected control galaxies  
without radio emission for each GRG



Statisitcally probing the satellite abundances

GRG sample DESI Legacy Imaging Surveys

Dey…Lan et al. (2019)



Statisitcally probing the satellite abundances

Lan and Prochaska (2021)
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Statisitcally probing the satellite abundances

Lan and Prochaska (2021)

16 17 18 19 20 21 22

10°1

100

101

102

hN
ga

li/
dm

Galaxies around GRGs
Galaxies around random

0.1 < z < 0.3

16 17 18 19 20 21 22

10°1

100

101

(h
N

G
R

G
ga

l
i°

hN
R

an
d

ga
l

i)
/d

m

GRGs

16 17 18 19 20 21 22

0.3 < z < 0.5

16 17 18 19 20 21 22
z band [mag]

16 17 18 19 20 21 22

0.5 < z < 0.7

16 17 18 19 20 21 22

NGRG
gal

<latexit sha1_base64="NyL2S7jLiZN/0dDXe74Mn3qfQkc=">AAAB+nicdZDLSsNAFIYn9VbrLdWlm8EiuApJve+KLupKqtgLtDFMptN26EwSZiZKiXkUNy4UceuTuPNtnLZRVPSHgcP3n8M58/sRo1LZ9ruRm5mdm1/ILxaWlldW18ziekOGscCkjkMWipaPJGE0IHVFFSOtSBDEfUaa/vB07DdviJA0DK7UKCIuR/2A9ihGSiPPLHYEh+fXSfWymnpJH7HUM0u2tW87xwcOtC17IvhFnIyUQKaaZ751uiGOOQkUZkjKtmNHyk2QUBQzkhY6sSQRwkPUJ21dBogT6SaT01O4rUkX9kKhX6DghH6fSBCXcsR93cmRGsjf3hj+5bVj1TtyExpEsSIBni7qxQyqEI5zgF0qCFZspAuEBdW3QjxAAmGl0yroED5/Cv8vGmXL2bXKF3ulykkWRx5sgi2wAxxwCCrgDNRAHWBwC+7BI3gy7owH49l4mbbmjGxmA/yQ8foBInmT7w==</latexit>

Ncoincident
<latexit sha1_base64="hFeyJn9VQNOnytMB8p50X8jXOuY=">AAAB+3icdVDNS8MwHE39nPOrzqOX4BA8lXYO9Dj04kkmuA/YSknTdAtLk5Kk4ij9V7x4UMSr/4g3/xvTbYKfD0Ie7/0e+eWFKaNKu+67tbS8srq2Xtmobm5t7+zae7WuEpnEpIMFE7IfIkUY5aSjqWakn0qCkpCRXji5KP3eLZGKCn6jpynxEzTiNKYYaSMFdm0oE3gV5FhQjmlEuC4Cu+46TbcE/E08Z3a7dbBAO7DfhpHAWWLCmCGlBp6baj9HUlPMSFEdZoqkCE/QiAwM5Sghys9nuxfwyCgRjIU0h2s4U78mcpQoNU1CM5kgPVY/vVL8yxtkOj7zc8rTTBOO5w/FGYNawLIIGFFJsGZTQxCW1OwK8RhJhLWpq2pK+Pwp/J90G4534jSum/XW+aKOCjgAh+AYeOAUtMAlaIMOwOAO3INH8GQV1oP1bL3MR5esRWYffIP1+gE2SpSP</latexit>

NGRG
sat

<latexit sha1_base64="V45rTbUHmCFP2rJqrMv0SkIZnU0=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFclUkV2+6KLupKqtgHtOOQSTNtaOZBklHKOJ/ixoUibv0Sd/6NmbaCih64cDjnXu69x404k8qyPoyFxaXlldXcWn59Y3Nr2yzstGUYC0JbJOSh6LpYUs4C2lJMcdqNBMW+y2nHHZ9lfueWCsnC4FpNImr7eBgwjxGstOSYhb7w4cVN0rhqpE4isUods2iVLMtCCMGMoMqJpUmtVi2jKkSZpVEEczQd870/CEns00ARjqXsIStSdoKFYoTTNN+PJY0wGeMh7WkaYJ9KO5mensIDrQygFwpdgYJT9ftEgn0pJ76rO32sRvK3l4l/eb1YeVU7YUEUKxqQ2SIv5lCFMMsBDpigRPGJJpgIpm+FZIQFJkqnldchfH0K/yftcgkdlcqXx8X66TyOHNgD++AQIFABdXAOmqAFCLgDD+AJPBv3xqPxYrzOWheM+cwu+AHj7RNOQ5QN</latexit>

+=

zmag



Statisitcally probing the satellite abundances

Lan and Prochaska (2021)
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Statisitcally probing the satellite abundances

Lan and Prochaska (2021)
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Statisitcally probing the satellite abundances

Lan and Prochaska (2021)
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Statisitcally probing the satellite abundances

Lan and Prochaska (2021)
GRGs do not preferentially live in low density environments. 
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An extreme rare population - giant radio galaxies

What drives such extended radio structures?
1. GRGs tend to live in low density environments.

(e.g., Mack et al. 1998; Malarecki et al. 2015)

2. GRGs tend to have long activity timescales or powerful engines. 
(e.g. Subrahmanyan et al. 1996; Hardcastle et al. 2019; Bruni et al. 2020)



An extreme rare population - giant radio galaxies

What drives such extended radio structures?
1. GRGs tend to live in low density environments.

(e.g., Mack et al. 1998; Malarecki et al. 2015)

2. GRGs tend to have long activity timescales or powerful engines. 
(e.g. Subrahmanyan et al. 1996; Hardcastle et al. 2019; Bruni et al. 2020)



Summary

Is the environment the main cause of  
the enormous radio structures?

No. Our measurements show that  
the GRGs tend to live in the similar 
environments as their optical 
counterparts.
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