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What can we learn about  
halos/relics/mini-halos 

from new observations that we don’t 
already know?  
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Current Status: Mini-Halos 

What do mini-halos look like?  
 

Diffuse uniform radio structures (~50-300 kpc) centered on the cool core/central 
AGN, e.g. Gitti et al. 2002, Kale et al. 2013, Kale et al. 2015, Hlavacek-L. et al. 
2013, Murgia et al. 2009, Cassano et al. 2008, etc. 

Where de we find mini-halos? 
Massive cool core clusters (~30 known so far), e.g. Giacintucci et al. 2017. 

What is their origin? 
à   Found mostly in massive clusters, connection with the potential, e.g. 

Giacintucci et al. 2017.  
à   Found in the strongest cool core clusters, connection with the cool core, e.g. 

Kale et al. 2015.  
à   Connection with sloshing cold fronts, e.g. Mazzotta & Giacintucci 2008, 

Zuhone et al. 2013.  
à   Particle source = AGN? e.g. Giacintucci et al. 2014, Cassano et al. 2008. 
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What can we learn about  

mini-halos  
from new observations that we don’t 

already know?  
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Chandra	X-ray	image	(modified)	of	the	Perseus	cluster	of	galaxies;	Fabian	et	al.	2011	
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Jansky Very Large Array  

Shared-risk proposal (2013, PI Hlavacek-L.) 

à P-band (270-430 MHz): 5 hours in B-config + 5 hours in A-config. 
à  Challenges: RFI, prototype instruments, dynamic range limited (AGN 11 Jy 

bright!).   

Marie-Lou	Gendron-Marsolais	
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ArXiv 1701.03791
(B-configuration)

rms = 0.35 mJy/beam; beam = 22.1′′×11.3′′ (8 kpc x 4 kpc); Dyn. range > 30 000. 

(NRAO press release: https://public.nrao.edu/news/galaxy-cluster-mini-halo/) 
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Deep	230-470	MHz	VLA	image	of	Perseus,	Gendron-Marsolais	et	al.	2017,	arXiv:	1701.03791	
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NEW - VLA 

80 kpc 

Deep	230-470	MHz	VLA	image	of	Perseus,	Gendron-Marsolais	et	al.	2017,	arXiv:	1701.03791	
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Deep	230-470	MHz	VLA	image	of	Perseus,	Gendron-Marsolais	et	al.	2017,	arXiv:	1701.03791	
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80 kpc 

High-resoluRon	230-470	MHz	VLA	image	of	Perseus,	Gendron-Marsolais,	Hlavacek-L.	et	al.	in	prep.	

rms = 0.27 mJy/beam; beam = 3.7′′×3.6′′ (1.4 kpc x 1.3 kpc); Dyn. range > 30 000. 
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Current Status: Mini-Halos 

What do mini-halos look like?  
 

Diffuse uniform radio structures (~50-300 kpc) centered on the cool core/central 
AGN, e.g. Gitti et al. 2002, Kale et al. 2013, Kale et al. 2015, Hlavacek-L. et al. 
2013, Murgia et al. 2009, Cassano et al. 2008, etc. 

Where de we find mini-halos? 
Massive cool core clusters (~30 known so far), e.g. Giacintucci et al. 2017. 

What is their origin? 
à   Found mostly in massive clusters, connection with the potential, e.g. 

Giacintucci et al. 2017.  
à   Found in the strongest cool core clusters, connection with the cool core, e.g. 

Kale et al. 2015.  
à   Connection with sloshing cold fronts (and beyond), e.g. Mazzotta & 

Giacintucci 2008, Zuhone et al. 2013 and F. Savini’s talk.  
à   Particle source = AGN? e.g. Giacintucci et al. 2014, Cassano et al. 2008. 
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What else can we learn from such 

new/deep/high-resolution 
observations?  
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Chandra	X-ray	image	(modified)	of	the	Perseus	cluster	of	galaxies;	Fabian	et	al.	2011	



 
“Bays” in clusters of galaxies  

6 S. A. Walker et al

Figure 5. Comparing the image of the bay in Perseus (left) with a simulation of an empty spherical cavity in the same location and with the same size (centre),
and the eddy from the sloshing simulation of ZuHone & Kowalik (2016) (right). The surface brightness profiles across these three cases are compared in the
bottom panel of Fig.2, where the cavity simulation is shown to overestimate the drop in surface brightness across the bay edge.

Figure 6. The evolution of eddy structure in the simulations of Zuhone et al. 2016 for � = pth/pB=200, where the time shown is that which has elapsed
since the start of the merger. The simulated projected X-ray emissivity images have been filtered using GGM filtering to emphasise surface brightness edges.
We see that eddies with similar structure to the sharp bay seen in Perseus can form (at 3.8 Gyr) and be destroyed (by 4.2 Gyr) on relatively short time scales
of ⇠0.4Gyr.

image for an exposure time matching the real observation, to which
an appropriate background was added.

The resulting simulation is shown in the central panel of Fig.
5. In the bottom panel of Fig. 2 we compare the projected surface
brightness profiles across the real bay (black), and the cavity simu-
lation (green dashed line). We see that the surface brightness drop
expected for a spherically symmetric cavity is far more severe than
we see in Perseus. We repeated this exercise using an ellipsoidal
cavity instead, again matching the radius of curvature of the
bay, and with the line of sight depth of the ellipsoid set equal to
the width observed in the plane of the sky (60 kpc). Increasing
the ellipticity of the removed cavity actually further increases

the magnitude of the surface brightness drop, increasing the
tension with observations. To match the observed drop in sur-
face brightness, we find that the line of sight depth of the cavity
would have to be around half its observed width on the sky,
so that it is shaped like a rugby ball with the long side being
viewed face on. This type of unusual geometry is in tension with
the idea of rising spherical cap bubbles seen closer in the core
of Perseus (Fabian et al. 2003).

We repeat this simulation, but this time for Abell 1795. When
the surface brightness profile across the simulated cavity rim is
compared to the observed profile in the bottom left panel of Fig.

c� 0000 RAS, MNRAS 000, 000–000

à “Bays” have been interpreted as old X-ray cavities.
à However, they have strange curvature and lack radio emission. Also seen in 

A1795 and Centaurus cluster. 
à  Instead, these “bays” could be giant Kelvin-Helmholtz instabilities.  

Walker, Hlavacek-Larrondo et al. 2017, arXiv: 1705.00011  

ZuHone simulations 
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so that it is shaped like a rugby ball with the long side being
viewed face on. This type of unusual geometry is in tension with
the idea of rising spherical cap bubbles seen closer in the core
of Perseus (Fabian et al. 2003).

We repeat this simulation, but this time for Abell 1795. When
the surface brightness profile across the simulated cavity rim is
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à “Bays” have been interpreted as old X-ray cavities.
à However, they have strange curvature and lack radio emission. Also seen in 

A1795 and Centaurus cluster. 
à  Instead, these “bays” could be giant Kelvin-Helmholtz instabilities.  

Walker, Hlavacek-Larrondo et al. 2017, arXiv: 1705.00011  

ZuHone simulations 

β = pressure thermal / pressure non-thermal = 200

Average magnetic field ~ 1-5 μG
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What can we learn about  

halos  
from new observations that we don’t 

already know?  



Chandra	X-ray	image	(418	ks);	Russell	et	al.	2012	–	stay	tuned	for	2	Ms	of	new	Chandra	data!	

Abell	2146	(z=0.232)	



GMRT	325	MHz	image;	Russell	et	al.	2011	

Abell	2146	(z=0.232)	



New	JVLA	1.4	GHz	observaRons	(16	hours);	Hlavacek-L	et	al.	2017	arXiv:	1708.03641		

Abell	2146	(z=0.232)	



New	deep	JVLA	observaRons;	Hlavacek-L	et	al.	2017	arXiv:	1708.03641		

Radio relic 
(origin = 
northern radio 
point source?) 

Radio relic 
and / or radio 
halo? 

VLA Observations of Abell 2146 11

Figure 8. Left: Correlation of the radio halo power at 1.4 GHz (P1.4GHz) as a function of the integrated SZ signal (Y500) of the cluster
within R500 (Cassano et al. 2013). USSRHs lie to the right of the correlation. The shaded region shows the 95 per cent confidence level.
Middle: Correlation of the radio halo power at 1.4 GHz (P1.4GHz) as a function of the X-ray luminosity (L500) of the cluster within
R500, also from (Cassano et al. 2013). The shaded region also shows the 95 per cent confidence level. Right: Correlation of the radio
halo power at 1.4 GHz (P1.4GHz) as a function of the turbulent velocity measured from the amplitude of density fluctuations (σv) for 51
clusters (Eckert et al. 2017). The shaded region shows the 68 per cent confidence region. The halo in A2146 is highlighted with the red
star in all three panels.

early stages of formation, roughly ≈ 0.3 Gyr after first core
passage, consistent with the dynamical analysis of the clus-
ter members. Such low radio power halos provide a unique
opportunity to study the physical processes that govern the
initial stages of halo formation, making the study of faint
radio halos just as important as the study of the luminous
radio halos.

Given that the detection of the extended radio emission
in A2146 was only possible through deep VLA observations
reaching a noise level (10µJy/beam), i.e. more than an or-
der of magnitude deeper than previous observations, several
other radio halos are bound to be discovered with the next
generation of radio telescopes such as the Long Wavelength
Array (LWA; Taylor et al. 2012), the MWA (Lonsdale et
al. 2009; Bowman et al. 2013; Tingay et al. 2013), LOFAR
(LOw Frequency ARray, van Haarlem et al. 2013) and the
upcoming SKA (Square Kilometer Array, Dewdney et al.
2013). These telescopes will not only allow one to reach sig-
nificantly lower noise levels, but they will also provide the
good uv-coverage at short baselines needed to detect ex-
tended diffuse emission in clusters.

In summary, our results highlight the need for addi-
tional deep observations of clusters to better understand the
faint end of the bimodal P1.4GHz versus thermal property
correlations, and that many of the clusters in the upper-
limit region may indeed host faint radio halos.
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sano R., Fabian A. C., Röttgering H. J. A., 2014, MNRAS,
444, L44
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Main take home point: the upgraded JVLA has enabled a breakthrough in radio 
astronomy for many fields, including clusters of galaxies.  
 

à New JVLA observations of Perseus reveal that mini-halos are not uniform, 
diffuse structures, see Gendron-Marsolais et al. 2017, arXiv: 1701.03791. 

à Mini-halos appear to be reaccelerated both by sloshing motions of the hot 
intracluster medium (= turbulence from mergers) and by mechanisms related 
to the BCG and its jets (= turbulence from AGN?).  

 
à  Plasma physics (giant Kelvin-Helmholtz instability in Perseus?), see arXiv: 

1705.00011. 
 
à  Population of extremely faint radio halos/relics, as seen in A2146 (no 

longer a merger mystery), see arXiv: 1708.03641. 

Julie Hlavacek-Larrondo, juliehl@astro.umontreal.ca 

Take-Home Points 



Gendron-Marsolais,	Hlavacek-Larrondo	et	al.	2017	(see	arXiv	1701.03791).	



D. Sijbring & A.G. de Bruyn: Multifrequency radio continuum observations of head-tail galaxies in the Perseus cluster 903

Fig. 1. a (upper) Total intensity distribution of the radio galaxy

NGC 1265 at 49 cm uncorrected for primary beam response. The con-

tour levels are−0.8 (dashed), 0.8, 1.5, 2.5, 5, 8, 15, 25, 50, 80, 150, 250,

500 and 800 mJy/beam. The greyscales represent values of 0.8, 2.5,

8, 150 and 500 mJy/beam. The maps are not primary beam corrected.

The primary beam response is 0.80. The small filaments connecting

to the strong point source (3C 83.1A) south-east of NGC 1265 are

instrumental artifacts. b (lower) Same as a at 92 cm. The contour lev-

els are −4 (dashed), 4, 8, 15, 25, 40, 80, 150, 250, 400, 800, 1500

and 2500 mJy/beam. The greyscales represent values of 4, 25, 80, 800

and 2500 mJy/beam. The primary beam response is 0.97. The shaded

ellipses in the lower left corners indicate the FWHM of the beams.

Fig. 1. c Outline of the head-tail radio source associated with

NGC 1265, where we have indicated the direction along which the

total intensity and spectral index profiles in Fig. 2 run (the thick solid

line). Also indicated are five positions, A–E, at which local conditions

in the tail are determined in the text. The positions of 3 other galaxies

are indicated by open squares. Positions B1 and F are discussed in

Sect. 4.1 and Sect. 3.2(a)

a) NGC 1265 (3C 83.1B)

The contour maps at 49 and 92 cm are shown in Fig. 1(a)
and 1(b), respectively. The previous suspected extension to the
radio tail from the northern part to the east (Gisler and Miley
1979) is clearly visible and has turned into a complex structure
appearing to bend by almost 360◦. There is a remarkably sharp
decrease in brightness between the bright part of the tail and
the faint, newly discovered part of the tail. We have plotted the
logarithm of the change of brightness along the tail in Fig. 2
(top). The flux density was primary beam corrected and inte-
grated perpendicular to the direction of the tail. The direction
along the tail is indicated in Fig. 1(c) by the thick solid line. For
the 92 and 49 cm data the same resolution of 51′′ × 77′′ was
used.

The two maxima near the head of the tail at 49 cm corre-
spond to the positions of a transition from collimated jets to an
expanded, swept-back tail (O’Dea and Owen 1986). The total
projected length of the tail is 1.1 Mpc for the adopted distance of
100 Mpc, which makes it one of the longest head-tail sources
known. When smoothed to the same beamsize of 51′′ × 77′′,
the morphologies of the 49 and 92 cm data are almost indistin-
guishable.

In the 92 cm image we detect weak emission in front of
the head of the radio source (i.e. south of NGC 1265). The peak
intensity, 15 mJy, is about 10 times the noise level. The dynamic
range in the image is so high that we have no doubt about the
reality of this feature. Because we detect no emission from this
feature in the 49 cm map, when smoothed to the same resolution
as the 92 cm map (S49 < 3σ = 2.5 mJy), the spectral index in

 
NGC 1265 (Narrow Angle Tail Source) 

Sijbring et al. 1998: 325 MHz 
Beam = 51’’x77’’ 

Gendron-M. et al. 2017 : 230-470 MHz 
Beam = 22’’x11’’ (5 times deeper). 

8 kpc width 
(resolved with 
A-config)  



Perseus; X-ray from Fabian et al. 2011 

à X-ray cavities in Perseus cluster: excellent for studying how relativistic 
particles age. 

à New JVLA facilities at low frequencies (230-470MHz).  

  
 
 
 
 

Perseus: 250 hours with Chandra + 235 MHz GMRT contours  

 
The importance of AGN feedback in clusters 
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Collage	of	clusters	with	mini-halos;	Credit:	ARL/JHL-L.	


