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26 Galaxy clusters are known to harbour magnetic field, however, the extent of the influence of the intra-

cluster magnetic field on the cluster member galaxies remains an unresolved question. Intra-cluster ma-

gentic field can be observed as density contact discontinuity formed by cool and dense plasma running into

hot ambient plasma1, 2, and this exist in the central region of a merging galaxy cluster Abell 33763. Here we

report on unambiguous evidence of an interaction between the relativistic electrons and intra-cluster mag-

netic fields from MeerKAT4, 5 observations of a radio galaxy MRC 0600-399, having bent jets. Contrary

to typical bent jets6, 7, the jet shows a 90
◦

bend at the contact discontinuity and the collimated jet further

extends over 100 kpc from the bend point. The spectral index flattens downstream of the bend point, indi-

cating cosmic-ray re-acceleration. High-resolution numerical simulations reveal that the ordered magnetic

field along the discontinuity, at which the intra-cluster magnetic field can be compressed and amplified,

plays a significant role to the change in the direction of the jet propagation. The overall morphology of the

bent jet bears remarkable similarities with the simulations, which greatly strengthens our understanding

of the interaction between relativistic electrons and intra-cluster magnetic field.

27

Galaxy clusters, which consist of galaxies, hot, tenuous, and magnetized plasma (intra-cluster medium:28

ICM), and dark matter, are the largest celestial objects in the Universe8, 9. In hierarchical structure29

formation, the growth of galaxy clusters results in accretion and the merger of sub-halos, this leads to30



shock waves which heat up the plasma, disturb its motion, and accelerate cosmic-rays10. Shock waves in31

the ICM are also formed by active galactic nucleus (AGN) jets from radio galaxies in clusters. Thus, galaxy32

clusters are an ideal celestial laboratory to study plasma physics, an example of which is wide-angle tail33

(WAT) radio galaxies6, 7. WAT sources commonly exhibit (i) diffuse plume-like structure at the terminal34

point of the jet, and (ii) jet bending following the motion of the source. Another example is the so-called35

cold front, a density contact discontinuity of the ICM1, 2. A cold front is formed by cooled and dense gas36

moving in a hotter ambient gas11. Such a motion naturally strips the gas by ram pressure12 and damps37

or amplifies magnetic fields13. Since their discovery, WAT sources and cold fronts have been the focus38

of many studies to understand their origins, interaction with the ICM, and the nature of the intra-cluster39

magnetic field12, 14–16. Recently, NGC 4869 in the coma group observed by GMRT was reported as a40

possible jet-cold front interaction because it shows a correlation with X-ray intensity and a flat spectral41

index after a sharp bent of 70
◦17. However, they did not point out the importance of magnetic fields to42

form the bent jet.43

Abell 3376 (Hereafter A3376) is a late-phase violent merging cluster showing a Mpc-scale elongated44

X-ray morphology in the east-west direction with a comet-like structure in the central region. Previous45

X-ray studies3 revealed the presence of a cold front in front of the 2nd brightest cluster galaxy MRC46

0600-39918 and the presence of shock structures at the outskirts of the cluster. Weak lensing observations47

have revealed the presence of two massive sub-clusters in the eastern and western parts of the cluster48

and support that this is a high-mass ratio merger (MW/ME = 3.3+2.0
−3.0)19. However, the observed mass49

ratio may be lower than the actual mass ratio because numerical simulations suggested that A3376 has a50

mass-ratio of 1:1020. Previous radio observations21, 22 detected the bent radio jets from MRC 0600-399.51

Contrary to the typical WAT sources, the jets bend in the same direction with respect to the sub-cluster’s52

motion. In other words, the jets propagate against the ram pressure. Due to the limited angular resolution53

in the previous observations, the origin of this unique structure remains a mystery. Combining our radio54

interferometric observations with X-ray observations and numerical simulations, we unveiled detailed55

structure and formation mechanism of MRC 0600-399.56

MRC 0600-399 was observed at the center frequency of 1.28 GHz with MeerKAT to investigate the57

detailed morphology. Fig. 1 shows the MeerKAT image of 200 kpc radius around the central region58

of A3376. There are two prominent radio galaxies - MRC 0600-399 and galaxy B. The magenta-cross59

indicates the position of an optical source associated with MRC 0600-399, which is the 2nd brightest60

cluster galaxy of A337618. The yellow-diamond indicates another optical source associated with galaxy61

B which is a D-type elliptical member galaxy of A3376. Galaxy B shows a two-sided jet that is gently62

bent and the terminal region of the southern jet has a plume-like structure, implying that galaxy B is a63

WAT source. The detailed structures of galaxy B are identified for the first time with the high-dynamic64

range observation with MeerKAT. MRC 0600-399 also shows two-sided bent jets, but the collimated65

structures continue to the east direction over ∼ 100 kpc and ∼ 50 kpc for the northern and southern jets,66

respectively, beyond the bend points. The bend points refer to the locations (north and south of MRC67

0600-399) where the direction of the jet bends 90
◦

to the east as indicated with red dashed circles in Fig. 1.68

The radio fluxes of the jets (especially the northern jet) drastically decreases before the bend points. There69

are also diffuse faint structures in the opposite (west) direction to the bent jets. We will refer to these as70

the “double-scythe”. Moreover, at the southern boundary of the northern bent jet, some diffuse filaments71

are resolved for the first time. These filaments appear faint compared to the rest of the emission, but are72

detected at well above the noise and indicated real structure related to the northern jet. These features are73

very unusual for typical WAT sources. We confirmed that there is no other radio galaxy overlapping with74

MRC 0600-399 and causing the “double-scythe” structure, thus, its certainly associated with jets of MRC75

0600-399.76
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To understand the nature of MRC 0600-399, we made a spectral index map from the MeerKAT data77

(Fig. 2 A). The frequency range is from 909 MHz to 1658 MHz, and spectral indices are calculated only78

for the pixels at which the intensities are higher than 3 times of total intensity root-mean-square (rms)79

noise levels at all frequencies. We derived the detailed spectral structures of MRC 0600-399. Fig. 2 (B)80

show one dimensional profiles of the spectral index and flux density along the bent jets. We divided the81

northern jet into three parts (N1, N2, and N3), and the southern jet into two parts (S1 and S2) based on82

their properties. The spectral index values gradually decrease in N1 and S1 starting from MRC 0600-399.83

The spectral index decrement across 49 kpc (7 open circles) is ∼ 0.76 for N1, and across 25 kpc (4 open84

circles) is ∼ 0.44 for S1. The trend then drastically changes and these values become fairly constant in N285

and S2, suggesting re-acceleration of relativistic electrons. Finally, these values again decrease in N3 with86

the decrement of ∼ 0.69 across 30 kpc (6 open circles). The flux density values show a similar trend with87

the spectral indices in each part. The flux densities of the radio emission of the jets gradually decreases,88

and in the bend regions, the flux densities increase clearly. It implies an interaction with surrounding89

medium around the band points.90

Fig. 3 (A) shows the X-ray emission from the ICM with MeerKAT radio emission overlaid on it as91

contours. Across the northern bent jet (N2 and N3), the X-ray surface brightness gets dimmer. The radial92

surface brightness profile across the northern bent jet (Fig. 3 A insert) suggests a clear discontinuity, which93

we interpret as a cold front. Intriguingly, radio emission shows a peak just outside the cold front, where the94

X-ray surface brightness slightly deviate from the expected values. This is an indication of the presence of95

a plasma depletion layer due to intra-cluster magnetic field23. From earlier numerical simulations24–26,96

thick magnetic-field layers around cold fronts can be formed. Indeed, some observational evidence of97

amplified magnetic field across cold fronts has been reported2, 27. All observational evidence and previous98

numerical simulations point toward an interaction between jets and intra-cluster magnetic field along99

the cold front. This unusual radio morphology is ascribed to (partly re-accelerated) relativistic electrons100

traveling along the magnetic fields of jets and the ICM over 150 kpc.101

In order to understand the jet bending quantitatively, we performed three-dimensional magneto-102

hydrodynamic (MHD) simulations of the interaction between the jet and the intra-cluster magnetic field103

using the CANS+ code28. We adopted an arch-shape magnetic field to reproduce the magnetic layer of104

the cold fronts. A jet launched from MRC 0600-399 travels straight with supersonic speed and hits the105

magnetic arch. After that, the motion of the jet across the arch is suppressed due to the arch’s magnetic106

tension, and the flow escapes along with the magnetic arch particularly toward the east direction because107

the tension against the flow is weaker due to the field inclination with respect to the jet injection direction;108

see Fig. 3 (B) at the elapsed time of 68 Myr from the time of interaction of the jet with the magnetic109

arch. The escaped flow has a sharp “double-scythe" shape because the Kelven-Helmholtz instability is110

suppressed by the strong arch magnetic-fields. The strong fields also produce a backflow of the jet. The111

backflow collides with the incoming jet and reduce its momentum, resulting in turbulence. As a result, the112

jet width reaches ten times the initial size around the bend point.113

The synchrotron radio image made with our simulation data successfully reproduce major characteristic114

features of the northern jet (Fig.3 C). Firstly, at the bent point, the simulation shows a "double-scythe"115

shape. Particularly, the eastern emission, which is produced by the majority of the escaped flow, have a116

close resemblance to the MeerKAT image, while the emission at the western area is more diffuse because117

of the presence of less gas along this direction. Secondly, the location of radio emission relative to the118

X-ray profile is qualitatively consistent with the observed one (see Fig. 3 C insert). Thirdly, the simulation119

reproduces the profile of the radio flux across N1 to N2. As for the southern jet, there are a handful of120

consistencies such as the “double-scythe” structure and an enhancement of radio flux at the bend point,121

suggesting the existence of another cold front and the interaction between the jet and ordered magnetic122
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fields. Meanwhile, the simulation shows a more smoothed arc-like structure at the tip of the jet. This123

difference could be due to the projection effect for a different viewing angle of the jet and/or more complex124

structure of magnetic fields which is not considered in our simple setup.125

Our MHD simulation reproduced a 50 kpc long eastern scythe of the northern jet, while the observed126

emission extends up to 100 kpc from the bend point. This difference suggests that there may be some127

aspects of the plasma which are not considered in our simulations. One notable non-ideal MHD effect128

is thermal conduction. Although we do not know an actual thermal conductivity for the ICM, 10% of129

Spitzer thermal conduction value29 introduces a heat transfer up to ∼70 kpc for 70 Myr. Diffusion of130

charged particles across magnetic field tends to be suppressed and the conduction could effectively work131

for the direction along the ordered magnetic field, which is expected to lie along the cold front due to132

compression and stretch25, 26, 30. Such anisotropic propagation of charged particles qualitatively explains133

the collimated structure. Another possibility is the decoupling between cosmic-rays and thermal plasma.134

Assuming that the cosmic-ray streaming velocity is of the order of the Alfven velocity, they move with a135

speed of 1000−5000 km/s for several tens of µG. This speed is 2 – 10 times faster than the speed of the136

jet flow along the cold front. The synchrotron cooling time of the relativistic electrons responsible for137

1 GHz radio emission is ∼ 6 Myr for 50 µG for instance. The corresponding propagation distance is 30138

– 50 kpc, broadly consistent with the scythe size from the magnetic reconnection layer where the large139

current density exists (Fig. 3 D). Relativistic electrons are bounded by the ordered magnetic field along140

the cold front, so that they naturally explain the collimated structure along the field.141

Our simulations indicate that the current sheet is generated at the contact area between the jet and142

magnetic field layer (Fig. 3 D) once the jet collides with the cold front. This suggests that magnetic energy143

can be efficiently converted to the energy of cosmic-rays at N2 via magnetic reconnection and in-situ144

particle (re-)acceleration should occur there. Actually, the decrement of the spectral index, i.e. aging of145

relativistic electrons, halts at N2 (Fig. 2 B). Then, the spectral index and radio flux decrease again at N3.146

It is likely that we are observing active transportation of the cosmic-ray particles which were generated147

and/or re-accelerated by magnetic reconnection through the ordered magnetic field in the cold front.148

Finally, we summarize our new findings in Fig. 4. We report the bending of the jets of MRC 0600-399149

due to their interactions with compressed intra-cluster magnetic filed (cold front). The “double-scythe”150

structures are formed by the relativistic electrons, both the physical plasma flows and the re-accelerated151

particles by magnetic reconnection. Our results highlight the role of intra-cluster magnetic field in the152

evolution of radio galaxies in the clusters. In the near future, wide-field observations of LOFAR, ASKAP,153

MeerKAT and SKA are expected to provide various evidence of the interaction between jets and the154

intra-cluster magnetic field, similar to the case of MRC 0600-399 reported in this Letter. These results155

will allow us discuss the magnetic energy stored in galaxy clusters, the coherent length of the magnetic156

field, thermal conduction, re-acceleration and transport process of cosmic particles. This means that the157

"double-scythe jets" become an ideal celestial laboratory to study plasma physics.158

Methods159

We assume that Hubble’s constant H0 = 70 km s−1 Mpc−1, the density parameter for mass ΩM = 0.27160

and for dark energy ΩΛ = 0.73, which gives 54.5 kpc/arcmin at z = 0.046. Unless otherwise stated, the161

errors correspond to 68% confidence for each parameter.162

MeerKAT L-band observations and data reduction163

Abell 3376 East was observed with 60 antennas of the MeerKAT array4, 5 on 1 June, 2019 (Project ID:164

SCI-20190418-JC-01) at L-band (856 MHz to 1712 MHz). The MeerKAT array, located in the Northern165
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Karoo desert of South Africa, is made up of 64 13.5-m “offset Gregorian” parabolic dish antennas. 48 of166

the 64 antennas are located in the inner core (within 1 km radius) providing the shortest baseline of 29 m,167

while the other 16 antennas are spread outside the core up to a maximum baseline of 8 km. Thus, MeeKAT168

is capable of recovering a wide range (5′′ to 27′) of angular scales at the central frequency of 1283 MHz.169

The primary flux and bandpass calibrator was fixed to J0408-6545 (the total intensity, I = 17 Jy at170

1283 MHz). J0616-3456 (I = 3.1 Jy at 1283 MHz, and 5.7o from the phase tracking center of Abell 3376171

East) was used as the secondary gain calibrator. During the observations, we performed four 10-minute172

scans of the primary calibrator, we scanned the secondary calibrator for every two minutes after the scan173

of the target. The flux, bandpass, and gain calibrations were reliably done with these bright calibrators.174

The data correlation was done with the SKARAB correlator31 in 4k mode with 856 MHz bandwidth,175

4096 channels of ∼209 kHz per channel. Then, we have reduced the data with the semi-automated176

MeerKAT data analysis pipelines - OXKAT1.177

OXKAT is a semi-automatic pipeline (developed by Ian Heywood) used for MeerKAT data reduction178

and employs a collection of publicly available radio interferometry data flagging, calibration and imaging179

software packages. In the flagging process, the known radio frequency interference (RFI) channels,180

856 MHz to 880 MHz, 1658 MHz to 1800 MHz, and 1419.8 MHz to 1421.3 MHz, are unexceptionally181

flagged out. Then, other possible RFIs are flagged using the autoflagger tricolour for the calibrators and by182

using AOFlagger32 for the target fields. OXKAT pipeline uses the customary tasks from the CASA33 suite183

for cross-calibration.184

To deconvolve and image the target data, the WSClean imager34 with Briggs weighting and a robust185

parameter of −0.3 was used, with the multi-scale and wide-band deconvolution algorithms enabled to186

better allow imaging diffuse emission present in the our fields. Deconvolution was performed in ten187

sub-band images of each 107 MHz wide-band. WSClean generates the multi-frequency synthesis (MFS)188

map (full bandwidth map), in joined-channel deconvolution mode, has central frequency of 1283 MHz.189

OXKAT pipeline uses the customary tasks from the Cubical software35 for self-calibration.190

We achieved synthesized beam of 5′′.8×5′′.5 and the rms noise level is 4.2 µJy beam−1 in the MFS191

image. The center frequency of the sub-band images are 909, 1016, 1123, 1230, 1337, 1444, 1551, and192

1658 MHz. To derive the spectral index map (Fig. 2 B), we smoothed the resolutions of the sub-band193

images to the resolution (9′′.5×8′′.5) of 909 MHz sub-band image using CASA "imsmooth” task.194

XMM-Newton observation and Surface brightness profile analysis195

The radio galaxy was observed with EPIC instruments on the XMM-Newton X-ray observatory at 2003196

(OBSID: 0151900101). The data was reduced with the science analysis system (SAS) and extended197

source analysis software (ESAS) packages, following the processing described in3. The tools emchain and198

epchain were used to create the reduced EPIC-MOS and pn event files, respectively. Light curves were199

extracted with 100s bins and screened for background flares with mos-filter and pn-filter. The cleaned200

exposure time for two MOS and pn data are 18.5 ks and 18.5 ks, respectively. The events with PATTERN201

values greater than 12 (MOS)/4 (pn) and non-zero FLAG values were excluded. The point sources with202

flux > 4×10−14 erg/s/cm2 were excluded from the image. The resultant 0.5–2.0 keV X-ray image was203

shown in Fig. 3 (A).204

To investigate correlation with the bended radio emission, we fit the X-ray surface brightness profile

1https://ascl.net/code/v/2627
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with Proffit36. To model the observed profile, we used an underlying broken power-law density model:

n(r) =



















Cn0

(

r

redge

)−α1

, r ≤ redge

n0

(

r

redge

)−α2

, r > redge .

(1)

where α , redge, n0 and C represent the slope of the profile, the location of the density jump, the normal-205

ization constant and compression factor (density ratio), respectively. The subscripts 1, 2 denote inside206

and outside of the edge of the density jump. The density model profile is projected into the line of sight207

assuming spherical geometry within the extraction sector.208

We fit the surface brightness profile in the annular shown in Fig. 3 (A). The opening angles 60◦–120◦209

centered on (6:02:13.014,-39:56:56.58) were selected to cover the bended jet structure. The extracted210

surface brightness profile was radially binned to obtain SNR > 7. The observed profile was well reproduced211

with above model with χ2 = 93.2 for 83 d.o.f (∆χ = 1.1). The observed and the best-fitted model profiles212

are shown in Fig. 3 (A) insert. We find a surface brightness break across the region where the jet bends213

almost 90◦. The resultant density jump (C = 1.6±0.1) is comparable to the previous report on the tip214

of the sub-cluster (C=1.8±0.23). Since the presence of the cold front was confirmed at the tip of the215

sub-cluster, it is natural to consider the observed density jump is an extension of the cold front.216

Numerical Simulation217

A cold front is just a contact discontinuity and hence it has been thought that it does not significantly218

affect the jet dynamics. Thus, few studies have focused on the interaction between jets and a cold front.219

Meanwhile, the results of both X-ray observations and magnetohydrodynamic (MHD) simulation suggest220

ordered magnetic fields, whose strength can be a several tens of µG, near the front. If the energy of221

ordered fields are comparable the kinetic energy of radio jets, the jets should be bent by the Maxwell222

stress. In this paper, we focus mainly on the jet bending process by jet-cold front interaction. The original223

idea of bending jet by misaligned magnetic field was proposed by Koide and collaborators37.224

To study the interaction between jet and a magnetic layer behind cold front, we have conducted three225

dimensional MHD simulations using CANS+ code28. The units of length, velocity, density, pressure,226

temperature, and time in our simulations are r0 = 2 kpc,v0 = 1000 km s−1,ρ0 = 5×10−27 cm−3, p0 = 3×227

10−11 erg cm−3,kT0 = 4 keV, and t0 = 2.4 Myr respectively. We use the Cartesian domain (−78r0,78r0)×228

(0,96r0)× (−31.5r0,31.5r0) and uniform grids, whose size is ∆x = ∆y = ∆z = 0.15 r0. Here, the y229

direction is aligned with jet axis. We impose a zero-gradient boundaries on all the sides of the box.230

To mimic a magnetic layer of a cold front, we set a magnetic arch as follow:

Bθ (r) = B0 +B1 sin{(r− rs)π/w}, Br = Bz = 0, (2)

where r =
√

x2 + y2, B0 = 3 µG, B1 = 60 µG, rs = 55r0, w = 15r0, respectively. ICM have a constant

density, ρICM = ρ0, and ICM pressure profile is determined by the equilibrium condition:

p(r) = p(r = 0)−
B2

θ (r)

8π
−

∫ r

0

B2
θ (r)

4πr
dr, (3)

where p(r = 0) = 5p0.231

The jet is injected at (x,y,z) = (30r0,0,0), with a radius, rjet = 1.5r0. The density, pressure, and232

velocity of injected flow are ρjet = 0.01ρ0, pjet = 5p0, and vy,jet = 1.5
√

γ pjet/ρjet, respectively. Therefore,233
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the jet thermal and kinetic energies are about 3.7×1044 erg s−1 and 6.8×1044 erg s−1, respectively. Jet234

injection continues during simulation time.235

We use a passive tracer function, f (x,y,z, t), which is injected with the jet to divide it from that of the236

ICM. The tracer function have initially zero value elsewhere. To clarify the distribution of jet plasma after237

the interaction, the tracer function takes the values of 1.0 in the injected region after 100 Myr.238

We model the radio by integrating the emissivity along the line of sight. The synchrotron emissivity,

dropping physical constants, are then give by38

εsy = NB
1
2 (α+1)

⊥ , (4)

where N,B⊥,α = 0.5 is the number density of relativistic electrons and the magnetic field perpendicular239

to the projection of the sky, and the power-law synchrotron spectral index, respectively. We model the240

population of relativistic electrons via the factor f p. Thus, we do not take into account for energy gain or241

loss processes and transportation process, such as diffusion and/or streaming.242

We also calculate X-ray surface brightness to investigate correlation between radio jets and a location

of cold front. Although the 0.5 - 2.0 KeV X-ray emissivity is roughly proportional to n2
e , we set a

uniform ICM in our simulation. Therefore, we factorize the density as ne = ne,background × (ρ/ρ0)
39. Here,

ne,background is the background density profile, and we adopt the β -model:

ne,background(r) =







Cn0 {1+(r/rc)}
−3β/2 , r ≤ redge

n0 {1+(r/rc)}
−3β/2 , r > redge ,

(5)

where r =
√

x2 + y2 + z2, C = 1.6,n0 = 10−3 cm−3, rc = 25 kpc,redge = 110 kpc, respectively. redge is243

the location of cold front assuming that the edge of magnetic layer.244
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Figure 1. MeerKAT image of the total intensity at the center frequency of 1.28 GHz. The beam size is

shown in bottom-left corner, 5.80 × 5.48 arcsec2. The magenta cross point indicates the position of the

2nd brightest cluster galaxy in optical band associated with MRC 0600-399. MRC 0600-399 has jets

which are bent 90 degree to the east, and continue to the east direction while keeping their collimated

shapes. The arrows show the “double-scythe” structures, while the red dashed circles show the bend

points. The yellow diamond point shows the position of optical source associated with galaxy B. Galaxy

B has also a two-sided jet, but they bend gently and the southern jet has a plume-like structure at the tail.

We determined the distance and the length of the scale bar on the basis of the values of the Hubble’s

constant = 70 km s−1 Mpc−1 and the redshift z=0.046.
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Figure 2. (A) Spectral index map derived from the radio datasets at 909-1658 MHz. Pixels with

intensities below three times of total intensity rms levels are blanked. Black circles on MRC 0600-399

indicate the regions in which the spectral index and flux density values are calculated and shown in

bottom plots. The ellipse at bottom-left corner is the image resolution of 9.50 × 8.50 arcsec2. (B) Plots of

spectral indices (blue) and flux densities (red) of the regions at the northern (top) and southern (bottom)

jets. The horizontal axes show the region numbers. Each region 1 of the northern and southern jets is

above and below the boundary line respectively, shown in the spectral index map with a blue-dashed line.

The blue-solid lines are the results of linear fitting of spectral indices in N1 and S1.
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Figure 3. (A) XMM-Newton 0.5–2.0 keV band image with MeerKAT radio contours.The cyan arcs

indicate the location of the cold front3. The solid cyan is this work. The red sector represent where the

surface brightness was extracted. (A insert) Radial surface brightness profile of XMM-Newton data in

0.5–2.0 keV band across the northern bended radio emission. The blue solid and orange dashed lines

represent the best-fit model of X-ray surface brightness profile and a radial profile of MeerKAT 1.28 GHz

emission. At the peak of the radio emission (r ∼ 1.2′), there is an indication of a dip in the X-ray radial

profile which may suggest the presence of the strong magnetic pressure. (B) The 3D volume rendering of

the absolute velocity for our MHD simulations at t = 168Myr. Yellow lines show the variation of

magnetic fields from initial fields, δB = B(t = 168 Myr)−B(t = 0). The box size is

234 kpc×198 kpc×126 kpc. (C) The projection plot shows the integrated synchrotron emissivity along

a line of sight n̂ = (0.06,0.71,−0.64) at t = 168 Myr. The cyan sector represent where the surface

brightness was extracted. (C insert) The white solid and dashed lines represent the X-ray surface

brightness and the radio intensity profile. (D) The color map (sliced from 3D data at z = 0 ) shows the

z-component of current density, Jz = (∇×B)z at t = 168 Myr.
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Figure 4. A schematic drawing to summarize of our findings both of the observations and numerical

simulation. As a galaxy cluster moving within the hot plasma sweep the intercluster magnetic fields, the

magnetic field compresses along the contact discontinuity, forming a magnetic layer. AGN jet ejected

from the member galaxy of the cluster receives a ram pressure by proper motion. As MRC 0600-399 is

the BCG, ram pressure does not work on their jets. When the jet terminal region reaches the magnetic

layer on the cold front, the jet flow diverges along with the magnetic layer, called the “double-scythe”

structure. Because the magnetic field in the AGN jet reconnects the magnetic layer, non-thermal particles

accelerated by the magnetic reconnection propagate along with the magnetic layer. These particles emit

synchrotron radiation. The north part of the jet locates on the rim of the cold front, while the south one

hits it on the plan.
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Figures

Figure 1

MeerKAT image of the total intensity at the center frequency of 1.28 GHz. The beam size is shown in
bottom-left corner, 5.80 × 5.48 arcsec2. The magenta cross point indicates the position of the 2nd
brightest cluster galaxy in optical band associated with MRC 0600-399. MRC 0600-399 has jets which are
bent 90 degree to the east, and continue to the east direction while keeping their collimated shapes. The
arrows show the “double-scythe” structures, while the red dashed circles show the bend points. The
yellow diamond point shows the position of optical source associated with galaxy B. Galaxy B has also a
two-sided jet, but they bend gently and the southern jet has a plume-like structure at the tail. We
determined the distance and the length of the scale bar on the basis of the values of the Hubble’s
constant = 70 km s−1 Mpc−1 and the redshift z=0.046.



Figure 2

(A) Spectral index map derived from the radio datasets at 909-1658 MHz. Pixels with intensities below
three times of total intensity rms levels are blanked. Black circles on MRC 0600-399 indicate the regions
in which the spectral index and �ux density values are calculated and shown in bottom plots. The ellipse
at bottom-left corner is the image resolution of 9.50 × 8.50 arcsec2. (B) Plots of spectral indices (blue)
and �ux densities (red) of the regions at the northern (top) and southern (bottom) jets. The horizontal
axes show the region numbers. Each region 1 of the northern and southern jets is above and below the
boundary line respectively, shown in the spectral index map with a blue-dashed line. The blue-solid lines
are the results of linear �tting of spectral indices in N1 and S1.



Figure 3

(A) XMM-Newton 0.5–2.0 keV band image with MeerKAT radio contours.The cyan arcs indicate the
location of the cold front3. The solid cyan is this work. The red sector represent where the surface
brightness was extracted. (A insert) Radial surface brightness pro�le of XMM-Newton data in 0.5–2.0 keV
band across the northern bended radio emission. The blue solid and orange dashed lines represent the
best-�t model of X-ray surface brightness pro�le and a radial pro�le of MeerKAT 1.28 GHz emission. At
the peak of the radio emission (r  1.2), there is an indication of a dip in the X-ray radial pro�le which
may suggest the presence of the strong magnetic pressure. (B) The 3D volume rendering of the absolute
velocity for our MHD simulations at t = 168Myr. Yellow lines show the variation of magnetic �elds from
initial �elds, δ B = B(t = 168 Myr) −B(t = 0). The box size is 234 kpc × 198 kpc × 126 kpc. (C) The
projection plot shows the integrated synchrotron emissivity along a line of sight nˆ = (0.06,0.71,−0.64) at
t = 168 Myr. The cyan sector represent where the surface brightness was extracted. (C insert) The white



solid and dashed lines represent the X-ray surface brightness and the radio intensity pro�le. (D) The color
map (sliced from 3D data at z = 0 ) shows the z-component of current density, Jz = (×B)z at t = 168 Myr.

Figure 4

A schematic drawing to summarize of our �ndings both of the observations and numerical simulation. As
a galaxy cluster moving within the hot plasma sweep the intercluster magnetic �elds, the magnetic �eld
compresses along the contact discontinuity, forming a magnetic layer. AGN jet ejected from the member
galaxy of the cluster receives a ram pressure by proper motion. As MRC 0600-399 is the BCG, ram
pressure does not work on their jets. When the jet terminal region reaches the magnetic layer on the cold
front, the jet �ow diverges along with the magnetic layer, called the “double-scythe” structure. Because the
magnetic �eld in the AGN jet reconnects the magnetic layer, non-thermal particles accelerated by the
magnetic reconnection propagate along with the magnetic layer. These particles emit synchrotron
radiation. The north part of the jet locates on the rim of the cold front, while the south one hits it on the
plan.
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