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law CRe energy distribution ranging from thermal energies to 2. A2256

those relevant for the synchrotron emission may require an Nearby cluster(z= 0.05§ A2256 contains a plethora of
unphysical ac_:celeratlc_)n @‘ien_cy at _the .S.hOCk front anql thus complex radio sources;. see Figdreahe cluster has one of the
cannot explain the high radio luminosities ob"served N SOMEichest varieties of radio structures of any known cly&sdle
relics (e.g., Brunetti & Jone£014 Vazza & Bruggen2014_ & Fomalont1976 Bridle et al.1979 Rottgering et al1994
Vazzg et al2013 Botteon.et aI2020§)._Therefor.e, the man — cjarke & Ensslin2006 Brentjens2008 van Weeren et al.
remaining debate regarding the origin of relics is Whether2009a Kale & Dwarakanati?01Q van Weeren et aR012h
preacceleratiorfi.e., a population of mildly relativistic fossil e et al.2014 Trasatti et al.2019. One of the most
electronyis needed to explain the origin of at least some re"CS-intriguing radio sources in theeld is the large, complex
In the reacceleration scenarihe shock front reaccelerates lamentary relic(R), which shows many long p’ronounced

electrons via DSA from an esting population of mildly laments stretching across its entire strucii@een et al.
relativistic electrons (Markevitch et al. 2005 Kang & 2014, making it unlike other known relics.

Ryu 201. There are a few examples that appear 1o Show @ The relic shows a high degree of polarization and large-scale
connection between lobes of active galactic nU@a&N); i.e., magnetic eld ordering, as well as sigmiant rotation measure
they provide evidence that the shock fronts reaccelerate the CR&RM) uctuationgOwen et al2014 Ozawa et al2015. The

of a fossil populatiorfe.g., Bonafede et 8014 Shimwell etal. el is the one notable exception, as it shows a spectral index

2015 van Weeren et aR017a Stuardi et al2019 HyeongHan  of ahout 0.85+ 0.01(van Weeren et aR012h Trasatti et al.
et al. 2020. This mechanism alleviates the @ency problem 2015 between 63 MHz and 1.4 GHz. Moreover, a break in the

(e.g., Kang et aR012 Pinzke et al2013. If the fossil population  spectrum above 1.4 GHz has also been repdgftetsatti et al.
is homogeneously distributed throughout the relic or the shock2015.

Mach number is strong, the reacceleration scenario also predicts a |n DSA test-particle approximation, the shock strength is
power-law spectrum. However, if the fossil plasma in the ICM is constant in the cooling time of the CRe relevant for the
not continuously distributed, a high-frequency spectral steepeningbservation. The integrated spectral index;) is then 0.5

in the overall spectrum is expected. steeper than the injection indéxiy),
In the shock compression model, relics are produced by B 05 B
adiabatic compression of fossil radio plasma by the passage of int nj e (9

a shock front in the ICMEnRin & Gopal-Krishn@200)). This ~ The majority of relics follow this approximation. Theat

model predicts a spectral break at high frequencies, since thgpecira| index of the relic in A2256 is one of the few examples

compression cannot bOOSt eleg:trons at very hlgh_energles. dwhere the observations are in clear discord with the shock
Radio relics often display an irregular surface brightness, an Lcceleration model. However, previous studien Weeren

recent high-resolution observations provided evidencenef ) -
Iamentsgon various scales. for instar?ce in A2ZB6en et al. et al.2012h Trasatti et al2015 of the integrated spectrum of

2014, 1RXSJ0603.84214 (aka the Toothbrush relic: the relic in. A225§ were not performed. with matching
Rajpurohit et al2018 20200, CIZA J2242.8 5301 (aka the uwcoverage (i.e., different ranges of spatial scales were

Sausage relic; Di Gennaro et 2018, A2255 (Botteon et al. recovered at different frequendgiesTherefore, it remains
20200, and MACS J0717:63745(van Weeren et aR017h). unclear whether the spectrum of the relic steepens above
The origin of these lamentary structures is unknown. 1.4 GHz or not. Recently, it has been found that the integrated

In this paper, we present the results of deep low-frequencyspectra of the ToothbrugRajpurohit et al20203 and Sausage
radio observations of the galaxy cluster A2256 with the (Loi et al. 2021 relics both follow a close power law between
upgraded Giant Metrewave Radio Telesc@i@MRT) and the 150 MHz and 18.6 GHz and have spectral indices steeper than
new LOw-Frequency ARrafLOFAR; van Haarlem et al. 1, contrary to previous claim@troe et al2016 Kierdorf
2013 High Band AntenngHBA; E. Osinga et al. 2022, in 4 al.2017.
preparation These observations were mainly undertaken 10 Tpe clyster is also known to host a steep-spectrum radio halo
provide higher-resolution radio images of the relic in A2256, 5nd several complex radio sour¢asB, C, F1, F2, F3, and)
thus aIIowing us to study the exceptiona}l radio emission in gae Figurel for labeling (Rottgering et al1994 Clarke &
more detail than had been done previously over a largegnss|in2006 Brentjens2008 Intema et al2009 van Weeren
frequency coverage. We also use the archival Karl G. Janskyt al. 20094 2012h Owen et al2014.

Very Large Array(VLA) in theL and S bands. At X-ray wavelengths, the cluster is luminogsx o1

The main aim of this paper is to study the origin of the large ,, ,, .. = 3.7x 10*ergs Y, Ebeling et al1998. Recent X-ray
relic in A2256. We attempt to test shock acceleration modelsstydies provide evidence forve X-ray surface brightness
for this relic. We also aim tond whether there is a high-  discontinuities: three cold fronts and two shock frdBieuer
frequency spectral break in the integrated spectrum betweet al.202Q Ge et al2020. One of the shock fronts, which has a
144 MHz and 3 GHz. The question of whether or not such aMach number% 1.26 0.06 is aetected to the northwest
spectral break exists is essential, since it sheds light on thef the large reli¢Ge et al2020. However, there is an offset of
mechanisms that generate radio relics. Detailed spectrahbout 150 kpc between the relic emission at 1.5 GHz and the
analysis allows us to distinguish between different modelsdetected X-ray densittemperature jump.

(shock acceleration and reaccelergtion Optical studies of the galaxy distribution reveal that the

The layout of this paper is as follows. In Sectidnwe cluster consists of three separate compor({@&esington et al.
present an overview of the observations and data reduction2002 Miller et al. 2003. Both optical and X-ray observations
The new radio images are presented in Sectiorhe results provide strong evidence that A2256 is undergoing a merger
obtained with the spectral analysis are described inevent between a main cluster component, a major subcompo-
Sectionss.1-5.9, followed by a summary in Sectidh nent, and a third infalling groufBriel et al. 1991, Briel &
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Figure 1. The uGMRT(550-850 MH2 and Chandra 0-2.0 keV band X-ray overlay of the galaxy cluster A2256. The intensity in red shows the radio emission
observed with uGMRT Band 4 at a central frequency of 675 MHz. The intensity in blue shows Chandra X-ray emission smooffegitosgie shows a large relic
(R) with complex laments on various scales, as well as numerous other features. The image properties are givef (ViEgble

Henry 1994 Berrington et al2002 Sun et al.2002 Miller Bands4 and 3, respectively. In Talle we summarize the

et al.2003 Ge et al.2020. observational details. Sources 3C 48 and 3C 286 were included
Throughout this paper, we adopt at CDM cosmology as ux calibrators.
with Ho= 69.6 km s*Mpc *, .= 0.286, and = 0.714. The wideband GMRT data were processed using the Source

At the clusters redshift, 1 corresponds to a physical scale of Peeling and Atmospheric Modelig§PANMIntema et al2009,
1.13 kpc. All output images are in the J2000 coordinate systermmpipeline>® The SPAMpipeline performs automated rounds of
and corrected for primary beam attenuation. both direction-independent and direction-dependent calibration
and imaging, as well as radio frequency interferefiREl)
) ] agging. For details about the main data reduction steps, we
3. Observations and Data Reduction refer to Rajpurohit et a{20214. In summary, the ux densities
3.1. UGMRT of the primary calibrators were set according to Scaife & Heald
. ) ) (2012. Following ux density scale calibration, the data were
Object A2256 was observed with the UGMRT in Band4 ayeraged, agged, and corrected for the bandpass. To correct
(project code 36_0Q&nd Band Jproject code 39_039using
the GMRT Wideband Backer(G&WB). The observations were
carried out on 2019 September 9 and 2020 November 20 in™ http7/ www.intema.nldoku.php?ie huibintemaspampipeline

3
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Table 1
Observational Overview: uUGMRT, LOFAR, and VLA Observations

UGMRT Band 3 UGMRT Band 4 LOFAR HBA VLA LBand VLA SBand
Frequency range 36800 MHz 556950 MHz 126169 MHz 12 GHz 24 GHz
Channel width 97 kHz 49 kHz 12.2 kHz 1 MHz 2 MHz
No. of spw 1 1 16 16
No. of channels 4096 4096 64 64
On-source time 10 hr 8 hr 16 hr 24 hr 6 hr
LASY 1920 1020 3°8 970 490

Notes.Full Stokes polarization information was recorded for the uGMRT Band 4 andLVar#d Shands.

& For data reduction of the LOFAR 144 MHz observations, we refer to E. Osinga(2022, in preparation
® Archival VLA L- andSband data.

¢ Spectral window.

d Largest angular scale that can be recovered with the mentioned observations.

Table 2
Image Properties
Name Restoring Beam Robust uvCut uvTaper rms Noise
Parameter Jy beam?
IM1 6 x6 0.5 0.1k L 97
LOFAR IM2 10 x 10 0.5 0.1k 10 110
IM3 20 x 20 0.5 0.1k 16 191
IM4 3 x3 0.6 L 7
IM5 5 x5 0.0 L 4
UGMRT Band 4 IM6 6x 6 0.5 0.1k 3 9
IM7 10 x 10 0.5 0.1k 10 12
IM8 20 x 20 0.0 L 15 18
IM9 8 x 8 0.2 L 36
UGMRT Band 3 IM10 10x 10 0.5 0.1k 10 34
IM11 20 x 20 0.0 L 15 81
IM12 5 x5 0.0 L 4 6
IM13 6 x6 0.5 0.1k 3 8
VLA Lband IM14 10x 10 0.5 0.1k 10 8
IM15 20 x 20 0.0 L 15 11
VLA Sband IM16 6 x 6 0.0 L 5
IM17 10 x 10 0.5 0.1k 10 9

Note.Imaging was always performed WSCLEANsing multiscale and with the Briggs weighting scheme.

the phase gains of the targetid, we started from a global sky 3.3. VLA

model obtained with the GMRT narrowband data. To produce We reduced VLA archival- andSband data obtained with

deep, full continuum images, the calibrated subbands were . . ; .
combined. The nal deconvolution was performed in wideband receivers. These observations wesepresented in

WSClean (Offringa et al. 2014 using multiscale and Owen et al.(2014 and Ozawa et al(2013. The L-band

; Rt : . observations were taken in ABCD caqurations (project
Briggs weighting with robust parameter 0; see Ta&ble codes 10B-154 and 12B-1p@nd the S band in the C

con guration (project code 13A131). For observational
32 LOFAR details, see Tablé. All four polarization product¢RR, RL,
LR, and LL) were recorded. In thd. band, for each

The cluster was observed with the LOFAR HBA in 2018 and con guration, 3C 48 was included as the primary calibrator
2019. The A2256 eld was covered in two different observing and observed for-80 minutes at the start of the observing run
sessions (project codes LC9 008 and LT10)10These or, in some cases, at the end. In ®®and, 3C 286 was a
observations were conducted in HBA dual inner mode. A primary calibrator. The radio source J180®28 was included
detailed description of the observations, data reductionas a phase calibrator for bo andL-band observations.
procedure, and images will be provided in E. Osinga et al. The data were calibrated and imaged with the Common
(2022, in preparatign To summarize, data reduction and Astronomy Software Application§CASAMcMullin et al.
calibration was performed with the LoTSS DR2 pipe(ih@sse 2007 package. Data obtained from different observing runs
et al. 2027 followed by a nal “extractior self-calibratiof were calibrated separately but in the same manner. fdte
schemgvan Weeren et ak027). step of data reduction consisted of Hanning smoothing of the
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data. The data were then inspected for RFI, and the affectedrequency by Owen et a2014. Our uGMRT images resolve
data were agged usingfcrop mode from the agdata them for the rst time at frequencies below 1 GHz. The
task. Low-amplitude RFI wasagged usingAOFlagger UGMRT Band 4 (550-850 MH2 image of the relic looks
(Offringa et al.2010. Following agging, we determined and remarkably similar to the high-frequency2IGHz VLA image.
applied elevation-dependent gain tables and antenna offsethe relic consists of two main bright regions, namely, R1
positions. Next, we corrected for the bandpass using the(northern paijt and R2 (southern pa)t which consist of
calibrator 3C 48. This preventagging of good data due tothe  lamentary structures and regions of diffuse emission. At a
bandpass roll-off at the edges of the spectral windows. resolution of 3, most of the individual laments are resolved in
We used thé& andL-band 3C 48, 3C 286, and 3C 138 models both axegFigure?2). The width of the twistedlong lament
provided by theCASAsoftware package and set thex density connecting the R1 and R2 regions varies fromt& 9.8,
scale according to Perley & ButlP013. An initial phase corresponding to a physicdprojectedl scale of 5.7 and
calibration was performed using both of the calibrators over a fewl1.1 kpc, respectively. We detect at least 44 compact faint
channels per spectral window. We corrected for the parallel-handsinrelated sources embedded within the relic at 675 MHz.
(RR and LL) antenna delays and determined the bandpass response To compare the morphology of the relic at signtly high
using the calibrator 3C 48. Applying the bandpass and delayresolution, in Figure3, we show the radio maps at different
solutions, we proceeded with theiry calibration for the primary  frequencies, namely, 350 MH{B resolution, 675MHz (5
calibrators. All relevat calibration solutions were then applied to resolutio), 1.5 GHz (5 resolution, and 3 GHz(6 resolution).
the target eld. For all different observing runs, the resulting These images were created using Briggs weighting and
calibrated data were averaged by a factor of 4 in frequency perobust = 0. Since the rms level decreases with high values of
spectral window. therobust parameter, this allows us to also detect low surface
brightness emission. At the [Bvel, we measure a largest linear
3.4. Flux Density Scale size (LLS) of 0.7 Mpc, 1 Mpc, and 1.1 kpc at 3 GHz, 1.5 GHz,
and 675 MHz, respectively. The entire relic covers an area of
11.1a 6.5d4.7a 8.8&pndl&7a 914t 3 Ghz, 1.5 GHz, and
675 MHz, respectively. Therefore, a large extension of the
emission is detected at lower frequencies, typical for radio relics,
where the emission generally steepens with distance frofrethe
acceleration regions.
To emphasize the radio emission on a different spatial scale,
we also created images at moderate resol\fiér) using uv
tapering; see Tablg for imaging parameters. The resulting

The overall ux scale for all observation§LOFAR,
UGMRT, and VLA was checked by comparing the spectra
of compact sources in theeld of view between 144 MHz and
4 GHz. The LOFAR HBA ux densities were found to be
slightly high. Therefore, we use a scaling factor of 0.83 to
correct the ux density scale of the LOFAR HBA maps.

The uncertainty in the ux density measurements was
estimated as

U f. 92 T2, 2 images at 14_4, .325, and 675 l\_/IHz and 1.5 GHz_ are shown in
6 V(1§ Meams(Tm} &) Figure 4. A distinct morphological structure visible in these
wheref is the absolute ux density calibration uncertaintg;is images is a low surface brightness arc-shaped structure to the

the ux density, /msiS the rms noise, anipeamds the number ~ €ast of the cluster, rst reported by Owen et a(2014 at
of beams. We assume absolutex density uncertainties of =2 GHz(see Figuret). The emission is mainly visible in low-
10% for UGMRT Band IChandra et al2004 and LOFAR resolution images. No feature is detected in the Chandra and

XMM-Newton X-ray imagegGe et al.2020 at that location.
0, 0,
data, 5% for UGMRT Band 4, and 2.5% for the VLA data. The arc-shaped feature is apparently connected to the large

relic, the central halo emission, and the source F. Based only on
the visual appearance, whether the connection between these

Our deep 3x 3 high-resolution uGMRT Band4 features is real or just in projection is not obvious.
(550-850 MH2 image of the cluster is shown in Figl2eThe In addition to the largelamentary relic, the cluster is known
image is created with Briggs weighting andbust = to host a radio halo and several complex radio galqBe€,

0.6 to resolve ne laments reported at high frequendi@sven F1, F2, F3, A, and)! In both the Band 3 and Band 4 images,
et al.2014. A high-resolution Band 3 imag&00-400 MH2) is we recovered these sources; see Figremnd 4. To the
shown in Figure3 (bottom left pandl Most of the laments are  southeast of the cluster is a linear structure, labeled as Al in
also detected at Band 3. In addition, the new sensitive UGMRTFigure 4. It is located at a projected distance of about 1 Mpc
observations show considerable low surface brightness emissiofitom the cluster center and was detected previously by Intema
spread throughout the re(iEigure3, left panels To facilitate the et al. (2009 and van Weeren et g20093. At 350 MHz, the
discussion, we label the sources in Figdifellowing van Weeren largest angular scal@AS) of the source is 403 corresp-
et al. (20093 and Owen et a2014. onding to a physical size of 455 kpc. We measurexadensity

Our new observations provide thest arcsecond-resolutign of 2.5+ 0.1 mJy at 675 MHz. The source is not detected at
i.e., 3—6) image of the cluster at frequencies below 1 GHz. 1-2 GHz. The physics of the halo emission, Al, curved-arc, and
Thanks to the wideband receivers, we reached an unpreceindividual radio galaxies will be presented in a subsequent
dented noise level of 4Jybeam® at a central frequency of paper(K. Rajpurohit et al. 2022, in preparatjon
675MHz, see Table2 for imaging parameters. To our
knowledge, this is the lowest noise level obtained so far with
the uGMRT in Band4. At Band 3300400 MH2, we 5. Analysis and Discussion
achieved a noise level of 28y beam? at 8 resolution.

The most prominent source in theld is the large relic that
is dominated by complexlaments on various scales; see  The origin of laments in the A2256 relic is still a mystery.
Figure 2. These laments were rst discovered at high High-resolution radio observations of some other radio relics

4. Results: Continuum Images

5.1. Filamentary Structures

5
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Figure 2. High-resolution uGMRT(550-950 MH2) image of the relic in A2256. This image shows the spectacldementary relic and several complex radio

galaxies. The image is created with Briggs weighting usshgst = 0.6. The beam size is indicated in the bottom left corner of the image. The image properties
are given in Tabl@ (IM4).

also show the presence of enigmatic kiloparsec-sdafeen- relativistic plasma is affected by projection effects. The
tary structures in the form of threads, twisted ribbons, andobserved laments could be substructures of a complex shock
bristles, for example, in the ToothbrugRajpurohit et al. front, possibly highlighting the underlying distribution of Mach
2018 20200, Sausage(Di Gennaro et al.2018, and numbergHong et al2015 Roh et al2019 Wittor et al.2019
MACS J701# 35 (van Weeren et aR017h relics. However, Dominguez-Fernandez et @020 and a range of electron
the relic in A2256 shows many long, pronounced, complex acceleration eftiencies by shock acceleratigwittor et al.
laments stretching across the entire relic. Interestingly, similar017. Conversely, they can rect a pattern of uctuations in
complex but rather small-scaldaments are observed in the the magnetic eld strength and topology at the corrugated
“brusi region of the Toothbrush reli¢Rajpurohit et al. surface of a shock. The MHD turbulence can also produce
2018 2020h. It could be that the laments found in the sheetlike largelamentge.g., Ji et al2016 Vazza et al2018
Toothbrush are large, similar to the A2256 relic, but because itDominguez-Fernandez et @019. Alternatively, the patchy,
is seen edge-on, we only see the ends of taments. sheetlike laments could be regions containing preexisting
It is challenging to understand the nature ddmentary populations of relativistic plasma and magnetads, e.g.,
structures in relics, since the geométopology of the from AGN, where the magneticelds are stretched and
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Figure 3. High-resolution images of the A225@Id showing remarkablelamentary relic emission from 300 MHz to 3 G, top left; 5, top right; 8, bottom
left; 6 , bottom righ}. The known large lamentary relic emission and other complex radio galaxies indldeare recovered in our new uUGMRT observations. The

color map uses square-root scaling to enhance faint radio surface brightness structures. The beam size is indicated in the bottom left coags. dffeaghage
properties are given in TabE(IM5, IM12, IM9, and IM18§.

advected by ICM motions, including the passage of shocksturbulent ICM. They found complex synchrotron emission
(EnBlin & Gopal-Krishn&001). Owen et al(2014 proposed substructures within the simulated relic, compatible with the
that the lamentary relic in A2256 is produced by a large-scale idea that merger shock waves, sweeping through a realistically
current sheet sitting at the boundary between two magnetidurbulent ICM, can naturally produce numerous complex
domains. Magnetic reconnection in such current sheets could lamentary structures in relics. The morphology of those
accelerate particles to high enerdi@sio et al.2016. laments depends on the strength of the shock and the
Advanced numerical modeling has recently provided new, upstream turbulence; a strong shock produces a more extended
important clues to the possible dynamics of suelments. For  turbulent magnetic region, which in turn results in bright and
example, Dominguez-Fernandez et @020 recently per- elongated lamentary synchrotron emission, while a low Mach
formed high-resolution three-dimensional MHD simulations of number shock is found to produce less disrupted patterns. In
merger shock waves propagating through a magnetized anthis scenario, the complexaments in the A2256 relic can thus

7
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Figure 4. Low-resolution(20 ) LOFAR 144 MHz (top left; E. Osinga et al. 2022, in preparajionGMRT Band 3(top right; 306400 MH2, uGMRT Band 4
(bottom left; 556850 MH2), and VLA L-band(bottom right; £2 GH2) images of A2256 in square-root scale showing the central halo emission, Al, AG, AH, and
curved arc-shapedament to the east. The beam size is indicated in the bottom left corner of each image. The image properties are gi@iMBT&4lEL, IM8,

and IM15.

be produced by nonuniform distribution of Mach numbers in a We perform a careful integrated spectral analysis of the relic in
shock front that is propagating through a magnetized and moreA2256. Thanks to the LOFAR, uGMRT and VLA and S
turbulent ICM. In addition, the presence of sigrEint RM band data, we can study, for thest time, the spectral index
variations (Owen et al.2014 across the relic favors the distribution(averaged and spatially resolyeatross the relic in
hypothesis that the medium is turbulent at the location of thegreat detail over a large frequency range.
relic. Accurate ux density measurements of extended surface
brightness sources with interferometers are challenging for
several reasongl) missing shortivdistances, due to which the

ux of the extended structures géatssolved out, (2) different

The knowledge of the integrated radio spectra of relics isuvcoverage of telescope$3) different weighting schemes,

vital to understanding the particle acceleration at shock frontsdifferent resolutions, and improper deconvolution; Ayl

5.2. Integrated Spectrum

8






The Astrophysical Journal, 927:80(21pp, 2022 March 1 Rajpurohit et al.

We argue that there is no offset between the radio relic and the radio emission extends to the location of a shock detected
X-ray—detected shock. in X-rays. Unlike previous claims, ounding suggests

that there is no offset between the relic and the shock

detected in X-rays.

6. Summary and Conclusions ) ) .
y In conclusion, our new high-resolution and broadband

_In this work, we have presented thest deep wideband,  campaign of observation yields a consistent view of the radio
high-resolution, low-frequency UGMRT and LOFAR radio relic in A2256. The complexities of the detectddment and
observations of the famous galaxy cluster A2256. Previoussybstructures are understood in terms of a typical merger
studies of the cluster at frequencies below 1 GHz have beernock-wave propagation through a more turbulent, magnetized,

limited by their poor resolution and sparsecoverage. Our  ang dynamically active ICM. We suggest that the relic surface
new UGMRT and LOFAR(120-169 MHZ observations, in ynderiines the  distribution of Mach numbers. The highest

combination with the archival VLA- and S-band(1-4 GH2)
observations, provide crucial insights into the origin of the
large relic. We summarize our maindings as follows.

1.

. The northern part of the rel{R1) shows clear gradients

. The radio colercolor diagrams reveal a complex

values of this Mach distribution lead tatter spectra of the
injected electrons. As a consequence, the observed radio
emission is dominated by the high tail of the Mach distribution,
Our new images comm the existence of complex Wwhich dominates the injection of electrons and thus the
lamentary structures in the A2256 relic down to observed radio emission. If the above picture is correct, the
300 MHz. The relic emission appears more extendedradio relic in A2256 might not be particularly exceptional
toward low frequencies. We also detect the large halocompared to most of the radio relics in the literature. However,
emission at the cluster center. through a favorable combination of inclination of the shock

. Using our high-sensitivity radio observations, we con- along the line of sight and timing of the merger event, only in

strained the integrated radio spectrum of the radio relic. A2256 can we have such a clear view of the shock surface.
The overall spectra of the entire relic and subregiBis

and R3J closely follow a single power law between K.R., F.V., and M. Brienza acknowledgeancial support
144 MHz and 3 GHz. We do notnd any evidence of  from ERC starting graftMAGCOW’ No. 714196. R.J.v.W.
low-frequency spectral steepening of the relic emissionand A. Botteon acknowledge support from the VIDI research
below 3 GHz. program with project No. 639.042.729, which isanced by

. For the relic, we nd an integrated spectral index of the Netherlands Organization for ScientResearcfNWO).

= 1.07+ 0.02, which is signicantly steeper than all  D.w. is funded by Deutsche ForschungsgemeinsqB#G,
previously reported values. Oundings indicate that the  German Research Foundajiei#1694982. A.B., C.J.R., E.B.,
relic in A2256 follows the stationary state shock and C.S. acknowledge support from the ERC through grant
condition like other well-known radio relics. Our analysis ERC-Stg DRANOEL No. 714245. W.F. acknowledges support
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and constructed by ASTRON. It has observing, data proces-
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owned by various partiggach with their own funding sourges
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observed spectral shape suggests that R1 is seen edg&€ienti ¢ policy. The ILT resources have beted from the
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