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Shocks (and cold fronts)

Bullet cluster: s8 A CF

(n,) :I > (ne)
’ >
7 r
kt A , KT
: [
2 \ . p :
Markevitch+02 P

r 5 r
Bd 4MSB

 OMZ5+3

Looking for SB (n,) and kT jumps { -

S 16MﬁT




Merger shocks in GCs’

Chandra

Before 2015

"a likely incomplete list,
additions are welcome!




Merger shocks in GCs’

Chandra Suzaku

Now

“a likely incomplete list, = e
additions are welcome! == XXMM



Radio relics

polarized sources found
in the outskirts of some GCs in a merging state
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Relic-shock connection:
* Position+morphology
* Spectral steepening

* Polarization

.. ..shocks are also observed!
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b : i Rotrgering+97 (Finoguenov+10, Bourdin+13, Akamatsu+Kawaharai3,
Shimwell+15, Eckert+16. Botteon+16, Akamatsu+17)




Origin of radio relics
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Diffusive shock acceleration (DSA)
* Similar to supernovae
Starts from thermal pool

| ‘ _ * Low acceleration efficiency
. . 2
it JeEE == ()z:j\\:(l{ti
M < 3 # M ~ 103 (Krymskii7z, Bell78, Drury83, Blandford+Eichler8y,
= Jones+Ellison91, Malkov+Druryot)
Re-acceleration Bonatedeis N
N #‘ v NW lllwe:
NE flament (s MY o
* Seed relativistic e required , \:\ :
N - .
* Works better for low Mach numbers b T,
* Still DSA, but different spectra e P
SE rilam;nt. ' | . ‘ -
(Markevitch+05, Kang+12,14,16, Pinzke+13, Caprioli+Spitkovsky14,
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Abell 115
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& Dinamically disturbed
& Off-axis merger

(Gutierrez+Krawczynskios, Barrena+07)

® Chandra 360 ks

Botteon et al. 2016, MNRAS, 460, L84-L88

& Giant radio relic (covoni+o

@ VLA @ 1.4 GHz
Resolution 15”7 x 14”

r.m.s. 70 yJy/beam (1o level)
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NOT consistent with

agreement between SB and kT jumps O—1-1=(Govoni-on)

L ( ) d ]- S V \If B : Acceleration
V) CUEES = U e efficienc
= 2 IO }77 B2 = _I_ B2 ff 2



The origin of the radio relic

DSA from the thermal pool is readily
ruled out by the relic spectrum...
Computing n_assuming p >p,

The RE-acceleration of seed e
provided by cluster radio galaxies
alleviates the requirement of
high acceleration efficiencies
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Acceleration efficiency

Downstream magnetic field



El Gordo NW radio rehc

Botteon et al. 2016, MNRAS, 463, 1534-1542

&
.0

llllllllllllllllll’

& Discovered by SZ sngnal (Marriage-+11)
& Complex merger state (Menanteau+10,12) '
0 =

& Halo and double relics &lndner+14) .
& Numerical simulations (Donnerti3, oInar+Broa@urst15, Ng+15, Zhang+15,18)




Strong shock & DSA

B <7 = 179753 keV

Encrgy (keV)

SB [counts s arcmin?]
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Other M > 3 shocks:

UPSTREAM
Markevitch+02
Dasadia+16

Constraints improved by
the limits on IC emission
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kT, > 6.1keV
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Relic spectrum a=1.37+0.20 M?+1

=
( (from 330 MHz to 610 MHz) M2-1

can not be ruled out in this case!
..entering in a different regime?

(Giacintucci+08, Akamatsu+15)

Acceleration efficiency

Downstream magnetic field



Efficiency in a sample

Cluster name A 2000 DECj2000

. : A2744 {_}..l.'?I 14\19
Recent discoveries of co-located (S5 005360 i
with radio relics made possible to Ars o 93

extend the study to a samplel! BuletCluster 065831 555649
A2146 55609 +662121
Sausage Cluster 224253 4530105
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M 500
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(arXiv:1907.00966)

0.308
0.197
0.870
0.253
0.046
0.225
0.296
0.247
0.234
0.192

Botteon et al., A&A submitted
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1, is computed assuming

the upper bound on the
shock Mach number

can not explain the
origin of the relics in
case of weak shocks



Search for new shocks

DM _,>5x10" M,
2) K > 30-50 keV cm’
3) > 40.000 - 50.000 cts @ 0.5-7.0 keV
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Botteon et al., 2018, MNRAS, 476, 5591-5620




Markevitch+00

Eckert+16

Russell+10,12




1) Unrelaxed
cluster

3) Edge-

Walk through

2) Thermo-
dynamical maps

ESanders+1 6a,b

4) Surface
— detection brightness
algorithms profiles
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New shocks and cold fronts

Cluster name o ( e Meap . T Nature |
Literature |
Botteon+18 |

Al1914

A2104

22 edges: 8 cold fronts and 8 uncertain

* Statistics of detected shocks and cold fronts in the ICM increased
* General agreement between the Mach numbers derived from kT and SB jumps
* All the shocks found have low Mach number (M < 2)




Summary

* When clusters collide, shocks happen
* Number of shocks increasing
* Merger shocks are responsible of radio relics

* Relic-shock connection in A115 & El Gordo eoueonican
* First constraints on the acceleration efficiency in a sample

of radio relics goueon:, sumisea
* DSA is not responsible of radio relics

* Detection of new shocks (and cold fronts) eoueons
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