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What is a cluster?

e 10 Msun
+ ICM

+ Galaxies

o + CRs & fields

DEC (J2000)

COSMIC RAYS



Plasma physical parameters

Thermal plasma: X-rays & Sunyaev-Zeldovich
e n~ 103to 10
e T~10%K ¢,~1500 km/s
e M.~ 0.2-0.5 (turbulence), 1-3 (shocks)
(continued driving from accretion)
Magnetic fields: Diffuse radio & Faraday Rotation
* B~0.1-3uG
e M,~ 20
e particle mfp ~ 1, ~ (0.3 kpc) (scale for acceleration)
e plasma 3~10-73, pressure ratio (thermal/magnetic)



Cluster Fields: (CR electrons)

probe scales ~1 kpc to 1 Mpc
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Questions, questions...

e Can we measure the strength and structure of
cluster magnetic fields?

large scales = driving
small scales 2 CRe acceleration

B fields -- for ICM, ; X"EmiiO" 5 Temperature

energetics/pressure small,
but important for

thermal conduction




Needed,
a magnetic guide...




Needed,
a magnetic guide...




Take home messages

Network of likely ICM weak shocks now becoming
visible 2 cwr» we mver Zo d@ﬁ@&g ZCN7

uG fields found >Mpc from centers, wide variety of
structures

2 whHA are The Freld and partic/e origns?

Faraday rotation & filaments in A2256, very large
scale fields (0.5 Mpc) in ICM
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Finding the halos (Mpc scales)

Abell 2255
Pizzo+

Abell 2256
Owen+14



Finding the halos (Mpc scales)
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High fields -- shortened lifetime,
requires faster acceleration

Low fields -- fainter, higher energy particles (IC loss)




Pushing the brightness limits
=pushing to lower fields =2 (single dish)

———— e ——

Abell 2319: GBT+XMM(-sub)+AMI Abell 539: GALFACTS + ROSAT
Farnsworth+

+ Lifetime problem! (magnetic field sweet spot, few uG)



More to come... GALFACTS
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GALFACTS 13,000 sq deg, 21cm, 3.4’: Imaging, Russ Taylor; Visualization, Jamie Farnes




Filling the ICM: Mpc scales

Field origins: primordial? pre-galactic? galactic? AGN?

active transport

HYDRA A:

X-ray: NASA/CXC/U.Waterloo/C.Kirkpatrick et al.;

Radio: NSF/NRAO/VLA; Lane et al., AJ, 123, 2985, 2002.
Optical: Canada-France-Hawaii-Telescope/DSS



Filling the cluster:
lots of AGN+ € what’s the history?

+ energy from continued accretion, mergers

A2255: Pizzo & de Bruyn

A2256: Forootaninia, Rudnick, Owen, in prep



The weak shock population
(perhaps down to M~1.5? AGN connection?)

- 300 kpcl

Pizzo+, inset Lamee+



uG fields in cluster outskirts
“Peripheral relics”

What do we expect to see?

GHz Radio [mJy]

1.4

S. Skillman+ 2012



uG fields in cluster outskirts

Challenges: Field origins/amplification
CRe origins/amplification S. Skillman+ 2012




Cluster Relic Radio Sources VLA 1.4GHz

Abell 13 Abell 85

Abell 133

A not quite random
collection of radio
relics (LR 6/15)




uG fields in cluster outskirts
“Peripheral relics”

R. Pizzo, G. de Bruyn 2011

Abell 2255




Abell 2256: Magnetic ropes?

VLA Observations: Abell 2256
(Owen, Rudnick, Eilek et al. 2014)




Abell 2256:
I\/Iagneticropes?

e |ocalized CRe
acceleration?

< o (filaments) > = flat
<o (diffuse)> = steep

1.2 0.8 -04

S-péctral Indéx.



Cluster Fields: (Thermal electrons)

e Radio galaxies in clusters have lower polarizations

Median polar flux distribution
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PN,
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Local effects or cluster-wide?

M 84

A2597: HST/WFPC2 (PCI, FAS0W-F702W)
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2015: Zhere are NO reliable clwster

Bonafede et al. 2010
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RM variations in Abell 2256
- results: no characteristic ARM

ARM=30 rad/m2







Structure Functions
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RELIC: 10- 500 kpc

500
oN
e
Q
@
O
=
Q
C
Z Q0
8 Q
-]
g o/ 9
=
A
Coherent field ~ 500 kpc
e not Galactic 29
i 5 50 500 5000
 not 10kpc as in cluster core Separation (kpc)

e evidence for large scale
ordering of ICM, at least local to relic?



Coming attractions

other exciting new surveys

ASKAP/APERTIF

4 29,

10/9/15 30



Take home messages

Network of likely ICM weak shocks now becoming
visible 2 cwr» we mver Zo d@ﬁ@&g ZCN7

uG fields found >Mpc from centers, wide variety of
structures

2 whHA are The Freld and partic/e origns?

Faraday rotation & filaments in A2256, very large
scale fields (0.5 Mpc) in ICM
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