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The Cluster Bermuda-Triangle

ampfcaton/ \do emission

acceleration
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Where are we ?
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transport koefficient

~0.1*v,, *L

turbulence (IGM/ICM)
=> radio emission
Burbidge 1958 (!!
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Problem 1: Origin of B

Origin

Stellar (Biermann) battery Battery + dynamo

~ P rl m O rd I a.l i ﬁrs;“"“ in first AG;S (z=57)
° B atte ry Stellar d+ynamus JT
 Dynamo (Turbulence ia +

Crab-like remnants
I

Extended radio lobes

o Stars ?

10° remnants in - Formation of disc

o S u p e r n Ovae ayoung grﬁar_\-* Sfrom infalling matter
"contaminated" by
. . radio lobe
Galactic Winds Vs
21077 G "seed field"
* AGNSs, Jets

° ShOCkS Rees 1994
+ further amplification bystructure formation

- dissipation ?
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Problem 2: Turbulence

Observed turbulece in clusters:(see talk by de Pl?a})), ..
Ddiff = 0.1 x Uturb X )\turb 9 vturb(l) X )\Euib)

Schuecker et al.-2004.
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Problem 2: Turbulence

Simulations:Simulated turbulece in clusters (I):

r<0.1Ry
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o
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(o2}

60 .
130 135 140 145 150 155 14.7 148 149 150 151 152 153 134 136 138 140 142 144 146
log Total Mass[Mo/h] Mass[M_sol] 109(Merg [M sudd

Dolag et al. 2005 / Vazza et al. 2006 Vazza et al. 2010 lapichino et al. 2009/2010

Dolag et al. 2005 (see also lapichino et al. 2008/2009, Varah 2006/2009/2010, ...)
Need to distinguisiulk andturbulent motions.

= strongly depend on operational definitions !
Origin (in cosmological context):

* Behind shocks (mostly beyond core radius)
* Passage of gas rich substructure (whole cluster)
* Passage of dm substructure (mostly cluster core)
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Problem 2: Turbulence

Simulated turbulece in clusters (l1):
(Dolag et al 2005, Vazza et al 2009, Maier et al 2009, ...)

SPH (Gadget)
AMR (Enzo)
SGS (Fearless)
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0.001 0.01
k=1/x, kpc~!
see talk by I.Zhuravleva
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Problem 3: Low B

Please

(numbers are from private communication)
Cluster| Piormal B?/8n| 3
Coma | 1.02e-10 1.63e-12 1.6
A2255 | 5.016e-11 2.487e-13 0.5
A400 |1.927e-11 1.681e-12 8.7
Al119 3.63e-11 1.204e-12 3.3
A2382 | 1.21e-11 3.581e-13 3.0

Note on Turbulence:
10% (Observed, Coma)
10-20% (Simulations)
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Problem 3: Low B

Observed B In clusters:(Bonafede et al. 2010, ...)
B(r) = By (14 (r/re)?) ™", |Bil? o< k™, (Kmins Fmax)

02:00.0 13:00:00.0 58:00.0 12:56:00.0

Rightascension  ponafede et al. 2010 = = . 13/20 6
14 11 —Dn.



Problem 3: Low B

B(r) = By (14 (r/re)?) ™", |Bil? o< k™, (Kmins Fmax)

o S(dx,dy) = <[RM($, y) — RM (x + dx,y + dy)]2>
o A(dx,dy) = (RM(x,y) x RM(x + dx,y + dy))

<| MDscale ? <O-RM>scale

= constrains on magnetic field strength !

14/3/2011 =0pD. 6



Problem 3: Low B

B(r) = By (14 (r/re)?) ™", |Bil? o< k™, (Kmins Fmax)

= A655Inferred outer scale450 kpC(Vacca etal.
e Depolarization indicates truncation at small scales !

= No fluctuations at scales below (.1 — .5) kpc !

Govoni et al. 2010, Vacca et al. 2010, Guidetti et al. 201d@ede et al. 2010, Guidetti et al.
2008, Govoni et al. 2006, Laing et al. 2006, Vogt & Ensslin20durgia et al. 2004,
Ennslin & Vogt 2003, ... , Tribble 1991.
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Problem 3: Low B

- *T> 7keV
oT> T7keV -

+T< 4keV - “T< 4keV
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Govoni et al. 2010

e Combination of RM measured in many clusters.
e How doesE scale with cluster temperature ?
e Magnetic Field in Radio quiet/active clusters ?




Cluster wide

* Dolag & Ensslin 2000
] } ] Pfromer et al. 2007 s

LOg[L[osz 4]keV erg/s]

_ tron em connected to
eventsperiferal emission directly connected thocks

. Turbulence, shocks, secondary ?

Feretti 1999

e Relics Primary from shocks or compressed radio plasma ?

4/3/2011 =p. 7



The Big Picture

AMR (Enzo)

Amplitude, km/s
—
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0.01

see talk by I.Zhuravleva

3/

see talk by I.Zhuravleva

MHD Simulations

10-8 | |

Bonafede et al. 2011
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Cluster MHD simulations
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g676_130x_u.avi
Media File (video/avi)


Cluster MHD simulations

- 684 Mpc > *468.4 Mpc
7 . 'é ,
’
- . ¢

. %
..

Observation Simulation

“*Zoomed” cluster simulationoiag & stasyszyn 200 Movie: u,v

14/3/2011=0p0. 9



Cluster MHD simulations

_.. I Pakmor & Dolag 2006

— .. DoubleRes

Simulation 0

Simulation
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Dolag et al. 2002
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Kuchar & Ensslin 2009

Magnetic field power spectra: predictions vs. observations
See also Brliggen et al. 2005, Xu et al. 2009 RO 1 o



Magnetic Field buildup

Simulations on galaxy scales ...

t = 943 Myr

9000 Lj
N 1

S8
SV =

—-

o /
=
ez

M51 (Fletcher & Beck 200 and a simulation using the MHD
Implementation in Gadgekdtarba et al. 200).

14/3/2011 =p. 10



Magnetic Field buildup

Simulating the magnetic field amplification during galaxy
mergers like in the Antennae system. Final magnetic field
strength and field configuration in broad agreement with
observations.

[1=100%

6.011

4.524

3.038

1.501

S p i s i e S, S T

: 0.0835

log
Em
[1078g pe 7]

(Chyzy & Beck 2005 Kortarba et al. 2010)
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Magnetic Field buildup
Final magnetic field close to equipartition with turbuleetacity
component, largely independent of initial field values.

= Hierarchical buildup of magnetic field

B.=107% G first >
B,=107 ¢ encounter fit

B,=10"° G

-4
10" - B,=107 G
5 isol. By=10"° G
107° isol. B,=107° G /v[

107°

10710 .
0 200 400 600 800 1000 1200

t [Myr]

(Kortarba et al. 2010)



I\/Iagnetlc Field buildup
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Magnetic Field buildup

Smaller merger less efficient in driving turbulence.

galaxies

— MIMIO G9I9
———  MIMI15 G9I9
M1M20 G9I9
M1M50 G9I9
——— MIMI100 G9I9

2

(Geng et al., in prep)
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Magnetic Field buildup
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Soida et al., in prep.
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Magnetic Field buildup
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Kortarba et al. 2010

* Merging drives shocks, turbulence and star-formation
* Star-formation drives winds
* Winds transport out magnetic fields
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coll_bfld_IGM_vir_PDG.avi
Media File (video/avi)


Magnetic Field buildup

Mean magnetic field strength in the Simulation GAOQ
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Comparison of magnetic growth and simple expectation for
vy = 100km/s and\ = 25kpc.

A. Beck, diploma thesis
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Magnetic Field buildup

- galactic outflows

Seeding from galactic outflowsonnert et al. 2009)

14/3/2011 =p. 10



Magnetic Field buildup

?n..—r VN T ‘

: Ny T
dlpole (10x} dipole (1/10)

B

'Fquadrupole (10x)

Different wind parameter®onnert et al. 2009)
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Magnetic Field buildup

0.1 Dipole
——

M > 3+10" M,
All Haloes

Observations (see caption)

(l\‘—l
£
~
O
O
o
=
o

Eal

1000 3000 5000

— Galactic seedingmodels alsaeproduce observedRM
profile within galaxy clustergonnert et al. 2009)




Madgetic diffusion In clusters
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Madgetic diffusion In clusters

40272097 I 91657050
o

COMA: best fit
_.. COMA: 3 o profiles

94606589

COMA: best fit
_.. COMA: 3 o profiles

Subset of 4 Coma-like clusters with= 1.5,3,6 x 1027“cm?/s. (Bonafede et al. 2011) ... ..



Madgetic diffusion in clusters
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Madgetic diffusion in clusters

lllllll

COMA: best fit
Dianoga set
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Bonafede et al. 2011




Madgetic diffusion in clusters

I

1.0 : 2.0 .
Bonafede et al. 2011 Mv[lO Msolh ]

= Central B of 24 Coma-like galaxy clusters




Radio emission of cluster

= Solve Fokker-Planck equation for CRe population

% — a% (Dppg_z + H(p)n) — %t) + Q(2)

10% turbulent energy in fast mhd modes and reacceleration
by those only

Momentum Diffusion Coefficient

4
DPP X vturb/hsml/csound

cooling with inverse compton, synchrotron and
bremsstrahlung

See also Cassano & Brunetti 05, Brunetti & Lazarian 2007
1% CRp as seed for CRe (hadronic background)

Donnert et al. 2011
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Radio emission of cluster

ldealized 1:4 merger, solving Fokker-Planck equation for a
particles. (2X128. (Donnert et al. 2011)

14/3/2011 =p. 12



Radio emission of cluster

B77.81324 Myr 14178282 Myr 1857.8451 Myr

2737.8770 Myr

Synthetic radio emission, smoothed to coma observation by
Deiss et al. 1996 (right)ponnert et al. 2011)

14/3/2011 =p. 12



Radio emission of cluster

L 1 IIIIlI|

—-2’

O =— =2 5035

M core distance [7.41E+0Z kpn:]

Synchrotron P1l.4 GHz

—

Eturb @ 100kpc

1 I | 1 1 1 I 1 1 1 1
1.5 2,0
time [Gyr]

Evolution ofv,,1, (black), B (green) and?; 4 (red).

Donnert et al. 2011




Radio emission of cluster

1.23 Gyr
1.72 Gyr

0.100

0.010 2.70 Gyr

& Coma (Thierbach+ "03)

0.001
10’ 10° 10°
v [Hz]

Evolution of the spectrum of the radio emission and
the Lx-P1.4 relation (inlay)oonnert et al. 2011
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Conclusions
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Conclusions
ObservationskRM & Radio probes 1.G)

* Measurement of magnetic field power spectra
* Clear indication of magnetic field shape
* Indications for minimum/maximum length scale

Simulations (hydro):
* Motions within the ICM are unavoidable-(100 km/s)
* QOverall good agreement with (rare) observations
* Qverall good agreement between different simulations

Simulations (MHD):

* Overall good agreement with observed magnetic fields
* Detailed comparison reveal dissipative processes

Simulations (Radio Halo):

* Turbulent re-acceleration reproduce on/off and spectra
* Secondary floor emission at best at 10% level

14/3/2011 =p. 13
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