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Virgo A (c274)
Flux: ~1700 Jy @ 100 MHz

Size (core): 5 kpc (17) . ) | ] R " .
Size (halo): 80 kpc (16) L B | FORR
BH mass: 6.4 1079 Mo S » RLEE TN .
Amorphous source y . . | 2 @ e :
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. | | ™ '
’ . . . . .
. .. - . . .
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Virgo A radio History: L et

Discovered by Bolton et al. (1949)

Extended emission found by Mills (1952) and Baade & Minkowski (1954) | . ’ ; .
Image at 74 MHz (Kassim et al. 1993) : g ,
Image at 10.55 GHz (Rottmann et al. 1996)
Image at 327 MHz (Owen et al. 2000)
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Detected with the Einstein Observatory by Fabricant et al. (1980)
Asimmetry in the gas distribution found by Feigelson et al. (1987) B .
Thermal spectrum detected with ROSAT by Boehringer at al (1995) .
Deep Chandra imaging made by Forman et al. (2007) and Million et al. (2010) . s
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Images from: http://www.astron.nl/~heald/lofarStatusMap.html
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The Observations
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Integrated flux — slope:-0.79
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M87

LBA maps:

Freq: 36 MHz
Beam: 73" x 58”
RMS: 0.2 Jy/beam

36 MHz
ZHW 8%

Freq: 48 MHz
Beam: 55" x 43”
RMS: 0.09 Jy/beam

Freq: 59 MHz
Beam: 55” x 36”
RMS: 0.08 Jy/beam

Freq: 71 MHz
Beam: 37" x 30”
RMS: 0.05 Jy/beam

59 MHz
ZHIW 1L
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M87
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LBA map:
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M87
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M87

HBA map:

RMS: 20 mjy/beam
Beam:21” x |5”
Dyn Range > 5000
Frequency: 140 MHz

NOTES:
* Imaging of the core with standard Clean algorithm

* Imaging of the extended emission with MS-clean

Easiern Arm

Filament

Bubbles

J2000 Right Ascension
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M87

Churazov et al. 2001

uplified thermal gas
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M87 - spectral index

Spectr’al index map Forman et al. (2007)
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JP Model
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10° .
10_1 :_ N . .".‘.. _:
\",\‘ .
>< . ~ < -
-} ~
E . S ~
10-2 _ S ~ - _
B | —  BF=5000 -
——  BF=4000
’ ,|| = BF=3000
107 Fl —  BF=2000 R
e | — BF=1000
BF=100
1 || =~ powerlaw -0.5
""" powerlaw -1.0
B 10'4 L L — ] L L — ] P | L L P PR | ——
10° 10" 10° 10° 10* 10°
Frequency [MHZz]
>» € 1

Thursday, 12 July 2012



Cl Model
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M87 - Core

Spectral index analysis:

30

e LOFAR-LBA @ 30-77 MHz
 LOFAR HBA @ | 15-162 MHz
e VLA @ 327 MHz

e VLA @ |.4-1.6 MHz
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Possible issues: 10t S
e Absolute flux scale
e UV-cov of different interferometers
0L
e Curvature dominated by a single frequency ]
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* Averaging of different parts of the source 10 10 rreq (k2] 10 10
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M87 - Macro regions
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e Cl (fixed 0x=-0.6) fails to fit the data

* Cl (free @) fits the data
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- break frequency of ~1.3 GHz
- halo age ~ 40 Myr (B=10 uG)
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M87 - Regions
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M87 - Regions

B = |4.3 uG
o P — 5.6e' I 2 dyn/cm”2
B — IO.S uG t= 7 I Myr
P — 3e' I 2 dyn/cm”2
t= 148 v — |B= 3w
P - 4.7e' I 2 dyn/cm”2
B=132 t=10.6 vy
P — 4.86- I 2 dyn/cm”2
£=10.1 wr 5 B=1II1.l
l P - 3.4e' I 2 dyn/cm”2
B =156 . : £= 13.1 e
P — 6.7e' I 2 dyn/cm”2 %
t= 9.0 Myr
Synchrotron ageing:
P . BO'5
ressure: t, = 1590

equipartition needs (B2 + B2) [(1+ 2) n)"?

k>1000, thermal
component, filling factor?

|/4 dynamical time (no momentum)

J2DOORRight Ascension

Equipartition: |

'k=.| _ B=124 ¢ B=13.1 B=137w

) Y Tln N IOO P= 4.26- I 2 dyn/cm”2 P= 4.7e' I 2 dyn/cm”2 P= 5'2e- | 2 dynfem”2
*D =20 kpc t=12.0 mr t=9.4 1, = 9.5 mr

* Filling factor = |
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M87 - Regions

B = |43 uG
[P =5.6e-12 gnecmm
t= 7.lw
— IB=13 .
P=47e-12 anemn
t = |06 Myr

J2000 Declination

Synchrotron ageing:
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Pressure:
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|/4 dynamical time (no momentum)

component, filling factor? | e e e 20°
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* Y Tln B IOO P = 4.26- I 2 dyn/cm”2 P = 5.26- I 2 dyn/cm”2
*D =20 kpc £=12.0 w, £=95,
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M87 - Models

Possible explanations for the low-freq steepening:

* Adiabatic expansion of plasmas at different ages (CIE model) — halo age ~ 40 Myr
e Plasma in a range of many different magnetic field strengths

e Spectrum intrinsically bended y ~ (V/B)*(1/2)

* The halo is a relic of a past activity (different injection slope)

Murgia et al. (1999), Blundell et al. (1999)

Discrepancy with dynamic time (~50 Myr):

* Mix of weak and strong magnetic fields (filamentary structure)
* |n situ re-acceleration

* Plasma flow along pre-existing channels

e Bubbles plasma has initial momentum: ~20 kpc in 15 Myr

Churazov et al. (2001), Blundell & Rowlings (2000), Owen et al. (2000), Brueggens et al. (2002)
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M87 - Jet Power

dU;q+ dV
_p_
dt 1Py

Assuming;
e R =35 kpc
* Jet power time independant

* p approximated with the surrounding medium
e Halo age: 40 Myr

Jet power: 6-10 e 44 erg/s

(from 10 to 100 times the X-ray luminosity of the cooling flow)

Eilek & Shore (1989), Owen et al. (2000), Matushita et al. 2002
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NGC4402

NG.C 456% 4 Ahzam m m m rm | m m m
NGC 4568 1238 36 >4 32 30 28 26 24 * NGC4407 -
JZ000 Right Ascension .
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VLA |.4 GHz

JZ2000 Right Ascension

HBA map: nwore:

) *Virgo A calibrated and uv-subtracted
RMS: 1.5 e -3 Jy/beam * Other strong sources uv-subtracted

Beam: 23" x |4” ¢ Data self-recalibrated in the direction of M84
Dyn Range; ~ 600 * Beam correction not included!
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VLA image: Laing et al. 201 |
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e RM synthesis
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e R RM synthesis

297 - 267-187.647610671 12.4063826717

50 -100  -50 0 50 100

00 -150
Faraday depth

RM source extractor

on 8 O peaks
outside FD %10

S..
oo™

in collaboration with Mike Bell

Thursday, 12 July 2012



RM synthesis
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Conclusions:

* Virgo A extended halo is an and living source
* Down to 25 MHz no previously unseen steep-spectrum features
were detected

* Steepening in the low-frequency end of the spectra can be
connected to of the plasma bubble
* Magnetic field strength =13 PG found in the flow regions, and of

=|0 PG in the halo regions
* Pressure generated by the plasma and the magnetic fields less than

what required to sustain the halo. Probably, plays a role
in sustaining the halo.
* Synchrotron ageing analysis provided a global of =40 Myr
e Estimate P=6—10e44 erg/s. 10 to 100 times higher than

the X-ray luminosity due to cooling flow
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were detected

* Steepening in the low-frequency end of the spectra can be
connected to of the plasma bubble
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in sustaining the halo.
* Synchrotron ageing analysis provided a global of =40 Myr
e Estimate P=6—10e44 erg/s. 10 to 100 times higher than

the X-ray luminosity due to cooling flow
e LOFAR is ready for science
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