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45.5 years of M31 ' observations
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Why M317?

Largest: spiral galaxy on sky (2°1 6°)

Good spatial resolution - achievable - with the
Effelsberg 100 -m telescope

High declination allows long observation sessions
Best-studied spiral galaxy

Exceptionally regular magnetic field structure
Prototype of a dynamo -generated magnetic field

M31 will determine the fate of the Milky Way



Firstradio - “image-* of:M31
158.5-MHz - Jodrell Bank
(Hanbury ' Brown & Hazard 1951)
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Fig. 4—Contours of radio-frequency flux observed near the source in Andromeda with a 2-degree
beam. (1 unit=r10"2%% watts[square metrefc.p.s. A=1-89 metres.)




M31 OBSERVATIONS WITH THE EFFELSBERG TELESCOPE

_ g . . oo Wavelength  Number
Observed Freq HPBW Area  TP/POL Noise Reference -

(year) (MHz) (aremin) (deg) (mJy/b) (cm)

- 8/1972 2695 3 scans Berkhuijsen, Wielebinski (1973)
36
- 10/1972- 2695 3.9x1.2 3.9/ Berkhuijsen, Wielebinski (1974) and 20
2/1973 Berkhuijsen (1977) %
11

8/1974 0.2 9/ Beck PhD (1979) 6

—_ WO DN =

9/1974- 8.8 5.0x1.5 ?/ Roberts et al. (1978) 3.6
11/1975 and Cram et al. (1980) HI-line

[N

8/1977 . Beck, Berkhuijsen, Wielebinski (1978)
Total
7x1. / 2/1. Beck, PhD (1979) and
8/1978 Beck, Berkhuijsen and
Wielebinski (1980)

6/1978 : ‘ 10x10 5/ Craeve et al. (1981) Most radio continuum

10/1973- 4850 2.7x1.0 A/~ Berkhuijsen, Wielebinski surveys of M31 were

1/1979 and Beck (1983) m ade Wlth the

- 1983 1750 2. 1.0x1.5 /4 1.0/0.5 Berkhuijsen, Beck, Graeve {1987) Effelsberg 100 -m teIeSCO pe

) /1953 1465 75 20x0.7 /+  0.05/0.025 Beck,

7/1992 VLA niosaic Berkhuijsen and
1993-1995 1400 9.2 5.0x5.0 /4 5.0/- Hoernes (1998)

i — ’ . ; s, i y STUDENTS INVOLVED
8/1996 1850 2. 2.5x1.2 /4 0.5/025 Berkhuijsen, Beck, Hoernes (2003)

7/1993 1860 ).2¢ 0.2x0.2 /4 0.075/0.068 VLA+Ef,

12/2005 8460 .28 0.2x0.2 0.055/0.048 Giessuebel PhD (2012) and
- 2001-2005 4850 2. 2.3x1.3 0.3/0.055 Giessuebel, Beck (2014) and
- 1999 8350 y 1.8x0.7 [+ 0.2/0.045  Berkhuijsen et al., in prep.

Name Year Comments

Rainer Beck 1976-1979
E— 0-10/2010 2615 ; 33x16  +/ 1.2/0.5  Muleahy, Master Thesis (2011) Gosiz Calla 1987198 WWeaterhoricauvng
and Berkhuijsen et al., in prep. Philipp HOO}'HCS 1994-1997 o
Christoph Nieten 1996-2001 CO Survey
Effi-Bonn  HI- Kerp et al. (2016) Rene Giessuebel — 2009-2012
HI Survey  line David Mulcahy 2010-2011




FIrst'scan:measurements:in Effelsberg: at11.1 cm
(Berkhuijsen . & Wielebinski< 1973)

o The observations
were made under good weather conditions in 1972,
August 7 and 8.
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Firstradio maps-from Effelsberg: at:11.1 cm:and.6.2:cm
(Berkhuijsen : etal. 1977~ & 1983)

Background
sources
subtracted
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First.detection of polarized-radio-emission in M31

Effelsberg: 1 1 . L. ‘¢ m - ( 4° kbodresolutionlk
Rainer Beck, PhD Thesis 1979
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Up to 45% polarized




First.detection of polarized-radio-emission in M31

Effelsberg: 11.1'cm
Beck et al. 1978, 1980

" Letter to the Editor

Detection of Polarised Radio Emission of M 31

R. Beck, Elly M. Berkhuijsen, and R. Wielebinski

Max-Planck-Institut fiir Radioastronomie, Auf dem Hiigel 69, D-5300 Bonn 1, Federal Republic of Germany

Received June 30, 1978

Abstract

Polarised emission of more than 20% at All cm
has been detected in several places in the south-
ern part of M31. Faraday rotation effects in our
Galaxy and in M31 appear to be small; it is sug-
gested that the magnetic field is aligned along
the arm.

Key words: alignment of magnetic field — gal-
axies — M31 — polarised radio emis-
sion

1. Introduction

Very little is known about the magnetic field
in M31. The scarce observations of optical po-
larisation from globular clusters (Hiltner, 1958)
show some evidence for a field parallel to the

Fig. 1 Observed field in M3l

Nature Vol. 283 17 January 1980

LETTERS

Distribution of
polarised radio emission in M31

Rainer Beck, Elly M. Berkhuijsen & Richard Wielebinski

Max-Planck-Institut fiir Radioastronomie, Bonn, FRG

The ratio of main beam brightness temperature T,(K) to the flux
density S(Jy) was found to be 2.3+0.1. 3C147 was used to
determine the spurious instrumental polarisation, which was
found to be highest at 2 arc min distance from the source with
~0.5% of the total emission.

Figure 1 shows the A1l.1cm polarisation map of M31
superimposed on an optical picture. The map covers the area
—81 <A, <+81arcmin, —45<B,<+45 arc min, where the




Firstpainting M31°in colour
at- Landesmuseum: . Bonn
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Public attraction

This Effelsberg radio map of M31 at a wavelength of 11 cm was prepared by R.
Beck, E. Berkhuijsen, and R. Wielebinski. It covers an area of about 2°5 by
1°4 degrees. The strength of the radio emission is indicated by the color,
ranging from blue (lowest intensity) to red (highest). A total of 84 unresolved
radio sources not associated with M31, most of them radio galaxies or quasars,
has been subtracted from the map. Note the radical difference between the
appearance of this radio image and direct, long-exposure, photographs. All
colored radio maps in this article were made at the computer center of the
Rheinisches I.andesmuseum in RBonn.

Sky & Telescope




The whole -galaxy in one run:

New broad:-band receiver-at 6:2-cm

Total intensity + B- --vectors
(corrected for Faraday rotation in-the Milky \WWay foreground)
Philip Hoernes-, PhD 1996

Background sources subtracted
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INTERNATIONAL WEEKLY JOURNAL $SSCTENTCE
Volume 385 No. 6612 9 January 1997 £4.00 FFr4d4 DM17.5 Llre13000 A$12

Astronomical magnetic fields

The subtleties of crystal close packing
agouti obesity syndrome explained

Darwinian selection on proteins
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Combined-efforts:

VLA +- Effelsberg: 20.1'cm

(resolution 45 -* or 170'pc)
Beck et al. 1998

Background sources subtracted



VLA +  Effelsberg: 20.1'cm

Thermal + - Nonthermal

(resolution 45 - or 170'pc -)
Tabatabaer etal. 2013

DECLINATION (J2000)

00 44 43
RIGHT ASCENSION (J2000)
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DECLINATION (J2000)
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Nonthermal emission IS much smoother




VLA +. Effelsberg: 20.1'cm

Thermal + = Nonthermal
Berkhuijsen . etal. 2013
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M33: slope=1.06+-0.04
M31: slope=1.08+-0.02
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M33: slope=0.46+-0.02
+  M3I: slope=0.78+-0.02 |

1
log (1(24 um) ) [MlJy/sr] log (I(160 um) ) [Mly/sr]

Synchrotron T FIR correlation is much flatter than thermal T FIR correlation
Y Cosmic rays diffuse over lengths of 1-2 kpc




Three recent: Effelsberg: surveys-:

2645 MHz (11.1 cm)
4850 MHz (6.2 cm)

8350 MHz (3.6 cm)



Enlarged-field:

Effelsberg: 8-channel systemat 11.1.cm
Total intensity + E+90 ° ¢ © vectors

(5" or 1.1 kpc resolution)
David  Mulcahy , Master Thesis 2011
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Strong Faraday rotation

Background sources subtracted




Effelsberg: broad -band receiver-at 6:2:-cm
Total intensitv + F+Q0 o \rentors

(3 or 680 pc resolution)
Rene Giel3tibel , PhD Thesis 2012

Faraday rotation still significant



