
Galaxy Clusters, 
Axion Dark 
Matter and Bruce

Peter Quinn

ICRAR



Bruce Slee Meeting August 2016

Career choices Winter 1978
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Glass plates, 
Kangaroos 
Canberra winter 
and black magic of 
photometry

Optical astronomy ?? !
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Career choices Summer 1978
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Series 1 Landrovers 
Frogs and power transformers 
A few birds on the wires 
Narrabri  Summer 
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Clusters of Galaxies 1979

27 Ariel V X-ray clusters surveyed 
17 of these have 29 radio sources at 80MHz and 160 MHz
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Empty fields?

Early signs of radio halos and relics? 
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Searching for DM 1990-2016

Three principal groups which could make up some portion 
of the dark matter density:


• MACHOs: generally accepted not to be in great enough 
abundance to account for all of dark matter - Mass 
from lunar to solar masses


• WIMPs: range of particles which are related only in that 
they are weakly interacting and massive, this is where 
the main effort has been in recent decades and there 
has, as yet, been no detections.  The LHC is principally 
focused on searching for particles in this group – as are 
a number of other experimental groups - Mass ~ 1 - 
100s GeV


• WISPs: group of very light particles of which the axion is a 
member, there has been renewed focus on the axion 
and axion like particles in recent history due to the lack 
of success in detecting WIMPs - the key difference 
being that WISP particles have a lower mass and are 
unlikely to be detectable in a particle accelerator - Mass 
milli - micro eV, & < 10-22
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Work with Katharine Kelly, ICRAR graduate student
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Comparison with other Dark Matter Candidates
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DM#
Candidate

Group Thermal Boson/
Fermion

Mass Temp Annihilates

Sterile'
Neutrino

WIMP Y Fermion keV Warm Yes

Neutralino WIMP Y Fermion GeV'8'TeV Cold Yes

Axions WISP N Boson Sub'eV Cold/
Warm/Hot

No

ICECUBE
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Axions - good DM candidate
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•  Axion is still considered after almost 40 years to be the best correction for 
the strong CP problem in the Standard Model – one of only 2 unresolved 
issues in the standard model for the strong interactions


•  Couplings to other particles and the axion mass are inversely proportional 
to the symmetry breaking scale fa, currently accepted to be between 
109-1012GeV


! Very weakly interacting with other particles




•  Velocity of the primordial axion is non-relativistic, va<<c



•  Abundance, 







ΩCDM ≈ 0.22





Ωa α fa7/6






In the currently accepted 


range this could account for


the whole of the estimated


dark matter density
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Are Axions detectable?
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•  The magnetic field must be transverse to the axion, and

•  Energy and momentum must be conserved 


•  The Primakoff Effect is the decay of a particle into two real photons

•  This effect for the axion has a lifetime longer than the current age of 

the universe

•  The conversion of an axion into a single real photon can however be 

induced by providing a virtual photon to the interaction through 
applying a magnetic or electric field


•  In 1983 Sikivie published experimental methods which exploit this 
process and calculated the photon production rate to be inversely 
proportional to the magnetic field strength, B, squared




Photon production rate α B2
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Never say never…radio astronomy 
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200 MHz 2 GHz
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Broad Band - low Field - large Volume
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Sivikie 1983

Niels Oppermann, Georg Robbers, 
Torsten A. Enßlin, MPIA, 2011

Milky Way 
B: 10-6 - 10-3 G

V: 1068 cm3 



Bruce Slee Meeting August 2016

Astrophysical Sources
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• Max$flux$at$200MHz-500MHz$corresponding$to$zero$momentum$modes$for$the$axion$

-$Expect$spectral$profile$to$be$asymmetric$when$including$the$energy$distribution$of$

the$axion$

• Line$width:$1MHz$(changing$with$the$seasons)$

• Polarisation$of$the$spectral$profile$should$trace$the$magnetic$field$

• Flux$10-30$Wm-2Hz-1$–$using$magnetic$field$across$whole$sphere$and$assuming$average$

magnetic$field$strength$of$1μG$

• 10-31$Wm-2Hz-1$$-$using$only$the$Galactic$Plane,$assuming$disc$3kpc$think$and$average$

magnetic$field$strength$of$1μG$

• Opportunities:$

• high$magnetic$fields$and$high$densities$are$co-located$in$the$galactic$centre$

which$may$enhance$the$conversion$rate$

• Observations$can$be$made$over$long$integration$times$

• Challenges:$

• impact$of$the$directionality$of$the$polarisation$and$the$knock$on$impact$on$

detection$$

• Damping$of$the$conversion$rate$due$to$the$spatial$profile$of$the$field$

• Difficult$to$use$interferometers$due$to$the$removal$of$the$diffuse$background$by$

the$correlation$process$

• Line$is$very$broad

Milky Way
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Axion emission maps - preliminary
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Photon rates on Earth : 10-10.6 - 10-0.5 /sec/m2 

Total SKY signal ~ 20 photons/sec/m2

~ 3x10-4 Jy (10-26W/m2/Hz) (BW=106Hz)
~ 3x10-21 W into 1000 m2

Dave Tanner

work with Marc White 



Bruce Slee Meeting August 2016

Clusters and other sources
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54 M. Thierbach et al.: The di↵use radio emission from the Coma cluster

Peak flux =  1.7167E+00 JY/BEAM 
Levs = 1.320E-03 * (3, 4, 6, 9, 13, 19, 35, 67, 131, 259, 515, 1027)
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Fig. 1. The Coma cluster of galaxies at 2.675 GHz. NE is to the left. The lowest contour marks the 3� level. The polarized intensity is
represented by the length of the E–vectors. Note that the cluster center (↵ = 12h57m, � = 28�120) does not show any significant polarization.

Table 1. Receiver parameters.

2.675 GHz 4.85 GHz

Number of channels 2 4
Number of horns 1 2
System temperature [K] 45 30
Bandwidth [MHz] 40 500
HPBW [0] 4.3 2.45
HPBW [00] 258 147

of ⇠26 h75
�1 kpc/arcmin (we adopt H0 = 75 km s�1 Mpc�1

throughout the paper).

2. Observations and data analysis

The observations reported here were carried out with
the E↵elsberg 100–m radio telescope between July 1998
and May 1999. We mapped the Coma cluster of galaxies at the
frequencies of 2.675 GHz (�11.2 cm) and 4.85 GHz (�6.2 cm).
Both receiver systems are installed in the secondary focus of
the telescope. Their main properties can be found in Table 1.

We scanned the telescope in azimuth at both frequencies.
The three Stokes parameters I, U and Q were recorded simul-
taneously. We obtained several coverages of the cluster area.
At 2.675 GHz we mapped a large area, covering the central
region and the extended source 1253+275. For the central re-
gion we added a couple of additional coverages. At 4.85 GHz
we observed the center of the Coma cluster. The data re-
duction followed standard procedures for continuum observa-
tions with the 100–m telescope. For details of the observations

Table 2. Observational parameters.

Freq. Center of map Final Integr. rms see
↵1950 �1950 map size timea noise Fig.

[GHz] [ h m s] [ � 0 00] [ 0 ⇥ 0] [sec] [mJy/b.a.]

2.675 12 54 40 27 55 00 150 ⇥ 63 11 1.32 1
2.675 12 56 57 28 10 14 59 ⇥ 58 33 1.10 2
4.850 12 57 30 28 20 00 90 ⇥ 90 8 0.67 3a

a Integration time per independent point.

Table 3. Properties of the calibration sources used. 3C295
and 3C309.1 were used only for total power calibration. S stands for
the flux density, P for the degree of polarization, and  marks the po-
larization angle.

3C138 3C286 3C295 3C309.1
S P  S P  S S

[Jy] [%] [�] [Jy] [%] [�] [Jy] [Jy]

2.675 GHz 6.3 10.1 171 11 9.9 33 12.3 4.8
4.850 GHz 3.8 11.1 169 7.5 11.3 33 6.6 3.2

consult Table 2. Table 3 lists the calibration sources together
with the adopted parameters.

In Fig. 1 the radio map at 2.675 GHz showing the to-
tal intensity and the polarized emission is displayed. Figure 2
zooms the center of the cluster. This map results from 33 cov-
erages of the area, yielding an rms noise of 1.1 mJy/beam. The
cluster center does not show any significant linear polarization
at 2.675 GHz.

• Line$width:$2MHz,$Based$on$

velocity$dispersion$of$1,000kms-1$

• Polarisation$should$trace$the$

structure$of$the$magnetic$field$

• 10-33$–$10-35$Wm-2Hz-1$$for$Virgo,$

Perseus$and$Coma$–$with$Virgo$

offering$the$highest$Flux$at$10-33$

• Mass$density$and$magnetic$field$

lower$than$that$for$Milky$Way$

• Averaging$across$the$full$volume$

gives$a$more$accurate$

approximation$than$that$for$Milky$

Way:$

• Opportunities:$

• Clusters$can$be$stacked$to$

improve$the$signal



Bruce Slee Meeting August 2016

Precursor and SKA 
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Axion sky signal 
~ 0.1 mJy

~ 106 MWA sec
~ 1 year given 

BG


