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A bit of history...



Discovery of Anomalous Microwave Emission

14.5/32 GHz OVRO (adapted from Leitch et al. 1997)



Quite a bit of evidence over the years...

A lot of evidence over the last 14 years - very active area of research, but still 
little is known about it! (lack of data!)
Many papers, instruments, techniques, frequency ranges. E.g.:-

OVRO: Leitch et al. (1997)
COBE-DMR: Kogut et al. (1996), Banday et al. (2003)
Saskatoon: de Oliveira-Costa (1997)
Tenerife: Mukherjee et al. (2001), de Oliveira-Costa et al. (2002, 2004)
Python V: Mukherjee et al. (2003)
Green Bank: Finkbeiner (2002), Finkbeiner et al. (2004)
Cosmosomas: Watson et al. (2005), Battistelli et al. (2006), Hildebrandt et al. (2007)
VSA: Scaife et al. (2007), Tibbs et al. (2009), Todorovic et al. (2010)
CBI: Casassus et al. (2004,2006,2007,2008), Dickinson et al. (2006,2007,2009a,2010), Castellanos et al. 
(2011), Vidal et al. (2011)
AMI: Scaife et al. (2008), Scaife et al. (2009a,b), Scaife et al. (2010)
WMAP: Bennett et al. (2003), Lagache et al. (2003), Davies et al. (2006), Bonaldi et al. (2007), Miville-
Deschenes et al. (2008), Gold et al. (2009), Dobler & Finkbeiner (2009), Ysard et al. (2009), Dickinson et 
al. (2009a, 2011), Lopez-Caraballo (2011), Peel et al. (2011), Macellari et al. 2011, Ghosh et al. (2011), 
Genova-Santos et al. (2011)
& now extragalactic as well! (Murphy et al. 2010; Scaife et al. 2010)



Example detections (need more data!) 

de Oliveira-Costa (2004) Casassus et al. (2006)

Dickinson et al. (2009)

High Galactic latitudes
LDN1622

Dickinson et al. (2010)

LDN1621 LDN1246

Scaife et al. (2009b)

Scaife et al. (2009a)

LDN1111



What is the anomalous microwave emission?

• Lots of possibilities have been considered

• Warm (T~10000 K) free-free

• Hot (T~106 K) free-free

• Absorbed free-free from UCHII regions

• Flat spectrum (β~-2.5) synchrotron emission

• Magneto-dipole radiation

• Cold dust / emissivity variations

• & others!

• Best explanation is electro-dipole radiation from 
small spinning dust grains (“spinning dust”)

• Basic theory understood (Draine & Lazarian 
1998a,b and more recent enhancements)

Draine & Lazarian (1998)
Finkbeiner (2004)

Peaked spectrum over ~10-100 GHz



Early Planck paper on AME

Paper XX

Planck collaboration et al., 
2012, A&A, 536, A20 (arXiv:1101.2031)

Corresponding author: C. Dickinson

Very strong support for spinning dust model

M42

arXiv:1101.2032



Maps: ρ Ophiuchi Molecular Cloud

Originally detected by Casassus et al. (2008) using the CBI at 31 GHz



Spectra: Perseus

• Integrated spectrum well-fitted by optically thin free-free, CMB (negligible) and 
single component modified black-body function

• Residual spectrum has clearly peaked spectrum

• Plausible physical model for spinning dust fits the data well

• Denser molecular component appears to dominate



Spectra: ρ Ophiuchus

• Integrated spectrum well-fitted by optically thin free-free, CMB (small) and single 
component modified black-body function

• Residual spectrum has clearly peaked spectrum

• Denser molecular component dominates

• Irradiated atomic gas may contribute at frequencies ~60-90 GHz



New AME regions spectra from Planck

G173.6+2.80 G107.1+5.20



Conclusions

• Planck data are beautiful!

• Learn a lot about radio/microwave/sub-mm 
foregrounds as well as CMB!

• Very strong evidence for the spinning dust model in 
Perseus and Ophiuchus

• Plausible physical model fits the data well (see 
paper for details)

• Spectrum (amplitude, peak frequency, shape) can 
help to constrain the conditions, grain properties 
etc.

• New diagnostic tool for studying small dust grains

• Watch out for upcoming Planck intermediate paper 
(expected later this year)

• Statistical study of a sample of new AME regions



AME is almost everywhere!
(at least as seen from our position)

Davies et al. (2006)
Peel et al. (2011a) show that addition of 2.3 GHz does not change this picture

NGC6946

WMAP vs IRAS 100 microns: 
AME is dust-correlated emission at ~20-60 GHz

23 GHz 33 GHz 41 GHz



AME polarization appears to be small 

No more than a few % polarized, probably < 1% (Dickinson et al. 2011)

High Galactic latitudes
LDN1622

NGC6946



Why is spinning dust important?

• Important foreground for CMB studies

• Strong in total-intensity (possibly dominant 
~20-60 GHz?)

• May be significant foreground for CMB 
polarization (even if only ~few % polarized)

• Important new constituent of the ISM

• Dust important in star formation, planet 
formation, chemistry of interstellar clouds etc.

• New diagnostic for dust grains and ISM environment

• Spectrum depends on many parameters (esp. 
grain size distribution, column density, ISRF, 
electric dipole moment) 

• Complementary to IR data

Davies et al. (2006)

WMAP 23 GHz IRAS 100 microns



Modelling with spinning dust

• Basic theory is understood but the details are complicated!

• Also, significant degeneracies given limited information content in the smooth spectra

• Needs to be combined with IR continuum/spectra, optical lines/absorption etc.

nH=60cm-3

nH=104cm-3

β=40 Debye
(4x)



Contributions to spinning dust spectrum

SPDUST code (Ali-Hamoud, Hirata, Dickinson, 2009)P∝ω4

It is complicated! Spectrum depends on a lot of parameters!
Grain size distribution, electric dipole moments, densities, ISRF, ion fractions etc



Spinning dust model

• Low and high density components

• Fix parameters where possible!

• e.g. for Perseus, use molecular nH from C2 lines 
(Iglesias-Groth 2010), depth (z) from Ridge et al. 
(2006) etc...

• Td, τ250 from thermal dust fit

• H+ ions xH determined by ionization balance

• C+ ions xC more difficult - leave as free parameter

• Grain size set by a0 with σ=0.4

• PAH abundance set by C in PAHs bc

• Dipole moment β from DL98 prescription (~0.4 
debye)

• WIM assumed to have no spinning dust (no PAHs)

• ...(see paper for more details) arXiv:1101.2032



How about in other galaxies?

Scaife et al. (2010)

Murphy et al. (2010)

High Galactic latitudes
LDN1622

NGC6946

NGC6946 has 1-2 regions that show AME 
(region 4 the most clear detection)



Limits on AME in other galaxies

Peel et al. (2011b)

High Galactic latitudes
LDN1622

However, generally speaking, AME doesn’t seem to be a dominant part of the integrated spectrum of 
galaxies

(but only a few have been measured so far!)



Magnetic dust?

Draine & Lazarian (1999)

• Recent discussions with Bruce Draine has 
complicated matters!

• Still a possibility for magnetic thermal fluctuations

• Theory not well understood!

• (I will stick with spinning dust for now!)


