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The scientific results that we present today are a product of
the Planck Collaboration, including individuals from more
than 50 scientific institutes in Europe, the USA and Canada
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A bit of history...

A MECHANISM'  OF NON-THERMAL RADIO-NOISE ORIGIN*

Wirriam C. ERICKSON

Department of Physics, University of Minnesota, and Carnegie Institution of Washington
Department of Terrestrial Magnetism,} Washington 15, D.C.

Received September 19, 1956; revised May 10, 1957

ABSTRACT

A mechaanism of non-thermal radio-noise origin is proposed. The action of this mechanism may be
summarized in the following manner. Suppose that clouds of interstellar grains exist in the radio-source
regions. If a high-velocity gas cloud collides with a cloud of grains, the grains will be bombarded by

moderately fast atoms and/or ions. These collisions will transfer angular momentum to the grains, .and,
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frequencies comparable with radio frequencies may be attained. If some of the grains possess electric or
magnetic dipole moments due to polar or ferromagnetic substances or statistical fluctuations in the
distribution of charge on the grains, they will radiate classically at radio frequencies. Rather improbably
high grain densities are required in order to account for the total radio-frequency radiation of high-
emissivity sources. However, the high-frequency portion of this radiation could be generated with
moderate grain densities.

I. INTRODUCTION

It is well known that discrete radio-noise sources appear to be composed of clouds of
rarified gases possessing enormous velocity dispersions. Baade and Minkowski (1954a, b)
have shown that the clouds possess random velocities of 300-3000 km/sec with respect to
one another. Minkowski and Aller (1954) have examined the optical spectrum of the
Cassiopeia A source. They find no reason to assume an abnormal chemical composition
of the gas. Therefore, it can be assumed to be principally hydrogen. Their estimate of the
electron density is 104-10% cm™.

If interstellar grains exist in radio-source regions, collisions with the high-velocity gas
will excite them to states of rapid rotation. In fact, it will be shown that they will rotate
at radio frequencies. Thus, if an appreciable number of the grains possess electric or mag-
netic moments, they will radiate classically at radio frequencies. It can be shown that, for
the range of angular velocities of the grains and the translational velocities of the gas
under consideration, equipartition of energy between the rotational degrees of freedom
of the grains and the translational degrees of freedom of the gas cannot always be as-
sumed. Therefore, the interaction between the gas and the grains must be examined in
greater detail. It is found that the interaction is insensitive to the degree of ionization of
the hydrogen gas. The electrons of the gas, whether bound or unbound, may be neg-
lected, and only the interaction between the protons and the grains must be considered.

For calculational purposes, it will be assumed that the grains are spherical. The as-

imption of non-spherical erains requires a far more complex calculation than would




Discovery of Anomalous Microwave Emission
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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.:-
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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. (20094, 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)
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Example detections (need more data!)
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What is the anomalous

® |ots of possibilities have been considered

Warm (T~10000 K) free-free
Hot (T~10°K) free-free
Absorbed free-free from UCHII regions

Flat spectrum (B~-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
|998a,b and more recent enhancements)
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microwave emission?

Peaked spectrum over ~10-100 GHz

7% GPA survey (8,14 GHz) & WMAP, |b|<2, Seg 30
% Same as above, minus f-f and syinch.

X GB 140ft = Lynds 1622 & LPH 2(1.663+1.643
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Draine & Lazarian (1998)
Finkbeiner (2004)
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Early Planck paper on AME
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Very strong support for spinning dust model

Ing dust models
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Spectra: Perseus

® |[ntegrated 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
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Spectra: p Ophiuchus

® |[ntegrated 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

® |rradiated atomic gas may contribute at frequencies ~60-90 GHz
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Flux density [Jy]
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New AME regions spectra from Planck
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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)

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

| N=281 ; [ N=281 | | N=281
+

9 >1“ 0.0381 v/ 3 + M=0.0119 ] 0.06 -M=0.€051
'=0.049 | ' C=0.012 G W ‘ -
- o~ 010 Yy + ¥4 " , [
| [ p=beg * 1’ e < : = 0.04
. + ﬁ % f%\/
S o oﬂt% :
3 bk ‘t +++‘ + "’“o’r f,,
0 m*;;. ;/C‘;“

3 :«:f’.;:m "

£ 63

2
44

()

=

00
Ly
37\

"
—
—_—
-

—

e
.~
—_
—
ol
e
~

o

band (mK
band (mK)

M S 2 '4*4:.-“‘“
-

Q

[\(l

1100 (MJy/sr| 1100 (MJy/sr) 1100 (MJy/sr)

Davies et al. (2006)
Peel et al. (201 1a) show that addition of 2.3 GHz does not change this picture



AME polarization appears to be small
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No more than a few % polarized, probably < 1% (Dickinson et al. 201 I)



Why is spinning dust important?

WMAP 23 GHz IRAS 100 microns

® |mportant 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)

® |mportant new constituent of the ISM

® Dust important in star formation, planet

. . . 100.0 -~
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)

Temperature r.m.s. [uK]

® Complementary to IR data

Frequency [GHz]

Davies et al. (2006)



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.
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Contributions to spinning dust spectrum

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

® LOW and h'gh denSit)' C0mP0nentS (Gas state Molecular Atomic lonized 7
Perseus
: . Ny [10* cm™] 11.7 1.3 0.4
v Lo
® Fix parameters where possible! e ] 520 o |
Z [pc] 15.1 14.0
. ‘. ')
® e.g. for Perseus, use molecular nyfrom C;lines '(1]'“[1(] , &, it
(Iglesias-Groth 2010), depth (z) from Ridge et al. Xyt [ppm] 410 10°
(2006) etc xc [ppm] 100
y 0.1
ap [nm] 0.53
® Ty, Tas0 from thermal dust fit /’;( [ppm] s
Ty [K] 18.5
® H+ ions xH determined by ionization balance 7250 9.4x 10~
p Ophiuchus
. . Ny [10% cm™] 0.35
® (C+ ions xc more difficult - leave as free parameter [EFIENE 200
Z [pc] 0.6
L : Go 400
® Grain size set by ap with 0=0.4 T (K] 10°
xy [ppm] iy 373
: 100
® PAH abundance set by C in PAHSs b, e 01
-(1:: [I]Inl 0.35
® Dipole moment 3 from DL98 prescription (~0.4 /';‘ ppm] : L
debye) Ty [K] 5 20.4

7250 AP 2.6x 107

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

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



How about in other galaxies?

NGC6946 has |-2 regions that show AME Hiod

(region 4 the most clear detection) O 0 Enuc. 8 g 4
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Limits on AME in other galaxies

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

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

® 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!)

Draine & Lazarian (1999)



