New Planck results:
A study of AME in Galactic clouds with Planck
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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 mechanism 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 angt‘llar mgmentum 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 10+-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 reg s a far more complex calculation than woul




AME papers!

@ A lot of evidence over the last 15 years - very active area of research, but still
little is known about it! (lack of data!)

@ Many papers, instruments, tfechniques, 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. (2009,2010,2011),
Dickinson et al. (2009a, 2011), Lopez-Caraballo (2011), Genova-Santos et al. (2011), Peel et al. (2011)

Planck: Planck collaboration et al., Early papers XX, XXI (2011)
& now extragalactic as well! (Murphy et al. 2010; Scaife et al. 2010)
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Planck early paper XX
Planck collaboration et al., 201 |,A&A, 536,A20

See also A2| (Galactic plane inversion)

Corresponding author: Clive Dickinson
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AME regions studied in the early paper

Planck collaboration et al., 201 |, A&A, 536,A20

® 2 prime candidates (relatively bright, isolated, well known): Perseus and p Oph

® |dentified new AME regions for further study: G173.6+2.90 and G107.1+5.2

® Control fields in Perseus and M42 (Orion nebula)

Planck 28.5 GHz DR2 map



Aperture photometry

Smooth maps to common | deg resolution

Convert units (Jy/beam)

Do not use 100/217 GHZz for fitting due to CO

Simple analysis (e.g. aperture photometry)

Uncertainties include

Absolute calibration errors (3%)
Noise/background errors from data

Residual spectrum includes modelling errors

Fit simple models for free-free, CMB, thermal dust

Colour corrections applied based on model

Add up flux in aperture

Gap so not to subtract
flux from the object

|

Estimate background in
annulus



Maps: p Ophiuchi Molecular Cloud

“ 71100 GHz

-----

143 GHz

857 GHz 1 G H-alpha




Control field: M42

WMAP/Planck consistent to ~1% or better
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COSMOSOMAS data

® Unique data @I I-17 GHz (Watson et al.
2005) for ~1/4 sky

e BUT, filtering on large angular scales

® Filter all data (including Planck) through
same scanning/analysis pipeline
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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

® Significantat |70

—— Spinning dust model
—e— Ancillary data
~—eo— WMAP
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Spectra: p 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

® Significant at 100

—— Spinning dust model
—eo— Ancillary data
—eo— WMAP

—e— Planck
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Modelling & Interpretation

® SPDUST code (Ali-Hamoud, Hirata,
Dickinson 2009) provides spinning dust
spectra for given parameters

® ~|0+ parameters to fit!

® Strong degeneracies (e.g. ao, nH, Go)

® CNM,WIM etc. can provide excellent fits,
BUT, not necessarily physically plausible

® CNM would give Perseus size > 100pc
(should be ~10 pc or smaller)

® Even worse for WIM

® Use a physically motivated model - not Courtesy of Laurant Verstraete
just make a nice plot

® |st go - not necessarily absolute best
fit



Spinning dust model

® Low and high density components

. . Gas state Molecular Atomic lonised
® Fix parameters where possible! = —— PO”“ S
CIrscus
Ny [10% cm™2] 1.7 1.3 0.4
® e.g. for Perseus, use molecular nyfrom C;lines ny [em™] 250 30 1
: z [pe 5.1 14.0 N
(Iglesias-Groth 2010), depth (z) fitted for and agrees (;!.M 5
with Ridge et al. (2006) etc... T [K] 100 8 x 10°
xy [ppm] 410 10°
Xc [ppm] . 100
® T4, T250 from thermal dust fit y 0.1
ay [nm] 0.53
: : I bc [ppm] ' 68
® H+ ions xH determined by ionization balance B 1.65
Ty [K] 18.5
. . T2s0) i 0.4x 10 :
® C+ions xc more difficult - leave as free parameter | —— e W
Ny [10*' cm™?) 18.2 0.4 0.4
® Grain size set by ap with 0=0.4 e o bk 0.0
z |pc] 0.3 0.6 i
Go 0.4 400 us
® PAH abundance set by C in PAHs b T [K] 20 10° 8 x 10°
Xy [ppm] 9.2 373 10°
xc [ppm] <] 100
¢ Dipole moment B from DL98 prescription (~0.4 y l 0.1

ay [nm]| 0.60 0.38
bec [ppm] 65 50
1.75
20.7

3.2x107°

debye)

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

® . (see paper for more details)



Early paper: Finding new AME regions ()

® Use simplistic approach to remove synchrotron, free-free, thermal dust from
Planck 28.5 GHz map

® Use templates and extrapolate!
® Residual map inspected in detail to find AME regions

® ~50 candidates inspected for early paper (2 were chosen)

B G173.6+2.8 Ophiuchus

L

Perseus G107.1+5.2



New AME regions spectra from early paper
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Planck intermediate paper (in prep.)

Aim: ldentify new AME candidates and make first statistical analysis WORK IN PROGRESS
Find reliable bright sources that are bright at all Planck frequencies

® Typically HIl regions!

® Keep good non-AME HIl regions to compare with AME regions!

Source detection (SExtractor) at 70 GHz

® Band-merge (cross-match) with 30 and 100 GHz

® Remove extragalactic, SNRs, PNe etc.

® |64 sources

Remove sources that are not well-defined in the map or weak (<<10 Jy@30
GHz)...

® 98 sources left (currently)



Some limitations & difficulties!

| deg analysis (low frequency data)

WORK IN PROGRESS

® Mix of sources / environments
® Background can be very large / complex
Calibration (particularly low frequencies)

® Full-beam to main-beam calibration (can be several up to 50% from small to
largest angular scales)

SED fitting

® Multiple thermal dust components

® Flattening of thermal dust index at long wavelengths
® Small CMB contribution

Planck 100/217 GHz bands contaminated by CO

® (Can be corrected but uncertainties are increased

Line/stellar contamination at shorter IRAS wavelengths



Haslam et al. 408 MHz map

Radio maps must not be source-subtracted!
(Haslam et al. 408 MHz map on LAMBDA website no good for this)

haslam 0.4 GHz reichlb21 1.4 GHz jonas98 2.3 GHz

LAMBDA
(NCSA)

haslam 0.4 GHz

“Original”




Maps of some new AME regions
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Significance

® Many sources show evidence of excess emission ~20-60 GHz

WORK IN PROGRESS

® ~40 (!) show high significance (>50 at 20-60 GHz and >20% AME)
® ~20 no significance (<|.50 and <5% AME content)
® ~40 number in between (possible AME contribution)

® Generally conservative due to difficulties (e.g. flattening of thermal dust tail,
CMB, calibration of low frequencies , backgrounds etc.)
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AME vs IR

WORK IN PROGRESS

® Strong correlation with thermal dust
® AME objects show tighter correlation (as expected)

® r~0.95vsr~0.5

® Shorter wavelengths more difficult to interpret (line/stellar contamination?)
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AME emissivity

® |00 um emissivity probably biased due to dust temperature

WORK IN PROGRESS

® |evel compatible to other clouds and high latitude AME
® Optical depth emissivity better - less biased! (not shown here)
® Has a large range (factor of ~10)

® AME emissivity comparable in most clouds!
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Some interesting trends...

® AME bright sources appear to be

WORK IN PROGRESS

® More extended than non-AME regions
® Slightly colder dust temperatures (on average)
® | ower radiation fields (Go)

® Also higher 12/25 and 12/100 micron ratios

® Possible correlation with Go being investigated (c.f. Tibbs et al. 2012)
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Conclusions

® FEarly paper: (Planck collaboration et al,, 201 |, A&A, 536,A20)

® Planck + ancillary data have allowed us to produce precise spectra of AME with
plausible physical model

® Spinning dust is now generally accepted (at least for a few Galactic clouds)

® [ntermediate paper (Planck collaboration, in prep.):
® New sample of clouds with at least ~1/3 showing significant AME at 20-60 GHz
® Spinning dust generally fits well with a wide range of emissivities

® A few interesting trends are seen which may give us a hint to the nature of
spinning dust and its environment (why do some regions not show AME at all?)

® More detailed observations (~5 GHz, higher resolution etc) needed!

® Watch out for the published paper!




Special Issue on AME

Lead guest editor: Roberta Paladini
Guest editors: Clive Dickinson & Laurent Verstraete

Contributions wanted on all aspects of AME!
(theory, modelling, latest observations, extragalactic view, history...)

http://www.hindawi.com/journals/aa/si/962430/cfp/

Manuscript deadline: extended until July 18!!! (TBC)


http://www.hindawi.com/journals/aa/si/962430/cfp/
http://www.hindawi.com/journals/aa/si/962430/cfp/

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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Spitzer IR maps

WORK IN PROGRESS

® Sub-sample of ~24 where Spitzer data available at 8 and 24 microns
® Bright emission nearly always seen

e Difficult to quantify trends with such small numbers




