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Qutline

Spinning dust as a new, ‘anomalous” CMB
foreground

Ingredients of the theory

Spinning dust radio lines: how bad is the
contamination of Recombination lines?

Secondary science: PAHSs %



® VWhat cosmologists want:
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Multipole moment [

® What the Galaxy gives us:

z MP33 Gz MAP 41 Gz WMAP 61 GHz
® Need to understand Galactic foreground
emission.



The standard Galactic foregrounds

® Synchrotron Radiation
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® “Thermal” (vibrational) dust
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® Recently, an additional “anomalous’ emission was detected



First detection of the
“anomalous emission’
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Extremely good spatial correlation, despite the large
frequency difference (two orders of magnitude !)

Also: Kogut et al. 1996, de Oliveira-Costa et al. 1997



The free-free hypothesis

Leitch et al. (1997) find €, ~ p 0 very similar to
free-free radiation ¢/f neny, T 1/2e= %7 G, ¢ (T, V)

HX emission : subsequent to the recombination of
ionized Hydrogen.

e+p = Hf+y = H(n=3)+y = H(n=2) + Y = H(Is) +v

Ha —1.2
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Upper bounds on Hx imply T > 10®K to explain the
anomalous emission

Heating enough gas to reproduce anomalous
emission to T > 0% K requires ~ 100 times the
energy input from supernovae. = Not free-free



Spinning dust emission.
Draine & Lazarian, 1 998
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The Fokker-Planck equation for fo(w)
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Rotational excitation and
damping mechanisms

Collisions with ions/atoms
Interaction with the stochastic plasma electric field :"% .‘
Infrared emission #7
Less important (?), harder to quantify: H, formation
Spectrum depends on multiple parameters:

environment: ny, T, Uy, XH+, XC, XH2 (environment)

grain properties: U(a), ngr(a)
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SPDUST (Ali-Haimoud, Hirata & Dickinson, 2009)




Emission dominated by the
smallest dust grains: PAHSs
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Total power in each line, per

grain (ergs/sec/sr)
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Disklike

Spherical

AVl e If only one type of grains: ATy/Tv = AVe/AVeps

g

w AVobs
x e With Ty = 0.1 mK this is ATv> UK (?)

e Issue for CO studies ?

e If several types of grain: [® hand-wavy @]
ATV/ Ty = 24 AVa/ AVobs jv(a)/jv(fo’r)

e With the above numbers, for Avy,s * S00MHz
>V at Vobs & 10GHz: ATv/TV ~ 1-10 %.



Complications and subtleties

® Grains are not spherical, not rotating about the axis
of greatest inertia.

E.g., for disk-like grains o [J(J+ D e ( 11 )}
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* For given conditions, total angular momentum ~0.7 lower,
peak frequency ~1.4 higher. (Siisbee, Ali-Haimoud & Hirata, 2010)
* A different forest of lines. Does it help or not ... !



Secondary science: learning
about PAHs and the ISM

® Why are PAHs important:

® PAHs are a significant source of heating
PAH + Y — PAH" + e

® They contribute to the ionization balance of
the ISM

PAH" + C* =PAH + C



Flux density (10-* W m=2 pym-")

PAHSs: current picture
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PAHSs: current picture
Tielens, 2008

® C-H out of plane bending modes:
| 1.2 pm:lone C-H groups = long edges

2.7 Um: duos/trios = corners

Circumstellar PAHs in PNes: more compact

ISM PAHs: more corners (= smaller or more irregular)

® |5-20 pm region: skeleton vibrations, more molecule-specific
Less experimental data
ISM PAHs seem to be dominated by a few classes of molecules

® |ots of progress in observations and theory, but somewhat
blurry picture... Fits require messing up with line positions,
widths and strengths



Learning from rotational lines

* Can compute rotational constants and dipole
moments from DFT (e.g., PANHSs Hudgins, Bauschlicher,
& Allamandola, 2005)

* Basics of rotation dynamics theory in place (if you
trust us...)

* mid-IR bands are indicators of physical conditions in
the ISM: 6.2/1 1.3 indicator of degree of ionization of
PAHs => GoT!?/n

* Could use the rotational lines as probes of the ISM

* Spinning dust absorption against strong background
radio sources!
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