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Motivation: Precision

WMAP 5 year ILC
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Improved Model of Spinning Dust

Step 1: Improve grain rotational dynamics
-Grain precession, internal relaxation
(Hoang, Draine & Lazarian 2010, ApJ, 465, 1602)

Silsbee, Ali-Haimoud & Hirata 2011: Grain precession, no internal
relaxation

Step 2: Deal with realistic grain shape

- Triaxial ellipsoid (irregular shape)
- Grain wobbling

(Hoang, Lazarian & Draine 2011, ApJ, 741, 87)



What are small dust grains? PAHS
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Step 1: Grain Precession
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Spinning Dust: Power Spectrum
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Power Spectrum
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Rotational Damping and Excitation
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Numerical Method: Langevin Equations

B Angular momentum J in the lab system is described by Langevin
equations (LES):

dJ, = Adt+./B,.dq,,

AJ \ (AJ )\

= 2/ gclq" /‘ = dt

B Integrate LEs to get J(t) and find momentum distribution f,

B Emissivity per H atom:
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Emission Spectrum

our result
PDR "‘x

Peak emissivity increases by a factor ~2 .

Peak frequency increases by factors ~1.4 to 1.8.



Step 2: Irregular Shape

Naphthalene
(CyoHg) |

Benzo(g,h,i)perylene Coronene (DL98)
(C.,H,.) (C,,Hy,)




Power Spectrum
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B Multiple frequency modes: HLD11
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Emission Spectrum

 Working model: Simple irregular shape

* lrregularity: eta=bs/b,

eta=b,/b,

WIM
VRE, T,,=60 K
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Constraining Physical Parameters:
Fitting to WMAP data
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Fitting to H a -correlated spectrum

Model: g Fn(

| -0.12 sd
Y ) vSd |4 Co( v
23GHz Ly lwin 23GHz

Minimizing:

Fitting parameters:

Fo: € temperature

Sd,: variation of PAH abundanct
C,: CMB bias

Spinning dust parameters: n,, dipole moment



VRE, T =60 K, case 2 :
oy d ¢ full sky fit
Sd,=0.06,F,=0.09

*x F,=0.09 2T_.~ 2500 K (Dong & Draine 2011 explain low T )
* Sd,=0.06 =»>PAH depleted in WIM
* Dipole ~0.65D, n,~0.11 cm*3




summary and Future VWOrks

Improved model accounts for wobbling grain, irregular shape internal
relaxation, transient events.

Improved model can reproduce high peak frequency in Ha-correlated
spectrum from WMAP data.

Improved model can be used to diagnose dust physical parameters.

Future works will address polarization from spinning dust and
Implications to B-mode of CMB polarization experiments.




Thermal Dust-Correlated Spectrum
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