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Precision Cosmology requires a
Complete Model of Spinning Dust

WMAP 5 year ILC
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Improved Model of Spinning Dust

Step 1: Improving grain rotational dynamics
- Grain wobbling, internal relaxation, transient spin-up

(Hoang, Draine & Lazarian 2010, Ap], 465, 1602)

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

Step 2: Dealing with realistic grain shapes
- Triaxial ellipsoid (irregular shape)
- Probing physical properties of PAHs
(Hoang, Lazarian & Draine 2011, Ap], 741, 87)




Step 1: Grain Wobbling

PAH

Q 1D rotation
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Internal Fluctuations Induce Grain Wobbling

B Barnett effect: paramagnetic rotating body magnetized
with magnetic moment ; ~

B Barnett effect results in the transfer of rotational energy:

2
E_(0)= / (1 +[h-1]sin’ 0) Purcell 1979
21, o
to vibrational modes, i.e., E, , decreases to
minimum at 8=0

B Dissipation-Fluctuation Theorem:

[ (6)d6 exp(lfmt) sin6d6

vib

Lazarian & Roberge 1997




Spinning Dust: Power Spectrum

* Torque-free motion: Euler angles ¢, u,

6, and rates
J . JcosO(1-h)

0=0,p="—1
12 Il

* Electric dipole moment: U IR

* Fourier Transform: NI

i, = J i (t)exp(=i2av,t)dt,i=x,y,z
0

e Power Spectrum:
2 y
Py (J,0)=——5 > (i, )’
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Power Spectrum: Four Freq. Modes
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Rotational Damping and Excitation

uv photonw (R~108 /s)
ion




Numerical Method: Langevin Equation

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

dJ, = Aidt+@d .

1>,B”=E<(AZ;) >,<dq2>=d

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

B Emissivity per H atom:

Jo =1 2 prob(® | J)F(J))27f,d]

mod




Wobbling Grain Emits More Radiation

our result
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Peak emissivity increases by a factor ~2 .

Peak frequency increases by factors ~1.4 to 1.8.



Step 2: Irregular Grain Shape

Naphthalene Chrysene Pentacene
(CyoHp) (CygH12) (CsHy2)

[rregular sha

Benzo(g,h,i)perylene
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Power Spectrum: Multiple Freq. Modes
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where <...> denotes time averaging. Hoang, Lazarian, & Draine 11



Emissivity Increases with Grain Irregularity

» Working model: Simple irregular shape
* Irregularity: n=bs/b,
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Transient spin-up by single-ion collisions
Extends Spectrum to High Frequency




Compressible turbulence enhances emissivity
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* Emissivity increases with the amplitude of turbulence




Probing Physical Parameters with
Observation data
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Dobler, Draine & Finkbeiner 2009



Fitting WMAP Ha-correlated spectrum

-0.12 sd 2
Model: Jmod _ Fo( % ) v Sd, I +C0( v )
23GHz Lo b\ 23GHZ

v

v

Minimizing X =3I -1 /o7

Fitting parameters:
F,: e temperature
Sd,: variation of PAH abundancg

C,: CMB estimator bias

Spinning dust parameters: ny, dipole moment f,




I
- VRE, T =60 K, case 2 o full sky fit -

X2=1 .|
Sd,=0.06,F,=0.09

* F;=0.09 T~ 2500K (Dong & Draine 2011 explain low T,)
* 5d,=0.06 2PAH depleted in WIM
* Dipole By~ 0.65 D, n;~0.11 cm-3




Thermal Dust-Correlated Spectrum
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* T,=0.8
* Sd, ~ 0.9

* n, ~10 cm-3
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Polarization(%)
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Spinning Dust Emission is Polarized!?
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Summary and Future Works

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

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

3. Improved model can be used to diagnose dust physical
parameters using WMAP, Planck data. J
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4. Future works clarify polarization of AME.
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Thank You Very Much!



