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Planck Collaboration

History of Anomalous Microwave Emission 
(AME) & Spinning Dust

▪ 1996 Kogut et al. found emission excess at 31 GHz
▪ 1997 Leitch et al. found emission excess at 14.5 & 31GHz (AME intro)
▪ 1998 Draine & Lazarian proposed spinning dust by very small grain (PAH)



Selected AME regions discovered by Planck 2011

Planck Collaboration 2011, A20



Spinning dust provides a great fit to AME from 
Planck
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thermal dustspinning dust

Perseus Cloud
Planck Collaboration+2011



Spinning dust becomes an accepted CMB 
foreground

5Copyright of Planck Collaboration 



Physics of Spinning Dust Emission
Rapidly spinning dipole moment



Key Developments of Spinning Dust Theory

AME from nanosilicates:       Hoang + (2016), Hensley & Draine (2017)  
AME polarization:                  Hoang + (2013), Hoang & Lazarian (2016a, 2017)

Dickinson, et al., incl Thiem Hoang (2018, A&A Review)



Spinning Dust Emission Model

 PAH

μ

Ĵ
Ĵ

ω

a1

μ

Hoang, Draine, & Lazarian (2010) 
Hoang, Lazarian, & Draine (2011) spinning &   

wobbling
a2

a1
θ

μ

Draine & Lazarian (1998)
spinning 
only

Emissivity integrated over size distribution: 

€ 

jν
nH

=
1
4π

da 1
nH
dn
daamin

amax
∫ 4πω2 fω 2πPed (ω)



What is the exact carrier of AME?
1. Spinning dust emission: 

1. spinning PAH molecules (Draine & Lazarian 1998) 
2. spinning silicate nanoparticles (Hoang et al. 2016) 
3. spinning iron nanoparticles (Hoang & Lazarian 

2016) 
2. Magnetic Dipole Emission 

NanosilicatePAH molecule Iron Nanoparticle



spinning nanosilicates 
(Hoang et al. 2016)

free-free

thermal dust

spinning dust

Perseus Cloud

spinning PAH (Planck 
collaboration 2011)

spinning iron nanoparticle 
(Hoang & Lazarian 2016)



Full-sky analysis found no correlation of AME with 
PAH abundance

• AME from Planck
• fPAH from WISE 
• R: Radiance

Hensley, Draine, & Meisner (2015) 

Specific environments with well-constrained 
PAH features needed for rigorous tests

Planck AME  
Full Sky MapWISE (12micron)  

Full Sky Data



Circumstellar Disk: a Testbed for 
Spinning Dust Theory
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PAHs and Nanodust in circumstellar disks
IR Emission Spectrum (Seok & Li 2017)

]

• Strong PAH features 
detected (Acke + 2004, 
Habart + 2004) 

• 9.7 micron Silicate 
emission features 
detected in some disks



Spinning Dust from Disk and Its Importance

• Observations provide smoking-gun evidence for spinning PAHs 
and spinning nano silicates 

• Spindust trace Nanodust in the entire disk (cf. Mid-IR)

• PAHs/VSG well 
mixed to the gas 
due to turbulence 
(Dullemond + 
2005) 

• Fragmentation 
produces PAHs/
VSG 

• Grain coagulation 
and dust settling 



Modeling of Spinning Dust Emission in Disk



Size Distribution of PAH/VSG
Log-normal grain size distribution

where B is determined by abundance of C/Si 
in nanoparticles, a0, sigma controls the peak



Rotational Dynamics of PAH/VSG
• PAH/VSGs acquire/loose momentum by neutral and ion collisions, 

plasma drag, and IR emission 
• In the disk interior, PAH/VSGs are negatively charged 
• Small PAH/VSGs have suprathermal rotation

Suprathermal rotation

IR emission
plasma drag

neutral-grain coll total

Ion coll



Microwave Emission Spectrum: Spinning PAHs
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Emission Spectrum: Spinning PAH & Nanosilicate

• Spinning nanosil 
increases emission 
flux by 3 times 

• Spindust emission up 
to 25 times of thermal 
emission
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Best targets for Observations

 Seok & Li (2017)

•  Disks with small PAHs exhibit 
strong Spinning dustAME, most 
favored targets for observations



Summary and Discussion
• The AME is real, lots of observational evidence for spinning dust
• The exact carrier is still unclear, polarization can distinguish
• PAHs and Nanosilicate from PPDs produce strong emission 
excess, up to 25 times thermal dust emission
• Future ALMA Band 1 and SKA perfect tools for testing Spindust
• A powerful new probe 
of nano dust in the 
entire disk (cf. mid-IR 
only  traces surface 
layer)



Thank You Very Much!
감사합니다!



Constraining abundance of nanosilicate

Hoang, Vinh, & Lan 2016, ApJ, 824, 18

Hensley & Draine (2017)


