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Davis-Greenstein Alignment by Magnetic Dissipation

e Grain spinning in static By
6 = angle beween J and B

. . . . Hence:
e Grain material tries to magnetize
e In grain frame:
™G a
— Rotating component B sin ¢ K
— Magnetization M lags
e torque M X B on grain
Reduces component of J 1 By Naive DG theory:
Leaves component of J || By unchanged  for standard estimate of
— alignment of J with By K a 1 x 10713g
o If Im(y) = Kw, then Ty /18K
Davis-Greenstein alignment time small grains should be aligned.
2pa’ a’
™G = “K B2 X i Alignment 1s result of dissipation:
0
vs. disalignment time (time to collide *is reduced:
with own mass of gas) rotational KE is converted to heat

™ X a4
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Dissipation in Nanoparticles

— RESONANCE

Lazarian & Draine (2000): —

...... Davis—Greenstein

e Need to dissipate hw,o as heat.

polarization

o

o

~
I

e When nanoparticle is in very low vibra-
tional level, there are no other vibra-
tional states within AE = hw,o:

microwave

0.02 —
e Quantization of low-lying vibrational

modes leads to suppression of param-
agnetic dissipation in small nanoparti-
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Prediction: P < 4% at v > 10 GHz
Fig. 1a from Lazarian & Draine (2000)

Draine & Hensley (2016): guantum suppression of dissipation is more severe than
estimated by Lazarian & Draine (2000).
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Dissipation in Nanoparticles

“heat” = vibrational KE 1n grain
Dissipation of rotational KE requires that

there be a vibrational transition that can

“accept” the energy. Energy level uncertainty 0 F, from

0.6 P L i e spontaneous emission
| E,,«=E,+hc[BJ(J+1)+(A-B)K?] S
e . .
K= Sl e collisions
o 9
- p///@/
Ehadl DG diss, J=15—>14/f:_/::::\l126E\,_
(K=15-14) / / . .

£ ;/j/@ _ For T, < 100K, 6 F, is very small:
: | gy _

[Ea] / 5E

I g 7 v — —

302 AN - 2107 em™
) > s hc

AN .
e 1
S | What is the probability that another en-
;=Qiio:————ny ————————————————— ] . . . .
o | JaE,., ergy level will exist within energy 0 F, of
O () 1 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 the first level?

The two energy levels must coincide to
within energy level uncertainty 0 F,
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Vibrational Density of States in Nanoparticles

Nanoparticle with N atoms: 3N — 6 vib. modes.

Density of states gp = dN,,/dE
Each mode: harmonic oscillator with fundamental w;.
Directly calculate N,(F) = number of distinct vibra-
tional states with foral vibrational energy < F.

Plot of Fgp
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Examples assuming fundamental mode spectra for amorphous silicates
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Quantum Suppression Factor v,

103

Cooling time

Vibrational Temperature

Probability of one or more levels
in interval 0 F/

VY (E) =1—exp(—dFE X gg)

), = vibrational energy
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Time-Averaged Quantum Suppression Factor
e Stochastic heating by starlight: Fluctuating 7%, (%).

e When grain is “hot”, magnetic fluctuations dominate magnetic dissipation:
magnetic torques act to increase J 1 By
— disalignment

e Intermediate 7+;,: magnetic : magnetic torques act to decrease J | By
%

e [Low temperatures: dissipation suppressed: alignment is “frozen”

}

disalignment

T =J2,/Ik

L

Tvib -
T
|

-

time—
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Steady-State Rotational Excitation and Alignment

Excitation and damping of
grain rotation by

e collisions

e “plasma drag”

e absorption of starlight

e cmission of IR photons

e rotational emission

e paramagnetic dissipation
Find rotation || By and | By:

()

(T3 + (72)
Alignment measure:

Ryp = 3/2 ({cos” ) — 1/3)

(cos? 0) =

0.1

0.01

Alignment factor R
— —_ —_ —_ —_
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f_ \With T fluctuations _f
S and quantum suppression3
- RJBio Alignment of J with B .
3 CNM conditions E
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Polarization of Rotational Emission

0.01

Polarization of Spinning Dust Emission

107° & =
o = 3
e Observer’s line-of-sight o 107 ¢ =
1L B() le.3 N ]
e Assume each size to  J107°¢ E
. .o ~ - ]
spin at characteristic = - -
frequency (w?)!/4 3107 b ~
e Allow for imperfect ] :
alignment of w with J 510—7 _ -
1078 & P<O =
- CNM conditions 3
- 3,=0.3D ]
-9 | | | | | | | | | |
10 1 5 10 20 30
v,.. (GHz)
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Observations

0.05 — | | |
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Summary

0.01

Polarization of Spinning Dust Emission

103 == -
e Quantization of vibrational en- . :
ergy levels — 210

suppression of dissipation in D:E
very small, cold nanoparticles. &

107° =
e Suppression of dissipation — h: - ]
. . 0 i 7
suppression of alignment of J L3107 =
with Bo ™) - ]
.. ”g .1 |
e Emission from a < 10A £1077 & E
. . . . A - ]
nanoparticles will be negligi- - -
bly polarized. 10-® P<O =
= CNM conditions 3
[ 8,=0.3D j
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