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Modes & phonons




Modes & phonons: how does heat flow?
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Traditional picture of heat transfer.
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Traditional theory can’t describe these.

Arrows are eigenvectors centered on atoms.
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Mode-space equations of motion

Real-space Mode-space
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Strongly interacting modes

Interface mode
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Strongly interacting modes

Interface mode
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Weakly interacting modes

Interface mode
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Studying real-time vibrational energy transfer

(a)

Atomic displacement

z Silicon

(b) Approaching interface (t = 0.5 ps)

(e) Collision (t = 2.5 ps)

Germanium

(d) Reflection (t = 4.5 ps)

Interface
Si atoms
2 aloms -

E:gn]
333
@

‘Wave-packet atol

. * d’c::. o2 - . .3
. - -
R A

"'.: .2 tde

Atomic displacement

]
a8+

:
EEH

Int

Si ako:
o
o

Ge al
wave-packet atoms  ®

By —
.

".z
5 2
A R ﬁm
a D H s
M,&‘ Rt Y
= . . B4 = -
Wy
L

=

Atomic displacement

z-coordinate

z-coordinate

(e) Wave-packet in mode space.
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Studying real-time vibrational energy transfer
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Heat flux in mode coordinates
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Breaking crystal symmetry with detects
Hot Cold 0" = ZKx XX
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How does heat tlow in alloys?
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ModeCode extracts modes for any system

https://github.com/rohskopf/modecode
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The “phonon potential” Morse 2
E=4|1-exp(-4(r-4))]
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Neural Networks
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Accurate heat transfer simulations

Gallium nitride 1
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Mode coordinates
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