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why studying lifetime?
lifetime of a vibrational mode iIs the entire duration

for this mode to diminish.

it describes the thermal and transport properties of
materials, such as thermal conductivity.



many ways to obtain litetimes

Experimental: raman spectra, neutron scattering,
pump-probe and etc.

heoretical: boltzmann transport equation + first-principle,
lattice dynamics + auto-correlation, etc.



What is Jaz7"?

Jazz is a new python wrapper for LAMMPS to calculate the
ifetimes of vibrational normal modes
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LAMMPS Jazz Users
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*Thanks to Dr. Steven Plimpton’s Python
Interface for LAMMPS
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Theory Background (1) "

Amplitude A, (f) of normal mode k

Auto-correlation between values of A at different times

Auto-correlation Function:
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* A is the amplitude of a normal mode \/




Theory Background (2)

what is l/ifetime?

Gao & Daw proposed to use the area under the square of
the auto-correlation function as a measurement of /ifetime.
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Theory Background (3) "

the Liouvillian helps to explain Jazz

3 f the Liouvilian operator:
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Expressing the moments
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ifetime T can be expressed as a function of the morsﬁvs

Dimensional

T=F(l,, 1, Hy,...)
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analysis

<——-Dimensionless



T\, =G(y,)

Gao & Daw ran Molecular Dynamics
to determine the G function.(2013)

Finally,

1.41
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Jazz doesn’t do MD.




1.41

T i e 1)

Jazz does MC averages for amplitudes and forces
for all the modes given the cell and potential. From
that Jazz gives frequency and lifetime mode-by-
mode.

Moments calculation involving only Monte Carlo is
many orders of magnitude faster than MD
calculation.
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Three primary python modules in Jazz "

1. genvecs0: determines normal modes from dynamic matrix;
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How It's done In Jazz

Metropolis MC

A, = A +AA

What
LAMMPS | —
does

used to make MC decision



2. calcavgs: does the MC averaging, produces the averages;

Siy = <Ak2> Sy = <Ak Ak> 530 =\ Ak >

3. calcmoments: combines the averages to calculate moments and
lifetime.

A _ S3,k _ SS,kSI,k

Ho e = ?k My = @ Vak = (Sz,k)2
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A detall that might be interesting "
Jazz sets positions in the numpy array.

but “extract” command lets LAMMPS return positions/forces in form
of a double ** pointer.

The copying is slow.

To speed it up, we modified src/atom.cpp extract() by adding two

lines to extract “xp”/ “fp” as &x[0][0] / &f[0][0] instead of “x”/“f" as
double **.

if (strcmp(name,"xp") == @) return (void %) &x[@] [@] ; /% added by m. s. daw on 29 may 2015 x/
if (strcmp(name,"fp") == @) return (void x) &f[@][@] ; /* added by jn. s. daw on 29 may 2015 */

It makes the calculation ~3 times faster!

For more information, see ctypeslib in numpy



Example1: Radial Breathing Mode of simple
nanowire with LJ
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Example2: comparison of modes of pristine ..‘;
and defected graphene =
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We are working on making connection to experimental Raman graphene results.



Future Work

e Parallelization of Jazz

e First Principles (“Socorro™?)



Jazz (public version) is available at

http://sourceforge.net/projects/jazzforlammps/

manual and examples included

Thank you!


http://sourceforge.net/projects/jazzforlammps/

Questions:

1. Why can we use two moments(2nd and
4th) to express lifetime”?

2. What are the physical meanings of
Hy sl Yy



The moments of the Liouvillian are also the moments
of the density of states derived from x(2)

" 1 oo —it
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Parseval’s Theorem: T = J dty’(t) = J don’ ()



harmonic system: Foc—A

Quasi-harmonic system: define an effective force
constant K

construct a function:

<(F + KA)2> compare with:
O =

w ~ . |—
m

, (2AF+2KA?)
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The meanings of the two moments

WU, : quasi-harmonic frequency(squared)

— 7/4_1 Y4+ : ameasurement of the degree of
anharmonicity of the mode beyond the
guasiharmonic



