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Refinement Strategy

W e aim to refine a single parameter in a molecular dynamics force-field by comparison

against Quasi Elastic Neutron Scattering (QENS) experiments

Typical scenarios when single parameter refinementis warranted:

O Diffusion highly sensitive to a single parameter (QENS signal determined by H’s)

O Coarse-grained simulations (few parameters)

Simple strategy: Perform a series of simulationsin a range of parameter values, each

with a fixed value of force-field parameter K.
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Optimal value to be found

Main advantage: simulations are run in parallel ( take less than a day )
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Refinement Workflow
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The Sampling Problem

Observation: Molecular Dynamics (MD) simulations are finite in time and size.
—> Errors in the correlation functions
2 ~—iQ[r (tg )-r, (to+1)]
(e tit)aly . —5(Q,E)
Q0.

Why do we care?

Sexp(E) — S E, K
Errors produce a rugged landscape in X° )(2(1{)=j[ exp(E) = Smoget( )] dE

A [O-exp(E)]
> 0y x*(K) isill defined

> Minimization of x?(K) will get stuck in a .

(false) local minimum. K

>

W e must smooth and interpolate the set of scattering laws {S;(Q.E)=S(Q,E,K,)} prior to
optimization.
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The Sampling Problem: Example

[ Methyl rotations in Octa-Methyl Silsesquioxanes

Methyl Rotations 1 Q=(') oA <}—0.10mev
V(p) = K[1 + cos(3¢)] [ é—_ 0.09meV
/\¥\\N\\ 0.11meV
0.05 01 ™ .0.12meV
K (Kcal/mol) -0.13meV

Simulation-derived scattering laws are not smooth
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Smoothing the Scattering Law

1. Start with the set of simulation-derived scattering laws { S(K;) }

2. Go through every point K; and perform a local regression

0005 | * P After this local regression,
' R the blue point substitutes
the red point.

g —

0.004 [~ W -

------

0.003 -

S(K|QE)

0.002 %
| . ! .
0.05 0.1

K (Kcal/mol)
After the local regression step, we end up with a new set of scattering laws, and

associated errors
{S(K) } > {S'(K) £ o(K) }
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Smoothing the Scattering Law

3. Construct spline: { S’(K) * o(K)) } 2S(K) xo(K)

0.005

Spline is smooth,

- suitable for
0.004 — — .. .
w oo optimization

(<]
Eo.ooaf— —
&

0.002

l 1 l
0.05 0.1

K (Kcal/mol)

Spline does not necessary pass through the original (K; ,S(K;)) points
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Smoothing the Scattering Law

0.1 — 0.1 =]

001 ————— 0,01 — ——

S(K|Q,E)

| I L
S(K|Q,E)

1 1 1 1 1
0.05 0.1 0.04 0.06 0.08 0.1 0.12

K (Kcal/mol) K (Kcal/mol)
d S(K,Q,E) is smooth and derivable, like an analytical model

d o(K,Q,E) error estimation for the simulations
2
] [Sexp(E) T Ssim(E: K)] + [Usim(E: K)]z
2
[O-exp(E)]

x*(K) =
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Implementation in Mantid: DSFinterp1DFit

O http://www.mantidproject.org/DSFinterpl1DFit

Fit - Select function type

» Background

Calibrate

Calibration

Crystal

Examples

General

Muon

Peak

» Quantification

¥ QuasiElastic

L Iit.;.:[!inl-
DSFinterp1DFit
DiffRotDIscreteCircle
DiffSphere
ElasticDiffRotDiscreteCircle
ElasticDiffSphere
FickDiffusion
InelasticDiffRotDiscreteCircle
InelasticDiffsphere
singwiSjolander
StretchedExpFT
Teixeirawater

¥ ¥V ¥ ¥V ¥ V¥V VY

Cancel || OK
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MantidPlot - untiPkled
i Plot

Sas B

Table

Inte

@ mwEraanen A

| Ubuntu

Results Log

[+]12 [:f8leuv = =

ConvolveWorkspaces successful, Duration 0.00 seconds

r

NumDariv
¥ f0-DSFinterp1DFit
Type
InputWorkspaces
LoadErrors
LocalRegression
ParameterValues
RegressionType
RegressionWindow
Workspacelndex
Intensity
TargetParameter
¥ i satngs vung
Type
AQ
Al
¥ f2-TabulatedFunction
Type
FileName
Workspace
Workspacelndex
Scaling
¥ Settings
Workspace
Workspace Index
Startx
EndX
Output
Minimizer
Ignore invalid data

Fit started
Fit successful, Duration 5.48 seconds
Fit started
Fit Function ®
| Fit 7| Display = Setup M|
Property Value
Type CompositeFunction il

Falea

DSFinterp1DFit

0

1

'0.390 0.400 0.402 0.404 0.4...
quadratic

6

0

0.857819

0.421979

LinearBackground
0.000026
-0.000156

TabulatedFunction

elasticLine
4
0.130309

elasticLine

0

-0.100000

0.100000

elasticLine

Levenberg-Marquardt
False

[=/B]x]

LiCl-290K-Workspace-1

=)+

0.004 —
L | « Data ]
[ |— Fitted ]
0003 I\ Residuals ]

-0.10 -0.05 0.00 0.05 0.10
Energy transfer / meV

Table-1 - LiCl_290K_Parameters

Value[Y] Error[yEr]
fo.5caling | 0.130309] 0.00155886]
F1.Intensity | 0857819 0.0193724]
f1TargetParameter | 0.421979] 0.000789527
\zAv c.o325503] 4.20041EUL
F2.A1 -0.000156481] 1.55979e-05
Cost Function value 1.71901 0|

Name][L]

Workspaces i3]

Load ~ Delete
Group Sort ¥

‘Workspaces

» B elasticLine

» B Licl_290K

» B Licl_290K_Normalis...
» B Licl_290K_Parameters
+ B Licl_290K_Workspace
» B Q390

» B Q400

» B Q402

» B Q404

» B Q406

» B Q408

» B Q410

> B Q412

> B Q414

» B Q416

» B Q420

» B Q422

v B Q424

» B Q426

» B Q428

» B Q430

» B Q432

> B Q440

» B Q450

» B Q460

> B Q470

> B Q480

> B Q490

» B Q500
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Fit Using the Script Window

Smodel(Q, E) = Res(Q, E) @ [ao(Q) - 8(E) + a1(Q) - Ssim (Q, E)]+ L.B.

Load
experimental
S(Q,E) and

—

| . | in Window | —ox
File Edit Execute Window reso Utlon || |
showcase2.py | Lo ad

1rootd="'/projects/rese 0SS/me8t8.v2/expdata’ i
{ 2 LoadNexus(Filename= /elastic.nxs'.format(rootd), SImUIated c')

3 LoadN Fil ='{0 200K. 'L t td), . K'
J ; oadNexus(Filename="{0}/exp nxs '.format(rootd) I(Q1t;K|) )

5 rootd="'/projects/research/P0SS/me8t8.v2/5ingleMol B .

6forKin 'n A40 0,050 0.060 0.970 0.080 0,090 ".split(): Fourier Transform

7 LoadSassenat =ilename="{0}/K{1}/fqt_inc run s2first.h5'.format(rootd,K), Time . {0} '.format(K))

8K='0.113" and convolve with

9 LoadSassena(Filename="{0}/K{1}/fqt _inc_runl rms2first.h5"'.format(rootd,K), TimeUnit= . format(K))

10 resolution

ll1forKin '0.040 0.050 0.060 0.070 0.080 0.090 0.160 0.110'.split():

12 SassenaFFT(InputWorkspace="'1incSMK{0}'.format(K), FFTonlyRealpart=1, DetailedBalance=" _..«p=200)

13 Rebin(InputWorkspace="'1incSMK{0} sqw'.format(K), Params=[-0.2,0.0004,0.2], Output..urkspace="'1incSMK{0} sqw'.format(K))
14 ConvolveWorkspaces(Workspacel="elastic', Workspace2="1incSMK{0} sqw'.format(K), OutputWorkspace="'simSMK{0}'.format(K))

15 Scale(InputWorkspace="simSMK{0} ' .format(K), Factor=1.0e-05,0peration="Multiply', OutputWorkspace="simSMK{0} '.format(K))

i? parametervalll.lles='0.040 0.050 0.060 0.070 0.080 0.080 0.100 0.110'

13:oc:'rkKS;):TJZSr:metervaIues.split(): wquspaces +=" simSMr_({G}'.format(I() _ Define the f|t funCtion
e = a,"R(Q,E)+a,*S(Q,E)+LB

22 'LoadErrui 5-C,LucalRegression=1,RegressionType=quadratic,RegressionWindow=6,"' +\

23 'WorkspaceIndex=8,Intensity=1.0,TargetParameter=0.11,"' +\ ﬂ
24 ‘constraints=(0.001<Intensity,0.04<TargetParameter<0.12);'.format(fmin,fmax) +\

25 'name=LinearBackground,A0=0.0,A1=0.0"

Ls Fit(fit_string, InputWorkspace="'exp200K', Workspacelndex=7, StartX=-0.13, EndX=0.1, CreateQutput = 1 )|
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~ National Laboratory | SOURCE

OAK RIDGE SPALLATION l U.S. DEPARTMENT OF Office of
NEUTRON CENTER FOR ACCELERATING MATERIALS MODELLING NERGY | science

A



Test: Octa-Methyl Silsesquioxane

/ Methyl Rotations \

V(¢p) = K[1 + cos(3¢)]

ethyl group toreion ene

J

d Experiments at BASIS@SNS: E,=1.22 Kcal/mol - K,,=0.068 Kcal/mol
O Initial guess K=0.11 Kcal/mol (off by 62%)

Eight NVT simulations of a single molecule, each 10ns long, at T=200K
K={0.04, 0.05, ..., 0.11}
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Test: Octa-Methyl Silsesquioxane
Smoaet(@ E) = Res(Q, E) ® [ao(Q) - 8(E) + a1 (Q) - Ssim (Q, E)]+ L.B.

Q L K+ X
0.3 20.9 0.06354 1.83
0.512.6 0.06350 2.44
0.7 9.0 0.06313 2.20
0.9 7.0 0.06398 2.69
1.1 5.7 0.06472 2.43
1.3 4.8 0.06495 2.54
1.5 4.2 0.06508 2.89
1.7 3.7 0.06518 3.55
1.9 3.3 0.06493 4.13

< K* >4= 0.0643 Kcal/mol
\ (off by 5%) /

0.1+

0.01

0.1 -0.05 0 005 0.1
Energy transfer / meV

O Derivation of K* from a single temperature (200K)
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