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INTRO: WHY IS THIS IMPORTANT 7

GENS AMALYSIS IS HARD BAYESIAN EVIDENGE ESTIMATION | MOLECULAR DYMAMICS GAN
CAN HELP INFORM THE MODELS

The analysis of QENS data requires  the Bayes eguation +or models allows rational MD  simulations naturally complement QENS
app/icah'on of an analyh'ca/ mode/, /.e. , compaﬂ'son between di-pperenf models.' measvrements, coueriny the same time- and

Lorentzians to descrive different motions.
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mojellmy s usecj; the Q Evidence estimation has been narrowly applied
models 6.1"6 based on user 7 to QENS ana/y.sis./ F’ocusinj on how many Can simulation provide a model prior for Bayes
assumptions. 3

Lorentzians are present at a .Siny/e Q- vector. ezuaﬁon for model comparison, pr(m/)?

REVILTS: WHAT DOES THE SIMULATION TELL US FOR

VR TEST SYSTEM OF DEN2ENT?

Structure® and dynamics can be well reproduced. The simulation can be decomposed to give pure and rotational signal.
— Full Simulation — Incoherent — Experimental 057 00738 A Translation — Rotation
- COMEREAMCE WEEDED 0.4 - Usiny this decomposition approach, we +ind
] BETWEEN AROUAD %
/:-3\ 1.2 AMD 17 Ar — VS = o > 03 ® that.
- o V- KK __/\ . . . . .
G Q/%_ 5 m\Q GEJ —_— . ® @ - WMot \,usf Qa Smyle 1sotropic ’rof’ahon.
T 5 p 02l S e -0 @ ® e O - deviates from Fickian at
H )\63_ h . Q
QS (gh’ .
i 0.1 4
i i i I I ! : SEE FINAL cOLUMN
Q@ \.Q )\?‘) QQ:) \.Q )\.% QQ:) \.Q \?) 0.0 : : : : : : ) nv TABLE;?*WHEME
R-1 R-1 R 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 WE USE THIS AS
Q/A Q/A Q/A Q2 / A= THE MODEL PRIOR.
But even for something as hydroyenous as benzene, we The model with the highest evidence for the decomposed simulation, V(p | m’yim/)' has
need to consider coherent sigrals. two rotational models and a single Hall-Ross translational model.

REVLTS: WHAT DO0ES THE EXPERIMENT TELL US, USING THE SIMULATION

NS PRIOR MOVEL KNOWIEVGET?

Bayes:’an evidences from nested sampling. Shom'ny models that best
describe both the data and simulation (using Bayes egquation).

MODEL  falptm,, | D)3 [nlpD 1 m, )1 faLp(D | my, )2

X /R + FICKIAN 11194 10963 152
_§ JR + HALL-R0SS -/0$ 26 -/0397 -179
S 2R + FICKIAN -79/9 - 7792 -177
Qo 2R + HALL-ROSS -777$ -760/ -179

/R + FICKIAN -7 79 -7392 -/82  33Sh
o SRS G
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'§ 2R + FICKIAN -72/7 -7090 -177 § § § §
> 2R + HALL-ROSS - 7209 -7030 ;79 "

The simulation informed Bayesian evidence provides a rational
comparison metric between different models. This tool is powerful for
understanding information sparse data, like QENS.
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The best model for the experimental data:
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And i+ is necessary to incude additional coherent Signals between G of
/.2 and 1.7 A”.
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Simvlations <an be vsed as a gualitative model to inform our
experimental QENS analysis, helping to maximise the information densh"y.

In this example, this approach allows, for the Hrst time, the
decomposition of  two distinct rotations in benzene from QENS.
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