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I gowrne:  LIQUIAS Reflectometer
at SNS

Measuring the probability of a neutron
beam to reflect off a thin-film surface allows
us to determine the structure of the film
on nm scale
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From steady-state NR to time-resolved NR

<
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beam P, —> H, —
> Hg 3 —
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repeat
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detector

LR is a TOF reflectometer with a neutron wavelength band ~ 3.5 A.

A measurement in the range of 0.008 < Q < 0.2 1/A is typically made in 7
measurements over 45 minutes.

For time-resolved measurements, we select the appropriate scattering
angle and wavelength band center for our system and measure each
neutron event while the system is in transition.

Events are then binned in time intervals during post-processing to

optimize the measurement.

A wider Q range can be achieved by skipping every second pulse,
effectively operating at 30 Hz, producing a 7 A band. In the present case,
we obtain a Q range of (0.017 < Q < 0.05 1/A).
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Time-resolved reflectometry at the Liquids

This study follows the initial
formation of a lithium-rich layer
at the surface of a Mo
electrode in contact with a N,
saturated THF/LiCIO, + EtOH
electrolyte under constant
current at -0.1 mA/cm?2,

THF-based solvent is used
because aqueous solutions
have lower faradaic efficiency
due to competition with
hydrogen evolution reaction.
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B souree  1-NR for nitfrogen reduction —
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first few minutes and modeled the
data curves individually.
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B souree  Short cycles to limit SEI growth

Short cycles of 1 min at constant current of =g ~ — ' 8
. . | «
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I goxrma:  LOOKING at SEl formation with

National Laboratory
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 We could see the behavior of the SEI with plating
and as it relaxes at open-circuit.
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Seeing the evolution of complex systems

the data.
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I woukeee  Challenges of a simple Bayesian approach

* What if the initial/final :
states are not well knowneg -,
The prior becomes less
useful regardless of how

SLD (1076/42)
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_ . Adjust fit
» When R, << R, the prior penalizes the needed ranges
large changes.

+ There's a balancing act in how you slice the
data, and how you use prior information.

* The main issue is that we are only Can we use other algorithms inspired from ML?
considering the previous time slice when
fitting a particular one.




Reinforcement Learning for 1-NR

+ Reinforcement learning tries to optimize action given a state,
within an environment, following a trajectory (timeline of
actions).

« Each action get areward. The optimization process
determines the action, given a state, that will lead to the
overall best reward (summed over the whole trajectory).

* In our case:

o State =R(q, 1)

o Action = {thickness, SLD, roughness of layers}

o Reward = - %2

Time series of states is predetermined... Action i
We are trying to solve the best sequence  {parameters for R(q | t=t;)}
of "actions” for this particular trajectory.

OAK RIDGE Doucet et al, J. Phys. Chem. Lett. 2024, 15, 16, 4444-4450.
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I wukeer  Reinforcement Learning for to fime-series fitting

/ Delay because of Bayesian prior.

+ Instead of fitting one curve at a time 275 | —+ SEl thickness
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* Here we used a Soft Actor Critic (SAC) policy
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Why does it work?

The Soft-Actor Critic maximizes both the reward
and “entropy”.

Promotes wider exploration of parameter space,
while keeping this exploration in check with the
usual reward term.

The SAC algorithm is stochastic and allows us
to assess the probability distribution of the
predicted parameters.

User inputs:
* Reward function may be tuned according to
the problem (superposition of states, initial

and final states, etc...)

» Fit parameter ranges need to be set, just
like for any other fitter.

Constraints: Model, fit
Rina(C) olaldll
Rinit(a)
in Time data:
Puts {Ri(a)}

SAC
V\

Reward function:
—sz + constraints

7

Parameter
estimates: {Oy t}

"[...] in problem settings where multiple actions
seem equally attractive, the policy will commit

equal probability mass to those actions.”

Haarnoja et al, 2018
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Mixed model with a
fraction of the film
kept in its initial state
and the rest evolving
into another phase.

RL approach agrees
with the Bayesian
approach but is much
faster.
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