Towards Understanding and Optimising Ptychography

for High-Performance Electron Microscopy

1.1 Why this project? 1.2 Objective and Project Progression 1.3 Shared study setup

. u* Phase loss — Phase retrieval: UNDERSTANDING Sl SrTiO, 4D-STEM Raw 200x200 scan  central 100x100
' B O(") = :
\‘\ Exitwave overlap.supplles redundant Forward Model Controlled Studies
D . constraints Objective Structure Solver Choices 32-slice multislice 4 probe modes 1 object modes
ePI.E — PtyRAD: from hand- 0.5 on the fly Random Grouping Adam, 200 iter
derived updates to AD-based
multi-parameter fittin 1 : . S 5 .
P J probe@5, tilt/pos@10 1.0 single + 0.5 PACBED + 0.1 sparse
r Context F;r(;/\(/jaerld Op’[rian;i(sz;[ion Cgtrzj t(;?!sd Discussion
02 Understanding PtyRAD 03 Optimising PtyRAD
2.1 Physical Multislice Model 3.1 Batch geometry
T N Scan positions for all 100 groups Scan positions for all 100 groups Scan positions for all 100 groups
RN R
“ A ¥} () = P(r—R))
_—
approximate Many slices w(n) (r) — ?AZ I:O/n(r)l/)](n) (r)]
VLV VIV
Transmitted electron Transmitted electron

00 500 600 700 800 900 100 200 300 400 500 600 00 800 900
oooooo

Here, Pp,[Y1(r) = FH (q; A2)F{Y @), Hz(q; Az) ~ e™*A7 exp|—imAAz(qZ + q2)]

Random Compact Sparse
A object amp. ¢ object phase P probe P P

loss 0.1822 loss 0.2319 loss 0.1816

Or position shift T tilt/ geometry Az slice thickness avg 10.265s avg 9.517s Vg 10;6028
2.2 Optimisation Model 3.2 Limited late-stage refinement
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2.3 Understanding through loss design 3.3 Dynamic loss scheduling
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Group1: L1-type — clearer isolated lattice;
L2-type — more spread. Current Result:  Small PACBED + L1 Sparse Pulse gives best Quality
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Model DP® ) Model DP®3 . Data DP** — more consistency.

2 ® For Optimiser Refinement:
: (i) Semismooth Newton—augmented-Lagrangian;
(i) Matrix-free Levenberg—Marquardt.
® For Loss Design:
g (i) More complex dynamical loss design;
(i) Using Diffusion model to enhance/provide stronger prior.

04 Interpretation / discussion: plausible, but not yet fully validated

PACBED
may stabilise system-sensitive variables  ———
—plausible, not yet isolated directly

Borch What this reveals: What needs validation next:
atch geometry : . . : D . :
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—overlap exposure may also matter problem, with path-dependent freedom allocation side metfrics, and final dynamic-schedule evidence
and residual routing. before stronger physical claims are made.

Mixed-state redistribution
remains ambiguous —
—physics vs. residual absorption
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