VARIATIONAL-INFERENCE INTEGRATION AT

LCLS enables scalable probabilistic intensity
estimation for serial X-ray crystallography.
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e MFX produces challenging FEL diffraction data from  Extended Integrator to process large-scale experimental Method CG/2T Rinty  Rsplity Nexp.
many crystals. MFX data end-to-end. cctbx 0998  6.9% 52%  -~113.5k
e Standard processing uses summation integration (matched)
without explicitly modeling spot shape.
: g . - : : ) . Integrator — 0990  15.8% 11.1% 113.8k
e In conventional crystallography, profile modeling MEX Cgi;acuon e Shoebox extraction: fast ASH%H ’ ’
improves weak-reflection estimates and resolution. : T ’ Jungfrau reader + parallel Slurm . .
e Classical profile models are difficult for FEL stills; " cctbx.xfel indexing 5 115M+ shoeboxes iréﬁgrator — 0990  15.8% 11.1% 1139k
variational inference can learn profiles directly from ‘ v ’ ST
data. Shoebox extraction * 5 calablllty: Chunk.e(? Table 1. cctbx subsets matched the corresponding Integrator
* preprocessing/training for survivor sets.
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lﬁ@ogvaflon.lcip leg;;g}e{d sgot %).rofl%es recover weaker, 4 Chunked R out-of-memory data CC,/, *: agreement; Rint/Rsplit ¢: disagreement
isher-resotution retiections: preprocessing + e Write-back: predicted I and o(I)
spotﬁndmg& Integrat(i training - source reflection tables _6 Structural Refinerment
W i - T “ e Model extensions: '
X integ;ation ZFhe [ Inte.gra.tor } FoldedNormal, Student_t’ 6.1 R—W()I'k / R_free
ot h predlitlons ASINH/sqrt-squareplus, MC-KL Refinement treatment
shoebox fmg R p N
e . . Write-back % Scale: 124,975 MFX e cctbx: French-Wilson on
diffraction image Electron Density & Atomic Model . ) . fl . bl . )
) T ~ experiment/reflection-table pairs e Integrator: French-Wilson off
_— , , cctbx.xfel scaling &
Diffraction Experiment Data Processing . .
. merging y Method R-work ¢ R-freed Reflections
Figure 1. Serial femtosecond crystallography workflow. v
[ PHENIX refinement J cctbx — ASINH match 0.1788 0.2132 44,236
. Integrator — ASINH 0.2610 0.2768 45,923
E— Figure 4. MFX/Integrator
2. Research Goal workflow. cctbx — sqrt match 0.1788  0.2135 44,276
Evaluate Integrator on real MFX data vs. cctbx.xfel Integrator — sqrt 02618 02753 45,891
e Adapt Integrator to MFX/Jungfrau — ,
e Test alternative intensity models 5. Crystallographic Results Table 2. Structural refinement statistics.
e Compare merging and refinement 5.1 CC./2 by resolution R-work: fit to refined data - R-free: fit to held-out data-
¥ lower is better
—— 6.2 Protein Structure 6.3 Electron Density
3. Variational-Inference Method o CCi/2 by Resolution Shell — sqrt-squareplus
T —e— cctbx.xfel
Integrator models each shoebox probabilistically. S ~=— Integrator — sqrt-squareplus
e Learns intensity, background, and spot profile e ~
e Outputs distributions + uncertainty .
o Uses a Wilson prior to regularize intensities 3
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. Resolution shell / range (A) Figure 6. Refined Figure 7. sqrt-squareplus
X; - O w . :
| | sqrt-squareplus structure in 2mFo-DFc electron density at
gw(X;) Coot ~1.66 in Coot
Figure 2. Variational-inference architecture.  CCi2byResolution Shell — ASINH ' ——
R o | 7. Conclusions & Future Work
Weak Medium Strong 0.8+ | 7.]. COHC]USiOIlS
cctbx | = -22.0 cctbx | = 2.4 cctbx | = 43.4 “~ .
8 ” o o Established proof of concept for end-to-end
: = 3 TR “~\, variational-inference integration on real MFX data.
3 : " 04 e Scaled to 100M+ reflections and produced refinable
2] o structures.
* , - . o o cctbx.xfel performs better overall; high-resolution
e 200A s 180A e300 AP N N N N I A O O A O CC,/, requires further validation.
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s s Resolution shell /range (A) e Train longer with improved B/G initialization.
; e Replace global B/G with per-image B/G.
. . e Investigate high-resolution CC,/, behavior.
Figure 5. CCy/, vs resolution: cctbx.xfel vs Integrator.
Figure 3. Shoeboxes & Learned Profiles - ASINH. Scalable - Probabilistic - Refinable
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