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Environment. All experiments ran on a laptop CPU (Intel i7-13700H, 32 GB RAM; Python 3.12, Open3D 0.19, NumPy/SciPy). No GPU was used.
Random-seed protocol. Controlled inputs are uniform random subsamples of each ground-truth reference drawn with fixed NumPy Generator seeds 1000-1009 (10 matched seeds; every condition sees identical inputs). Support resampling uses area-weighted triangle sampling with seeds 5000+s. Bootstrap confidence intervals are percentile intervals from 10,000 resamples of the 10 matched seed-level log-ratios (RNG seed 42).
Metrics. Coordinates are normalized by the ground-truth bounding-box diagonal. nCD = bidirectional squared Chamfer distance between 50,000 seeded surface samples of the reconstruction and the (capped) reference set; HD95/HDmax = bidirectional 95th-percentile / maximum nearest-neighbor distances. Median angular normal error and sign-flip fraction are computed after nearest-neighbor transfer to the reference (dragon only).
Released artefacts. Reconstruction pipeline (hybrid_bpa_poisson.py), causal-experiment scripts (ablation_causal.py, ablation_arch_nonuni.py, audit_mesh_ref.py, addendum_mediator_validity.py, e8_sensitivity.py, extract_paper_numbers.py), all experiment JSON outputs, and figure sources.
[bookmark: X3e3b520d9cf13de00e024f48975949a8abe913a]Supplementary Table S1. Paired densification effects (rsN -> rs10k)
Mean paired log-ratio log(nCD_rs10k / nCD_rsN) with 95% bootstrap CI; positive factor = improvement.
	Object
	N
	Orientation
	Mean log-ratio [95% CI]
	Factor

	Bunny
	1000
	cam
	-1.93 [-2.01, -1.85]
	6.9x

	Bunny
	1000
	tan
	-2.07 [-2.18, -1.96]
	7.9x

	Bunny
	2500
	cam
	-1.39 [-1.44, -1.34]
	4.0x

	Bunny
	2500
	tan
	-1.54 [-1.70, -1.37]
	4.7x

	Bunny
	5000
	cam
	-0.71 [-0.75, -0.68]
	2.0x

	Bunny
	5000
	tan
	-1.18 [-1.44, -0.85]
	3.3x

	Dragon
	1000
	cam
	-1.07 [-1.16, -0.99]
	2.9x

	Dragon
	1000
	tan
	-1.69 [-1.88, -1.51]
	5.4x

	Dragon
	2500
	cam
	-0.78 [-0.81, -0.74]
	2.2x

	Dragon
	2500
	tan
	-1.33 [-1.56, -1.07]
	3.8x

	Dragon
	5000
	cam
	-0.43 [-0.45, -0.42]
	1.5x

	Dragon
	5000
	tan
	-0.64 [-0.91, -0.36]
	1.9x

	Horse
	1000
	cam
	-2.75 [-2.86, -2.65]
	15.7x

	Horse
	1000
	tan
	-1.73 [-2.29, -1.30]
	5.6x

	Horse
	2500
	cam
	-1.85 [-1.97, -1.69]
	6.3x

	Horse
	2500
	tan
	-0.80 [-0.90, -0.70]
	2.2x

	Horse
	5000
	cam
	-0.84 [-0.91, -0.77]
	2.3x

	Horse
	5000
	tan
	-0.43 [-0.48, -0.37]
	1.5x


[bookmark: X4f947ae67a3222e96169dcdb37916687af27f2a]Supplementary Table S2. Paired orientation effects (camera vs tangent)
Mean paired log-ratio log(nCD_cam / nCD_tan); factor > 1 means camera is worse.
	Condition
	Object
	N
	Mean log-ratio [95% CI]
	Factor

	rs10k
	Bunny
	1000
	+0.13 [+0.04, +0.22]
	1.14x

	rs10k
	Bunny
	2500
	+0.08 [-0.06, +0.22]
	1.08x

	rs10k
	Bunny
	5000
	+0.62 [+0.45, +0.74]
	1.85x

	rs10k
	Dragon
	1000
	-0.08 [-0.15, -0.02]
	0.92x

	rs10k
	Dragon
	2500
	-0.30 [-0.41, -0.18]
	0.74x

	rs10k
	Dragon
	5000
	-0.35 [-0.46, -0.24]
	0.71x

	rs10k
	Horse
	1000
	+0.29 [+0.12, +0.46]
	1.33x

	rs10k
	Horse
	2500
	+0.69 [+0.56, +0.82]
	1.99x

	rs10k
	Horse
	5000
	+0.95 [+0.87, +1.01]
	2.58x

	rsN
	Bunny
	1000
	-0.01 [-0.05, +0.02]
	0.99x

	rsN
	Bunny
	2500
	-0.08 [-0.18, +0.02]
	0.93x

	rsN
	Bunny
	5000
	+0.15 [-0.04, +0.33]
	1.16x

	rsN
	Dragon
	1000
	-0.70 [-0.91, -0.49]
	0.50x

	rsN
	Dragon
	2500
	-0.85 [-1.10, -0.59]
	0.43x

	rsN
	Dragon
	5000
	-0.55 [-0.81, -0.29]
	0.58x

	rsN
	Horse
	1000
	+1.31 [+0.77, +1.75]
	3.70x

	rsN
	Horse
	2500
	+1.74 [+1.64, +1.85]
	5.69x

	rsN
	Horse
	5000
	+1.36 [+1.24, +1.48]
	3.90x

	raw
	Bunny
	1000
	-0.00 [-0.00, +0.00]
	1.00x

	raw
	Bunny
	2500
	-0.00 [-0.01, +0.01]
	1.00x

	raw
	Bunny
	5000
	-0.02 [-0.03, -0.00]
	0.98x

	raw
	Dragon
	1000
	-1.19 [-1.32, -1.07]
	0.31x

	raw
	Dragon
	2500
	-0.08 [-0.64, +0.47]
	0.93x

	raw
	Dragon
	5000
	+0.07 [-0.45, +0.51]
	1.08x

	raw
	Horse
	1000
	+2.87 [+2.78, +2.97]
	17.67x

	raw
	Horse
	2500
	+3.05 [+2.96, +3.13]
	21.02x

	raw
	Horse
	5000
	+2.94 [+2.83, +3.04]
	18.87x


[bookmark: Xdb324721e2e84643fac45323ea34e0ffc90d0d9]Supplementary Table S3. Oracle normals vs full pipeline (dragon)
	Object
	N
	nCD raw+oracle
	nCD pipeline (rs10k, cam)
	oracle/pipeline

	Dragon
	1000
	1.80e-04
	3.40e-04
	0.53

	Dragon
	2500
	6.40e-05
	1.82e-04
	0.35

	Dragon
	5000
	3.00e-05
	1.29e-04
	0.23


[bookmark: X4eb136500b1ab399c4fa90cc1183bdfa55d5e1d]Supplementary Table S4. Non-uniform sampling (4:1 half-plane imbalance, 5 seeds)
nCD means. (*The native-BPA column is reported for completeness only; its vertex-set metric is uninformative by the argument of Section 6.1.)
	Object
	N
	Direct SPR
	Ours
	ours/spr
	native BPA*

	Bunny
	1000
	2.67e-03
	1.13e-03
	0.42
	3.30e-04*

	Bunny
	5000
	4.43e-04
	4.21e-04
	0.95
	6.08e-05*

	Dragon
	1000
	1.37e-03
	1.14e-03
	0.84
	4.33e-04*

	Dragon
	5000
	2.34e-04
	5.45e-04
	2.33
	9.33e-05*

	Horse
	1000
	4.77e-03
	9.80e-04
	0.21
	2.39e-04*

	Horse
	5000
	7.96e-04
	3.53e-05
	0.04
	1.95e-05*


[bookmark: X269f8f39e8977d907822a3b0698fe42044e4907]Supplementary Table S5. Nearest-neighbor coefficient of variation (mediator test)
	Object
	N
	raw N
	support rs N
	support rs 10k

	Bunny
	1000
	0.52
	0.93
	0.63

	Bunny
	5000
	0.52
	1.03
	0.88

	Dragon
	1000
	0.56
	1.01
	0.63

	Dragon
	5000
	0.56
	1.06
	0.90

	Horse
	1000
	0.46
	0.89
	0.61

	Horse
	5000
	0.39
	0.87
	0.79


[bookmark: Xdebf2656ac4fcf030986fa06615f17d2aa7e55d]Supplementary Table S6. Dragon mesh-reference audit (sanitized reference, point-to-triangle)
nCD against the reference mesh vs the legacy point-reference protocol (means over 3 seeds).
	N
	Method
	Mesh-ref nCD
	Point-ref nCD

	1000
	bpa
	0.112
	2.90e-04

	1000
	native_multi
	0.169
	2.90e-04

	1000
	ours
	0.100
	3.96e-04

	1000
	spr
	0.107
	1.52e-03

	20000
	bpa
	0.104
	1.49e-05

	20000
	native_multi
	0.099
	1.49e-05

	20000
	ours
	0.097
	4.23e-05

	20000
	spr
	0.093
	5.33e-05

	5000
	bpa
	0.104
	6.04e-05

	5000
	native_multi
	0.116
	6.04e-05

	5000
	ours
	0.096
	1.54e-04

	5000
	spr
	0.091
	1.86e-04


[bookmark: X377a36d82f3b6117db5dd9e77d0954ed516a5b1]Supplementary Table S7. Pre-BPA orientation ablation (5 seeds)
	Object
	N
	nCD pre-BPA camera
	nCD pre-BPA tangent
	tan/cam
	Stage-1 triangles (cam)
	(tan)

	Bunny
	1000
	1.77e-04
	1.63e-04
	0.92
	600
	664

	Bunny
	10000
	4.01e-05
	4.54e-05
	1.13
	6332
	6674

	Dragon
	1000
	4.02e-04
	4.48e-04
	1.11
	583
	655

	Dragon
	10000
	9.83e-05
	8.76e-05
	0.89
	6228
	7047

	Horse
	1000
	1.15e-04
	1.52e-04
	1.32
	662
	759

	Horse
	10000
	2.37e-05
	2.14e-05
	0.90
	7176
	8043
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S1. Hybrid BPA-Poisson pipeline and evaluation scripts (released with the submission; Python 3.12, Open3D 0.19).
