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Abstract

Under a fixed physical law, the visible geometry of a scene
determines how motion must change. We ask how video
generators realize this relationship. We fix the law and the
initial state and change only the geometry drawn in the first
frame, within matched families of tracks and deflectors, and
compare each generated trajectory with the simulator pre-
diction for that geometry. Paired interventions change one
thing at a time: a local bump, the height of a barrier, the
words of the prompt, the length of the clip. Across nine
image-to-video models, geometry is preserved and shapes
the motion: the speed of the ball follows the drawn un-
dulation of a track. A physical state would carry this re-
sponse forward, and here the generated motion parts from
the law. The mean slope barely accelerates the ball, succes-
sive contacts fail to compose through a consistent state, an
edit ahead of the ball alters its motion before it arrives, and
the ball climbs over barriers higher than its release point.
Two global conditions organize the global trajectory: text
strongly controls the destination, while clip length strongly
controls timing in the open-weight models tested. The
pattern persists with photographed first frames. Current
video generation thus behaves as geometry-conditioned mo-
tion synthesis whose evolution of state differs systematically
from that of a fixed physical law.

The project page is available at
https://liweihanl107.github.io/samelaw/.

1. Introduction

A ball on a track speeds up where the track falls and slows
where it rises. Tilt a plate in its path and it leaves in a differ-
ent direction. Under a fixed physical law and a fixed initial
state, the visible geometry of a scene determines how the
motion must change, and it does so through the state of the
ball: each piece of geometry acts when the ball reaches it,
and what it does depends on the speed and direction the ball
brings. This gives a direct test for a video generator. When
the geometry in the first frame changes, does the generated
motion change in the way the same law requires?

The evaluation of physics in generated video has become
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Figure 1. Same law, different geometry. One ball, one law, one
starting point; only the height of a barrier changes. In the simu-
lated motion (top) the ball crosses the lower barrier and turns back
at the one that rises above its release height (dashed line). In the
generated motion (bottom; MiniMax-H3, one seed) it crosses both,
as it does with every seed.

steadily more quantitative. Benchmarks first asked whether
generated clips are physically plausible [3, 19, 21]. Later
work tests equations of motion and conserved quantities on
trajectories extracted from the videos [31], compares them
with simulator rollouts from the same first frame [9], and
reads relational quantities that need no calibration of scale
or time [29, 30]. Controlled studies now vary one factor at
atime: a physical parameter conveyed by the prompt or the
conditioning frames [10], the length of a chain of depen-
dent collisions [5], or a counterfactual branch under shared
noise [16]. Together, these studies make physical correct-
ness measurable. They leave open a complementary ques-
tion: how visible geometry enters the generated dynamics
when the law is held fixed.

We study this question through same law, different geom-
etry. A world is a triple W = (Q, L, z) of visible geome-
try, local law and initial state. We fix L and zy and vary €2
within families whose global statistics are matched, so that
two first frames differ only in shape, and a simulator gives
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Figure 2. Study design. Left: a world W = (Q, L, o) is rendered as a first frame; the video generator produces a video and the simulator
the physical motion with its tolerance band; both are compared in the coordinates of the board. Middle: two families of geometry with
matched global statistics. Right: paired interventions, each changing one thing: shape (Sec. 4.1); local edit, ramp pair, barrier and contact
chain (Sec. 4.2); prompt pair and clip length (Sec. 4.3); photographed first frame and regeneration (Sec. 4.4).

the physical motion for each. Two families cover continu-
ous and discrete geometry: a ball rolling on a track with a
drawn undulation, and a ball bouncing through flat deflec-
tors into a tray (Fig. 2). Around them, paired interventions
change one thing at a time: a local bump on the track, the
height of a barrier, the words of the prompt, the length of
the clip. We generate more than 5,000 videos with nine
image-to-video models, six open-weight and three closed,
and track the ball in the coordinates of the board. The design
separates three questions that a plausibility score merges:
whether the geometry is preserved, whether it changes the
motion, and whether the change follows one local dynam-
ics.

Geometry enters the motion. Across all nine models, the
drawn track is largely preserved and the ball remains con-
strained to it. The speed of the ball rises and falls with the
drawn undulation, at 0.5 to 1.2 of the physical gain and, in
eight models, ahead of the physical phase by 15 to 41 de-
grees. The mean slope, which supplies most of the speed in
the physical motion, contributes little: the ball settles to a
preferred speed, and the undulation modulates that speed.

A physical state would carry this response forward, and
three tests ask for it. Composition: with three deflectors, the
physical order of contacts appears in at most a quarter of a
model’s videos, and each contact deviates on its own. Lo-
cality: a bump changes the speed at the bump in one model,
at a fifth of the physical size, while in three models an edit
ahead of the ball alters its path before it arrives. Energy:
the ball rises above its release height in 63 of 72 videos
and crosses 43 of 49 barriers that are physically impassable
(Fig. 1). The response on the track is therefore a modula-
tion of motion by shape, and the role of state is taken by

something else.

Two global conditions instead organize the global trajec-
tory. The outcome named in the prompt controls the desti-
nation. When the prompt says that the ball comes to rest in
the tray, it does so in nearly every video, more often than
its own motion, continued by the simulator, would bring it
there. With the same first frame and a prompt that leaves
the outcome unnamed, arrival falls by 33 to 96 percentage
points in all eight models tested, and the drawn tray by itself
barely attracts the ball. Clip length controls the timing in the
open-weight models tested. From 3 to 8 seconds the same
event stretches almost in proportion, and one model reaches
the end of the track at nine tenths of the clip at every length.

Taken together, current video generators use the visible
geometry to shape motion locally, the text to choose its out-
come, and the clip length to pace it. A fixed law prescribes
a different organization: a state that is updated where the
ball is, composed across events and bounded by energy.
The pattern persists when the rendered first frames are re-
placed by photographs of the built scenes, and a regener-
ation probe returns each model to its own version of the
motion. These results motivate evaluating physics through
how controlled changes propagate through generated mo-
tion, beyond whether the resulting clip appears physically
plausible.

2. Related Work

Physics in generated video. Benchmarks first scored
generated clips for physical plausibility, with human or
vision-language judges [3, 19] or against real footage of the
same event [21, 25]. Trajectory-based evaluation tests the
motion of tracked objects against equations of motion and



conserved quantities [31], and relational readings remove
the dependence on unknown scale and frame rate [29, 30].
Simulator rollouts from the same first frame separate er-
rors of trajectory, contact and appearance [9]. These studies
make the gap between generated and physical motion mea-
surable for a single scene. We study how that gap depends
on the visible geometry when the law and the initial state
are held fixed.

Controlled response and composition. One-factor inter-
ventions reveal what a generator responds to. Physical pa-
rameters conveyed by the prompt or by the conditioning
frames barely move the generated dynamics [10, 34]. Video
diffusion models trained on hard-sphere dynamics degrade
with the length of a chain of dependent collisions [5].
Noise-coupled factual and counterfactual branches define
locality for interactive world models [16], and single-factor
pairs show that video-to-audio models take physics from the
caption more than from the video [12]. This makes the re-
sponse to a controlled change an object of measurement in
its own right. Our controlled variable is the shape of the
tracks and deflectors, which appear in earlier suites as fixed
stimuli [21, 26], and we ask of the response whether it com-
poses across contacts, acts where the ball is, and respects
energy.

What organizes generated motion. Generated motion
carries an organization of its own. Falls are slower than
physical ones and the implied time scale is unstable [6, 30],
trajectory spectra are weak at nonzero temporal frequen-
cies [22], motion is planned in the early denoising steps [13]
and its phase erodes during later refinement, so that two
steps can be more physically consistent than fifty [8], and
events start late relative to their cause [2]. We assign parts
of the trajectory to conditions: the drawn geometry shapes
the local speed, the outcome named in the prompt con-
trols the destination, and the clip length controls the tim-
ing. The contrast between simulating a state and applying
a regularity has a long history in the study of human intu-
itive physics [4, 11, 17], and the preferred-speed motion we
observe resembles the impetus-like regularities described
there.

3. Same Law, Different Geometry

Object. A worldis W = (Q, L, z): visible geometry, a
local law and an initial state. Physics defines a flow & (zg).
An image-to-video model defines a distribution over trajec-
tories given a first frame that shows €2 and x(, and a prompt.
We hold L and x fixed and vary €. Within a family the
variants share their global statistics, such as the length of a
track and its physical transit time or the drop and the end
points of a deflector course, and the prompt is identical, so

the variant is conveyed by the first frame alone. All scenes
share one visual world: a dark board, white geometry, one
coloured ball, a fixed frontal camera and four corner mark-
ers that give the scale.

Two families. In the track family a ball rolls on a twin-rail
track whose height follows a mean slope plus an undulation.
The levels are a straight track, a single frequency of 3 or 4
cycles per metre at 15 mm amplitude, and a broadband pro-
file with three components of 10 mm, matched in length and
physical transit time (40 scenes). In the deflector family the
ball leaves a short launch ramp, strikes flat deflectors and
lands in a tray. The levels are one deflector at four angles,
three deflectors in a regular zigzag, and three with irregu-
lar angles and spacing, matched in drop, start, tray position
and mean angle (24 scenes). Smooth tracks and flat con-
tacts keep the physical trajectory stable: the exit direction
depends on the visible normal and the irregularity lies in
the layout of the geometry. The reference is therefore one
trajectory with a narrow band.

Paired interventions. Each intervention changes one
thing between generations that share everything else, in-
cluding the seed where the model allows it. Shape: the
levels of a family. Local edit: a 15 mm bump or dip on
one section of a track, with an edit of equal size placed off
the track as a null. Ramp pair: a descent followed by an
ascent of 0 to 60 degrees. Barrier: a hump whose height
is 0.70 to 1.20 of the release drop. Prompt pair: the same
first frame with a prompt that names the outcome (the ball
comes to rest in the tray) or a neutral one. Clip length: 3, 5
and 8 s. Photographed first frame: a photograph of the built
scene in place of the render. Regeneration: a source video
is partially noised and regenerated [18].

Reference and readings. A simulator integrates L on the
drawn geometry, and a 64-member ensemble over material
parameters and the starting point gives a tolerance band. We
track the ball into board coordinates. On a track, the ball’s
speed along the arc is regressed on the height profile, split
into mean slope and undulation. This yields the trend ratio,
the acceleration along the mean slope relative to the accel-
eration implied by the ball’s own transit time, and a com-
plex gain H for the undulation. Both are normalized by the
tempo «, the ratio of generated to physical transit time, so
that any time-rescaled Newtonian motion has trend ratio 1,
|H| = 1 and phase 0. At a deflector we compare the exit
direction with the simulator’s prediction for the generated
incoming direction, and fit the apparent normal restitution
e,. We also read the order of contacts, whether the ball
comes to rest in the tray, and, on ramps, the height ratio
of the highest point reached to the release height. Exact
renders passed through the same chain give each reading



Table 1. Nine models under the same law. Medians over scenes; the first row is the physical oracle, the simulator read through the same
measurement chain. Intact: share of intact videos in the track and the deflector family. Gain and phase are read on tracks with 3 cycles per
metre, the trend ratio on straight tracks, e,, at the first contact, the order of contacts on three deflectors, and the height ratio on ramp pairs.
Tray arrival is given under the named and the neutral prompt, and -y is the exponent of tempo against clip length (f: twice as fast at 3s,
unchanged from 5 to 8 s). A dash marks a reading that was not taken for that model.

Intact (%) Response State Goal: tray (%)  Time
Model track deflector gain |H| phase(°) trend e, order(%) height named — neutral -~
* Physical oracle — - 1.00 0 1.00 0.85 100 0.96 91 — 91 0
Open-weight
A LTX-2.3 87 1 1.24 +38 0.15 0.35 0 1.23 100 — 25 0.85
Vv LTX-2.5 (distilled) 100 75 0.97 +35 —-0.10 0.21 0 2.36 100 — 56 0.91
@ LTX-2.5 83 6 0.98 +36 0.02 - - 1.60 - -
@ Cosmos 3 Nano 88 67 0.57 +41 —-0.02 0.10 0 1.15 100 — 7 -
¢ MiniMax-H3 100 88 0.73 -3 0.22 0.45 0 1.56 98 — 2 1.04
@ Wan 2.2 (A14B) 96 81 0.54 +15 0.22 0.15 0 1.76 47 — 3 0.891
Closed
O Wan 3.0 100 88 1.11 +27 0.25 0.67 12 1.94 100 — 67 -
< Seedance 2.0 100 72 0.60 +19 0.62 0.74 24 1.66 100 — 33 -
> Seedance 2.0 mini 100 86 0.59 +36 0.65 0.67 14 1.82 100 — 33 -

a measurement floor, and differences are read against the
floor and the band.

Models. We study nine image-to-video models: six open-
weight models (LTX-2.3, LTX-2.5 and its distilled ver-
sion, Wan 2.2, MiniMax-H3, Cosmos 3 Nano) and three
closed models accessed through their APIs (Seedance 2.0,
Seedance 2.0 mini, Wan 3.0) [1, 7, 14, 15, 20, 23, 24, 27,
28, 32, 33]. Unless otherwise stated, each model generates
5 clips at its native resolution and frame rate, with three
seeds per scene. Interventions that pair videos by seed use
the open-weight models. A video is intact when the scene
stays what the first frame shows: one ball, static appara-
tus, steady camera. It stays readable when a part changes
only after the ball has left it. Dynamics are read on readable
videos, and the intact share is reported with them.

4. Results

Each subsection takes up the question left by the one before.
Table | collects the readings per model, and the supplement
reports every reading with its interval, floor and denomina-
tor.

4.1. How does visible geometry modulate motion?

The drawn geometry is preserved. In the track family,
83-100% of each model’s videos are intact. In them the
drawn undulation keeps its amplitude to within 1% and the
ball stays on the track. In the deflector family, seven mod-
els keep 67-88% of their videos intact, with the deflectors
within 0.2° of their drawn angle. LTX-2.3 and LTX-2.5
move parts of the deflector scenes or the camera, and enter

the analysis through the track family. Whatever separates
generated from physical motion below arises with the ge-
ometry in place.

The speed follows the drawn shape. On undulating
tracks the speed of the generated ball rises and falls with
the drawn profile (Fig. 3a). Relative to each model’s own
tempo, the gain at 3 cycles per metre is 0.54—1.24 of the
physical one. Eight models lead the physical phase by 15°—
41°, at least twice the floor of 6°-7.5°, and MiniMax-H3 re-
sponds in phase. The response repeats across seeds. When
tracks share their first 0.4 m and differ afterwards, the re-
sponse in the later section follows the phase drawn there,
with a slope of 0.80-1.07 in six models. The models read
the undulation from the first frame, and the motion carries
it where it is drawn.

The mean slope contributes little. In the physical mo-
tion the mean slope supplies most of the ball’s speed. In the
generated motion the acceleration along the straight track
is at most 0.65 of what the ball’s own transit time implies,
and below 0.3 in seven models (Tab. 1); on the undulating
tracks it is at most 0.42 (Fig. 3b). On a straight ramp the dis-
tance covered grows with time with an exponent of 0.5-1.6,
where uniform acceleration gives 2 and a constant speed
gives 1 (Fig. 3c). A ball that relaxes toward a preferred
speed reproduces this signature as a whole: a flat trend, a
reduced gain and a phase lead. Among ten candidate mech-
anisms passed through the same camera and estimator, four
models are best described by a preferred speed that varies
with the local slope and five by a constant preferred speed
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Figure 3. Geometry modulates the motion. (a) Gain and phase of the speed’s response to the drawn undulation; physics sits at gain 1 and
phase 0. (b) The same gain against the trend ratio: the undulation is followed while the mean slope adds little. (c) Speed along a straight
ramp, normalized: physics accelerates, the models hold a preferred speed. (d) Restitution at the first contact; the prescribed value is 0.85.
Filled markers are open-weight models and hollow markers closed ones; grey bands are measurement floors.

with temporal smoothing. Time-rescaled Newtonian mo-
tion fits none of the nine (supplement).

Closed models bounce, open-weight models slide. The
deflector family gives the discrete counterpart. At the first
contact the three closed models bounce, with a restitution
of 0.67-0.74 against the prescribed 0.85 and an exit direc-
tion 16°-35° from the physical one. MiniMax-H3 bounces
in part, with a restitution of 0.45. Cosmos 3 Nano, the dis-
tilled LTX-2.5 and Wan 2.2 slide along the deflector, with a
restitution of 0.10-0.21 and exits 57°-78° away (Fig. 3d).
In both groups the ball meets the drawn surface where it is
drawn.

4.2. Does the modulation form a local dynamics?

A state-mediated physical dynamics makes three testable
predictions here: successive events compose through the
state, only geometry the ball has reached can affect it, and
its evolution obeys the energy bound.

Successive contacts fail to compose. With three deflec-
tors the simulator’s ensemble keeps a single order of con-
tacts. The closed models reproduce it in 12-24% of their
videos and the open-weight models in none (Fig. 5a). In
MiniMax-H3, Wan 2.2 and Cosmos 3 Nano the ball sel-
dom reaches a second contact: it slides off the first deflector
and drops. In the two Seedance models the exit direction is
off by 19°-31° at the first, the second and the third contact
alike, so the chain is lost through independent local devia-
tions, and in Wan 3.0 the deviation grows from 10° to 28°.
A contact law calibrated on each model’s single-deflector
videos improves the prediction of the three-deflector scenes
for one model only, so the deviations do not reduce to a

consistent wrong material.

Edits act ahead of the ball. We add a 15 mm bump or
dip to one section of a track and generate with the same
seed as for the unedited track. Physics changes the speed at
the edit by —11% and +8% and leaves the motion before
it unchanged. MiniMax-H3 slows at the bump by 2.4%,
a fifth of the physical change, and reaches the edit at the
unchanged time. In LTX-2.5 the ball reaches either edit 3—
6% sooner and slows at the dip, where physics speeds up.
In three open-weight models the path before the ball reaches
the edit changes 1.7—4.0 times as much as under an edit of
equal size placed off the track, beyond the seed-matched
null (Fig. 5b). The shape ahead of the ball takes part in the
motion from the start.

The ball climbs past its release height. On a ramp pair
the physical ball turns back at 0.93-0.98 of its release
height. In 63 of 72 readable videos the generated ball rises
above the release height, and in 37 it runs to the top of the
ramp (Figs. 4 and 6a). The mean height ratio per model
is 1.15-2.36. Barriers show the same result as a thresh-
old. Physics passes the barriers below the release height
and none above it. Six models cross every barrier they were
given, and overall 43 of 49 physically impassable crossings
are made (Figs. | and 6b). In physics the speed kept over
the top falls from 0.53 of the speed at the foot to zero as
the barrier rises. In the models it stays at the same level at
every height, for example 0.42-0.46 in Seedance 2.0 mini.
The ball slows on arise, as the shape suggests, by an amount
unrelated to the height gained. The preferred-speed descrip-
tion of Sec. 4.1 reaches its limit here: no single rule of that
kind reproduces one model’s behaviour on the undulating
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track, at the local edit and on the ramp pair together (sup-
plement).

4.3. What organizes the global trajectory?

The local response does not propagate as a consistent phys-
ical state. What, then, organizes where the ball ends and
when? Two paired interventions identify strong global con-
trols.

The named outcome controls the destination. The
prompt of the deflector family says that the ball bounces
on the deflectors until it comes to rest in the tray. Under this
prompt the ball reaches the tray in 98—-100% of the track-
able videos of seven models, whether or not the contacts
were right. The generated motion itself leads there less of-
ten: continued by the simulator from the state in which the
ball leaves its last correct contact, it reaches the tray in 11—
84% of the videos of six of these models, which exceed the
simulator by 16-87 percentage points. We then generate
the same scenes, first frames and seeds with a prompt that
describes the scene and leaves the outcome unnamed. Tray
arrival falls in all eight models, by 33 to 96 points (Fig. 7a).
The excess over the simulator is then at most 27 points in ev-
ery model, and in MiniMax-H3 and the two Seedance mod-

els it is gone. Wan 3.0 retains the most, with 67% arrival
under the neutral prompt. The drawn tray by itself barely
attracts the ball: when the tray is shifted, the landing point
follows it by at most 0.42 of the shift, and with the tray
removed no model brings the ball to rest where it was.

Clip length controls the timing. For four open-weight
models we change only the length of the clip, from 5s to
3 or 8s, with the scene, prompt and seed fixed. A physi-
cal event keeps its duration, so its tempo is independent of
the clip length. The generated tempo grows with the clip
length with an exponent  of 0.85-1.04 in three models,
where 1 means that the event is scaled to the clip (Fig. 7b).
MiniMax-H3 reaches the end of the track at 90-93% of the
clip at every length, LTX-2.3 at 55-59% and the distilled
LTX-2.5 at about half. Plotted against normalized time, the
three motions of one seed fall on one curve (Fig. 7c). The
response to the undulation keeps its gain and phase through
this stretching, and a longer clip brings neither more arrivals
at the tray nor a better order of contacts. The time left after
the event is filled by a ball at rest or by a second run of the
event. Wan 2.2 doubles its speed at 3 s and keeps its 5 s pace
at 8 s. The named outcome and the clip length act together:
under the neutral prompt the same scenes run 1.2-2.4 times
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slower in seven of eight models, and many are still under
way when the clip ends.

4.4. Photographed first frames and regeneration

The pattern holds on photographs. We built eight of
the scenes, photographed them, measured their geometry
from the photographs and ran the simulator on the mea-
sured geometry. With the photographs as first frames, the
readings of six of the nine models stay within their seed-to-
seed spread of the readings on renders of the same geometry
(Tab. 2a). The three changes are specific: LTX-2.5 moves
the camera on photographs, MiniMax-H3 shows larger exit
residuals, and Seedance 2.0 a higher gain. The pattern of
Secs. 4.1 to 4.3 is reproduced on photographs. The speed
follows the drawn undulation, with a phase lead in eight
models. The trend ratio stays below 0.5. The order of three
contacts appears in at most one of six videos per model.
The ball reaches the named tray in every trackable video of
every model except Wan 2.2, which misses it on renders as
well.

Regeneration returns the model’s own motion. Finally
we give two models a source video whose structure is in-
tact and whose dynamics are wrong, add noise and let the
model regenerate it. We read ), the displacement of the re-
generated motion from the source toward physics: 0 keeps
the source, 1 reaches physics. A motion slowed twofold
keeps its tempo. A constant-speed motion keeps its tim-

a Height on ramp pairs

4 V0.7 a
- v m
& 31 °
g 8 g ° ® @ o0 < p>
o 24 H . '5%
o2 I, -]
2 | et e S e o~
A R [ | ___1____-
. ° 00 a3 physics
AV (<) o < =] Q < >
b Barriers one ball per seed: @ crossed Q stopped
release height : 2 2 i'i ,- :
70%  85% 95%  97% 105% 120%
* Physical oracle o o [ [¢) (@) (@)
ALTX-23 000 000 000 000 Q00 000
V LTX-2.5 (distilled) Q00 000 000 000 000 000
@ LTX-2.5 e 00 00 o0 @@ @O0
@ Cosmos 3 Nano Q0 000 000 @00 @@ @0
9 MiniMax-H3 00 000 000 000 000 000
B Wan 2.2 (A14B) @ @O0 @O0 @00 @00 @O0
Q Wan 3.0 - 00 - - Q0 00
<] Seedance 2.0 (&1%) Q00 000
[> Seedance 2.0 mini 000 000 000
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ing, and the response to the undulation is added back. A
phase shifted by 90° returns to the model’s own lead. For
these sources A stays below 0.1, except at the highest noise
level of the distilled LTX-2.5, where the output drifts to-
ward the model’s own video (Tab. 2b). A violated contact
is changed: a ball that passes through a drawn deflector is
made to hit it, with A ~ 1. What replaces the source is
the model’s own trajectory for that scene, with the order of
contacts still wrong and a restitution of 0.16-0.45 in place
of the prescribed 0.85. For a source with a wrong restitu-
tion, the regenerated motion of Wan 2.2 moves 0.66 of the
way toward the model’s own image-to-video output of the
same scene and seed, and 0.10 toward physics.

5. Discussion

Three signals, three roles. The measurements assign a
role to each input of an image-to-video model. The geome-
try drawn in the first frame is kept, and it modulates the mo-
tion where it is drawn. The text names an outcome, and the
motion is brought to it, whereas text that names a physical
parameter leaves the dynamics in place [10]. The clip length
fixes a span, and the event is fitted into it. A similar division
appears in video-to-audio generation, where the caption de-
cides what is generated and the video decides when [12]. A



A LTX-23 V LTX-2.5 (distilled) @ LTX-2.5 @ Cosmos 3 Nano 9 MiniMax-H3 B Wan 2.2 (A14B) O Wan 3.0 <] Seedance 2.0 > Seedance 2.0 mini

a Named outcome

b Clip length

¢ One scene at three lengths

neutral €+——@ named I simulator from exit state = 2.0 e physics at 3,5, 8 s
— & S5 4 L e

A LTX2.3 physics:_ | ER g i
V LTX-2.5 (distilled) —Y| 7 £ Doy
@ Cosmos 3 Nano < } H @ g i __flx_cilplj}is_ic_al_r_aic__ L 80 H I/I
@ MiniMax-H3 < } g 2z % 051 ,,' / -
B Wan 2.2 (A14B) «—i ! ] © £ ! S M“{‘iiwaé’lxlz
O Wan 3.0 +«—0 2054 e p= ;7 R
<1 Seedance 2.0 +— é RS é /I /
[> Seedance 2.0 mini | <I—HI> ® o . . . 0.0 .

0 50 100 0 3 5 8 0.0 0.5 1.0

tray arrival (%)

clip length (s)

time / clip length

Figure 7. Text controls the destination, clip length the timing. (a) Tray arrival under the prompt that names the outcome (marker) and
under the neutral prompt (arrow head), for the same first frames and seeds; ticks mark the arrival the simulator reaches from the model’s
own exit state, and the dashed line the simulator from the initial state. (b) Arrival time against clip length; the dashed line shows a fixed

physical rate, the solid line scaling with the clip. (c) One scene and seed at 3, 5 and 8 s: position against normalized time.

Table 2. Photographed first frames and regeneration. (a)
Change of each reading from rendered to photographed first
frames of the same geometry: a check where the reading stays
within the seed-to-seed spread and the change where it leaves it,
bold when it is attributed to the photograph and in parentheses
when it lies within the range of the weaker control; a dash where
there is no reading. (b) Displacement \ of the regenerated motion
from the source (0) toward physics (1), by source and noise level.

(a) Photographed first frames

Track Deflector
Model gain |H| tempo o readable exit residual tray
A LTX-2.3 v v v - -
V LTX-2.5 (distilled) v v v v v
@ LTX-2.5 v v —42 % - -
@ Cosmos 3 Nano Vv v v v Vv
¢ MiniMax-H3 v v v +18° v
@ Wan 2.2 (A14B) v v v v v
© Wan 3.0 (+0.35) (4+0.26) v v v
<1 Seedance 2.0 +0.66 v v v v
> Seedance 2.0 mini v v Vv v v

(b) Regeneration A: 0 source i imim 1 physics

V LTX-2.5 (distilled) @ Wan 2.2 (A14B)

Source noise level  0.70 0.80 0.90 0.90 0.94 0.95
constant speed 0.01 0.00 0.00 0.01 0.02 0.02
phase +90° 0.00 0.02 0.10 0.01  0.07 0.08
slowed 2 x 0.00 0.06 024 0.00 0.00 0.01
restitution 0.3 0.01 0.03 032 0.01 = 099 140
transparent deflector 0.07 | 1.01 1.01 028 @ 1.09 1.12

fixed law organizes motion differently: through a state that
is updated where the ball is, composed across events and
bounded by energy. The generated motion reproduces the
local imprint of geometry on speed and direction, and the
destination and the pace come from the conditions on the
whole clip. This is consistent with generation that shapes
the clip as a whole: a destination and a duration are avail-
able as global conditions, while a state has to be computed

event by event [5, 13].

Evaluating physics in generated video. Two common
readings are affected. A score based on the outcome of
an event can be satisfied through the prompt: with the out-
come named, the ball arrives more often than its own mo-
tion allows. A score normalized for tempo absorbs the clip
length: the same event is slower in a longer clip. The paired
interventions used here address both, because the quantity
read is the change of the motion under a controlled change
of one input, with the law as the reference for what that
change should be. This matters when video generators are
used to predict the consequence of an action: a description
that names the intended outcome can bias an outcome-based
evaluation even when the intervening dynamics are wrong.

Scope. The study covers one rigid ball in two planar fam-
ilies of geometry, nine image-to-video models and clips of
3 to 8s. The reference is a simulator that is exact for the
drawn geometry and the stated law, and photographed first
frames test the visual domain. The design carries over to
other laws and scenes: it needs a family of geometries with
matched statistics, a simulator for the reference, and pairs
of generations that differ in one thing.
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How Does Geometry Enter Generated Motion?

Supplementary Material

Key
open-weight models (filled marks) closed models (hollow marks)
A LTX-23 © Wan 3.0
V LTX-2.5 (distilled) < Seedance 2.0
@ LTX-2.5 > Seedance 2.0 mini
@ Cosmos 3 Nano integrity only:
@ MiniMax-H3 x Wan 2.2 (TI2V-5B)

@ Wan 2.2 (A14B)

* Physical oracle the simulator’s reading through the same measure-
ment chain
1.24 1079, 1.46] (24) median, 95% interval over scenes, denominator
—to— a value and its interval on a common scale, with a
tick at the physical value
] intact (dark) and readable (light) share of the videos
o——teo tray arrival under the named (filled) and the neutral
prompt (hollow)
1.6 a value singled out in the caption
[ norrun 7] the model did not run this arm (—: no reading)

Header bands follow the four questions: response state goal time
integrity, setup

A. Scene families

Every scene is a world W = (Q, L, zy) drawn on a vertical
board: a ball released from rest at x(, a fixed law L, and
white parts whose shape is the geometry ). The two main
families vary (2 over matched levels while the prompt stays
fixed within a family, so a level reaches the model through
the first frame alone. Each intervention family changes one
element of a base scene and keeps the rest. For each we
state what is held fixed, what changes, what the stated law
predicts and what the family isolates.
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A.1. Common visual world

Common visual world setup

board  matte black,
1.20 x 0.675m (16:9), on
a wooden table before a
wall

markers four 30 mm squares per
corner

parts  white acrylic

ball 40 mm, orange, green, blue
or magenta, named in the
prompt

camera locked, 50 mm lens, 1.85m
from the board centre

A checker strip of four 30 mm squares in each corner gives the scale
and a per-frame reference for camera motion. Frames are path-traced
at 1280 x 720 and downsampled to 832 x 480. Exact renders of
the simulated motion exist at 24 and 30 fps and, for the model that
generates at 16 fps, at exactly 16 fps. The first frame given to every
model is the frame at ¢ = 0 of the exact render. Board coordinates
have their origin at the lower-left corner, « to the right and y up.

A.2. Track family
Track family response

The track is two laser-cut white acrylic plates 5 mm thick, and the ball
rides on their sharp inner top edges, 24 mm apart, with the far plate
8 mm higher. Over z € [0, 1.0] m the upper edge follows

h(z) = Ho —ax+ Y, Apsin(2m frx + o) (A1)

and ends at a stop block (levels in Table A.l, with random phases
on the broadband level). The track starts at a local crest of h. With
rolling resistance ¢, the energy balance gives

v2(s) = V3 — 2ger [A(z(s)) — h(z0) + crr (2(s) — w0)] (A2)

(gefr in Sec. B).

Table A.1. Track family levels, ten scenes each. f, A: frequency and amplitude
of each component. N, in: lowest normal force on the nominal trajectories, in
units of mg. Last column: scenes in which all 64 ensemble members reach the
stop (62-63 in the others).

level (first frame) f (m~!) A (mm) a Nmpin 64/64

straight

|

0.076-0.132  0.99 10
single-frequency

0.033-0.115 0.52 7

(98]
—
W

single-frequency

|

15 0.031-0.085 0.40 10

broadband

2,3,4 10each 0.030-0.100 0.30 7

!

held fixed ~ The length, the release rule (the ball is released
where the downhill slope first reaches 0.025, at least
10 mm past the crest), the prompt and the physical
transit time (1.62-2.15 s). Every nominal trajectory
keeps a normal force of at least 0.3 mg, which



bounds A f2 and sets the physical bandwidth of the
family, and a speed of at least 0.25 m/s beyond
z=0.16m.

The drawn profile. The mean slope @ is drawn per
scene and enters as a covariate, and the straight level
needs a steeper a because it lacks the first downhill
of a crest start.

changed

law predicts By Eq. (A.2) the speed follows the drawn height
with unit gain and zero phase at every frequency of
the family, and the mean slope accelerates the ball
(s oc t2 on the straight level).

isolates The transfer from drawn shape to speed, resolved by
spatial frequency, at matched transit time.
A.3. Deflector family

Deflector family response, state

A launch ramp (a 25° descent of 0.15 m ending in a horizontal lip at
z = 0.647 m) releases the ball into free flight toward K flat deflectors
(120 x 10 mm, with 5mm lips on the front and back that keep the
ball in the board plane) and a white tray with 40 mm walls and a felt
floor. Each deflector faces the launch ramp, so every contact throws
the ball upward and flights between contacts last 0.2-0.4 s (levels in
Table A.2).

Table A.2. Deflector family levels, eight scenes each. Order and tray: shares of

the 64 ensemble members that keep the nominal sequence and that rest in the
tray. Last: time of the last contact.

level K

angles order tray last (s)

single

~

- 1 20, 30, 45, 60° 1.00  0.86-1.00 0.54-0.57

3 +45/-45/+45° 0.94-1.00 0.81-0.98 1.12-1.16

N 3 £(20-60)° 0.91-1.00 0.83-0.98 1.05-1.15

held fixed ~ Each irregular layout shares launch ramp, tray
position and total drop with the regular layout of the
same index, with mean |6| of 43.1-49.2°. Every
nominal path hits each deflector at least 1.5 ball
radii from its ends, flies at least 0.19 s between
contacts (0.22 s between irregular deflectors, at least
four frames on each side of a contact at 24 fps),
makes its last contact before 4.5 s and rests in the
tray before 5s. The tray widens from 200 to 300 mm
when fewer than 80% of the ensemble rest in it.

The deflectors. The two single-deflector scenes of
an angle slide the deflector by up to 20 mm along its
axis about a fixed contact point (190 mm below the
lip, 250 mm at 20°), so they are physically identical.
The regular layout is +45/ — 45/ + 45° at equal
spacing (140 mm £15%). The irregular layout
alternates in sign with magnitudes in [20°, 60°] at
random spacing.

changed

law predicts The exit of each contact is set by the drawn normal
and the prescribed restitution. On the single
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deflector the physical exit angles at 20, 30, 45 and

60° are 111.2, 130.0, 162.1 and 193.1°, a slope of
2.06 (a mirror gives 2). On three deflectors the ball
visits p1 — p2 — p3 and rests in the tray.

A discrete geometric event and the composition of
three, and the paired layouts separate the physical
path from a zigzag template with the same drop,
start, tray and mean angle.

isolates

A.4. Local edits and shared-front tracks

Local edits state

Twelve tracks share their first 0.25 m and release point and then
blend into a straight ramp of slope @ € {0.03,0.04,0.05,0.06}. An
edit +e(1 — u?)3 (¢ = 15 mm, width 0.15 m) is centred at 0.42,

0.50 or 0.58 m.
base bump dip null edit (lower edge)

Table A.3. Local edits: physical arrival shift at the stop, bump / dip (ms). The
ball enters the edit at 0.99, 1.11-1.12 and 1.23-1.25 s for the three centres and
reaches the base stop at 1.94, 1.89, 1.85 and 1.82 s for the four slopes. The speed
at the edit centre is 0.62-0.74 (base), 0.45-0.61 (bump) and 0.75-0.85 m/s (dip),
and 62-64 members reach the stop. *: also run on the closed models.

a centre 0.42m centre 0.50m  centre 0.58 m

0.03  +45/-14* +41/-13 +37/-11
0.04 +41/-13 +36/-11 +32/-10*
0.05 +38/-12 +33/-10 +29/-8
0.06 +35/-11 +30/-9* +25/-7

held fixed ~ The first 0.25 m and the release point of each track
(an f = 3m~! crest start, A = 15mm, @ = 0.06),
the seed, and one ensemble per track whose
members coincide until the edit.

changed One element per arm. Each track has five arms:

base, bump (+¢), dip (—¢), a null edit (the same
shape added to the lower edges of the plates, area
10.3 cm?, leaving the rolling edge and the simulated
motion unchanged) and a rerun of the base with the
same seed.

law predicts Identical motion up to the edit,
Av? = F2g.ge = F0.177m2/s2 across it, and
recovered speed after it with a persisting arrival shift
(Table A.3).

Whether a model changes speed at the edit in the
physical direction, whether an edit ahead of the ball
changes the motion before arrival, and, through the
null edit and the rerun, how much an unrelated
change of equal size and the sampler itself move the
generation.

isolates



Shared-front tracks

held fixed

changed

law predicts

isolates

response, state

track 0 track 4

The first 0.40 m of twelve f = 3m~! tracks

(A = 15mm, a = 0.06), all within the rules of the
family.

The back section, blended in over 0.40-0.50 m, with
arandom phase (3.61, 0.58, 0.32, 2.84, 5.29, 4.24,
5.47,0.35, 1.39, 6.24, 3.09 and 1.51 rad for tracks
0-11).

The motion is identical until the front section ends
at 1.12's, and the back-section undulation follows
the drawn phase.

Whether the back-section response follows the
drawn phase or continues the front, and whether the
motion over the shared front changes with geometry
the ball has not reached.

A.5. Ramp pairs, barriers and chutes

These families test energy and state, and each prediction

holds at any tempo (Table A.4).

Ramp pair state

</

held fixed

changed

law predicts

isolates

A 20° descent into a rounded valley and
an ascent of 60, 30, 15, 5 or 0°, with

block on each ascent at 2.52, 1.61, 1.46
and 1.32 times the release height.

The descent, the valley and the release height.
The ascent angle.

The ball turns around just below its release height,
lower on longer ascents through rolling resistance.

Whether the climb is bounded by the release height.

Barrier state

held fixed

changed

law predicts

isolates

The same descent into a flat valley and a
hump (1 — »2)2 220 mm wide whose
height is 0.70-1.20 of the 80 mm release
drop.

The descent, the valley, the hump width and the
80 mm release drop.

The height of the hump, 0.70-1.20 of the release
drop.

The ball passes below the rolling-resistance
threshold 0.971 (1 — ¢rr L/ hye for the 0.46 m path
to the crest) with a crest speed that falls to zero at
the threshold, and the ensemble splits at 0.95 and
0.971 by design.

‘Whether the outcome has a threshold at the release
height.

release 45 mm above the valley and a stop

Chute state

N

held fixed
changed

law predicts

isolates

A chute set holds the exit point

(0.55, 0.45) m, the exit tangent (—20°)
and the exit speed (0.900 m/s) fixed and
changes only the curvature x of the last

— 60 mm.

The exit point, the exit tangent and the exit speed.
The curvature « of the last 60 mm.

The four flights are one parabola, and their nominal
landing points agree to 10710 m.

Whether a drawn shape that the stated law ignores
moves the outcome.

A.6. Goal interventions

Goal interventions: trays and prompt pairs goal

held fixed

changed

law predicts

isolates

The neutral prompt of the tray interventions

(Sec. E.2), which names neither deflectors nor tray.
Scenes built on a main-set scene keep its colour and
ensemble members, so the two first frames differ
only in the changed part. The wooden table enters
the simulator because the ball can miss the tray
(Table A.5).

The tray, a second tray or the prompt. Two trays
place a second, identical tray under the launch lip.
The three-deflector layouts leave no room for it, so
all four scenes use single deflectors. No tray
removes the tray. Prompt pairs regenerate the 16
regular and irregular main-set scenes with the
neutral prompt, with first frame, ensemble and seed
unchanged.

In the shifted-tray scenes the stated law gives a
capture gain of zero: the landing point does not
move with the tray, and in the beyond group the ball
flies over the moved tray to the table. The stated law
with its nominal parameters (1« = 0) lands at the left
edge of a one-sided ensemble spread (49 to

+145 mm at 20° with median +107, —11 to +128
at 30°, —23 to +70 at 45° and —42 to +16 at
60°), so a model that lands at the ensemble median
sits up to 107 mm off the nominal point, and the
primary reading compares two tray positions of the
same base and seed (Sec. C.2).

Whether a drawn tray attracts the ball, which of two
trays receives it, whether a model keeps a stopping
place that is no longer drawn, and whether the
destination follows the text.

A.7. State controls

State controls: near misses and permuted layouts state

held fixed

The neutral prompt (Sec. E.2), the free-flight path in
the near misses, and the three deflector magnitudes
in a permuted pair.



Table A.4. Ramp pairs, barriers and chutes. Times are physical, counts are ensemble members out of 64, and * marks scenes also run on
the closed models.

ramp pairs barriers chutes

ascent turn(s) ratio travel (mm) ratio outcome time (s) speed (m/s) pass k(m ') exit,land (s) Npin landing (m)
60°* 0.54 0.980 35(33-37) 0.70 pass 078 0.51(0.53) 64 0F 0.31,0.53 0.82  0.714-0.744
30° 0.64 0.975  92(84-96) 0.85* pass 0.83 0.34(035) 64 +4 0.29, 0.51 0.82 0.714-0.742
15°* 0.87 0.965 183 (162-193) 0.95 pass 090 0.14(0.15) 27 —4* 0.34,0.56 0.61 0.714-0.741
5° 1.74 0.929 509 (411-572) 0.971 pass 1.03  0.03(0.03) 10 +8* 0.26, 0.48 0.49 0.715-0.741
0°*  stop 1.36 1.05* turnback  0.86 0

1.20* turnback  0.83 - 0

Ramps: turn-around time, height ratio and horizontal travel up the ascent (ensemble range in brackets). Barriers: time at the crest (or turn-around), crest speed with its ratio to the
speed at the foot (reached at 0.61 s). Chutes: Ny in in units of mg, nominal landing 0.7377 m for all four.

changed A deflector near the path or the order of the
deflectors. Near misses place a deflector end 10 mm
or 40 mm from the free-flight path, with a hit
control. Permuted layouts use the same three
magnitudes in the orders (+a, —b, +c) and
(+a, —c, +b), each with its tray at its own landing
point.
photograph rendered twin
law predicts No contact at the near misses and a contact at the hit
control, and on each permuted layout the order in held fixed ~ The geometry. It is measured from the photograph
which its deflectors are drawn (Table A.5). (the laser-cut end blocks set the scale, the corner
isolates The radius within which a deflector attracts a s‘tnps 'the g hompgraphy, el s il parts G
contact (zero under the stated law), and whether the h.tted in board c.oordmates, Tabl_e A.6), and the.
contact order follows the drawn order. simulator runs its ensemble on it. The prompt is the
main-set prompt. The control of an open-weight
model is a rendered twin (measured geometry, the
photograph’s camera, our appearance) wherever the
. as-built motion leaves the nominal band, and the
A.8. Clip length main-set render where it stays inside. Closed
Clip length time models run only the photograph rows and are
compared with their own nominal-scene readings, a
weaker control.
held fixed ~ The first frame, the prompt and the seed of eight changed The visual domain of the first frame. Each
scenes (one per track level, the 3Q° apd 6Q° single photograph is cropped to 16:9 and scaled to
deflectors, and a regular layout with its paired 1280 x 720 as the first frame. The build departs
iqegular layout). The 5s clips are the main-set from the drawing: the board is 1166 x 723 mm, the
videos. checker squares are 27.6-29.2 mm and the balls
changed The length of the clip: 3, 5 and 8s. 46-50 mm.

law predicts

isolates

The stated law keeps its events at fixed times, so its
tempo is independent of the clip length.

Whether timing is set by the motion or by the clip.

A.9. Photographed first frames

Photographed first frames integrity, visual domain

The same eight scenes were built from laser-cut parts and
photographed from a tripod with the camera parallel to the board

within 0.7°.

law predicts

isolates

The as-built ensemble of Table A.6.

The visual domain of the first frame with the
geometry held fixed.

A.10. Regeneration sources

Regeneration sources probe

Six scenes of a twelve-scene pilot set serve as sources: three tracks
with A = 20mm (f = 1 and twice f = 3m~!) and three deflector
layouts (one regular, two irregular), each with its exact render.
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Table A.5. Tray interventions, near misses, permuted layouts and prompt pairs, all with the neutral prompt. Shifts are relative to the
nominal landing point, positive toward the incoming ball. Counts are ensemble members out of 64. *: also run on the closed models.

first frame

scene base

change

physical outcome (ensemble)

-
—
~ =
7
(]
~ o
/
— o]
—
=
N
—
~
7
\
[P

shifted tray, in: 20, 30*, 45, 60*° single deflector

shifted tray, beyond: 20, 30*, 45,
60 * O

single deflector
two trays: 45° (2 scenes, 1) single deflector
single deflector

two trays: 60° (2 scenes, 1*)

no tray: 30° and irregular main-set scenes

near miss: 10 mm above™, 40 mm free flight
above, 10 mm below
near miss: hit control™ free flight

permuted pairs (3) new irregular

prompt pairs (16; 4*) regular, irregular

240 mm tray at 60 mm

100 mm tray at +240, 4220, 160,

+120 mm

second 200 mm tray under the lip

second tray, both 140 mm

tray removed

deflector end at the stated clearance

30° deflector on the path

magnitudes 38/46/54, 40/47/55,

lands in the tray off-centre (64 each)

flies over it to the table (64), touches it (0), leaves the

view

physical tray (63; 64), second tray (0)

physical tray (64; 64), second tray (0)

lands on the table and leaves the view (64; 63 within

5s)

no contact (0); smallest clearance 4.3, 35.7, 6.9 mm

contact, then tray (64)

order kept 58-63, tray 53-63

37/47/52°, two orders

neutral prompt

as in the main set

Table A.7. Regeneration sources: how each version is built and the reading that
identifies it, on the source and for the physical oracle.

version construction source / oracle

constant speed tracks: uniform speed over the |H|0.02/1.0
physical transit time

phase +-90°  tracks: undulation of v?(s)  phase +86/0°
advanced by a quarter period

slowed 2 x both: the simulated motion at « 2.0/ 1.0
half speed

restitution 0.3  deflectors: every contact with e, 0.30/0.85
e=0.3

transparent deflectors: the ball passes order 0/ 1
through deflector 2

held fixed ~ The drawn structure. Sources are rendered at 24 fps

changed

law predicts

isolates

and at exactly 16 fps, with a first frame equal to the
exact render’s within one grey level.

The dynamics. Each scene has three versions that
keep the drawn structure and break the dynamics
(Table A.7). A deflector ball that misses the tray
lands on the table and rolls to a stop, so no version
passes through a drawn surface other than the
transparent deflector.

The physical readings of Table A.7.

‘Which parts of a motion a model keeps when it
re-renders it and whether a replacement moves
toward the stated law or toward the model’s own
version of the scene.
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B. The reference

The physical reference is a simulator that integrates the
stated law on the geometry drawn in the first frame, and a
64-member ensemble that perturbs what the drawing leaves
open gives each scene a tolerance band. The reference is ex-
act for the drawn geometry and the stated law. All physical
comparisons in the paper are defined relative to this oracle.

The stated law. On tracks, ramps and chutes the ball (ra-
dius » = 20 mm) rolls without slipping on the two inner
plate edges, whose chord lies 7.g 15.5mm from the
ball centre. A solid ball (k = 2/5) then carries the iner-
tia factor 1 + x = 1 + kr? /r2; = 5/3 and accelerates with
gt = g/ (1 + x). Rolling resistance is a force ¢, mg cos 6
with ¢, = 0.005, the ball stops at the end block, and every
nominal trajectory keeps a positive normal force. Between
contacts the ball flies freely, and a deflector contact reverses
and scales the normal velocity by e = 0.85 and keeps the
tangential one (x = 0). The tray has a felt floor (e = 0.25)
and 40 mm walls, and in the tray interventions the table be-
low the board has restitution 0.60, friction 0.30 and rolling
resistance 0.010.

The ensemble. Each scene draws 64 members from a key
of its own (Table B.1), perturbing what a first frame cannot
show: the material of the ball, restitution and friction (with



Table A.6. Photographed first frames: as-built geometry against the design (track offset in x/y and rotation, launch exit speed with design
0.760 m/s), the as-built ensemble (on tracks all 64 members reach the stop, on deflectors the shares keeping the design order and resting in

the tray), the nominal band, and the rendered control.

photograph scene as-built against design ensemble  nominal band control
straight —-16.3/+52.3 mm, +0.07°; @ 0.093—0.092 stable outside, 4% faster twin
—14.9/+42.5mm, —-1.36°; @ 0.055—0.076; A 15—17.5mm stable outside, 19% faster twin
—-10.8/4+28.6 mm, —1.03°; @ 0.048—0.077; A 15—14.7 mm stable outside 20% of the time  twin
broadband  —13.8/+47.7 mm, —0.62°; @ 0.069—0.078; A 10.6/11.5/10.2 mm stable outside, 15% faster twin
. = 0
- single, 30°  deflector 31.7°, 149 x 22 mm; exit 0.815m/s 1.00/1.00 inside main-set render
/ single, 60°  deflector 61.1°, 149 x 23 mm; exit 0.872 m/s 1.00/1.00 contact 17 ms late twin
. — Il
- - .
N 4 regular deflectors +44.8/—47.1/+44.8°; exit 0.839 m/s 0.95/0.95 contacts 1, 3 early twin
B el
3 ~
N s irregular deflectors +39.1/=54.7/+36.4° (design +38.8/—55.5/+36.2); exit 0.764m/s  0.95/1.00 contact 1 5ms late twin
e
bt

Table B.1. The stated law (nominal) and the ensemble (64 mem-
bers). U: uniform, N: normal. The inertia factor is that of a
solid (2/5) or a hollow (2/3) ball. The bars show each uniform
range (band) with the nominal value (tick) on a scale from 0 to the
range’s upper end.

family quantity nominal ensemble

rolling inertia factor k 2/5 {2/5, 2/3}
rolling resistance ¢, 0.005 u[o, 0.02] |
release point release rule  + A(0, 3mm)

deflectors  restitution e 0.85 [0.80, 0.90] |
friction 0 U[o, 0.3] |
release point launch ramp + AN(0, 3 mm)

table restitution 0.60 U[0.5, 0.7] |
friction 0.30 u[0.2, 0.4] |
rolling resistance 0.010 1[0.005, 0.02] |

spin), rolling resistance and a few millimetres of the release
point. The arms of an intervention share their key, so the
arms of a local edit coincide until the edit and a tray inter-
vention reuses the members of its base: differences between
arms come from the changed geometry alone.

How the band is used. Smooth tracks and flat contacts
make each exit depend on the drawn normal and the incom-
ing state, so the families are irregular in layout and regu-
lar in dynamics, and a scene enters the study only when its
ensemble stays together: on tracks every member reaches
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the stop (up to two stop at the release point), on deflectors
at least 90% keep the nominal sequence and 80% rest in
the tray. The physical value of every reading is its read-
ing on the exact render of the nominal trajectory, measured
through the same chain as the videos, and the tables give
the ensemble spread where it matters (ramp heights, land-
ing ranges, barrier passes). The barrier heights 0.95 and
0.971 split the ensemble (27 and 10 of 64 pass), so there a
model is read against a share. The simulator also runs from
states measured in a video: the destination counterfactual
rolls the stated law forward from a model’s own exit state,
and geometric forgiveness runs the ensemble with one de-
flector removed. For photographed first frames the ensem-
ble runs on the measured geometry and decides whether the
as-built scene is stable and whether it stays in the nominal
band (Table A.6).

C. Measurement

Every video is reduced to the trajectory of the ball in board
coordinates, and every reading is a function of that trajec-
tory and the drawn geometry. This part defines the readings,
shows that the chain returns the physical values on exact
renders and names each error injected into motions built to
be wrong, and gives the floors against which model readings
are compared.



C.1. From pixels to the board

The eight squares of the corner strips give a per-frame ho-
mography from the board to the image, which absorbs small
camera motion. Letterboxing is undone by the frame map
of each model’s canvas. The ball is segmented inside the
board with a hue window for its colour (orange 355-40°,
green 105-157°, blue 200-244°, magenta 300-345°) and
located by its chroma-weighted centroid. White parts are
bright pixels with saturation below 0.25, so the ball or its
blur never counts as a part. The ball centre lies 27.9 mm in
front of the board, and its plane is mapped by scaling the
board homography about the principal point. On a track the
centre is projected onto the offset centreline to give the arc
length s(t), differentiated by a Savitzky—Golay filter (seven
frames at 24 fps), and on deflectors the planar path (z,y) is
used. The drawn geometry is read from the white mask of
every frame (the upper track edge refitted at the input fre-
quencies, the axis and centroid of each deflector), minus the
same extraction on the exact render.

C.2. Readings

Table C.1 summarizes the readings of the main paper.

Track readings. The tempo « is the video time from first
motion to a common arc length over the physical time. On
deflectors the launch tempo times the ball from first motion
to leaving the launch ramp. For the gain, v? is regressed
jointly on [1, s — 5, (s — 5)?] and, per drawn component,
on Ay, sin ¢y, and Ay, cos 1y, with ¢y, = 27 fr.2(s) + ¢k, and
the coefficient pair z, = ci + idj; gives

ref

Hy = z1./27, (C.1)

where the reference is the simulated motion rescaled to the
video’s tempo, aligned at first motion and read through the
same filter. |H| is the gain and arg H the phase, positive
when the speed undulation leads the drawn height. The
stated law and any uniformly slowed physical motion give
|H| = 1 and phase 0. A component is read when the video
traverses at least 1.5 of its cycles with 60% of the frames
in motion, and a 2f term enters when its frequency is not
another component (intervals in Sec. H). The trend ratio
compares two gravities, girend = et 1 /Tref from the mean
slope T of the fitted v? trend and ggime = gosr /> from the
tempo. It is 1 for a time-rescaled physical motion and near
0 for a ball held at a preferred speed. On the straight level
s = 8o+ c(t — to)P gives the exponent p (2 under the stated
law, 1 at constant speed). The relaxation rate comes from

an output-error fit of s(¢) itself, with s = s before t( and
S§=ac—guW(s)—0s (C.2)

afterwards (W the undulating part of sin 6, fourth-order
Runge—Kutta at 1/240s). The stated law has b = 0 and
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gw = gem- The balanced accuracy is the share of mov-
ing frames on which the tangential acceleration has the sign
of the local downhill direction, averaged over downhill and
uphill frames (|a| < 0.06 m/s? counts one half). The kine-
matic gain regresses the measured centre’s vertical offset
about its trend on the exact one, and it is 1 when the ball
stays on the drawn rails.

Deflector readings. A contact is a minimum of the ball-
to-deflector distance within 7+ 8 mm where a bounce model
(two parabolas sharing contact point and vertical accelera-
tion) fits at least twice as well as one parabola, with win-
dows bounded by the neighbouring events. The contact or-
der merges adjacent repeats and is compared with the phys-
ical sequence. The residual is the angle between the mea-
sured exit and the stated law’s exit for the measured incom-
ing direction, and e,, € [0,1.2] and e; € [—1,1] are fitted
along the deflector normal and tangent (0.85 and 1 under
the stated law). The calibrated law fits (e,,, ) on a model’s
single-deflector contacts, freezes it and predicts its three-
deflector contacts, which helps only a model with a wrong
but consistent contact law. A ball has arrived when it is vis-
ible in half of the last 0.3 s and its median centre lies in the
tray (between the inner walls, from 10 mm below the floor
to 20 mm above the walls). For a wrong route, the destina-
tion counterfactual rolls the stated law forward for 5 s from
the exit state after the last correct contact (or the launch
exit). The difference between the model’s arrival and that
of the rollouts is the steering beyond the ball’s own state,
and it is tested with the state two frames later and with the
velocity rescaled by the apparent gravity or by the launch
tempo.

Intervention readings. Local edits: with the anchor ¢, at
0.10m of travel, T' = tena — ta, Tpre = tin — tas Vpulse
the mean speed in the edit and vy, that from 50 mm after
release to 30 mm before the edit, each arm is paired with the
base of the same track and seed,

dv — (Upulse/vpre)arm —1, dt= (T/Tpre)arm _1,
(vpulse/vpre)base (T/Tpre)base

(C.3)
so that the tempo of the two videos cancels. Locality is read
from the change of T},, and the RMS path difference before
the edit. Shared fronts: the gain is read on the back section
(x > 0.52m) with its own phase ¢y, and the circular-linear
slope of ® = § + ¢ on ¢y is 1 when the response fol-
lows the drawing and O when it continues the front. An
exploratory fit |H|e!® = G e'¥> + C across tracks splits a
locked part |G| with lead arg G from a part |C| with the
same phase on every track. Ramps: the turn-around is the
highest centre after the valley (quadratic fit within £0.12s),
and the height ratio divides its height above the valley by



that of the release. Climbs are classed as turning back,
reaching the top stop, still climbing or stopped. Barriers:
a pass moves the centre 20 mm beyond the crest, and the
crest-speed ratio divides the crest speed by the speed at the
foot. Chutes and trays: the landing is the = where the cen-
tre first descends through 50 mm above the tray rest height
(720mm on chutes), and the chute exit direction comes
from a parabola fitted to at most 12 flight frames. The cap-
ture contrast pairs the in-tray and beyond scenes of one base
and seed, (Zheyond — Tin)/(Shiftbeyond — shiftin ), O when
the landing ignores the tray and 1 when it follows it, so that
the model’s own flight bias cancels. Clip length: ~ is the
slope of log o on log Tcy;p, within each scene and seed (0
for a fixed physical rate, 1 when the event is stretched to
the clip). Regeneration: with r the regenerated motion, s
the source and p the physical motion, summed over visible

frames,
A= Z<’I’—S7p—s>

Xlp—sl*
0 when the output stays on the source and 1 when it is pulled
onto physics. The copy ratio is RMS||r — s||/||s — p||, & is
the same projection onto the model’s own image-to-video
video g, and r — s = Aa(p — ) + Ka2(q — ) + € separates
the two directions.

C.3. Validation

Exact renders. Exact renders go through the full chain as
if they were generated videos. On the 120 track renders the
fiducials agree with the scene camera to 0.04-0.07 px, every
ball stays on the track and reaches the stop, the tempo reads
1.000-1.004 and the gain 1.02—1.10 (a pixel-level bias of at
most +9%). On the 72 deflector renders every sequence is
correct with residuals below 0.32°, and pilot renders read
en, = 0.848-0.852 on all 42 contacts. The drawn-geometry
extraction recovers the track amplitude to 1.2 x 1074, its
phase to 0.017° and deflector angles to 0.004°. Table C.7
gives the intervention readings on exact renders.

(C.4)

Synthetic mechanisms. Seven candidate dynamics, sim-
ulated on tracks and read through the same estimator, leave
distinct fingerprints (Table C.2). Spatial smoothing lowers
the gain at zero phase, temporal smoothing lowers it with
a phase lead, and a response lag produces a phase lag that
grows with frequency. A constant-speed cruise flattens the
trend and its b is recovered exactly, a speed that follows the
local slope reads +90° at chance accuracy, and a curvature
heuristic produces a large 2 f term. A single real gain would
misread three of them (lag as bandwidth, first order as no re-
sponse, cruise as an unbounded ratio), which is why gain,
phase, trend ratio and b are read together.

Motions with a known error. Motions that keep the
drawn structure and break one piece of dynamics show that
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each reading names the error it was built with (Table C.3,
where the reading that names each error is tinted). Constant
speed reads as no response, a phase advanced by 90° as a
phase error of +-85° at full amplitude, and a motion slowed
2x keeps unit gain and zero phase with o = 1.98. Rendered
and measured, they read gains of 0.024, 1.52 and 1.03 and
phases of +4, +86 and +1°. On deflectors the calibrated
law recovers a fixed restitution of 0.5 (e,, = 0.49) and then
fits the three-deflector contacts to 1-2° against 15-16° for
the stated law, and a transparent second deflector breaks ev-
ery sequence. Rendered and measured, a restitution of 0.3
reads 0.300-0.304, and a motion slowed 2x keeps the or-
der with e,, = 0.848-0.853 and a contact gravity of 2.45—
2.48m/s?, a quarter of g.

Integrity rule. On 208 exact renders mapped onto every
model’s canvas and frame rate the integrity rule (Sec. D)
raises no flag, with part displacements up to 0.15 mm and
rotations up to 0.20°. Injected perturbations are read as in-
tended (Table C.4).

Photographed first frames. The rendered twins mea-
sured with the photograph’s camera set the floor of the pho-
tograph rows: with the correction for the ball’s height above
the board, tracking errors are 1.3—1.4 mm on tracks (2.4 mm
on the broadband scene, whose ball is the largest) and 2.1-
2.2mm on deflectors, the gain is biased by +3 to +5%
(+10% at most on the broadband scene), the phase by at
most 2.5°, and every order is correct, as on the nominal
scenes. Pose-level floors match the nominal ones except on
two track scenes at 16 fps (gain floor up to 0.31, phase floor
up to 25°).

C.4. Floors

A floor is the spread of a reading on the simulated motion
with 1px Gaussian detection noise (three noise seeds) at
each native frame rate and output size, and a model reading
is interpreted only when its interval clears the floor at the
model’s rate and size (Tables C.5 and C.6). For the inter-
ventions the simulated motion is first slowed 2.5x, a typi-
cal model tempo (Table C.7). For clip-length pairs the floor
of the 3 s minus 5 s difference includes the truncation of the
short clip (0.08 for a, 0.15 for |H|, 5° for phase, 0.07 s~!
for b, 0.08 for p and for accuracy), and the 8s minus 5s
differences on the simulated motion are zero.

D. Integrity

A generated video is read only while the scene stays the one
that the first frame shows. This part states the rule, reports
the intact and readable shares of every model in every ex-
periment, and describes the failure forms that recur, which



Table C.1. Readings used in the main paper, as definition cards: symbol and name, definition, the physical oracle and the floor at the three

native frame rates (16 /24 / 30 fps).

‘H| gain

undulation of v (s) against the
simulated motion at the same tempo
oracle 1

floor 0.0970.11/0.06

Qv tempo

generated over physical time of the
same motion
oracle 1

floor 0.08 (clip-length pairs)

residual

exit against the stated law’s exit for
the measured incoming state
oracle 0°

floor p904.2/3.2/2.3°

A regeneration pull

projectionof r — sonp — s,
Eq. (C.4)

oracle 1 (0 on the source)

floor distance floor 1.6-2.3 mm

arg H phase

lead of the speed undulation over the
drawn height
oracle 0°

floor 6.8/7.5/6.0°

P straight-ramp exponent

s o< (t — to)P on the straight level
oracle 2

floor 1.96-2.02

h/ho height ratio

highest point after the valley over the
release height

oracle 0.93-0.98

floor 0.006, single video 0.055-0.091
(tempo 2.5)

GJtrend /gtime trend ratio

mean-slope acceleration over that
implied by the tempo

oracle 1

floor

€, restitution

apparent normal restitution of a
contact

oracle 0.85 (band 0.80-0.90)
floor 0.81-0.89/0.68-0.91 /
0.79-0.90

tray arrival

ball at rest inside the tray over the last
03s

oracle 100%

floor exact on renders

b relaxation rate

rate of return to a preferred speed,
Eq. (C.2)
oracle 0

floor 0.09/0.06/0.05s 1

contact order

merged contact sequence equals the
physical one

oracle 100%

floor 100%

7Y duration exponent

slope of log o on log clip length
oracle 0
floor from the o floor

The floor of a reading is its spread on the simulated motion with 1 px detection noise at 832 x 480 for the three native frame
rates (95th percentile of the absolute error, the 90th percentile for the residual, or the stated range). Track floors are those of
the single-frequency level with f = 3m™" (all levels in Table C.5). The prescribed restitution 0.85 has the ensemble band
0.80-0.90. The height-ratio floor is that of the mean over videos, followed by the single-video floor at a model tempo of 2.5.

Table C.2. Fingerprints of synthetic mechanisms on tracks with A = 20mm and @ = 0.06 at f = 2,3,4, 5m™" (values listed in that order
and drawn as a line from f = 2 to 5, with the physical value dashed: gain on 0 to 2.1, phase on —80 to +100°), 24 fps, 1280 x 720, 1 px
noise, every motion slowed 2 x and started 1 s late. Accuracy at f = 3, medians of three seeds.

mechanism gain |H | phase () 2f/1f trend ratio b(s ') /accuracy
* Physical oracle L T 003,006,0.11,009 0.99,099,0.99,098  0.0/0.92

spatial smoothing, o = 40 mm o et 0.03,0.05,0.08,0.10 1.01,1.14,1.23,1.32  0.0/0.93
temporal smoothing, o0 = 0.25 | WU STEIEIE098.0.18020,025 068, 0.69,0.73,0.74 0.3-05/0.84
response lag 0.1's “m} S o, 0.09,0.11,017,024  1.11,1.16,1.15,1.08  -0.1-0.6/0.80
cruise, b = 5571 T T 005.006,0.04,010 0.10,0.13,0.15,015  5.0-5.1/0.78
first order (speed from slope) 090,195 165200 HU_WH‘W 0.05, 0.06, 0.10, 0.10  0.01, 0.01, 0.00,0.00 > 80/0.52
curvature slowdown, v /(1 + ¢|x|) T 031,088, 1.34,2.16 099, 1.09, 1.01,1.20  0.0/0.66

0.87,0.72, 0.66, 0.56

are findings in their own right about how each model treats
the drawn apparatus.
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D.1. The rule

Intact and readable

integrity

A video is intact when five flags stay clear.

count

a second blob of the ball’s colour with a quarter of

its area for more than three frames, or a resting blob
of 1.6 times its area and aspect ratio 1.4 (two
touching balls)



Table C.3. Track readings on motions with a known error (f =
3m~! and straight tracks, 24 fps, 832 x 480, 1 px noise, median
of three seeds). Tinted: the reading that names the error.

motion |H| phase oo @ acc. b p
* Physical oracle 1.01 0° 1.00 099 0.03 2.00
constant speed 0.02 -27° 1.08 0.50 232 1.00
phase +90° 1.51 +85° 126 054 -0.62
slowed 2 x 096  +1° 1.98 090 0.00 1.99

Table C.4. Injected perturbations and how the integrity rule reads
them: v passes, x flagged.

passes flagged
v adeflector shifted by 3 mm X a deflector shifted by 8 mm
v adeflector turned by 1.5° X adeflector turned by 3°
v aboard drifting by 2-6 px X adeflector area grown by 60%
v adarkened and blurred X aremoved launch ramp
deflector
v/ aball enlarged by 30% in area X arail plate moved by 8 mm

X half an outline moved by
6 mm

X a white blob of 0.6 ball areas
X asecond ball

Table C.5. Track floors at 832 x 480: 95th percentiles of | |H|—1|,
|phase|, 2f/1f, |b| and the kinematic-gain error, and the lowest
balanced accuracy. On the straight level p reads 1.96-2.02 and
|b] < 0.06s57 .

level fps |H| phase 2f/1f |b| kin. acc.
f=3 16 0.09 6.8° 021  0.09 0.049 0.81
24011 75° 0.15 0.06 0.027 0.86
30 0.06 6.0° 0.13  0.05 0.059 0.86
f=4 16 0.08 4.5° 0.16  0.09 0.038 0.93
24 0.07 5.6° 0.15 0.08 0.026 0.90
30 0.04 4.1° 0.10  0.05 0.032 0.94
broadband 16 023 14.1° 023 0.18 0.028 0.84
24 0.17 88° 0.5 0.13 0.040 0.88
30 015 9.8° 0.19 0.07 0.036 0.79

Table C.6. Deflector floors on the 24 main-set layouts (20 noise
seeds per scene): exact order, largest residual, largest per-scene
90th percentile of the residual, and the range of e, (stated law
0.85).

fps size order residual max p90 max en

16 1280 x 720 100% 4.8° 29°  0.83-0.88
832 x 480  100% 8.6° 4.2° 0.81-0.89

24 1280 x 720 100% 2.8° 2.1° 0.82-0.89
832 x 480  100% 4.3° 3.2° 0.68-0.91

30 1280 x 720 100% 3.0° 1.5° 0.81-0.88
832 x 480  100% 4.4° 2.3° 0.79-0.90
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the ball not found for more than 12 frames, a ball
leaving the view being an outcome

missing

a part (each deflector, the tray, the launch ramp,
each rail plate), tracked as a rigid body in board
coordinates, that for six or more frames shifts by
more than a quarter of the ball radius (5 mm), turns
by more than 2°, changes its white area outside
[0.6, 1.4], moves its outline by more than 5 mm or
disappears

apparatus

extra a new white region of half the ball’s area for more

than six frames

fiducial drift a board moving by more than 8 px at 832 x 480, or

found in fewer than 90% of the frames

The apparatus thresholds sit at the edge of what a reading can see. A
2° rotation turns the exit by 4°, inside the 4-9° residual floor, a 5 mm
shift keeps the normal and the 8 mm contact window, and 40% of area
is the light on lips and bevels.

A video is readable when every flag but apparatus is clear and every
apparatus change starts after the ball’s last use of that part (the launch
ramp after the ball leaves it, a struck deflector after its last contact,
the tray and unstruck deflectors after the landing, the rails after the
last measured point). The intact share is the integrity statistic, and
dynamics are read on readable videos, with denominators in the or-
der all, intact, readable, trackable (ball visible in half of the frames),
reached (the ball gets to where the reading is taken) and estimable.

D.2. Shares per model and experiment

Six models keep 96—-100% of their track videos intact (Ta-
ble D.1), and the deflector scenes, whose parts are struck
and whose tray receives the ball, cost every model more.
LTX-2.3 keeps the tracks and rarely the deflector scenes,
and LTX-2.5 moves its camera in 64 of 72 deflector videos,
which are therefore reported here only. A tenth model,
Wan 2.2 (TI2V-5B), generated on the two main families,
keeps too few videos intact for any reading and appears only
in this table.

D.3. Recurring failure forms

Table D.2 lists the forms that recur, and Fig. G.5 shows ex-
amples. Struck parts separate the models: the Seedance
models let a struck deflector turn, LTX-2.3 and MiniMax-
H3 let the tray tilt after the landing, LTX-2.5 (distilled) ro-
tates the launch ramp, mostly after the ball has left it, and
LTX-2.3 treats deflectors as loose objects in every visual do-
main. Other forms belong to the camera or the object count
(LTX-2.5 dollies in, Cosmos 3 Nano duplicates the ball),
and some grow with the clip (LTX-2.3 changes more parts
in longer clips, and Wan 2.2 (A14B) lets the ball vanish after
it has arrived).

E. Models and generation settings

Nine image-to-video models generate the videos: six open-
weight models run locally and three closed models are
called through APIs. This part gives what a reader needs



Table C.7. Intervention readings on exact renders (four frame-rate and size combinations) and their floors at a model-like tempo (simulated
motion slowed 2.5 %, 1 px noise, 16 / 24 / 30 fps): median over 36 pairs, and the 95th percentile (p95) of the error of a single pair or video.

reading simulator exact renders at tempo 2.5

local edit, bump: dv / dt -11.4/+2.8% -109to -11.8/+2.7 to +3.0% —11.1to-11.4/+2.6 to +3.0%; p95 2.4-3.9/ 1.1-1.5%
local edit, dip: dv / dt +7.8/-0.8% +7.3t0+8.1/-0.6to -1.3% +7.5t048.2/-0.5t0 —=1.1%; p95 2.8-5.6 / 1.3-1.6%
local edit: dt of the bump over its 1 1.07-1.10 0.94-1.06

simulated value

—0.4 to —0.5 mm; —0.004 to +0.008 mm

p95 3.0-4.6/1.0-1.6%; flagged in 0 of 120 runs

P95 4.2-4.8 mm

0.92-1.02 (single-video phase p95 19-327); 1.6-1.7 mm
single-video p95 0.055-0.091

18 of 18

landing p95 1.9-2.9 mm; exit angle p95 3.6-4.0°
distance floor 1.6-2.3 mm

null edit minus base: dv / dt 0 < 0.08/<0.03%
path RMS before the edit 0 p95 0.07-0.09 mm
shared front: phase slope; front dispersion 150 1.00; 0.03-0.05 mm
ramp pair: mean height ratio 0.962 0.959-0.961

barrier: correct outcomes; 50% crossing 60f 6 60f 6;1.010

chute: landing offset; slope per unit < 0;0

regeneration: A of the physical motion; of  1;0 0.998-1.004; —0.002 to +0.004
the source

shifted tray: capture contrast 0 —0.001 to +0.001
two trays: physical; second tray 100%; 0 100%; 0

near miss: contacts; deflection 0;0° 0 of 3; 0.00-0.15°
prompt pairs, permuted layouts 0 paired differences 0

Table D.1. Intact / readable videos per model and experiment, with the number of videos in brackets. The bars draw the intact (dark) and
readable (light) shares of that number. Clip length: the new 3 s and 8 s clips (the 5 s clips are main-set videos). Photographed: photograph
and twin rows together. Regeneration: the three noise levels of each model. —: not read (LTX-2.5 on deflectors).

track deflector  local edit, ramps, barriers, trays, clip length
model main set main set  shared front chutes prompt pairs 3s 8s photographed regeneration
I W " | | — T . | |
A LTX-23 104107 20 /1402 155/167 010 28/3205 2033020 171905 890k 18/190s) [ noirn 7
v LTX-2.5 (distilled) I N | I [ I I I I
: 120/120 (20 54/572 216/216010  36/39s  S6/67(20 222204 182004 35/39¢5  63/68, 68/68, 58/60 )
e Bl B ] [ __ | . . -
© LTX-2.5 99100 20 4~ 200209016 20200, et ) et L e 2L T3 0
@ Cosmos INano 106/106 1., 48/48 1> 174/174010) 330330 49/57 10, 40/40 )
@ MiniMax-H3 120/120 120 63/6872 216/216 210 45/4505  119/1190 212100 232300 42420
a Wan22(Al4B) I N | I __ | I I I
: LIS/115020, 58/58 2 199/199 01 434305 101710500, 222204 19/1900  41/4Lcs) 62166, 60/60, 62/63 ()
© Wan 3.0 120120 120 630630 A5MAScs 232307 35360e e ) e 7L Sapan A/
I N | L I ——y 7 I .
<! Seedance 2.0 120120 120 5205200 45M45cs 220220 353500 Lot L e 71 Sang A
> Seedance 2.0 mini 150,150,120, 62/62 (12 4545 (15) 27127 00, 31/35 36, ot run not run ) 23/23 1) not run 7]
| E— —— —— —
X Wan 2.2 (TI2V-5B) e 0. 1100 ot ot w7 moirin7) o7, i 7 V)

to reproduce a generation: weights and precision, output
size, frame rate and length, sampler, steps and guidance, the
prompts, the seeds, and how the closed models were called.

E.1. Models

Table E.1 lists the settings of LTX-2.3 and LTX-2.5 [7,
14, 15], Wan 2.2 [28, 33], MiniMax-H3 [20], Cos-
mos 3 Nano [23, 24], the Seedance models [27, 32] and
Wan 3.0 [1]. The open-weight models run through their
packaged ComfyUI workflows at the 480p class of each
model (Cosmos 3 Nano through its Diffusers pipeline),
prompt rewriting is off for every model, and the sound
tracks that some models produce are not used. The first
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frame is the 1280 x 720 render, letterboxed without crop-
ping to each open-weight model’s canvas (bars of at most
18 px) and sent unchanged to the closed models. Models
that sample with classifier-free guidance above 1 receive
a structural negative prompt. LTX-2.5 (distilled) samples
without guidance and MiniMax-H3 has no negative input.

Clip length. The 3s and 8s clips use 73 and 193 frames
for LTX-2.3 and LTX-2.5 (distilled), 73 and 192 for
MiniMax-H3, and 49 and 129 (16 fps) for Wan 2.2 (A14B).
All other settings equal those of the 5 s clips.



Table D.2. Recurring failure forms, with the later frame of the example in Fig. G.5 where one is shown (a moved part’s first-frame position

dashed). Counts are flagged videos over all videos of the experiment.

example

form

model

where and how often

struck deflector rotates at or
after impact

tray tilts or shifts after the
landing

launch ramp rotates to another
angle

deflectors move as loose

objects

rails shift against the board

camera dollies in

second ball

new objects appear
ball vanishes after the event
apparatus changes grow with

clip length
scene breaks down

<l Seedance 2.0, > Seedance
mini

A LTX-2.3, ¢ MiniMax-H3

Vv LTX-2.5 dist.

A LTX-23

A LTX-23

@ LTX-2.5

@ Cosmos 3 Nano

A LTX-2.3

@ Wan 2.2

A LTX-23

X Wan 2.2 5B

deflector main set, apparatus 14/72 and 7/72; one deflector turned 26° and moved
17 mm for 92 frames

deflector main set (LTX-2.3: 13-24 mm and 6.6-8.5°); MiniMax-H3 apparatus
9/72, mostly after the landing

deflector main set, 3-9°, 13 of its 18 flagged videos, 9 of them after the ball has
left the ramp; trays and prompt pairs 62/120

apparatus on 71/72 deflector main-set and 100/120 tray and prompt videos; on
photographs a deflector is knocked 125 mm and turned 124°, on twins it ends in
the tray; chute trays move 7-27 mm in 12/12

tracks: 16/120 in the main set, 58/180 local-edit videos (4.5-5.2 mm, about 1°), in
every arm including the null edit

fiducial drift on 64/72 deflector videos, 12/120 track videos, 9/12 photographed
track videos against 0/12 rendered twins

count flags 23/72 deflector main set, 51/120 trays and prompt pairs, 41/216 local
edits and shared fronts (a second ball at the left edge of the frame), 10/45 ramps,
barriers and chutes

photographed deflector scenes, extra 10/12 against 3/9 on twins (a large white tray
enters from below)

8s clips: 4/7 readable track videos lose the ball after it reaches the stop; missing
13/72 on the deflector main set

deflector clips: apparatus 6, 12 and 12 of 12 at 3, 5 and 8s

count 33/120 and fiducial drift 48/120 on tracks; apparatus 70/72 on deflectors

Table E.1. Generation settings. Frames: frame rate X number of frames (duration). Neg.: structural negative prompt (Sec. E.2). Wan 2.2

(TI2V-5B) enters only the integrity table.

model weights, precision output frames steps guidance sampler neg.

A LTX-2.3 22B dev, {p8; distilled LoORA 384 832 x 480 24 x 121 (5.04s) 20 video CFG 3, STG 1, res_2s, LTX scheduler (%]
vl.l at0.2 rescale 0.9

V LTX-2.5 (distilled) 22B distilled, int8 832 x 448 24 x 121 (5.04s) 8 + 3, none (CFG 1) Euler ancestral, distilled @]

fixed sigmas

@ LTX-2.5 22B dev, bf16; first frame at 832 x 480 24 x 121 (5.045) 20 video CFG 3, STG 1, res_2s, LTX scheduler %]
strength 0.7 rescale 0.9

@ Cosmos 3 Nano 16B, bf16 832 X 480 24 x 121 (5.04s) 35 6.0 UniPC, flow shift 10 2

¢ MiniMax-H3 FL2VA, pruned int8 864 x 480 24 x 124 (5.17s) 20 none res_multistep, shift 12 no input

(guidance-distilled)
@ Wan 2.2 (A14B) 12V-A14B, two experts, fp8 832 x 480 16 x 81 (5.065) 8+8 CFG3.5 Euler, shift 5 )
O Wan 3.0 API wan3.0-video 854 x 480 30 x 150 (5.00s) — — 480P, 16:9, 5, no n/a
prompt extension

< Seedance 2.0 API doubao-seedance- 864 X 496 24 x 121 (5.045) 480p, 16:9, 5s, no audio n/a
2-0-260128

> Seedance 2.0 mini ~ API doubao-seedance- 864 x 496 24 x 121 (5.045) 480p, 16:9, 5's, no audio n/a
2-0-mini-260615

x Wan 2.2 (TI2V-5B) TI2V-5B, fpl6 832 x 480 24 x 121 (5.045) 16 CFG 5 UniPC, shift 8 %)

Regeneration. The source video is encoded by the
model’s autoencoder, noised to the level o of flow match-
ing and denoised from there [18]. LTX-2.5 (distilled)
uses the 24 fps source on its 832 x 448 canvas with o €

{0.7,0.8,0.9}, and Wan 2.2 (A14B) the exact 16 fps source
at 832 x 480 with o € {0.90,0.94,0.95}. The levels are set
per model, as the share of the model’s own image-to-video
deviation that each level reaches on a calibration scene: 16,
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50 and 67% for LTX-2.5 (distilled) and 14, 40 and 98% for
Wan 2.2 (A14B), whose deviation stays at 36-40% from
o = 0.92 to 0.94 and jumps to 98% at 0.95. The prompts
are those of the pilot set, identical to the main-set prompts,
and no negative prompt is used.

Closed models. The closed models were called through
their providers’ APIs one task at a time, with the request
parameters in Table E.1 and the watermark off. Wan 3.0
receives the first frame inline and the Seedance models re-
ceive a link to the same file. They run the two main sets, a
subset of each intervention that needs no seed control, and
the photograph rows of the photographed first frames. The
number of videos of every model in every experiment is
given in Table D.1. The subsets are three local-edit tracks
(Table A.3) with their base, bump and dip, and shared-front
tracks 0, 3, 4, 5, 7 and 11. They include the 60, 15 and
0° ramp pairs, the 0.85, 1.05 and 1.20 barriers and the
k = 0,48, —4 chutes. Of the tray interventions they run
the 30° and 60° shifted trays of both groups, one two-tray
scene per angle, and the 10 mm-above near miss with its hit
control, and of the prompt pairs four (two regular and two
irregular layouts).

E.2. Prompts

Within a family the prompt is fixed, and {colour} stands
for the ball colour of the scene. The prompts call the deflec-
tors paddles and the launch ramp a launch track (Fig. E.1).

E.3. Seeds and repeatability

Every open-weight model generates each scene with seeds
0, 1 and 2, and the seed drives the first noise source of the
workflow. Secondary noise sources keep the fixed values of
the packaged workflows. A rerun with the same seed repro-
duces the decoded frames of LTX-2.5 (distilled), LTX-2.3,
LTX-2.5 and MiniMax-H3 exactly, and 33 of 36 Cosmos
3 Nano reruns are identical files. Wan 2.2 (A14B) reruns
differ in 0.2% of the pixels by at most 7 grey levels, which
leaves the measured trajectory unchanged, so the sampler
floor of the local edits is zero for every open-weight model
except LTX-2.3 (0.15% in dv and 0.03% in dt). The closed
models either ignore the seed (Seedance) or do not repro-
duce it (Wan 3.0), so their three generations per scene are
replicates, and paired designs compare arm means across
independent samples. A twelve-scene pilot set (seeds 0 and
1) supplies the image-to-video versions that the regenera-
tion probe compares with.

F. Results by question

This part gives the per-model results behind each statement
of the main paper, in the order of its questions. How the
drawn geometry modulates motion (main paper, Sec. 4.1) is
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Table F.1. Drawn geometry on readable videos. Track: intact
videos, median amplitude ratio of the drawn undulation, median
on-track fraction and kinematic gain. Deflectors: intact videos,
median change of the deflector angle with its 95th percentile in
brackets, and median shift.

track deflectors
model intact ampl. ontrack kin. intact angle shift
* Physical oracle 1 1 1 0 0
A LTX-2.3 104/120 0.998 0.975 1.08 1/72 0.11 0.29
Vv LTX-2.5dist. ~ 120/120 1.004 1.000 1.12 54/72 0.07 0.24
@ LTX-2.5 99/120 0.999 1.000 1.04 4/72
@ Cosmos 3 Nano 106/120 0.999 1.000 1.00 48/72 0.04 0.15
¢ MiniMax-H3 ~ 120/120 1.001 1.000 1.02 63/72 0.13 0.25
@ Wan 2.2 115/120 0.999 1.000 1.00 58/72 0.05 0.20
© Wan 3.0 120/120 1.001 1.000 1.03 63/72 0.06 0.18
<l Seedance 2.0 120/120 1.001 1.000 0.99 52/72 0.07 0.27
> Seedance mini  120/120 1.002 1.000 1.05 62/72 0.16 0.27

covered by Sec. F.1 and the contacts of Sec. F.2. Whether
the modulation forms a local dynamics (Sec. 4.2) is cov-
ered by Secs. F.2 to F.4, what organizes the global trajec-
tory (Sec. 4.3) by Secs. F.5 and F.6, and photographed first
frames and regeneration (Sec. 4.4) by Secs. F.7 and F.8. Ta-
ble | of the main paper holds one number per reading, and
the tables below give each reading with its interval, floor
and denominator. Unless stated otherwise, values are me-
dians over readable, estimable videos with 95% intervals
from a bootstrap over scenes (Sec. H), and n is the number
of videos.

F.1. Response on the track family

Every model keeps the drawn track. The ball’s speed rises
and falls with the drawn undulation, at 0.54 to 1.24 times
the physical gain at 3 cycles per metre and ahead of the
physical phase in eight models, while the mean slope adds
little acceleration.

Geometry. On the readable videos the drawn undulation
keeps its amplitude (per-model median ratio 0.998-1.004,
per model and level 0.993-1.006) and the ball stays on the
track (median on-track fraction 0.98—1.00, Table F.1). In the
deflector family the deflectors keep their drawn angle (me-
dian change 0.04-0.16°, 95th percentile at most 0.37°) and
position (median shift 0.15-0.29 mm). The kinematic gain
of 0.99-1.12 shows the ball riding the drawn rails, so what
follows concerns how the speed depends on the geometry.

Gain and phase. At f = 3m~! the gain of LTX-2.3,
both LTX-2.5 models and Wan 3.0 includes the physical
value and that of the other five models lies below it (0.54—
0.73). At f = 4 every gain lies below 1 (0.49-0.88, Ta-
ble F.2), and over all levels and broadband components the
gain is 0.44-1.24. At f = 3 eight models lead the physical



used in

names the
outcome

Tracks track family

P track main set @local edits
W shared fronts  Aclip length
“photographed tracks
“regenerated tracks

Pyes, the stop at the end Ono

A realistic tabletop physics
demonstration, filmed in real time as
one continuous shot with a locked-off
camera. A small {colour} ball rests
at the top of a narrow white track
mounted on a matte black board with
small black-and-white checker markers
in its corners. The ball starts
rolling from rest and follows the
track under gravity until it reaches
the stop at the end. The track, the
board and the camera remain
completely rigid and stationary. The
scene only contains the described
setup and action.

used in

names the
outcome

Deflectors, named outcome deflector family

P deflector main set #clip length
“photographed deflectors
regenerated deflectors

yes, at rest in the tray Ono

A realistic tabletop physics
demonstration, filmed in real time as
one continuous shot with a locked-off
camera. A small {colour} ball rests
at the top of a short white launch
track mounted on a matte black board
with small black-and-white checker
markers in its corners; white flat
paddles are fixed to the board below
it and a white tray sits at the
bottom. The ball starts rolling from
rest, leaves the track, falls under
gravity and bounces off the paddles
until it comes to rest in the tray.
The paddles, the track, the tray, the
board and the camera remain
completely rigid and stationary. The
scene only contains the described
setup and action.

Deflectors, neutral interventions
used in @ prompt pairs & shifted trays
Ptwo trays no tray Jnear misses
“permuted layouts
names the Oyes ©no
outcome

A realistic tabletop physics
demonstration, filmed in real time as
one continuous shot with a locked-off
camera. A small {colour} ball rests
at the top of a short white launch
track mounted on a matte black board
with small black-and-white checker
markers in its corners; white parts
are fixed to the board below it. The
ball starts rolling from rest, leaves
the track and moves under gravity.
The white parts, the track, the board
and the camera remain completely
rigid and stationary. The scene only
contains the described setup and
action.

Ramp pairs and barriers one phrase changed Chutes chutes

Structural negative prompt guidance above 1

text, watermark, subtitles, people,
hands, extra objects, camera motion,
zoom, cuts, cartoon, painting, blurry

used in Pramp pairs & barriers used in P chutes
names the Oyes ©no names the Oyes ®no
outcome outcome

—

moves along the track under gravity

A realistic tabletop physics
demonstration, filmed in real time as
one continuous shot with a locked-off
camera. A small {colour} ball rests
at the top of a short white track
mounted on a matte black board with
small black-and-white checker markers
in its corners; a white tray is fixed
to the board below the end of the
track. The ball starts rolling from
rest, leaves the end of the track and
falls under gravity. The track, the
tray, the board and the camera remain
completely rigid and stationary. The
scene only contains the described
setup and action.

Figure E.1. Prompts. One card per prompt: where it is used, whether it names the outcome, and its text, with the colour slot highlighted.

phase by 15—41°, at least twice the per-video floor of 6.0—
7.5° (Wan 2.2 (A14B), with the smallest lead of +15°, sits
at 2.1 times its floor), and MiniMax-H3 responds in phase
(—3°, [-10,+6]). At f = 4 the lead is +2 to +45°, with
Wan 2.2 (A14B) the in-phase model there. The broadband
components give the same picture with wider intervals. The
response repeats across seeds (phase coherence across the
three seeds of a scene 0.67-0.96). A second harmonic ac-
companies it: 2f/1f is 0.18-0.71 at f = 3 and f = 4,
against 0.02—0.05 for the physical oracle.

Mean slope, relaxation and tempo. On the straight track
the trend ratio is —0.10 to 0.65 against 1 for the stated
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law, below 0.3 in seven models and 0.62 and 0.65 in the
two Seedance models (Table F.3). On the undulating lev-
els it is at most 0.42 (—0.33 to 0.31 at f = 3). On the
straight level the exponent p is 0.51-1.62 against 2: LTX-
2.5 (distilled) moves at nearly constant speed and the two
Seedance models come closest to a uniform acceleration.
The relaxation rate is positive everywhere (0.48-7.2s~! on
the straight level, 1.3—14.6 s~! on the undulating levels and
2.0-12.3s71 at f = 3), where the stated law has none,
so the speed returns toward a preferred value within 0.07—
0.74s. The balanced accuracy of 0.60-0.84 at f = 3 lies
above the monotone baseline (0.60-0.68) and below the
physical oracle (0.90-1.00), and Wan 2.2 (A14B) sits at the
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Table F.2. Response on the track family. Top: the first three rows of Fig. G.4, gain and phase by spatial frequency (large marks single-
frequency tracks, small marks broadband components, physical value dashed, floor grey) and the speed along the straight ramp. Bottom:
the complex gain, gain |H| and phase (degrees, positive = speed leads the drawn height), for the single-frequency levels and the three
broadband components, with 95% intervals below each median. n: estimable videos at f = 3, f = 4 and broadband.

gain |H | phase ()

model n f=3 f=4 bb 2 bb 3 bb4 f=3 f=4 bb2 bb 3 bb 4
* Physical oracle 1 1 1 1 1 0 0 0 0 0
1.24 0.49 1.10 1.02 0.78 +38 +44 +32 +41 +54

A LTX-2.3 24.20.24 03671 46) 1034.0.90] (056.133] (084,158 [047.1.12] [+27.449] [+3L457) [+6.467] [+26,.456] [+28.+79
cof s 03 o7 097 0.71 0.64 0.80 . +35 +37 +27 +34 +31

vV LTX-25 (dlStllled) 25,23,27 0.76,1.24] [0.63,0.85 [0.47,0.89] [0.55,0.98] [0.83,1.09] 30, +41 [+32,+42] 16, +38 [426,+47]  [+22,439
= 098 0.68 0.72 0.92 0.62 +36 +35 +42 +36 +57

© LTX-25 241215 19757109 [0.56,0.86] [0.59,1.20] [0.84,1.31] [0.46,0.95] [+27.+45] [+23,+45] [+10,+67] [+19,447] [+41,+76
0.57 0.56 0.82 0.88 091 +41 +26 +11 +12 +34

° COSmOSSNaI‘lO ll lK) ](\‘ 0.44,0.88 [0.42,0.98 [0.58,0.97] [0.36,1.19] [0.59,1.09] 13, 466 [+9,+41] 29, +52 [-7,+28] [+18, +50
. 20 20 2 0.73 0.54 0.44 0.68 0.72 -3 +13 +28 +7 +30

¢ MiniMax-H3 30,30,30 1566 084 [0.47,0.63] [0.33,0.77] [0.53,0.85] [0.58.0.81] [-10.+6] [+7.+19] [-11,+67] [-15,+30] [+14,+46
2 20 9 0.54 0.67 0.69 0.78 0.90 +15 +2 +28 +23 +9

@ Wan 2.2 (A14B) 28,30.26 04670711 [056,075] 026,095 [053.091] [061.107] [+7.421] [10.415] 1468]  [+8,+50] 5,427
20 20 2 11 0.88 0.84 1.07 1.14 +27 +26 +38 +33 +26

© Wan 3.0 30,3030 1056 126) [0.73.0.09] [0.60,098] [0.87.124] [L00.137] [+23.430] [420.431) [+17.457] [+23.442] [421,430
A0 20 2 0.60 0.75 0.64 0.71 . +19 +24 +20 +19 +28

< Seedance 2.0 30,30,30 105170751 10610851 [0.53.076] [0.61.090] [0.63.120] [+8.432] [+14.435] [-6.+46] [49.430] [+18 437
50 0.59 0.66 0.57 0.54 0.70 +36 +45 +37 +30 +51

> Seedance 2.0 mini 0.45.0.65] [049,0.78] [0.47,0.61]

[0

15,0.69]  [0.59,0.78] 29,+44]  [+40,+50] 9, +61 [+19,+41]  [+43,+60

baseline. All models are slower than the simulated motion
(a=1.5-32at f =3).

Mechanism fits. Each model’s fingerprint was compared
with ten candidate dynamics: the stated law, spatial smooth-
ing, temporal smoothing, a response lag, a constant-speed
cruise (relaxation at rate b toward a preferred speed with
gravity kept), a first-order law in which speed follows the
local slope, a curvature slowdown, the cruise with a Gaus-
sian temporal smoothing of width 7, a relaxation with time
constant 7 toward a slope-dependent target speed v* —
k BoW (s) without a physical drive, and a relaxation toward
a saturated physical speed. Each candidate ran on a parame-
ter grid along the drawn tracks of four scenes per level at the
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model’s tempo, first-motion time and frame rate, through
the scene camera with 1 px noise and the same estimator
(14,400 simulated motions), and 30 components per model
(gain, phase, 2f/1f, gravities, b, g,, and accuracy per level,
and p, b and trend ratio on the straight level) enter x? with
o2 the squared floor plus the squared half-width of the ob-
served interval. The lowest AIC picks the best candidate,
and a candidate suffices when X2 /n < 2 with no component
beyond 30. Two families describe the nine models most
economically (Table F.4). Relaxation to a slope-dependent
target speed within 0.2-0.4 s (k = 0.6) fits Cosmos 3 Nano,
LTX-2.3,LTX-2.5 and Wan 2.2 (A14B). Cruise with tempo-
ral smoothing, a relaxation toward a constant speed at 0.5—
3.5s7! (time constant 0.3-2's) followed by a smoothing of



Table F.3. Dynamics on the track family: tempo, trend ratio, relaxation rate b, straight-ramp exponent p and balanced accuracy (the physical
oracle of the same scenes reads 0.90-1.00), with 95% intervals below each median. n: estimable videos at f = 3 and on the straight level.

tempo trend ratio relaxation rate b exponent  accuracy
model n a, f =3  straight f=3 straight f=3 p, straight f=3
* Physical oracle 1 1 1 0 0 2 0.90-1.00
A LTX2.3 2.05 0.15 —-0.33 4.02 12.33 1.02 0.67
¥ LTX-2.5 (distilled) 1.55 -0.10 0.16 7.22 5.29 0.51 0.84
® LTX-2.5 1.63 0.02 0.23 3.29 4.93 0.95 0.75
@ Cosmos 3 Nano 1.53 -0.02 0.04 6.73 4.99 0.91 0.71
& MiniMax-H3 2.66 0.22 0.19 1.39 2.10 1.19 0.79
@ Wan 2.2 (A14B) 3.17 0.22 0.04 1.79 2.80 1.14 0.60
© Wan 3.0 2.32 0.25 -0.02 1.84 5.67 1.23 0.77
< Seedance 2.0 2.21 0.62 0.31 0.62 1.97 1.54 0.74
1.98 0.65 0.07 0.48 4.62 1.62 0.67

> Seedance 2.0 mini

0.1-0.2 s, fits LTX-2.5 (distilled), MiniMax-H3, Seedance
2.0, Seedance 2.0 mini and Wan 3.0. The time-rescaled
stated law suffices for none of the nine (x?/n 6.5-27.1) be-
cause it keeps the acceleration along the mean slope, and
the first-order law scores worst (46-8768). One mecha-
nism suffices for five models, and the largest deviations
share one shape. On undulating tracks the relaxation rate
of MiniMax-H3 and the two Seedance models is 1.6-3.7
times the rate that the fitted mechanism carries over from
the straight level, Wan 3.0 relaxes on the straight level at
half the carried rate, and the near-constant speed of LTX-
2.5 (distilled) on the straight level (p = 0.51) is produced
by no candidate. The pull toward the preferred speed thus
changes with the shape of the track, and no single preferred-
speed rule reproduces these models across the levels of the
family. The two families lie within 0.1-0.2 in x? /n for Cos-
mos 3 Nano and LTX-2.5, and the shared-front tracks place
both with the smoothing family (Sec. F.3), so their label is
tentative. Sec. F.4 carries both families to local edits, ramp
pairs and barriers.

F.2. Contacts and composition on the deflector fam-
ily

At the first contact the closed models bounce, MiniMax-H3
bounces in part and three open-weight models slide along
the deflector. On three deflectors the physical order of con-
tacts appears in at most a quarter of any model’s videos,
each contact errs on its own, and most models still bring the
ball into the named tray.

First contact. Pooled over all 24 deflector scenes, the
closed models reach an apparent normal restitution of 0.67—
0.74 against the prescribed 0.85 (band 0.80-0.90) and leave
16-35° from the simulator’s exit for the measured incoming
direction (Table F.5). MiniMax-H3 reads 0.45 and 23°, and
Cosmos 3 Nano, LTX-2.5 (distilled) and Wan 2.2 (A14B)

slide (0.10-0.21, exits 57-78° away). On the single de-
flector MiniMax-H3 bounces as much as the closed models
(0.66). There the exit direction turns with the deflector an-
gle at 0.44-2.07° per degree against the physical 2.06, and
the interval excludes 0 only for MiniMax-H3 and Wan 2.2
(A14B). LTX-2.3 has one estimable contact and is left un-
interpreted.

Composition. With three deflectors (regular and irregu-
lar layouts pooled, 16 scenes) the physical order appears
in 12-24% of the trackable videos of the closed models
and in none of the open-weight models’ videos, while ex-
act renders reproduce it every time (Table F.6). In the two
Seedance models the exit is off by 19-31° at the first, sec-
ond and third contact alike, and in Wan 3.0 the residual
grows from 10° at the first contact to 22 and 28° at the sec-
ond and third. MiniMax-H3, Wan 2.2 (A14B) and Cosmos
3 Nano seldom reach a second contact (2 of 42, 8 of 23
and 4 of 11 first contacts). A contact law fitted on each
model’s single-deflector contacts and then frozen improves
the three-deflector prediction for Seedance 2.0 only (26.4
to 22.1° on regular and 30.9 to 24.8° on irregular layouts).
A consistent material of the wrong kind would be absorbed
by this calibration, so the contact errors of the other models
depend on the layout.

Destination against route. Under the prompt that names
the outcome the ball reaches the tray in 98-100% of the
trackable three-deflector videos of seven models whatever
the route, and in 47% of those of Wan 2.2 (A14B) (Ta-
ble F.6). The geometry leaves little room for a wrong route.
The ensemble rests in the tray in 81-98% of its members
on these layouts, and with any one deflector removed in 0—
30% (medians 2% on regular and 13% on irregular layouts).
Continued by the stated law from the state in which the
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Table F.4. Mechanism fits on the track family: best candidate by AIC with its parameters, largest deviation |z|, whether one mechanism
suffices (v yes, x no), and x?/n (n = 30) of every candidate at its best grid point, with the best candidate tinted. Law: the time-rescaled
stated law. Cruise+s.: cruise with temporal smoothing. Target: relaxation to a slope-dependent target speed. Sat.: saturating relaxation.

X2 /n of each candidate

model best parameters |Z|max suff. law spatial temporal lag cruise Istorder curvature cruise+s. target sat.
A LTX-2.3 target 7025, k0.6 24 v 184 184 4.7 187 1.9 168.5 16.1 1.7 1.6 25
V LTX-2.5 (distilled) cruise+s. b3.5s~ % 70.1s 33 X 148 144 7.1 182 2.1 191.9 13.6 1.3 1.4 46
@ LTX-2.5 target 70.2s, k0.6 25 v 115 109 3.7 129 24 133.8 10.5 1.2 1.0 2.0
@ Cosmos 3 Nano target 7025, k0.6 1.7 v 145 142 7.1 146 1.0 459 13.8 0.8 0.7 1.5
¢ MiniMax-H3 cruise+s. b1s™! 702s 32 X 252 238 7.6 243 64 6355.5 244 14 1.8 23
@ Wan 2.2 (A14B) target 7045, k0.6 1.6 v 134 132 6.8 135 21 1493.5 12.2 1.2 0.7 1.6
© Wan 3.0 cruise+s. b3.5s7%, 7 0.1s 3.7 x 271 273 12.5 299 26 2375.6 26.6 1.9 30 75
< Seedance 2.0 cruise+s. b0.5s71, 7025 2.4 v 65 5.9 1.6 6.8 3.5 8768.3 5.9 0.9 1.6 1.8
> Seedance 2.0 mini  cruise+s. b0.5s7%, 7025 3.1 x 121 118 3.0 14.1 8.1 3812.2 10.6 22 47 54
A \4 @ <] @ a 0 < >
LTX-2.3 LTX-2.5 LTX-2.5 Cosmos 3 MiniMax-H3 Wan 2.2 Wan 3.0 Seedance 2.0 Seedance 2.0
(distilled) Nano (A14B) mini
Exit-angle residual (deg) by contact index, three-deflector layouts
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Table F.5. Contact dynamics on the deflector family. Top: exit-angle residual by contact index and first-contact restitution by layout.
Bottom: restitution, exit residual and angle-response slope by model, with 95% intervals where estimated and denominators. Grey bands
show the physical restitution range in the table and the measurement floors in the charts; floor values are reported in Table C.6.

first-contact restitution e, residual (7) exit slope
model all scenes one deflector three deflectors all scenes one deflector one deflector
* Physical oracle 0.85 (0.80-0.90) 0.85 0.85 0 0 2.06
A LTX-2.3 0.35() © 0.35 17 0)
v LTX-2.5 (distilled) 02 . I02l0y 0.23 1) 7 58 e
@ Cosmos 3 Nano “HN\O"‘I(‘)“;‘ -— | 0.09 ) 0.10011) E%: 61 ]f‘;ﬁg‘ .
& MiniMax-H3 08 I 0.66.19) 0.41 12) 2 23 Lo
@ Wan 2.2 (A14B) Lo . | 0.14(19) 0.15 %) k3 70 LT
© Wan 3.0 L e 0.50 1) 0.75 1) e 29 kB
< Seedance 2.0 P —l 07005 0.75 (1) 33 47 e
> Seedance 2.0 mini 0.67 e 04107 0.78 (1) 21 21 0.4

[0.56,0.78] (59) 16,28 —0.11, 1.61] (17)

generated ball leaves its last correct contact (or the launch Wan 2.2 (A14B) goes the other way: its ball slides along
ramp), the ball reaches the tray in 11-84% of the wrong- the first deflector and often stops short of the tray. This ta-
route videos of six of these models, from 11% for MiniMax- ble covers all named-prompt videos, and Sec. F.5 pairs them
H3 to 84% for Wan 3.0 (Table F.7). The models exceed it by with the neutral prompt.

+16 to +87 percentage points with intervals that exclude 0,

LTX-2.3 by +8 on 13 videos, and rescaling the exit speed

by the model’s apparent gravity leaves 429 to +43 points.

27



Table F.6. Composition on the three-deflector layouts (regular and irregular pooled, prompt naming the tray). Exact order: share of
trackable videos whose merged contact sequence equals the physical one, with 95% interval and counts, drawn on 0 to 100% with the
physical 100% as a tick. Residual at contact k = 1, 2, 3 with the number of contacts. Calibrated law: median residual under the stated law
and under the law fitted on the model’s single-deflector contacts, on regular and irregular layouts. Tray: share of trackable videos that end
in the tray. Tinted: the one model for which the calibrated law improves the prediction. Floor of the residual 2.0-4.2° (90th percentile).

exact order residual at contact k stated — calibrated law tray
model share k=1 k=2 k=3 regular irregular
* Physical oracle 100% 0 0 0 0 0 81-98%
A LTX-23 . I 0% 17 100%
¥ LTX-2.5 (distilled) o 0% 56 58 39 470474 505519 100%
@ Cosmos3Nano e 0% 71 15 20 3735723 70.8— 383 100%
& MiniMax-H3 . 0% 23 27 247247 213210 98%
@ Wan22 (A14B) e I 0% 78 50 4 7765805 682726 41%
© Wan 3.0 .- L 12% g 2 28 1745189 168 18.0 100%
< Seedance 2.0 —.— |, 2% g 31 27 264221 3095248 100%
> Seedance 2.0 mini e~ | 4% g 26 19 2345237 192196 100%

Table F.7. Destination counterfactual on the three-deflector lay-
outs, all named-prompt videos. Simulator: tray arrival of the stated
law rolled forward from the model’s exit state after its last correct
contact (videos used / wrong-route videos). Difference: model
minus simulator in percentage points with 95% interval, then with
the exit speed rescaled by the launch tempo and by the apparent
gravity (videos used).

model minus simulator

model simulator difference tempo-scaled gravity-scaled
A LTX-2.3 92% +8 +33 +33
v LTX-2.5dist.  68% +32 +42 +31
@ Cosmos 3 Nano 65% +35 +40 +39
& MiniMax-H3  11% +87 +43 +36
@ Wan 2.2 599% ~22 -8 +29
© Wan 3.0 84% +16 +14 +29
< Seedance 2.0 50% +50 +68 +31
> Seedance mini  30% +70 +76 +43

F.3. Locality: local edits and shared-front tracks

Only MiniMax-H3 changes speed at an edit in the physi-
cal direction while the motion before it stays unchanged, by
a fifth of the physical change at the bump. In three open-
weight models an edit ahead of the ball changes its path be-
fore the ball arrives beyond the null edit, and on shared-front
tracks most models follow the drawn back-section phase
with a lead of their own.

Local edits, open-weight models. All arms of a track
share the seed, so edit-induced differences can be read rela-
tive to the rerun and null-edit floors (Table F.8). MiniMax-
H3 slows by 2.4% at a bump (simulator —11.4%) and
speeds up by 1.0% at a dip after normalizing by the pre-edit
tempo (2.4% raw, simulator +7.8%), with the time before
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the edit changed by at most 0.7%. Its arrival shift is 0.42
of the physical one, and its arrival is 0.7-0.8% late after
both edits. LTX-2.5 reaches either edit 3—6% sooner and
slows at the dip (—6.1%, [—8.6, —0.8]), where the simu-
lated ball speeds up, while its reading at the bump (—2.1%,
[—10.6,+7.5]) includes zero. Wan 2.2 (A14B) slows by
29% at the bump, 2.6 times the physical size, from before
the bump on (time to the edit +15.3%), and all ten of its
pairs come from the one seed that reaches the stop within
the clip. The null edit of LTX-2.5 (distilled) changes dv by
+4.1% [+2.1,45.3] and is flagged, so its readings are not
specific to the edit, and LTX-2.3 and Cosmos 3 Nano have
too few pairs for a size reading. Before the ball reaches it,
a bump or dip changes the path 1.7 to 4.0 times as much
as the null edit of the same size, and the intervals separate
from the null for LTX-2.3 and LTX-2.5 (bump and dip) and
MiniMax-H3 (dip).

Local edits, closed models. Without seed control the
arms are independent samples that also differ in tempo. On
the three closed-model tracks Seedance 2.0 and Seedance
2.0 mini speed up at the dip by +9.3% [+3.4, +29.1] and
+12.3% [+5.6,+13.1] (simulator +7.4%), in the physi-
cal direction and by at least the physical amount, with the
time before the dip changed by —3.2 and 4+0.6%. Their
slowdown at the bump (—5.0% [—12.4,+0.5] and —1.5%
[—1.8,44.9], simulator —10.6%) has intervals that include
zero. Wan 3.0 has no reading, since its arms differ in the
time to the edit by up to 14%.

Shared-front tracks. LTX-2.5 (distilled), LTX-2.5 and
Wan 3.0 follow the drawn back-section phase with slopes
whose intervals contain 1, Seedance 2.0 mini follows it with
a slope of 0.80, and Seedance 2.0 and LTX-2.3 have slopes
near 1 with intervals that also contain O (Table F.9). Their



Table E.8. Local edits, open-weight models (percent unless marked), pairs of the same track and seed. dv: speed change at the edit relative
to the base video, normalized by the speed before the edit, with the unnormalized (raw) change at the dip in grey. Arrival: the normalized
arrival shift of the bump over its physical value (1.07-1.10 on exact renders). T,re: change of the time before the edit, bump / dip. Path:
change of the path before the edit over that under the null edit, bump / dip, with * where the interval separates from the null. Null: null-edit
dv, with t marking a flag. Floors: rerun O for every model except LTX-2.3 (0.15%), measurement 1.0% (dv) and 0.4% (dt).

model pairs dv bump dv dip arrival / physical Tore path/null  null dv
* Physical oracle “11.0to—-11.7 +7.7t0 +8.0 1 0,0 0

A LTX-23 +4.1 -1 -1.57 —02,-02  2.1%,22% 425

¥ LTX-2.5 (distilled) -39 +1.9 0.34 52,-35 2821  +41f

© LTX-2.5 ~2.1 -6.1 2.93 -3.1,-58 3.6%,40% -05

@ Cosmos 3 Nano -2.6 -0.1 4.26 ~09,-05 30,22  -12

& MiniMax-H3 -24 +1.0 042 -0.7,-0.1  2.0,1.7°  -07

@ Wan 2.2 (A14B) —293 -39 1.90 +153,-09 11,20  -82

leads have the sign and size of the track-family phase, and
LTX-2.5 (distilled), Seedance 2.0 mini and LTX-2.3 lead
by 17-25° more. MiniMax-H3 does not follow the back
section as a whole (slope —0.11): the exploratory decom-
position splits its response into a part locked to the drawn
phase (0.41 of the physical amplitude, leading by 17°) and a
larger part with the same phase on every track (0.55). Such
a fixed part arises only with temporal smoothing, which is
why the shared-front tracks place MiniMax-H3, Cosmos 3
Nano, LTX-2.5 and Seedance 2.0 with the smoothing fam-
ily. In Wan 3.0, Seedance 2.0 mini and LTX-2.5 the lead
grows from the front to the back section, where the ball
is faster, by 9-22°, while both fitted families predict that
it shrinks. Wan 2.2 (A14B) shows no measurable back-
section response. The twelve front sections are drawn iden-
tically, and the motion over them spreads by 4.8-27.6 mm
across tracks against a floor of 1.6—1.7 mm, the same kind
of change that a null edit produces.

F.4. Energy: ramp pairs, barriers and chutes

The generated ball climbs above its release height, crosses
barriers higher than its release point at every height tested,
and keeps a crest speed that stays flat as the barrier rises.
The fitted preferred-speed rules of Sec. F.1 reproduce none
of the models on the track, the local edit and the ramp pair
together.

Ramp pairs. Of the 72 readable ascents, 63 rise above the
release height (61 by more than 10%, against a single-video
floor of 0.055-0.091), where the simulated ball turns around
at 0.93-0.98 (Table F.10). Thirty-seven reach the top stop,
12 are still climbing at the end of the clip, 10 stop on the
slope and 13 turn back, 7 of those above the release height.
Seven balls leave the track at the top and keep rising, 10—
365 mm above the top stop (two in LTX-2.5 (distilled), three
in LTX-2.5, two in Wan 2.2 (A14B)). The mean height ra-
tio is 1.15-2.36 across models against 0.96 for the physical

29

oracle (0.97 for the two angles of the closed models). The
18 unreadable climbs also carry a height ratio and are left
out of every count. The ratio rises with the angle because a
steep ascent ends at a higher stop and a shallow one outlasts
the clip, and the physical dependence on the angle (0.929 to
0.980) is below the resolution at model tempo.

Barriers. No model shows a threshold (Table F.11). The
ensemble crosses with probability 1.00, 1.00, 0.42, 0.16, 0
and 0 at hump heights of 0.70, 0.85, 0.95, 0.971, 1.05 and
1.20 of the release drop. Six models cross every barrier they
were given (the closed models ran three heights), includ-
ing the two that stand 5% and 20% above the release drop,
and across models the ball crosses 43 of the 49 impassable
humps it reaches and fails at 7 of the 72 passable ones. Over
the humps higher than the release drop the crossing ball of
eight models keeps 0.33-0.87 of its speed at the foot, inde-
pendent of the height, where the physical oracle falls from
0.53 through 0.35, 0.15 and 0.03 to a turn-around. The ball
slows on the hump by an amount unrelated to the height it
climbs. The outcome of Wan 2.2 (A14B) follows the seed:
seed O crosses all six barriers, seed 1 turns back low on all
six, seed 2 stops on the hump or does not reach it.

Chutes. The four chutes release the ball in the same state,
and the stated law lands it at the same point whatever
the drawn end curvature. Only Wan 3.0 lands where the
drawn curvature points (Table F.12): its landing moves by
—2.95mm per unit of £ (permutation p = 0.009), about
35mm from x = —4 to +8, and its exit direction steep-
ens with k (—2.36° per unit, p = 0.014). The ball leaves
the tip carrying the direction the chute had before its end.
MiniMax-H3 also steepens its exit with x (p = 0.02), but
its landing order stays within the spread between chutes
(p 0.10). The other models show no ordering by &
(p > 0.13), and LTX-2.3, LTX-2.5 (distilled), Wan 2.2
(A14B) and Cosmos 3 Nano have 4-6 readable videos. The



Table F.9. Shared-front tracks. Slope of the back-section phase on the drawn back phase (1: follows the drawing, 0: continues the front)
with its resultant length R, drawn on —0.5 to 1.5 with the physical 1 as a tick, and the track-family phase at f = 3 for comparison.
Exploratory: locked part |G| and its lead, fixed part |C| (in brackets the physical oracle at the model’s tempo), front-section lead and its
change to the back section. Front: spread of the motion over the identical front sections in mm (floor 1.6-1.7). Medians with 95% intervals.

n: estimable videos.

back-section phase slope track exploratory front
model n slope R phase |G| leadof G |C| front lead back — front
* Physical oracle 1.00 0 1 0 0 0 0 0
A LTX-2.3 o 106 g6 438 090 +59 0.16 +54 +12 19.5
¥ LTX-2.5 (distilled) . 105 = 083 435 080 +60 0.14 +55 -4 276
© LTX-2.5 ‘ 095 = g5 436 086 +27 032 +19 +9 14.4
@ Cosmos 3 Nano co—— 028 g5y 44y 051 +23 0.48 +39 -6 113
& MiniMax-H3 P -0.11 e -3 041 +17 0.55 +63 ~22 93
@ Wan 2.2 (A14B) o—+— 7050 930 415 009 0.05 +102 4.8
© Wan 3.0 - 107 098 427 079 +32 0.19 +18 +17 9.6
< Seedance 2.0 a— 092 060 419 | 067 +28 030 +21 +9 25.1
> Seedance 2.0 mini ol 080 ~ ggg 436 034 +53 0.17 +30 +22 17.5

Seedance models let the ball pause at the tip and then drop,
so their fitted exit direction is not reported.

The fitted mechanisms beyond the track family. Each
model’s two fitted mechanisms from Sec. F.1 were run on
the local-edit, shared-front, ramp and barrier geometries
at the model’s tempo and read by the same estimator (Ta-
ble F.13, exploratory). On the local edits both families pre-
dict a local response in the physical direction and an un-
changed motion before the edit. Only MiniMax-H3 has that
form, at a size near the slope-target prediction, and the pre-
edit changes of LTX-2.5 and Wan 2.2 (A14B) come from
neither family. On ramps and barriers the two families sepa-
rate through gravity. The slope-target law has a target speed
with a positive floor, so its ball slows on an ascent without
stopping and crosses every barrier. The smoothed cruise
keeps gravity, so at the fitted rates its ball turns back low
on the 60° ascent and crosses only the lowest barriers, and
it still does so when the preferred speed is raised by half.
All five models placed in the smoothed-cruise family on the
track family behave like the slope-target law on ramps and
barriers, and LTX-2.3 and LTX-2.5, placed with the slope
target, agree with it there and depart from both families at
the local edits. No single preferred-speed rule thus repro-
duces one model’s behaviour on the undulating track, at the
local edit and on the ramp pair together. Three observations
lie outside both families: the ball leaving the track at the top,
the direction carried out of a curved chute, and outcomes set
by the seed. The mechanism fits are the most economical
description of the track response, and locality and energy
call for something beyond them.

F.5. Outcome: prompt pairs and tray interventions

The named outcome strongly controls the destination: with
the same first frame and seed and a prompt that leaves
the outcome unnamed, tray arrival falls in all eight models
tested, the steering beyond the ball’s own exit state shrinks
to at most 27 points, and a drawn tray by itself barely at-
tracts the ball.

Prompt pairs. This paragraph and Table F.14 use the
pairs that are trackable under both prompts, while Table F.7
covers all named-prompt videos. Arrival falls by 33 to 96
percentage points. The unpaired arrival over all trackable
videos of each prompt shows the same drop, and so do the
pairs in which the ball is visible at the end of both clips
(there Wan 3.0 shrinks to —14 points, [—30, 0]). The neu-
tral prompt also slows the motion of seven models (tempo
1.22-2.35 times that of the named prompt, with LTX-2.3
unchanged on its three pairs), and part of the drop is mo-
tion that is still under way at the end of the clip. On the
pairs whose neutral motion is complete (the ball has arrived,
is at rest, or would have arrived at its own launch tempo),
the drop stays large for Cosmos 3 Nano, LTX-2.3, Wan 2.2
(A14B) and Seedance 2.0 mini and becomes small for LTX-
2.5 (distilled) and Wan 3.0. MiniMax-H3 shows that the
named outcome also controls when the motion ends. At its
own launch tempo its ball could not reach the tray within
5 in 43 of 46 named-prompt videos, and 42 of them end in
the tray. With the neutral prompt 40 of 45 are still moving
at the end. The steering beyond the ball’s exit state, +43 to
+75 points for MiniMax-H3 and the Seedance models with
the named prompt, falls to —18, 0 and +11 points, and the
negative value comes from motions still under way at the
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Table F.10. Energy. Top: rows 6 and 7 of Fig. G.4, the height reached over the release height by uphill angle (one mark per video) and the
share of barriers crossed by height. Bottom: ramp pairs, readable climbs. Mean height ratio over ascents with 95% interval (drawn on 0 to
4 with the physical 0.962 as a tick), ascents above the release height as dots, and per angle the median ratio over one block per climb: stop
stop, mstill climbing, = stopped on the slope, = turned back (top-stop ratio in the header). Physical oracle: nominal turning height with the
64-member band. Last column: flat ascents reaching the end stop. The closed models ran 60, 15 and 0°.

mean height ratio above release per uphill angle (top-stop ratio) 0°
model 60° (2.52) 30° (1.61) 15° (1.46) 5° (1.32) end stop
* Physical oracle 0.962 (closed 0.973) 0 0.980 (0.92-1.00)  0.975 (0.90-1.00) 0.965 (0.87-1.00) 0.929 (0.76-1.00)  reaches
A LTX-2.3 o L eseeeec - 1.48 121 1.00 000
v LTX-2.5 (distilled) | —e— (23 sesecsesesec 262 Lad 133 1.27 eco
® LTX-2.5 I—e- 160 eeseeo 1.61 195 1.20 1.25 o
@ Cosmos 3 Nano {o- 0 \1‘-‘1‘5“/‘ 0000000000 ]i56 ].'42 1“34 0i73 .
© MiniMax-H3 le (136 esescsescsce 248 124 Lal 122 e00
@ Wan 2.2 (A14B) | e (L6 essss000000 330 1.0 1.28 0.73 00
© Wan 3.0 | e i ‘\1‘19‘4‘”“ Ty 2.:0 Ei@ 1:19 [i@ ece
< Seedance 2.0 | o i \ll'ﬁq”‘ Y 2:‘6 m 1i2.5 @ 000
> Seedance 2.0 mini | o i [1\]'812“” eccoce 2.:‘0 L—u_m@ llff F_m@ 000

end of the clip. Under the neutral prompt no model steers
by more than 427 points (LTX-2.5 (distilled), [—3, +52]).
Wan 3.0 keeps the most of its destination: it reaches the
tray in 67% of its neutral videos and steers by 422 points
([0, 4+43]) without a named outcome. The route stays wrong
under both prompts: the exact order appears in one named-
prompt video each of the two Seedance models and in none
of the others.

Shifted tray. With the neutral prompt only the drawn
tray can attract the ball. The capture contrast is 0.42 for
Seedance 2.0 and 0.10 for Seedance 2.0 mini with intervals
that exclude zero, far below 1, and its interval includes zero
for Wan 3.0 and MiniMax-H3 (Table F.15). The high ar-
rival in the beyond group comes from the models’ own short

landings: the ball leaves the deflector slowly and lands 125-
154 mm on the incoming side of the physical point already
in the in-tray group, and the beyond trays sit exactly there.
The landing then moves a further 26—74 mm toward the tray.
MiniMax-H3 drops the ball almost vertically below the de-
flector in both groups. Cosmos 3 Nano, LTX-2.3, LTX-2.5
(distilled) and Wan 2.2 (A14B) leave one or two readable
pairs (a second ball, struck deflectors, or balls that have not
landed by the end).

Two trays and no tray. When a second, identical tray sits
under the launch lip, the stated law rolled from the mod-
els’ own slow and steep exit states would mostly send the
ball into it, and the models put it there in 0-3 videos (Ta-
ble F.16). Their balls end elsewhere: MiniMax-H3 is still
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Table F.11. Barriers. Per height ratio: crossings among the readable videos as dots (filled: crossed) over the median crest-speed ratio.
Tinted: the barriers the stated law does not cross. Forbidden: crossings of the barriers the stated law does not cross (1.05, 1.20), with 0.95
and 0.971 counted by their nominal outcome. Missed: failures on barriers the stated law crosses. 50%: logistic crossing point. The closed

models ran 0.85, 1.05 and 1.20.

barrier height over release drop

model 0.70 0.85 0.95 0.971 1.05 1.20 forbidden missed 50%
* Physical oracle pass, 0.53  pass, 0.35 27/64,0.15 10/64,0.03  turnback  turn back 0 0 0.971-1.05
4 LTX-23 010 052 059 054 045 041 66 012 none
v LTX-2.5 (distilled) (3 051 053 05 061 061 6/6 0/12 none
© LTX-2.5 0.16 047 016 015 047 0.87 34 078 120
@ Cosmos 3 Nano 055 090 001 082 052 040 4/5 211 132

& MiniMax-H3 082 o6 058 056 056 068 6/6 0/12 none
@ Wan22(A4B) G5 (78 087 070 0.96 107 26 59 byseed
© Wan 3.0 not run 6‘2‘7 not run not run 0?3‘.3 073.3 4/4 0/3 none
< Seedance 2.0 not run 0::6 not run not run 6.5.3 62’5 6/6 0/2 none
> Seedance 2.0 mini not run 6:‘.2 not run not run 6:‘.6 6:‘3 6/6 0/3 none

Table F.12. Chutes. Landing slope (mm per unit x in m~') with
bootstrap interval and permutation p, mean landing offset in mm
from the physical landing (720 mm), and the exit-direction slope
(° per unit k, with p). m: readable videos. Tinted: the model
whose landing follows the drawn curvature.

model n landing slope  p offset exit slope
* Physical oracle 0 0 0
A LTX-2.3 -0.99 050 +39 +1.40

¥ LTX-2.5 dist. +1.91 0.13 =597 +0.07

@ Cosmos 3 Nano +2.45 050 -402 -0.63

© MiniMax-H3 ~113 0.10 -59.3 -0.79

@ Wan 2.2 +4.02 058 -39 +1.54

© Wan 3.0 295 0009 -14.6 236

< Seedance 2.0 +1.80 059 -2.8

> Seedance mini +0.13 095 -36

moving at the end of all nine such videos, Wan 2.2 (A14B)
rests on the first deflector or on the board, and Cosmos 3
Nano often leaves the ball on the launch ramp. Wan 3.0
puts four of six balls in the physical tray, while its own exit
state would send five of six into the second one: its desti-
nation agrees with the scene’s physical outcome, consistent
with its steering under the neutral prompt. With the tray re-
moved, no model stops the ball where the tray stood, and
only one Cosmos 3 Nano video draws the tray back.
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Near misses and permuted layouts. A deflector 10 mm
from the path is touched by every closed model in at least
one of three seeds: Wan 3.0 in 3 of 3, Seedance 2.0 in 2
and Seedance 2.0 mini in 1, each a real rebound off the de-
flector end visible in all frames around the closest point.
Wan 2.2 (A14B) touches the near-miss deflector in 3 of
7 videos (one per placement) and MiniMax-H3 in 1 of 9,
whose path passes 70—-134 mm below the deflectors placed
above it. With three seeds these counts establish that the
models’ paths come within 10 mm of the deflector end. On
permuted layouts no trackable video reproduces either or-
der (0 of 61), so the permutation reads at the floor. The first
deflector alone is hit in 0/11 to 8/17 videos per model.

F.6. Timing: clip length

With the same scene, first frame, prompt and seed, the clip
length controls the pace of the motion: from 3 to 8s the
same event stretches nearly in proportion, events fall at fixed
fractions of the clip, and the extra time is spent at rest or on
a repeat of the event. Both prompts of this experiment name
the outcome.

Tempo and event times. On the tracks the duration expo-
nent is 0.85-1.04 in three models (Table F.17), where a fixed
physical rate gives 0 and a motion fitted to the clip gives
1. The intervals of MiniMax-H3 (1.04, [0.95,1.14]) and
LTX-2.3 (0.85, [0.53,1.04]) include 1, and that of LTX-2.5
(distilled) (0.91, [0.90,0.92]) lies just below it. MiniMax-
H3 reaches the end stop at 90-93% of the clip at every



Table F.13. Observed readings against the two fitted mechanisms: the observed value in dark, then the predictions of the slope target and
of the smoothed cruise in grey. Bump and dip: dv in percent. |C|: fixed part on shared-front tracks. Ramps: mean height ratio and the
outcome on the 60° ascent (top: reaches the top stop, turn: turns back at the given ratio). Barriers: crossings (the predictions count the six
heights). In brackets the family of the track-family fit.

observed / slope target / smoothed cruise

model (family) bump dv dip dv fixed |C| ramps: mean 60° ascent barriers crossed
A LTX-2.3 (target) +4.1/-35/-27 =1.1/+23/+1.8 0.16/0.05/0.34 1.23/1.81/1.18 —/top/turn0.36 18/18/6/6
Vv LTX-2.5 (distilled) (cruise) -3.9/-55/-8.0 +1.9/+3.0/+33 0.14/0.02/0.35 236/1.81/1.02 top/top/turn 0.53 18/18 /6 /1
@ LTX-2.5 (target) -21/-34/-69 -6.1/+18/+19 0.32/0.02/028 1.60/1.81/1.01 top,turn/top/turn 0.46 11/12/6/4
@ Cosmos 3 Nano (target) -26/-26/-42 -01/+19/+03 048/0.01/0.52 1.15/1.81/1.78 top, turn/top/top 13/16 /6/6
4 MiniMax-H3 (cruise) -24/-44/-93 +1.0/+29/+5.6 0.55/0.06/0.40 1.56/1.68/0.71 top/top/turn 0.60 18/18/6/ 1
@ Wan 2.2 (A14B) (target) -293/-/- -39/-/- 0.05/0.10/0.16  1.76/1.66/0.80  top/top / turn 0.53 by seed / 6/ 1
O Wan 3.0 (cruise) -7.0/-53/-73 =27/+3.6/+3.6 0.19/0.01/0.11 1.94/1.76/1.00 top/top/turn 0.61 77/6/3
<1 Seedance 2.0 (cruise) -5.0/-72/-83 493/+49/+49 0.30/0.04/048 1.66/1.74/0.72 top/top/ turn 0.52 8/8/6/2
> Seedance 2.0 mini (cruise) —1.5/-3.5/-8.5 +12.3/+42.2/+44 0.17/0.04/047 1.82/1.74/0.73 top/top/turn 0.51 99/6/2
A v (<] @ ® a e} < >
LTX-2.3 LTX-2.5 LTX-2.5 Cosmos 3 MiniMax-H3 Wan 2.2 Wan 3.0 Seedance 2.0 Seedance 2.0
(distilled) Nano (A14B) mini

Tray arrival (%) under the named and the neutral prompt; tick: the simulator from the model's own exit state

~ 100

no
reading

50

arrival (%

0 — 4

named neutral

named neutral named neutral

named neutral

named neutral named neutral named neutral named neutral

Table F.14. Effect of naming the destination. Top: tray arrival under named and neutral prompts. Bottom: matched prompt pairs, reporting
arrival change, steering relative to the physical rollout from the model’s exit state, tempo change and the status of neutral-prompt misses.

Intervals are 95% scene-bootstrap intervals.

tray arrival steering

model pairs neutral / named difference  completed neutral named tempo  neutral misses
* Physical oracle 81-98% of members

A LTX-23 8 25m [ 1&75w [ wa6‘7= (©) mtzw?‘\w w+<3rv3m 10Le) Em
v LTX-2.5 (distilled) 27 s6% 1 700% Mo T T Lt s T
@ Cosmos 3 Nano 15 W [2100.-80] | ‘””_9—2;“3‘ [=50.450] 6) | 1-+5\q o 1380 W?
& MiniMax-H3 46 %1 98% s [ e - T YEIT )
@ Wan22(A14B) 34 % 47% SR LR L e e 50T
© Wan 3.0 o 67% 1100% D0 o oime  ohe 1250 o
< Seedance 2.0 9 33m :,67;“ e ‘ —‘74‘—(—‘)7\“7‘ . m+§%\ o L2609 lﬁ'
> Seedance 2.0 mini 9 SSW Lo as Jf‘ﬂm | H+‘1_1<w‘ mf?ﬁ\ o L1380 Eﬁ

Arrival: named (filled) to neutral (open) on 0 to 100%, over the band of physical arrival. Completed: pairs whose neutral motion is complete. Neutral misses:

still moving / mat

rest / Dout of view or not visible at the end. Brackets: pairs or videos.

length, and its arrival times scale by 1.61 and 0.59 for clip
ratios of 1.6 and 0.6. LTX-2.3 arrives at 55-59% of the
clip and LTX-2.5 (distilled) at 47-52%, and both then rest.
Wan 2.2 (A14B) runs twice as fast in 3s as in 5s (tempo
ratio 0.49, [0.38, 0.53], 10 units) and keeps its 5 s pace at 8 s
(0.85, [0.70,1.12], 7 units). A single exponent would aver-
age these two opposite steps, so the two ratios describe its
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tracks, and in 5 s only one of its twelve track videos reaches
the stop. On deflectors the first tray contact gives v of 1.06
for MiniMax-H3, 0.76 for Wan 2.2 (A14B) and 0.44 for
LTX-2.5 (distilled). The tempo differences between lengths
are 11-53 times the tempo floor.



Table F.15. Shifted tray (neutral prompt). Capture contrast over
pairs of the same base scene and seed (0: ignores the tray, 1: fol-
lows its centre), drawn on —0.3 to 1 with the physical 0 as a tick,
tray arrival in the in-tray and beyond groups (physical oracle 100%
and 0%), and the median landing offset from the physical point in
the two groups (mm, positive toward the deflector).

model pairs capture contrast in  beyond offset

* Physical oracle 0 100% 0% 0/0

¢ MiniMax-H3 12 _6‘:1 0% 17%  +317/+305
© Wan 3.0 6 041 ° 83% 67%  +146/+215
< Seedance 2.0 6 4'2 - 83%  83%  +125/+199
> Seedance 2.0 mini 6 0 1'5_ 50%  100%  +154/+180

Table F.16. Two trays (neutral prompt). Final position of trackable
videos, mphysical tray / =second tray / telsewhere, and the share
of rollouts of the stated law from the model’s own exit state that
end in the second tray, unscaled and scaled by the launch tempo.
Physical oracle: at least 63/64 in the physical tray, 0/64 touch the
second.

final position

model n rollout to second
* Physical oracle 64 >63/0/

A LTX-23 1 YV /1

v LTX-2.5 (distilled) 10 EYEYrS 10/10; 8/10

@ Cosmos 3 Nano 6 -ﬁ'

& MiniMax-H3 12 NYETCR 10/12; 6/11

@ Wan22 (A14B) 12 NYETCR 7/9; 8/8

© Wan 3.0 6 0 416; 516

< Seedance 2.0 6 EVENTS 5/5; 416

> Seedance 2.0 mini 6 EYIVER 506; 1/6

Track fingerprints across lengths. The undulation re-
sponse stretches with the motion (Table F.18). Apart from
the two readable 8s videos of LTX-2.3 and the phase of
Wan 2.2 (A14B), the changes of gain and phase between
lengths stay within twice their floors and those of accuracy
within three times, so the pattern of the track family holds
at every length. The relaxation rate, fitted in video time,
changes most (13—49 times its floor). Converted to physical
time (exploratory), it is the same at 5 and 8 s for both LTX
models. At 3s the converted rate and the trend ratio depart
from the longer clips, which may come from the truncation
of short clips, for which no floor exists.

Deflectors across lengths and the time after the event.
MiniMax-H3 and LTX-2.5 (distilled) already bring every
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settled ball into the tray at 3s, and longer clips bring no
more balls to the tray and no better order (exact order at
3, 5 and 8s in 5/9, 4/10 and 6/11 videos of MiniMax-H3
and in 2/10, 5/10 and 3/9 of LTX-2.5 (distilled)). Wan 2.2
(A14B) lands 12/12 in 3s and 12/12 in 8 s, and in 7 of the
8 s videos the ball then returns to the launch point and the
event starts again. In the extra time of 8s clips the LTX
models leave the ball at rest for 3.5-3.8 s on tracks, LTX-2.5
(distilled) lifts the ball back onto a deflector and drops it into
the tray a second time in 4 of 9 deflector videos, Wan 2.2
(A14B) loses the ball after the stop in 4 of 7 track videos,
and MiniMax-H3 has about 0.5 s left after the event.

F.7. Photographed first frames

Replacing the rendered first frame with a photograph of the
built scene leaves the readings of six models within their
seed spread, and each of the three changes can be localized
to a specific failure mode.

Decision rule photograph against control

For each model and configuration the photograph row is paired with
its control, the rendered twin for open-weight models and the model’s
own reading on the nominal scene for closed models. A reading
changes with the visual domain only when three conditions hold to-
gether:

interval the interval of the mean paired difference over

configurations excludes zero,

seed spread  the pooled difference exceeds the seed spread

2s4/1/n1 + 1/na,

and most pairs exceed the floor of the photograph
TOWS.

floor

For a closed model a difference is attributed to the photograph only
when it leaves the range produced by changing only the control (the
twin minus nominal differences of the open-weight models). The
floors are tight (gain 0.04-0.31, phase 1.5-25°, residual 0.5-4.6°)
and the seed spread is usually larger, so the decisions rest mainly on
the seed spread.

Results. Cosmos 3 Nano, LTX-2.3 on tracks, LTX-2.5
(distilled), Wan 2.2 (A14B), Seedance 2.0 mini and Wan 3.0
keep their readings (Table F.19). The tempo and gain dif-
ferences of Wan 3.0 exceed its seed spread but lie within
the range that the change of control alone produces (tempo
+0.04 to 4+1.01, gain 40.02 to 40.38), and its clip du-
ration stays the same (+0.05s). Three changes remain.
LTX-2.5 pushes the camera in on the photographs (fidu-
cial drift in 9 of 12 videos against 0 of 12 twins), so most
of its photograph rows are not estimable. The twin with
the same measured geometry is readable in 11 of 12, im-
plicating photographic appearance rather than the measured
geometry. MiniMax-H3 errs by 17.5° more at contacts on
photographs, with the same order and the same tray arrival.
Seedance 2.0 shows a gain higher by 0.66, beyond both its
seed spread and the range of the weaker control. LTX-2.3
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Table F.17. Clip length. Top: row 9 of Fig. G.4, the arrival at the end stop as a fraction of the clip by clip length. Bottom: tempo at 3 /5
/ 8's (drawn on 0 to 4.5), duration exponent y with interval and scene-seed units (drawn on —0.1 to 1.2 with the physical 0 as a tick), the
arrival at the end stop as a share of the clip over readable videos (videos), and the paired ratio of arrival times 8s over 5s and 3s over 5s
(physical oracle 1, a motion fitted to the clip 1.6 and 0.6). Wan 2.2 (A14B): the tempo ratios 3 s over 5s and 8 s over 5 s in place of ~.

arrival at the end stop (share of clip) arrival-time ratio

model aat3/5/8s ~, tracks 3s 5s 8s 8/5 3/5
* Physical oracle equal at all lengths 0 1 1

— | —o— 0.44

A LTX-2.3 1.0571.53/2.64 0.85 1055 1041 (11) 59% 1) 55% () 56% (3) 1.92 R
- | . 1.69 0.75

Vv LTX-2.5 (distilled) 0.88m2.36 0.91 (0.90.092] (12) 52% 47% ) 52% (11 [131.195] (050,085
o |1 | -o- 5 1.61 0.59

9 MiniMax-H3 1.4872.37/4.09 1.04 (0.95.1.14] (12) 91% 12y 90% (10 93% (10 (153,165 (057,060
@ Wan 2.2 (A14B) 12972.76/2.64 tempo 0.49; 0.85  80% 65% (1) 58% (5) 0.91

Table F.18. Track readings at 3 /5 / 8 s: gain, phase (°), relaxation rate b (s~ *, video time) with the largest length difference over its floor
in brackets, and ba (physical time, exploratory). Each line runs over the three lengths on a common scale per column (|H| O to 2, phase

—20to +50°, b 0 to 10, ba 0 to 40).

model |H| phase b bo

A LTX-2.3 —" 0.71/0.90/1.82 (8.8) T +40/4+39/+14 (1.0) ——0 2.9/3.9/29(13) .. 2.6/8.8/9.0
v LTX-2.5 (distilled) ——0 0.45/0.70/0.52 (1.7) T H40/+34/+49 (1.4) ——0 3.5/4.1/3.5 (33) .. 3.0/82/8.6
¢ MiniMax-H3 0 0.35/0.47/0.45 (1.2) — +7/-5/-1(1.8) ~_ . 5.1/1.5/1.4 (49) —. . 8.3/4.0/5.7
@ Wan 2.2 (A14B) —e 0.71/0.46/0.68 (0.9) o~ —16/+17/-7 (3.5) —" 5.4/3.4/9.9 (49) . 5.1/82/37.8

treats the deflectors as loose objects in every domain and
adds new objects on photographs (Sec. D.3), which leaves
it almost no trackable deflector videos (0 of 12 photographs,
1 of 9 twins).

The patterns of the main sets hold on photographs for ev-
ery readable model. On three-deflector layouts the physical
order appears in 0 or 1 of 6 photograph videos per model,
and every trackable ball ends in the tray except with Wan 2.2
(A14B) (8 of 12, fewer on twins and nominal scenes). On
tracks the relaxation rate is positive for every model and do-
main (1-46 s~ 1), the median phase leads by 8-76° for the
eight models other than Cosmos 3 Nano, whose phase scat-
ters with a seed spread of 59°, the median gain is 0.59—1.36,
and the trend ratio stays between —0.28 and 0.49, far from
1.

F.8. Regeneration probe

Given a motion that is drawn correctly and wrong in its dy-
namics, the two open-weight models keep its timing, add
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back their own response to the drawn shape, and change the
motion where a drawn contact is violated. What they put in
its place moves toward their own version of the scene and
barely toward the stated law.

The lowest level copies. At the lowest noise level (LTX-
2.5 (distilled) 0.7, Wan 2.2 (A14B) 0.90) the output stays
within 4-15% of the distance between source and physics
from the source (41% for the transparent deflector under
Wan 2.2 (A14B)), and A is near zero for every version (Ta-
ble F.20). Even so the regeneration adds 17-21 mm of de-
viation to an exact source, ten times the 1.8 mm floor, so at
this level A ~ 0 reads as copying and the tendencies are
read at the higher levels.

What is kept and what is replaced. The versions that
break a drawn contact are pulled away from the source:
the ball meets the transparent deflector from LTX 0.8 on



Table F.19. Photographed first frames. Top: a photographed first frame and its rendered twin for a track and for a deflector layout. Bottom:
mean difference photograph minus control over configurations, with 95% intervals below. Tracks: share of estimable videos, tempo, gain,
phase (°). Deflectors: share of trackable videos, exact order, tray arrival, largest residual (°). *, tinted: a change under the three-part rule.
Control: rendered twin (open-weight models) or the nominal scene (closed models).

tracks

deflectors

model control  estimable «a | H| phase trackable order tray residual
2 LTX23 +0.08 -0.12 +0.90 +49 ~0.08

v LTX-2.5 (distilled) -0.25 +0.30 -027 +2 +008  -033 00  +182
o LTX-25 Qa2 4006 +0.17 +1 ot

@ Cosmos 3 Nano -0.17 -0.16 -0.25 =31 +0.08 +0.08 +0.00 —46
 MiniMax-H3 +0.00 —0.10 001 +3 017 000 +000  *HI7ST
& Wan 2.2 (A14B) +0.00 -0.04 -0.22 -16 +0.08 -0.17 +0.29 +28
o Wan 3.0 +0.00 +0.26 +0.35 +20 +0.17 -0.17 +0.00 +10.9
< Seedance 2.0 +0.00 -0.02 +0.66* +15 +0.08 -0.04 +0.00 =1.7
b Seedance 2.0 min -0.08 +0.16 +0.02 -35 +008 =017 000 +8.2

(A = 1.01) and from Wan 0.94 on (A 1.09-1.12), and the
restitution-0.3 source is pulled to A = 0.32 at LTX 0.9
and replaced at Wan 0.94 and 0.95 (A 0.99 and 1.40). The
replacement keeps the dynamics wrong. The order stays
wrong in every one of these videos and the first-contact
restitution stays at 0.16-0.45 against 0.85 (Table F.21). Split
along the two directions (exploratory, seeds 0 and 1, each
output against the model’s own image-to-video video of the
same scene and seed), the Wan 2.2 (A14B) regenerations
of the restitution-0.3 source move 0.66 of the way toward
that video and 0.10 toward physics (medians of 10 videos at
0.94 and 0.95). Per level the split is 0.40 and 0.23 at 0.94 (4
videos) and 0.73 and 0.08 at 0.95 (6 videos). A \ above 1
is the model’s own version overshooting physics along the
source-to-physics direction. The versions that keep every
drawn contact are accepted. Their A stays below 0.1 except
at LTX’s highest level (slowed source 0.24, +90° source
0.10), where the output drifts toward the model’s own ver-
sion. The slowed motion keeps its tempo (2.01-2.10 under
Wan and 1.81-1.90 under LTX, source 2.0), the constant-
speed motion keeps its timing (A < 0.02) and regains a
response to the drawn undulation (gain 0.27-0.62 against
0.02 in the source), and the +90° phase returns toward each
model’s own lead on the track family (LTX +30° at 0.9,
Wan +6 and +13° at 0.94 and 0.95), away from the physi-
cal 0°.
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From the exact source, and the switch of Wan 2.2
(A14B). Started from the exact source, both models drift
away from the physical motion as the noise rises, by about
105-124 mm at the highest level (Table F.22). LTX-2.5 (dis-
tilled) drifts toward its own image-to-video version (x 0.25—
0.29, the same for the same and for another seed, so the di-
rection is the model’s general rendering of the scene), and at
0.9 half of its seed-0 and seed-1 outputs across all versions
have become that version (21 of 42). Most drift of Wan 2.2
(A14B) points elsewhere (x 0.04-0.08). Its response to the
noise level is a switch: the deviation stays at 36-40% of its
own image-to-video deviation from 0.92 to 0.94 and jumps
to 98% at 0.95, where 16 of 21 deflector outputs become
its own version while the track outputs mostly still follow
the source (2 of 23). The level of the switch depends on the
scene, 0.94 for one irregular layout and 0.95 for another.

G. Case grids and per-model charts

The grids show the simulator and every model on one scene
of each level and of the main interventions, and the charts
give every model’s readings of every experiment on one
page. Each grid cell is a stroboscopic composite: the ball
at equal time steps, from light to full as time passes, on
the board of the video, with the simulated path dashed and
a small tick at each physical contact. Cells are chosen by
rule. On a track level the cell shows the model’s estimable



Table F.20. Regeneration: A per source version and noise level (0: stays on the source, 1: pulled onto physics), median with 95% interval
and readable videos. The tint deepens with A, from O to 1.2 and above (Or——1.2).

¥ LTX-2.5 (distilled)

@ Wan 2.2 (A14B)

source version 0.7 0.8 0.9 0.90 0.94 0.95
keeps every drawn contact

constant speed oot G BT X T T o

phase +90° SO0 W 210 200 TG G,

. -0.00 0.06 0.24 0.00 0.00 0.01

slowed 2x —0.01,0.00] (18) [0.01,0.19] (18) [0.18,0.41] (15) 0.00,0.01] (18) —0.01,0.02] (17) —0.03,0.02] (16)
breaks a drawn contact

restitution 0.3 W20 o) Vs i PG S

transparent deflector \wu’o‘.\o?\ 5) w,wl.\ozl\\ﬁ \\‘,\’1.\01\ ) ,-02§ (5) “”1.‘02 (6) m:l.\lz @®)

Table F.21. The defining reading of each version after regenera-
tion, at the three levels of each model, against the source and the
physical oracle.

version: reading source oracle ¥V LTX 0.7/0.8/0.9 @ Wan 0.90/0.94/0.95

slowed: « 2.0 1.0 1.86/1.90/1.81 2.01/2.04/2.10
constant speed: | H | 002 1.0  0.47/0.60/0.62 0.27/0.50/0.52
phase +90°: phase +86 0 +61/+37/+30 +70/+6/+13
restitution 0.3: e, 030 0.85  0.28/0.28/0.45 0.16/0.35/0.29
transparent: exact order 0 1 0/0/0 0/0/0

Table F.22. Exact sources: distance from the physical motion
(mm, drawn on 0 to 220 with the physical motion at 0) and the
component  toward the model’s own image-to-video version with
the same and with another seed. Last column: outputs of all ver-
sions that became the model’s own version (x > 0.5), tracks and
deflectors, one bar each.

level dphys k same K other own version
vLTxX07 T 000 001 gpgoms
virxos e 003 004 %00
virxo09 ', oo 9B 0 02 s
@ Wan 0.90 I._21 14,42] 0.00 0.00 ﬁlﬁl
awan094 20003 003 50
aWan 095 ' oo 004 o 008 23: 16021

video of the scene nearest its median reading of the level
(the ramp exponent on the straight level, gain and phase at
3 cycles per metre on the others). On a deflector level it
shows a video with the model’s usual tray outcome and the
first-contact restitution nearest its median, and in the inter-
ventions one seed (for the closed models, one generation
index) that is trackable in every arm with the model’s usual
outcome. A model with no readable video of a scene shows
its most typical flagged video, tagged as an altered scene.
Videos in which the camera moves are compensated frame
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by frame with the measured board homography. Fig. 4 of
the main paper shows four of the models on five of these
scenes.



track family

straight single-frequency broadband

physics

LTX-2.3

LTX-2.5
(distilled)

LTX-2.5

Cosmos 3
Nano

MiniMax-H3

Wan 2.2
(A14B)

Wan 3.0
Seedance 2.0

Seedance 2.0
mini

deflector family, prompt names the tray

single deflector regular irregular single deflector regular irregular

physics physics

scene altered

Wan 2.2

LTX-2.3 (A14B)
LTX-2.5 o,

(distilled) Wan 3.0

scene altered,

LTX-2.5 Seedance 2.0

Cosmos 3 Seedance 2.0

Nano mini

MiniMax-H3

Figure G.1. Main geometry families, all models. Top: representative straight, single-frequency and broadband track scenes. Bottom:
single-, regular- and irregular-deflector scenes under the named-outcome prompt. Dashed curves show physical trajectories; tagged cells
mark models with no readable video of that scene.
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local edit, one track and seed

base bump ramp pair, 60° barrier 0.70 barrier 1.20

physics

ﬂ

LTX-2.3

LTX-2.5
(distilled)

i

LTX-2.5

Cosmos 3
Nano

MiniMax-H3

Wan 2.2
(A14B)

Wan 3.0

LY

Seedance 2.0

Seedance 2.0
mini

P

A

P P —

Figure G.2. Interventions on state, all models. Columns: the local edit (base and bump) on the one track that all nine models ran, the
ramp pair with a 60° ascent, and the barriers at 0.70 and 1.20 of the release drop (the closed models ran 0.85, 1.05 and 1.20). Rows: the
simulator and the nine models. The straight dashed line marks the release height and the arrow the physical turning point.
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neutral prompt

clip length, copies at equal fractions of the clip
3s 8s

physics

scene altere

LTX-2.3

LTX-2.5
(distilled)

Cosmos 3

not run not run
Nano

_—— - e [

MiniMax-H3

Wan 2.2
(A14B)

Wan 3.0

Seedance 2.0 ‘ not run not run

Seedance 2.0

B not run not run
mini

Figure G.3. Interventions on goal and time. Left: an irregular three-deflector scene under the prompt that leaves the outcome unnamed,
from the prompt pairs, for the simulator and the eight models that ran them. Right: one single-frequency track at 3 and 8 s for the four
open-weight models of the clip-length arm, with the ball drawn at equal fractions of each clip, so that a motion scaled to the clip gives the
same spacing at both lengths. The tagged cell (LTX-2.3) shows an altered scene.
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Figure G.4. Per-model readings of every experiment. One column per model and one row per reading, named above each row, with the
physical value dashed. In the first two rows the grey band is the largest floor of the three undulating track levels at the model’s frame rate.
In the last row the physical band is the track-family transit time (1.62-2.15 s) divided by the clip length, dashed at its midpoint.
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struck deflector rotates Seedance 2.0 tray tilts after the landing MiniMax-H3

t=0.0s t=2.6s t=0.0s t=4.0s

launch ramp changes angle LTX-2.5 (distilled)  track shifts on the board LTX-2.3

t=00s |difference| x 6,t=4.5s
camera moves in LTX-2.5  asecond ball appears Cosmos 3 Nano

Figure G.5. Recurring integrity failures. Each pair shows the first frame and a later frame of a representative flagged video, the one
nearest the median change among the flagged videos of the model shown. The later frame is the frame of largest change; for the shifted
track it is shown as the amplified difference from the first frame, and for the duplicated ball it is a frame with both balls. Dashed outlines
mark where the part was in the first frame. The examples show a rotating deflector, tilting tray, rotating launch ramp, shifted track, camera
dolly, and ball duplication; counts and, where measured, magnitudes are reported in Table D.2.
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H. Statistics

The unit of every analysis is a scene with its seeds, and ev-
ery interval comes from resampling scenes. Paired designs
remove what two videos share, permutation tests answer or-
dering questions, and a reading counts as a property of a
model only when its interval clears the floor at the model’s
frame rate and output size.

H.1. Units and intervals

Per-video readings are summarized by their median over the
estimable videos of a cell, phases by their circular mean
with the resultant length R, and binary outcomes (exact
order, tray arrival) by their share. Intervals are 95% per-
centile intervals from 2000 bootstrap resamples of scenes,
in which the seeds of a scene are drawn together, so that
the spread between scenes, the larger source of variation,
enters every interval. Within a video, the gain and phase
come from a regression whose coefficients carry a Newey—
West covariance. Ratios of coefficients have Fieller inter-
vals, and the gain, phase and 2f/1f intervals come from
4000 draws of the coefficients. Every table carries its de-
nominators (Sec. D.1), so that small cells can be read as
such. Closed models contribute three to six scenes to each
intervention family, and their readings are stated as intervals
over those scenes.

H.2. Paired designs

Same seed. For the open-weight models the arms of an
intervention share scene and seed, so each pair differs only
in the changed element. Local edits pair every arm with
the base video of the same track and seed and take the me-
dian over pairs, with a bootstrap over tracks. The rerun arm
gives the sampler’s own floor, which is zero for every open-
weight model except LTX-2.3. Prompt pairs match scene,
first frame and seed, and differences in arrival are paired.
The steering compares the two prompts through their means
per scene, since the videos with a wrong route differ be-
tween prompts. Capture contrasts pair the in-tray and be-
yond scenes of the same base and seed, with a bootstrap
over base scenes. Clip-length differences (3 minus 5s, 8
minus 5s) are paired by scene and seed, and the duration
exponent is the least-squares slope of log o on log T¢;, after
removing the mean of each scene and seed, with a bootstrap
over scenes.

Independent samples. Closed models do not reproduce a
seed, so an intervention compares the mean of an arm with
the mean of the base over the same scenes, and the differ-
ence carries the variation between samples, including their
tempo. Photographed first frames compare each photograph
row with its control row per configuration, with a bootstrap
over configurations and the seed-spread test of Sec. F.7, in
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which s pools the seed deviations of the model around the
centres of all its rows. The destination counterfactual com-
pares the model’s arrival with the arrival of the stated law
from the same exit states, with a bootstrap over scenes.

H.3. Permutation and stratified resampling

On chutes the four curvatures of one seed are exchangeable
units for an open-weight model, so the p-value of the land-
ing slope comes from permuting the curvature labels within
each seed (across all videos for closed models). The inter-
val in Table F.12 resamples seeds within each curvature and
leaves out the spread between chutes, so it is narrower, and
the permutation p carries the decision. On ramp pairs and
barriers the intervals resample seeds within each scene and
keep the design of angles and heights.

H.4. Reading intervals against floors

A reading is interpreted as a property of a model when its
interval lies outside the floor at the model’s frame rate and
size (Sec. C.4). Single-pair floors of the local edits (2.4—
5.6% in dv) are of the size of the dip effect itself, so these
readings rest on medians over about 36 pairs, whose error
on the simulated motion stays within a few tenths of a per-
cent. The null edit is flagged when the interval of its median
difference from the base lies wholly beyond the larger of the
rerun floor and the measurement floor (1.0% for dv, 0.4%
for dt), a rule that flags none of 120 noise-only runs and all
120 runs in which the null arm carries the bump response.
Clip-length differences are read as the larger of [3s — 55
and |8s — 5| over its floor. Readings marked exploratory
(the locked and fixed parts of the shared-front response, the
front and back leads, the relaxation rate in physical time,
the decomposition of regenerated motion, and the mecha-
nism predictions on other families) were added after the de-
sign was fixed. They inform the interpretation and carry no
claim on their own.
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