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Introduction
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How the brain organizes the temporal structure of experience
across different timescales remains unclear (Clayton &
Dickinson, 1998). Here, we examine population dynamics in
primate medial posterior parietal cortex during temporal order
judgments (Zuo et al., 2026) spanning seconds to minutes and
across-day episodes. We propose that temporal memory is
supported by a unified low-dimensional manifold whose
geometric integrity and dynamical structure enable accurate

retrieval.
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Fix 1 Anchor Clip, Compare with 15 Partners -2 1

Fig. 6 Population activity and pair-anchor framework for quantifying

day-specific separation. Stage-normalized population PSTH for Day 3 data (n=947),
grouped by dominant stage and sorted by firing peak time (Left). Pair-Anchor Task Design.
Schematic of analysis framework where neural trajectories are compared by fixing one clip
as an Anchor and pairing it with 15 other Partner clips from Day 1 and Day 2 (Middle).
Neural population activity was organized as a neurons x conditions x time tensor and
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monkeys viewed 10-s videos (two concatenated 5-s clips).
Following a 2-s delay, they performed a two-alternative
forced-choice (2AFC) temporal order judgment (TOJ) on
two extracted frames, identifying the earlier frame (15

trials). A 1-min retention interval preceded 20 additional
TOJ trials without videoplay. Each day comprised four Fig. 7 Day-specific cluster separation and representational geometry
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trajectory dynamics in correct, but not incorrect trials during TOJ. Trajectory n=450). Convex hulls enclosing day-specific ¢ USIETS show that the more Tecent Lay-
cluster shows a clearly larger emergent radius, which corresponds to a higher
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component (d(tPC)/dt) against its current state (tPC), for a S are maiche (Botftom Left), while such separation dynamics are not seen in the control dataset

Single-NeurOn Temp()ral LOCatiOn SeleCtiVity consistently for correct trials (Left), for both short (Top) and long (Bottom) delays — (Bottom Right). Hull radius was defined as centroid-to-boundary distance
synchronous phase portraits create latent stimulus subspaces in correct trials. For . .

incorrect trials (Middle), portraits are desynchronized. To quantify the size of the latent

space varying with time, we also look at the radius of the convex hull which captures the COnCI US|On

trajectories for these spaces (Right). A latent space strongly emerges in the long delay
and subsequently dissipates once the memory decision is reached. For the short delay, The macaque precuneal neurons represent temporal locations

the latent space is maintained in memory for a longer duration. The bimodal distribution through a unified computational framework. The shared modulation

In trajectory speed suggests an evolving latent stimulus space, which settles into a larger _
size before gradually vanishing at the end of TOJ. across scales suggests a stable neuronal axis for temporal
indexing (Sarkar et al., 2026).

: : : The "manifold collapse” in error trials reveals the geometric basis
TOICaI of DyICS of behavioral failure. The combination of centroid-based separation

and convex-hull radius dynamics suggests that day-dependent
° retrieval context shapes episodic representations at multiple

N N | . | geometric levels.

5 o L, 7 Memories of Day 1 and Day 2 events differ not only in where their

trajectories are centered, but also in how their manifolds expand

over time. Null effects in the control dataset suggest that these

geometric differences reflect meaningful episodic organization.
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B. TL Modulation (2s vs 1min)
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Fig. 2 Temporal location (TL) coding is distributed across task phases with

correlated short- and long-delay modulation. Phase-level GLM ( distributions
(stepwise, 10 regressors). 1min_TOJ recruits more neurons (n=722) than 2s TOJ
(n=467); however, the two conditions show opposite polarity — 2s TOJ is predominantly ' Sy e ” Sy e
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