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Idrees Oreibi1, ∗ and Rehab Shather Abdul Hamza1, †

1Directorate of Education Babylon, Ministry of Education, Iraq, Babil
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Can a binary survival measurement reveal dynamical memory? We prove that every stationary
survival curve generated by a fixed state-dependent absorber is identical for a process and its time
reverse. Two ordered pulses remove this obstruction: their joint survival probability gives an exact
finite-amplitude lagged covariance, pulse reversal exposes the time-antisymmetric component, and the
resulting Bernoulli probabilities bound path irreversibility. Spanning profiles reconstruct finite-state
Markov dynamics. A held-out retrospective reanalysis of 20 independent optical-trap records shows
a robust experimental time-antisymmetric correlation and recovers its bounded-profile counterpart
from virtual survival probabilities. An independent two-state single-molecule model supplies a
reversible null and finite-count reconstruction benchmark. These tests use experimental trajectories
but emulate the proposed removals; direct physical pulse validation remains open.

Many experiments register only loss or survival al-
though the underlying trajectory is inaccessible. Ab-
sorbing boundaries connect escape and transport [1–3],
whereas Green–Kubo response is built from time corre-
lations [4, 5]. Selective depletion is experimentally es-
tablished [6], and controlled readout can resolve cross-
spectral information [7, 8]. Two-pulse desorption spec-
troscopy is also established [9–11]; there the energetic
pump pulses modify the excited dynamics, unlike the
stochastic-removal/no-survivor-backaction model consid-
ered here. We ask what information is fundamentally
absent from static survival and what minimal temporal
control restores it.
Let Xt be stationary. A pulse with calibrated profile

0 ≤ a ≤ 1 and amplitude 0 < u ≤ 1 removes a realization
at time t with probability ua(Xt). Conditional pulse
randomizations are independent, and a pulse does not
otherwise alter survivor dynamics. For a finite Markov
model, let R be row stochastic, πR = π, P = diag π, and
R† = P−1RTP .

For any fixed survival profile D = diag(di) and integer
N ≥ 1,

π(DR)N1 = π(DR†)N1. (1)

The survival curve averages
∏N−1

t=0 d(Xt), invariant under
reversal of a stationary path. Equation (1) therefore
extends beyond Markov processes to the complete finite-
time absorption law. More observation time or stronger
fixed loading cannot reveal stationary irreversibility.
Apply profile a at time zero and b at lag n:

Sab(n) = E[(1− ua0)(1− vbn)],

Sa = 1− uEa, Sb = 1− vEb. (2)

Direct expansion gives

Cov(a0, bn) =
Sab(n)− SaSb

uv
, (3)

Cov(a0, bn)− Cov(b0, an)

=
Sab(n)− Sba(n)

uv
. (4)

These identities are exact at finite amplitude and require
no Markov, mixing, weak-pulse, or quasistationary ap-
proximation. Stationarity is needed only for the simplified
second form; Supplemental Material gives the exact finite-
record marginal correction [12].
Known profiles Fiα = fα(i) give

B(n) = FTPRnF. (5)

If F has full row rank, choose U with FU = I; then

UTB(n)U = PRn, R = P−1UTB(1)U. (6)

Thus spanning controls identify a finite-state transition
matrix under the Markov model. The minimum-norm
inversion amplifies moment error by at most σmin(F )−2

before division by rare stationary probabilities; nonspan-
ning profiles can hide complete modes [12].
Time’s arrow can be certified without full reconstruc-

tion. For a stationary finite chain with bidirectional
support,

σ =
∑

ij

πiRij log
πiRij

πjRji

≥
1

n
dB(Sab(n)∥Sba(n)) , (7)

where dB is Bernoulli relative entropy. This is data pro-
cessing applied to forward and reversed path laws and im-
plements the established coarse-observation principle [13].
Thermodynamic interpretation requires additional physi-
cal assumptions such as local detailed balance.

We tested these consequences on experimental records
without relabeling virtual pulses as a new experiment.
The primary dataset is the SwitchingTrap subset of the
Dryad record accompanying the variance-sum-rule exper-
iment [14, 15]: 20 independent 15-s records at 100 kHz,
with ten, five, and five realizations at trap separations 18,
70, and 280 nm. For each record, the first 20% defines
robust logistic profiles of bead position and force; the
remaining 80% is held out. All 20 pass a transparent
half-to-half mean/variance stationarity screen stated in
Supplemental Material.
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FIG. 1. Retrospective experimental-data tests. (a) Held-out normalized time-antisymmetric x–F correlation for 20 switching
optical-trap records [14, 15]; error bars are 95% intervals across independent records. (b) With bounded profiles fixed using the
first 20% of each record, direct covariance-order contrast and the stationary virtual-survival estimator Sab − Sba agree at 10 ms;
the exact finite-record correction removes marginal drift. (c) Survival-only transition reconstruction for the reversible two-state

HP3 model inferred in Ref. [16, 17] follows M
−1/2. Panels (a,b) use experimental trajectories but computationally emulate

removal; panel (c) is model-mediated.

At 10 ms, the normalized experimental antisymmet-
ric correlation [Cov(x0, Fn) − Cov(F0, xn)]/[sdx sdF ]
is −0.01479 [95% CI −0.01889,−0.01069], −0.06439
[−0.07257,−0.05621], and −0.14974 [−0.15936,−0.14011]
for 18, 70, and 280 nm. The frozen bounded pro-
files give direct covariance-order contrasts −5.97× 10−4,
−2.40× 10−3, and −3.40× 10−3; the stationary survival-
order estimates are −5.82 × 10−4, −2.46 × 10−3, and
−3.35× 10−3. Endpoint-specific marginal correction re-
stores exact agreement to machine precision. Using x-high
and F-high indicator profiles on the same four-state end-
point coarse graining, the common Bernoulli survival
channel obeys dB(Sab∥Sba) ≤ D(Pij∥Pji) in every record,
directly checking information contraction without identify-
ing either quantity as thermodynamic entropy production.

Finite counts expose the cost of this coarse readout.
For the strongest 280-nm measured probabilities, inde-
pendent virtual Bernoulli cohorts with simultaneous 95%
Clopper–Pearson intervals [18] detect the order asym-
metry in 0.0868, 0.4239, 0.6973, and 0.9633 of simula-
tions at M = 105, 3 × 105, 5 × 105, 106 trials per order.
The method restores identifiability but does not create
information; any parameter-independent readout obeys
Fisher-information contraction [19].

As an independent null, we use HP3 nsALEX pho-
ton data and the source authors’ fitted H2MM mod-
els [16, 17]. The uploaded HDF5 contains 6,768,183
photons over 3599.77 s; their model table selects two
states with k01 = 678.8685 and k10 = 103.1168 s−1. Ev-
ery stationary two-state chain is reversible. At 1 ms the
reference matrix has R01 = 0.470966 and R10 = 0.071537
with detailed-balance residual 6.9× 10−18. Survival-only
count reconstruction has median Frobenius error 0.1497
at M = 103, 0.0479 at 104, and 0.0090 at 3× 105, while

the reversible order test has a conservative false-positive
rate near 10−3. Degrading σmin(F ) produces the pre-
dicted rapid instability [12]. This is a model-mediated
benchmark, because the reference R is itself inferred from
the experimental photons.

If C(n) = Cov(f0,fn) is absolutely summable, the
same measurements recover the Green–Kubo spectral
kernel,

S(ω) = C(0) +
∑

n≥1

[C(n)e−inω + C(n)T einω], (8)

with the order contrast supplying its antisymmet-
ric/imaginary cross component. Finite lag windows still
require tail control.

Static survival is therefore exactly blind to stationary
time reversal, whereas two calibrated ordered removals re-
veal lagged memory and projected current. Retrospective
experimental trajectories show that the relevant asymme-
try survives realistic dynamics and finite records, and an
independent reversible molecular model provides a null
and reconstruction benchmark. The remaining decisive
step is physical implementation of the stochastic removals
with independently prepared cohorts and controls proving
no pulse-induced survivor dynamics.

Data and software availability. The exact analysis ta-
bles, deterministic reproduction code, source manifests,
and copies of the third-party files used in the present
reanalysis accompany the submission package. The au-
thoritative public sources are Dryad DOI [15], Zenodo
DOI [17], and the Hsp90 source record used only for the
stationarity diagnostic [20]. Original repository terms
govern third-party data. No new laboratory data were
generated.
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