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A change of field boundary conditions produces quanta when it mixes positive- and negative-
frequency modes, but the boundary motion is usually prescribed externally. We construct a finite
autonomous quantum shutter in which a quantum matter register controls one local bilinear of a
one-dimensional bosonic lattice while the complete matter—field Hamiltonian remains fixed and time
independent. The controller-gated term is C' = nkq¢q,, and at full closure the open and closed field
Hamiltonians obey the exact local identity Hei — Hop = Kqeqr. An abrupt opening therefore gives a
canonical Bogoliubov transformation with nonzero 3, so the closed vacuum is squeezed in the open
basis and a closed-basis one-quantum state becomes a one-quantum-added squeezed state. Exact
sparse evolution and canonical matrix-product-state evolution show autonomous packet transmission
between the static closed and open limits, controller backreaction, matter—field entanglement, and
energy redistribution with total-energy drift below 4 x 1073 in the canonical benchmark. After fixing
outgoing modes independently from a prescribed smooth-history reference, far local field algebras can
be close at the 1074-107° level while the joint outgoing state remains distinguishable. A collective
controller of size M approaches the prescribed classical switch with leading corrections proportional
to 1/M, in agreement with a spin-coherent fluctuation expansion. The controller register also has an
exact embedding into ordinary matter qubits through frustration projectors and a unary clock sector.
The construction is a regulated scalar/bosonic realization of standard dynamical-Casimir physics; it

is not a derivation of electromagnetic U (1) or of an unregulated infinite particle-number tail.

I. INTRODUCTION

Time-dependent boundaries and media can mix
positive- and negative-frequency field modes. In quan-
tum theory the corresponding in/out operators are re-
lated by a Bogoliubov transformation, and a nonzero
anomalous block produces particles from the initial vac-
uum. This mechanism underlies the dynamical Casimir
effect (DCE), from Moore’s variable-length cavity and the
Davies—Fulling moving mirror to modern circuit realiza-
tions and reviews [1-7]. In most formulations, however,
the mirror trajectory, refractive-index modulation, or
boundary protocol is a prescribed classical function. The
field is quantum, whereas the actuator is external.

There are good reasons to quantize the actuator. A fi-
nite boundary can exchange energy with the field, become
entangled with it, and record which scattering history oc-
curred. Quantum and optomechanical treatments of DCE
backreaction have emphasized precisely these effects [8—
10]. A related locality question has recently appeared in
the theoretical “truncated photon” problem: a shuttered
one-photon wave packet can have simple local descriptions
on separated regions even though its global state contains
a complicated particle-number structure [11].

Here we ask a narrower constructive question. Can a
local finite quantum register autonomously open a shut-
ter under a fixed Hamiltonian, while reproducing the
standard Bogoliubov mechanism and retaining explicit
controller backreaction? We answer yes for a regulated
one-dimensional bosonic lattice. Each field site is a square-
root ladder, the central boundary is a single edge—edge
bilinear, and ordinary matter degrees of freedom gate that
bilinear. No collapse and no externally inserted H(t) are

required.

The main results are as follows. First, the closed/open
difference is an exact local identity, and the sudden switch
has an analytic nonzero Bogoliubov 5 block. Second,
exact Fock-space calculations exhibit autonomous scatter-
ing, energy exchange, controller—field entanglement, and
a reduced number distribution with support in every rep-
resented sector. Third, independent exact, Gaussian, and
matrix-product-state solvers converge across the active
cutoffs. Fourth, complete far-local observable algebras can
agree closely with an independently prescribed smooth-
history reference even when the global and joint outgoing
states remain distinguishable. Fifth, the discrepancy be-
tween a finite quantum controller and its mean switching
profile vanishes approximately as 1/M for a collective con-
troller, and the coefficient is explained by a spin-coherent
fluctuation expansion. Finally, the abstract controller is
exactly embedded in a local matter-qubit clock sector
controlled by frustration projectors.

The field-theoretic mechanism is not new: it is the
DCE/Bogoliubov mechanism. The contribution is the
autonomous matter—edge architecture, its controlled finite-
regulator realization, and the quantitative local/global
and quantum-to-classical analyses. All claims below are
scoped to that model. In particular, the model is a scalar
lattice regulator with a finite quantum actuator; it is not
a derivation of electromagnetic gauge theory, a continuum
mirror theorem, or a claim of unbounded particle number
in any finite Hilbert space. The numerical claims are
tied to explicit regulator checks and to the reproducibility
archive described at the end of the manuscript.



II. MATTER-CONTROLLED EDGE-LADDER
MODEL

We set A = 1. The field consists of N bosonic edge
modes. In a local dimension-d regulator,

ajaln) = v/nln — 1), n=20,...,d—1, (1)
with
[aj.a.a] ] =1—dld—1)d - 1]. (2)

Thus the oscillator algebra is exact away from the top
rung and converges in the low-occupation sector. Define

;
aj +a; . [Wo
4 = WOJ’ pj=—1 3(%’ - a;) (3)

A. Open and closed field Hamiltonians

The open chain is

N
1
Hop = 52 P +whdd) + Q(Qfﬂﬁv)
j=1
N—1

+ qj+1 - q] . (4)
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For even N, let £ = N/2 and r = ¢ + 1. The open central
spring contributes
, K
hy) = 50— a0)”. (5)
A fully closed central shutter replaces this spring by two
local pins,
h =5+ ), (6)

so that

‘ Hcl - Hop = Kquqr- (7)

We also use a finite barrier

C = nkqeqr, 0<n<1, (8)

for which n =1 is the exact link removal and n < 1is a
partial cancellation of the central coupling.

B. Autonomous controller

Let Hc be a finite controller Hilbert space, H¢ its free
Hamiltonian, and Pc an operator whose closed-sector
eigenvalue is one. The complete Hamiltonian is

Htot:HC®Hop+PC®C+Hc®]IF.‘ (9)

It is fixed and time independent. Field energy need not
be conserved separately, but Hioy is.

Two controller realizations are used. A propagating
clock of dimension R has

R—2
Ho=—JY (Is+1)s|+[s}s+ 1)), Po=Y_I[ss
s=0 <S4

(10)
A wave packet initially supported in s < s, propagates
into the open sector. A minimal smooth controller uses
two matter qubits,

T— ZoZ, 0

F= He=—=-X 11
2 ) C 2 0 ( )

with initial state |01). In the absence of field backreaction,

() = (P = oot (). (12)

This provides an independently fixed smooth-history ref-
erence,

Href(t) = HOP + f:ﬁee (t)C7 (13)

without altering the autonomous evolution in Eq. (9).

C. Initial states and observables

The vacuum input is the closed-field ground state |0c).
A localized incident packet is prepared as

B0,
|¢pkt(0)> = flo 1> ’7 BT = me m> (14)

| Bf10a)

where b,,, are open-chain positive-frequency modes and f,,
is a Gaussian wave packet. Field observables are evaluated
as packet-minus-vacuum differences, which removes the
squeezed background. If An; is the local excess and the
central sites are excluded, we define

Ngr

T=——,
Ni + Ng

Nyp= Y Anj. (15

JEL/R

We also monitor controller entropy, sector-resolved energy,
reduced number distributions, and the complete local
distinguishability

Dy - ||pauto rele (16)

IIT. SUDDEN OPENING: ANALYTIC
BOGOLIUBOV BENCHMARK

In the untruncated quadratic theory, write

VaUa = Uaw?,  VeplUop = UpQ?, S =ULUa

(17)
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FIG. 1. Model and mechanism. (a) A finite matter/controller register gates one local edge—edge bilinear in a square-root bosonic
lattice. (b) Opening changes the positive-frequency structure; the old and new mode operators are related by a Bogoliubov

transformation with an anomalous block.

Continuity of ¢ and p at an abrupt opening gives

b=aa+ fal, (18)

with
o= % <Q1/2Sw71/2 4 971/25{”1/2) ’ (19)
= % (Ql/sz’l/z _ 971/2&*}1/2) . (20)

The canonical identities are

aot =BT =1,  ap” —pa’ =0. (21)
Numerically, their normalized residuals are below 2.2 x
10715 in the lattice benchmarks.

The closed vacuum is a multimode squeezed state in
the open basis,

1
|0c1) = Nexp(QbTTZbT) 00p), Z = ()17,

(22)
and a normalized closed-basis one-quantum wave packet
becomes a one-quantum-added squeezed state. Its open-
basis mean number is

(N1, = Te(B8T) + 1+ 2|18f*|. (23)

The terms are vacuum production, the injected quantum,
and stimulated pair production.

For a perfect central cut in a continuum finite box,
the coefficients can be obtained in closed form. For odd
open-mode index m and a left-half closed mode n,

2vn
m/m (m+ 2n)’ (24)

while the degenerate channel m = 2n has nonzero overlap
but 8 = 0. With the symmetric cutoff used here,

mn

L _ (_1)n+(m—1)/2

1
Nyac(K) = ﬁ(lOgK)2 + O(log K). (25)
The derivation is given in Appendix A. Equation (25)
is a regulator statement for the ideal abrupt cut; all
autonomous simulations below use finite lattices and,
where stated, finite barriers or smooth openings.

IV. AUTONOMOUS SCATTERING,
BACKREACTION, AND ROUTING

The first end-to-end benchmark uses the propagating
clock in Eq. (10) with

N =18, nmax =5, wo =3, k=12, =095 (26)

R=10, J=0.14, s, =3, T = 24. (27)

The field basis contains all occupation configurations sat-
isfying Zj n; < Nmax; its dimension is 33649, and the
joint dimension is 336490.

The controller begins with (Pc) = 0.999994. For a vac-
uum input it ends at 0.143485, while the incident packet
leaves it at 0.216360. The packet therefore backreacts on
the shutter and makes the closed sector more likely. The
corresponding transmissions are

Tetosed = 0.0074146,
Topen = 0.9739391.

Truto = 0.7143166,

The autonomous output lies between the static controls
rather than being a basis relabeling.
The packet produces controller—field entropy

SPEE = 0.671381 nats, (29)

compared with 8.27 x 10™* nats for the vacuum. Condi-
tioning the same global state on the final controller sector
gives a right-side fraction 0.197895 in the closed branch
and 0.835306 in the open branch. The controller therefore
functions as a quantum router and carries which-history
information.

Energy is redistributed rather than created. In the
packet run,

AFp = —3.2467 x 1073, AFc = +3.6678 x 1073,

AEj = —4.2113 x 1072,

(30)
whose sum is 1.56 x 107!3. The maximum total-energy
drift over the trajectory is 3.98 x 107!3. The sign of
an individual sector exchange is protocol dependent; the
invariant statement is autonomous exchange under a con-
served total Hamiltonian.
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FIG. 2. Autonomous propagating-clock benchmark. (a) The controller leaves the closed sector under the fixed Hamiltonian; the
incident packet changes its final closed probability. (b) The packet produces strong controller—field entanglement, whereas the
vacuum does not. (c) Packet-minus-vacuum occupation for static closed, autonomous, and static open cases. (d) Conditioning
the final field on the controller sector resolves reflected and transmitted branches.

The same run yields a right-half reduced number dis-
tribution

Pr(0) = 0.3011014, Pr(1) = 0.6761192, (31)
Pr(2) = 0.0065080, Pr(3) = 0.0159481, (32)
Pgr(4) = 9.0307 x 107°,  Pg(5) = 2.3290 x 10~*. (33)

Every represented sector is positive and Pg(n > 2) =
0.0227793. This is the finite-cutoff precursor of an un-
bounded reduced distribution, not evidence for a literal
infinite tail in the finite Hilbert space.

At fixed lattice spacing the transmission converges from
0.701053 at N =12 to 0.714317 at N = 18. At N = 14,
raising nmax from 5 to 6 changes 7 by 4.95 x 1075, A
local-product calculation provides an independent reg-
ulator: in a six-site benchmark the global-sector and
unrestricted local-product transmissions differ by 0.740%,
while the excess open-mode number differs by 0.0783%.
A unit-amplitude shift operator is a decisive negative con-
trol: its vacuum Bogoliubov-number relative error is 5.27,
compared with 0.0177 for the square-root ladder in the
same small benchmark.

V. NUMERICAL CONTROLS AND
INDEPENDENT SOLVERS

Three representations are used. Small and medium
systems are propagated by sparse Krylov evaluation of
e~ Hty)) [12]. Quadratic, untruncated reference dynamics
are propagated symplectically. Long local-product chains
are evolved as matrix product states using a second-order,
center-moving canonical TEBD algorithm [13, 14].

The canonical gauge is essential. An earlier prototype
truncated singular values outside a mixed-canonical form
and produced nonmonotonic bond-dimension scans. The
repaired algorithm moves the orthogonality center with
each sweep, so every truncation acts on true Schmidt
coefficients. At fixed local dimension d = 3 and At = 0.2,
the transmission changes monotonically from 0.667742 at
X = 8 to 0.667606 at x = 32, with accumulated discarded
weight 2.34 x 1079, Canonical residuals are below 1.1 x
10714,

On an exact six-site, d = 3 benchmark without Schmidt
truncation, the transmission error scales as At2-0018 with
R? = 0.9999996. For the 12-site benchmark, the d = 5
extrapolation Ta;—,0 = 0.6691787 differs from the inde-
pendent global-occupation value 0.6690765 by 1.53 x 10~4
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relatively. In a separate N = 8, d = 3 full-product calcula-
tion, sparse evolution and canonical TEBD at At = 0.05
have packet fidelity 0.9999954 and transmission difference
1.31 x 10~3; halving the step reduces the latter by a factor
4.014.

Stable local-product calculations reach N = 24. At
N =16,d =4, x =32, and At =0.1,

Tmps = 0.7785091, Tglobal = 0.7788985, (34)

with accumulated discarded weight 1.74 x 107, An exact
entanglement budget on the 12-site reference has maxi-
mum entropy 0.696783 nats; xy = 33 is sufficient to keep
discarded Schmidt weight below 10~® on every cut. These
controls show that the observed effects are not artifacts
of uncontrolled entanglement truncation.

VI. LOCAL SIMPLICITY AND GLOBAL
DISTINGUISHABILITY

The smooth two-qubit controller in Eq. (11) provides a
fixed reference profile through Eq. (12). We compare the
autonomous field to the field-only reference in Eq. (13)
without fitting the profile to the output.

For the complete right-terminal three-site algebra, the
trace distance decreases as

4.84 %1073, 7.09 x 1074, 1.37 x 107%, 7.95 x 107> (35)

for N = 12,16,20,24. A permanently open reference
gives 0.0473, 0.0108, 0.00593, and 0.00453, respectively.
At N = 24, matching the boundary history improves the
local comparison by a factor 57.

At N = 16, the largest three-site mismatch, 0.09768, is
concentrated around the shutter. The terminal distance
is 7.09 x 10™%, while the global packet-reference fidelity
0.852066 implies, by the Fuchs—van de Graaf bounds [15],

Dgiobal > 0.07693. (36)
The global lower bound is more than 108 times the
terminal-block distance. The discrepancy is stored mainly
in the switching region, controller correlations, and non-
local field correlations.

To examine outgoing degrees of freedom, we construct
left and right positive-frequency packet modes. In one
analysis the modes are fixed independently by propagating
the input packet through the prescribed smooth symplec-
tic history before evaluating the autonomous state. At
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N = 16a Nmax = 37

Dp = 0.009474, D; = 0.011174,

37
Dprr, = 0.030743. (37)

while the terminal three-site distance is 7.01 x 1074, A
complementary regional-mode reconstruction, used to
resolve number statistics, gives Dr = 0.004023, D;, =
0.007483, but Dgry = 0.101910. Tracing the left mode
yields nonzero weight in every represented right-mode
number sector, with Pr(n > 2) = 1.53 x 10~* at N = 16.

A cutoff-free Gaussian long-lead calculation supplies a
separate asymptotic check. With detector modes fixed
independently of the autonomous output, the root-mean-
square mismatch of local Weyl characteristic functions
decreases to

er =6.23x1075, e, =4.78 x 107° (38)
by N = 224. These are restricted-algebra statements.
They do not assert equality of the full global states, and
they are not yet the exact continuum one-photon/vacuum

theorem of Ref. [11].

VII. QUANTUM-TO-CLASSICAL CONTROLLER

LIMIT

A finite quantum controller is not equivalent to its mean
switching profile. To quantify the classical limit, replace
the single controller by the symmetric spin-J = M/2
sector of M two-level systems,

J+J,
He =QJ, 5 Poc = )
C T C 27
initialized in |J, J),. Its mean remains Eq. (12), whereas
the connected fluctuation is

(8Po(t)5Po(t')) = w

Let N[xz] be the field particle number generated by the
perturbed classical profile

(39)

(40)

pa(t) = pa*e(t) + xsin(Qt). (41)

A spin-coherent expansion gives the leading profile-
fluctuation contribution

SN 1 dN[a]

Fo B 8N0 d1‘2

+O(M™3?%). (42

=0



Complete local observable algebra: matched history wins
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The continuum-regulated curvature calculation yields co-
efficient Acont = 0.315339. Exact native evolution at
N =17, nmax = 10 gives

0.303678

Nauto_Nrcf o 2 __
Noor = A R =0.9999959

(43)

for the asymptotic fit. The analytic curvature term ac-
counts for 96.2% of the finite-regulator coefficient; the
remainder measures coherent response and backreaction
omitted by a classical profile mixture.

In the long-chain scattering calculation,

Drr(M) = 0-10348M—0~94037
Dblock3(M) = 7.42 % 10*4M70.9685.

with R? > 0.9994 for M > 2. A two-packet connected
response falls from 0.1102 above the prescribed-switch
floor at M = 1 to 3.25 x 107° at M = 16. The mean
classical switch is therefore recovered in a controlled col-
lective limit, whereas a single quantum shutter retains
branch fluctuations and memory.

VIII. EXACT EMBEDDING IN ORDINARY

MATTER FRUSTRATION

The controller need not be an abstract register. Intro-
duce one reference matter qubit and R clock qubits. In
the unary sector with the reference unexcited and exactly
one clock excitation, define Wls) = |s)unary. The local
XY Hamiltonian

g h=2
H,, = -3 2 (Xot1Xor2 + Yo Yoyo) (46)
obeys
WIH,W = =T (|s+1)(s| +[sXs+1]).  (47)
With frustration projectors
Fos41 = 1= % (48)

2 )



Quantum controller approaches a classical switching history
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we have

(49)

wi (Z Fo,sH) W= Fe.

S$<S«

Thus the unary matter sector is exactly the controller in
Eq. (10). Appendix B gives the proof.

Full-Hilbert-space evolution confirms the isometry.
With no leakage, the matter-clock and abstract-register
transmissions differ by 1.35 x 10~!* and their excess one-
body matrices by 7.05 x 10~*. Generic transverse leak-
age of strength 0.05 reduces the physical-sector weight to
0.4639 without protection. Adding a penalty U (N —1)?
with U = 4 raises it to 0.997795, with transmission error
0.003278 and one-body error 0.007243 relative to the ideal
register.

This is the direct matter-clock interpretation of the
benchmark: ordinary matter frustration controls a bilinear
between square-root edge modes. The broader claim
that such an architecture is the microscopic origin of an
electromagnetic field is neither assumed nor established
here.

IX. DISCUSSION

The calculations isolate what is and is not new.
The mode-mixing physics in Eqgs. (19)-(22) is standard
dynamical-Casimir physics. The new element is that the
boundary condition is generated by a finite quantum sub-
system within the same time-independent Hamiltonian as
the field. This gives three effects absent from a prescribed
classical switch.

First, the field and controller exchange energy and be-
come entangled. The final controller state depends on
whether an incident packet was present, and condition-
ing on it separates reflected and transmitted branches.
Second, matching the mean switching profile is sufficient
for very accurate far-local observables but not for the
joint field state: controller branch information survives
in nonlocal correlations. Third, controller fluctuations
generate additional radiation and multipacket memory
that vanish in a controlled collective limit.

The model also clarifies several scope boundaries. The
edge ladders are scalar bosonic modes. No Gauss law,
transverse polarization structure, or emergent electromag-
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netic U(1) is used. Every finite ladder or global occupation
sector has a finite number cutoff, so the positive reduced
probabilities reported here establish support on every
represented sector only. The ideal finite-box divergence
in Eq. (25) belongs to an abrupt perfect-cut regulator
and is not a normalized outcome with literally infinitely
many quanta. Finally, the long-lead Weyl tests and fixed
outgoing packets support a finite-regulator local/global
separation, but they do not replace a full continuum
scattering theorem.

These limitations are productive rather than cosmetic:
they separate a closed finite-model claim from the stronger
gauge-emergence and continuum claims that require in-
dependent papers. The present result is therefore best
viewed as an autonomous quantum-boundary benchmark
for a matter—edge lattice architecture.

X. CONCLUSION

We have constructed and tested a quantum shutter
whose actuator is part of the modeled quantum sys-
tem. Omne local matter-controlled bilinear changes the
field’s vacuum structure, produces a nonzero Bogoliubov
8 block, and converts a one-quantum state into a one-
quantum-added squeezed state. Exact and tensor-network
evolutions show autonomous scattering, backreaction,
controller—field entanglement, reduced many-number sup-
port, and conserved total energy. Complete far-local
algebras can follow the mean boundary history even when
the joint outgoing state remains distinguishable, and the
discrepancy from a prescribed switch vanishes approxi-
mately as 1/M for a collective controller. The controller
itself has an exact realization in ordinary matter qubits
and frustration projectors.

The defensible result is accordingly precise: a finite
matter—edge Hamiltonian can autonomously realize the
standard boundary-change Bogoliubov mechanism with
backreaction and nontrivial local/global state structure.
Electromagnetic gauge emergence and an unregulated

continuum limit lie beyond that statement.
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Appendix A: Finite-box coefficients and ultraviolet
asymptotics

Consider a continuum scalar field on 0 < z < L. After
opening, the normalized modes and frequencies are

2
U (z) = Hf sin mzx, Qn = anwr. (A1)
Before opening, a normalized left-half mode is
4 2 2
uﬁ(m)zq/zsin njjm, 0<z<L/2, Wp = Cgﬂ-.
(A2)
The overlap is
1/v/2, m = 2n,
gL — 0, m even, m # 2n,
(_1)n+<m—1)/24fi m odd.

m(m?2 — 4n?)’

(A3)



Substitution into Eq. (20) yields Eq. (24); the factor
m — 2n cancels for odd m. In the degenerate channel
m = 2n, the frequency ratio is one and § = 0 despite
nonzero overlap.

The two half-cavities contribute equally, giving

8 n
Nyac(K) = = > m(m + 22 (Ad)
mglélgdd

For 1 « m,n < K, the inner sum has a logarithmic
contribution and summation over odd m produces a sec-
ond logarithm. Euler—-Maclaurin replacement of the bulk
domain gives
1 2
Nvac(K) = ﬁ(logK) + O(IOgK)

(A5)
A numerical fit over K € [50,6400] gives coefficient
0.050947, compared with 1/(272) = 0.050661.

Appendix B: Unary matter-clock isometry

Let the reference qubit be site 0 and the clock qubits
sites 1,..., R. Define number operators n; = (I — Z;)/2
and the unary subspace

H1 = span{|s)unary : s =0,..., R — 1}, (B1)
where the reference is in Z = +1 and exactly clock qubit
s+ 1 is excited. The XY identity

1

5 (XiXj+1 +Y;¥j)

— gt -+
=001 +0;0/, (B2)
shows that Eq. (46) preserves H; and acts there as nearest-
neighbor hopping. Moreover, on Hi, Fp s+1 = Ns+1 be-

cause the reference is unexcited. Therefore Eqgs. (10) and
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(49) follow exactly under the isometry W. A penalty

R 2
HU =U <Zne - H) + hrean
s=1

protects the unary sector against generic leakage terms.

(B3)

Appendix C: Numerical regulators and diagnostics

The exact global-occupation basis contains all N-tuples
satisfying > ;1 < Nmax and has dimension

N max
DF:< o )

nmax

(C1)

It preserves the square-root ladder matrix elements ex-
actly within the retained sector but imposes a global
ceiling. The independent local-product regulator uses d
states on each site and is propagated either exactly for
small N or as an MPS for larger N. Convergence requires
both low top-rung probability and stability of observables
under 1y« Or d.

The canonical TEBD step is a symmetric second-order
product formula. The orthogonality center is moved with
the sweep so that each SVD truncates the actual Schmidt
spectrum. Reported runs monitor the accumulated dis-
carded weight, left/right canonical residuals, norm, total
energy, local occupation tails, and comparison with exact
sparse evolution. Quadratic Gaussian calculations use
the real symplectic equations for the mode functions and
independently verify the canonical identities in Eq. (21).

For reduced outgoing modes, finite density matrices are
reconstructed from normal-ordered moments. Direct one-
mode reconstruction and the partial trace of the joint two-
mode reconstruction agree to 4.26 x 1076 at N = 16 and
1.18 x 107% at N = 24. Weyl-characteristic comparisons
use randomly sampled local phase-space displacements
fixed independently of the autonomous output.
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