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We show that the Unruh response can be interferometrically suppressed or restored in a single Unruh-
DeWitt detector whose center of mass is prepared in a coherent superposition of two uniformly accelerated
worldlines. The two paths remain physically disjoint; the detector is read out in a path-erasing basis so that
no which-path information is revealed. If the detector’s energy gap is path dependent during the interaction,
the branch amplitudes for first-order excitation become operationally indistinguishable and, therefore, add
coherently. With appropriate tuning—matching the gap-to-acceleration ratios of the two branches and
choosing a single relative phase—the conditional first-order excitation amplitude cancels, while reversing
the phase restores the response. We derive these conditions in two complementary formalisms and interpret
the mechanism as a relativistic analog of electromagnetically induced transparency, which we term
worldline-induced transparency. We also treat finite switching times explicitly and quantify how imperfect
matching produces a residual signal, yielding a tolerance window rather than an idealized infinitely sharp

condition.
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I. INTRODUCTION

The Unruh effect—the thermal response of an acceler-
ated detector in the Minkowski vacuum—is a cornerstone
of quantum field theory in curved spacetime [1-6]. For a
detector constrained to a single worldline, the response is
kinematic and universal. Here we ask a complementary,
intrinsically quantum question: How does this response
change when the detector’s center of mass is prepared in a
coherent superposition of two accelerated worldlines? We
consider a single detector delocalized between two physi-
cally disjoint, uniformly accelerated paths. The branches
are not recombined in spacetime; instead, the detector is
read out in a path-erasing basis, i.e., a measurement basis
that does not reveal which worldline the detector followed.
Under such a readout, the conditional excitation amplitude
is a coherent sum of two branch amplitudes and can,
therefore, exhibit destructive interference. We refer to the
resulting interference-based suppression as worldline-
induced transparency (WIT) and comment on its relation
to electromagnetically induced transparency (EIT) as an
interpretive analogy [7-9]. Figure 1 sketches the setting: A
single detector is coherently split between two uniformly
accelerated, spatially disjoint worldlines (with proper
accelerations a; and a,), while the final measurement is
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performed in a superposition basis so that the two alter-
natives remain operationally indistinguishable; in this
conditional (path-erasing) output, the two branch excitation
pathways interfere just like the two arms of an interfer-
ometer (with unequal branch weights indicated schemati-
cally by different arm intensities).

The central theoretical ingredient is a conservative
modification of the standard Unruh-DeWitt (UDW) detec-
tor model [1,10,11]: During the interaction, the detector’s
internal energy gap is conditioned on the branch, so that the
ground-state splitting can differ between the two world-
lines. This is the only additional structure we assume
beyond a single pointlike detector coupled locally to the
field; in particular, we do not introduce auxiliary detectors,
nonlocal couplings, or new field degrees of freedom.
Branch-conditioned internal dynamics is routine in quan-
tum-control platforms. In trapped ions, state-dependent
forces generate controlled internal-motional correlations
that directly realize branch-dependent phases and splittings
[12]. In superconducting circuits, the transition frequency
of flux-tunable qubits can be rapidly and coherently tuned
by external biasing, providing a natural route to branch-
conditioned gaps [13]. Phase-stable superpositions of
spatially separated matter-wave paths with coherent recom-
bination are standard in atom interferometry [14], including
Raman-pulse beam splitters that coherently split and
recombine atomic wave packets [15]. Stern-Gerlach inter-
ferometry provides a complementary route in which the
splitting and recombination are explicitly spin dependent
[16]. On the theory side, detector models with quantized or
delocalized center-of-mass degrees of freedom have been
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FIG. 1. Conceptual schematic of WIT. A single detector is
coherently split between two uniformly accelerated, disjoint
worldlines (a;, a,). The excited state is common (|e)), while
the ground states are branch dependent (|g,), |g,)) via distinct
gaps (w;, @,). The lighter purple arm indicates a smaller branch
weight in the superposition (|| versus |a,|).

developed in relativistic quantum-information settings
[17,18], and interferometric strategies have been proposed
for analog-Unruh detection in Bose-Einstein condensates
[19]. More broadly, superconducting platforms have been
developed as a route to probe quantum-vacuum phenomena
(including Unruh- or Hawking-related analogs) [20], while
analog black-hole experiments in condensates have
reported quantum Hawking radiation and correlations in
the emitted quasiparticles [21].

WIT is, at heart, an interference effect: The Unruh
response is not merely a rate associated with a trajectory
but an amplitude that can add or cancel when alternative
worldlines are made indistinguishable by measurement. In
our setting, the path-erasing readout projects onto a super-
position of the branch ancilla states, so the conditional
excitation channel functions like selecting an output port of
an interferometer. The key consequence is that, at leading
order in the detector-field coupling, the excitation probability
in that conditional port is controlled by coherent addition of
two branch amplitudes rather than by an incoherent sum. As
a result, the Unruh response can be suppressed (a “dark”
output) or restored or enhanced (a “bright” output) by
tuning a single relative phase between the branches.

We derive simple analytic rules for when this cancella-
tion occurs. First, the two branches must populate the same
one-particle sector of the field, which enforces a matching
of the dimensionless gap-to-acceleration ratios:

w; W

: (1)

a ay

so that the postselected branch contributions can interfere
rather than living in orthogonal mode subspaces. Second,

once this matching holds, a single relative phase of the
branch weights selects the interference sign, yielding either
destructive interference (WIT) or constructive interference
(restoration). We establish these conditions in two com-
plementary ways—directly in the Unruh-mode decompo-
sition and independently in a Minkowski plane-wave
representation—making explicit how mode orthogonality
and operator rephasings constrain when interference is
physically meaningful.

Moreover, finite interaction times do not change the
mechanism; they simply replace exact mode matching by
an overlap requirement set by the Fourier width of the
switching window. We treat this explicitly in Sec. IV, and
for Gaussian switching we obtain a closed-form first-order
amplitude and an explicit tolerance window (Sec. IVA).
The rest of the paper is organized as follows: In Sec. II, we
introduce the branch-conditioned detector model and
derive the adiabatic cancellation and restoration rules in
the Unruh-mode basis; in Sec. III, we provide an inde-
pendent verification in the Minkowski plane-wave repre-
sentation; in Sec. IV, we analyze finite-duration switching
and the resulting natural bandwidth, and in Sec. V, we
conclude by summarizing the interference picture and
outlining extensions. The derivation of the Gaussian-
switched amplitude is given in the Appendix.

II. MODEL AND REALIZATION

We work in 1 + 1 dimensions with a massless scalar field
and set ¢ = 1. We consider a single UDW detector whose
center of mass is coherently delocalized between two
uniformly accelerated worldlines in the right Rindler
wedge, with proper accelerations a; >0 and a, > 0. A
path ancilla © with orthonormal eigenstates {|a,;),|a,)}
labels the two branches. During the interaction window, the
detector’s internal gap is conditioned on {:

o(p)|ay) = wlay)  (k=1,2). (2)
We take the excited state to be common to both branches,
denoted |e), while the ground state depends on the branch,
{l91),|g>) }- The initial state is

W) = (@1l9)a, + @219)4,)10m) (3)

where |g), =la;) ® |g) and |0y) is the Minkowski
vacuum.

The interaction Hamiltonian in the interaction picture is
written in terms of the detector proper time z. We employ
derivative coupling with a smooth switching function s(z):

d

Hy(7) = g5(2) - [Prow (u(7)) + @raw (0(2))]m (), (4)

where g is the detector-field coupling constant and s(7) is
a dimensionless window that localizes the interaction in
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proper time (Sec. IV treats finite-time profiles explicitly).
For a massless scalar field in 1 + 1 dimensions, one may
decompose the field into right- and left-traveling sectors:

(1, x) = Oprw(u) + Pryw(v),
u=t-—x, v=1t+x, (5)
so that the interaction samples the two independent
chiral components along the worldline through
Dgrw (u(7)) + Prrw(v(2)).
The ancilla-dependent monopole operator is
m(@) = o () O + o, (p)etOr,  (6)

ie., the usual two-level UDW dipole operator in the
interaction picture, with branch-conditioned splitting ().
The lowering and raising operators are, respectively,

Z 90 (el ® lag)d
o1 (9) = o (9), (7)

so that 6_(9)[e) ® |ax) = [gx) ® lay) and o_(H)]g;) = 0.

Along branch k, we parametrize the uniformly accel-
erated trajectory using light-cone coordinates evalu-
ated on that branch, u,(7) = u(t,(7), x,(7)) and v (7)=
v(t;(), x;(7)). For uniform acceleration in the right
Rindler wedge, one may choose

—agu(7) = e, a,vi(7) = e, (8)

so that the proper-time derivative acts as

d

dT ( akuk)auk = (akvk)avk' (9)

The derivative coupling, therefore, introduces the standard
dimensionless ratios w;/a; in the excitation amplitudes.

We expand the chiral field components in Unruh modes
[1,22]. Keeping only the creation-operator parts,

Orepuy(1) = / " 4Qf (- Q) (~u) AL,

Siry(r) = [ 7 dor(@)r B, (10)
with
e—JrQ/2
) = ) (1

The operators AZz and BZ; create single Unruh quanta
labeled by the dimensionless Rindler or Unruh frequency

Q in the right- and left-moving sectors, respectively; states
with different labels are orthogonal (e.g., A/ |OM>LA;, [047)
for Q # Q). The superscript “—” indicates that only
creation operators appear.

To first order in perturbation theory,

i

) == [ a0, (12)

which yields

2

|¥,) = —%}Zak /_: drs(t)m(7)

k=1

x L ey () + Qe (I 0w). (13)

In the long-interaction (adiabatic) limit, boundary terms
induced by 0, vanish and the remaining integrals are
understood in the distributional sense; the finite-time case
is treated explicitly below in Sec. IV (and in closed form for
Gaussian switching in Sec. IV A).

Using (8) and (9), substituting (10) into (13), and
converting the 7 integral into a Mellin-type integral over
u (RTW) or v (LTW), one finds that the derivative coupling
contributes the characteristic on-shell factor w/a. The
remaining Mellin integrals are evaluated distributionally
using

/_O du(—u)="1 = Aw dvv'=" = 275(5),  (14)

oo

which enforces the on-shell identification of the Unruh
label with the detector ratio. It is convenient to package the
resulting single-branch coefficient into a compact ampli-
tude I(w, a), defined via the RTW creation amplitude:

o
I(w,a) = 2ﬂgge—a’%. (15)
87 ¢sinh(z %)

We then define, for each branch,

Ap=—. 16
(=2 (16)

In the adiabatic limit, the LTW contribution is the complex
conjugate of the RTW one, so the first-order state can be
written in the compact form

2
W) =D allAl, +TiBL, JI0u)le) ® lag).  (17)
k=1

where we have set 7 = 1.
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A. Conditional (path-erasing) readout

Because the ancilla path states |a;) and |a,) are orthogo-
nal, the ancilla can store which-branch information. If one
measures only the detector (excited versus ground) and does
not interrogate the ancilla, then the path is unobserved and
one must sum probabilities over it. In that unconditional
setting, the excitation probability is an incoherent sum of the
two branch contributions: The interference term is propor-
tional to (a;|a,) = 0 and, therefore, vanishes. Hence, no
phase dependence can appear unless the ancilla is measured
in a way that removes the which-path record.

To access interference, we measure the ancilla in a
superposition basis, analogous to recombining the arms of
an interferometer and selecting an output port. Concretely,
we introduce

_ay) £ as)
|i> - \/§ ’
_H+1= oy = =1
|a1> - \/§ ’ | 2> - \/§ ) (18)

and the postselection projectors I1, . = |e)(e| @ |£)(£|.
Only in such conditional channels do the two branch
amplitudes add coherently.

It is useful to rewrite the first-order state (17) directly in
the |+) basis. Define the branch emission ket (field ®
detector, with the detector excited)

|®0) = [TiAL,, + TiBL JI0m)e)  (k=1.2), (19)

so that [¥;) = > ; a;|®y) ® |ay). Using (18) gives the
port decomposition

|¥s) = 1| @) ® |a) + | D,) @ |az)

1
= ﬁ(al|q)l> + | ®@,)) ® |[+)
1
Jrﬁ(0’1|‘131> —a|D;)) ® |-). (20)

Thus, the |+) output carries the coherent sum of the two
branch amplitudes, while the |—) output carries their
coherent difference. Projecting onto the path-erasing port
(e, +) yields

., %)) =%<a1|®1> Fal®,) ® [4). (1)

and similarly for the orthogonal port (e, —),

m,_|w,) = %mlw —w) ® ). (22)

This is the operational content of WIT: Suppression in the
(e, +) channel is a “dark-port” condition on the coherent sum.

Separating |®;) into its right- and left-moving pieces,
@) = |DFTY) + [@p™),
[DFTY) = T, AT, [0y) e),
™) = ;B 5, 10um)e). (23)

one finds that projecting (20) onto (e, +) gives the RTW
and LTW contributions, respectively,

WERY) = —z [ TiALy + aTHAL, JI0y)e),  (24)

5l

1
YY) = [ TiBL,, + wI3BY, Jl0v)le). (25

V2

The one-particle states A’ ,|0,,) at different Unruh labels
are orthogonal, and likewise for B |0,,). Therefore, the
two terms in (24) [and in (25)] lie in orthogonal subspaces
unless they create the same Unruh label. Exact cancellation
of the postselected amplitude is, therefore, possible only if
the two branches populate the same mode label, which
requires

Dy

Al = A2 = A, Ak = a; . (26)

After imposing (26), the conditional RTW and LTW
components reduce, respectively, to
1
[PeRY) = 72(0’111 +aIy)A \Oy)le),  (27)

1
[PLIVY = 7 (1T + anT5)B 5 |0u)]e).  (28)

Thus, suppression of the conditional (e, +) port requires
the coherent sums to vanish:

aIII + azz-z = O, (29)
oI+ aZ5 = 0. (30)

To make the phase condition transparent, note that under
(26) the magnitudes of the two on-shell coefficients
coincide up to the explicit acceleration-dependent phase
contained in /(—w, a), namely, the factor a’/¢ in (15). In
particular, with A = w,/a; = w,/a,, one has

IZ a, —IiA
— == 31
7, (“1) ’ 1)

while the remaining real prefactors agree branch by branch
once evaluated on shell. Consequently, (29) yields
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—iA
B (ﬂ> RTW, (32)
o a

and (30) gives the conjugate condition
+iA
i Y <ﬂ> LTW. (33)

Equations (26), (32), and (33) summarize the amplitude-
level cancellation rules for the conditional (path-erasing)
readout used below.

Finally, suppression in the (e, +) channel does not imply
that excitation is impossible. Rather, it means that the
coherent sum into the |+) output cancels at first order. The
corresponding excitation amplitude is then redirected into
the orthogonal ancilla output (e, —), as is evident from (20)
and (22).

B. EIT mapping

The conditional (path-erasing) readout isolates a two-path
interference problem that is formally identical to the inter-
ference mechanism in a standard A-type EIT system (see
Fig. 2). In EIT language, the detector has two long-lived
“ground” configurations |¢g;) and |g,) (here distinguished by
the branch ancilla) that are both coupled to a common
excited state |e). The postselection onto |+) selects the
coherent superposition of the two excitation pathways
lgr) — |e). In the present setting, there is no external control
field; rather, the effective “couplings” are the first-order
branch excitation amplitudes. In the adiabatic limit, these are
proportional to Z , in the right-moving sector and to Z}, in the
left-moving sector.

It is useful to parametrize the branch weights by a single
relative phase:

a; = reti/?, a, = re"0/2, (34)

with r fixed by normalization. Then,

ar —io
— = ! . 35
o (39)

Using (32), we have

-0 _

e _e—i/\ln(al/az) (36)

and, hence, the explicit RTW phase settings

a;

e:(2m+1)ﬂ+/\1n< ) mezZ. (37)

a

This derivation also makes transparent why only a single
tunable phase is needed: Once the matching condition (26)
holds, the on-shell magnitudes satisfy |Z,| = |Z,|, and the
branch dependence of 7Z,/Z, reduces entirely to the
acceleration-dependent phase in (31). The LTW sector is

le)

@ &S
<
\92>

|91)

[Dark State: D) o 95|gr) — 24]g2) |

FIG. 2. Analogy to a three-level A system. The branch-con-
ditioned detector configurations |g;) and |g,) play the role of two
long-lived ground states coupled to a common excited state |e).
The two excitation pathways (one from each branch) interfere in
the conditional (path-erasing) readout, i.e., after projecting the
branch ancilla onto |+) = (|a;) + |a,))/v/2. In this language,
the effective coupling strengths are proportional to the first-order
branch excitation amplitudes (RTW, Z; LTW, Z} in the adiabatic
limit). For the relative phase settings that satisfy the cancellation
rules in Eqs. (26)—(39), the transition amplitude into the post-
selected (e, +) channel vanishes at first order (dark output), while
excitation can still appear in the orthogonal (e, —) outcome.

the complex conjugate channel, yielding the conjugate
phase rule from (33):

ay

0:(2n—|—l)ﬂ—1\ln< ) nez. (38

a

The terminology “dark” is used here in the standard
interference sense: At the values of @ given above, the
transition amplitude into the postselected (e, +) output
vanishes at first order in g, even though excitation still
occurs in the orthogonal (e, —) output.

Finally, if one wishes to suppress both RTW and LTW
conditional channels simultaneously at the same setting of
the relative phase, (37) and (38) must be compatible. This
requires

Aln(ﬂ> =k,  keZ. (39)

as

Equations (26)—(39) provide the adiabatic cancellation
rules used below.

III. PLANE-WAVE REPRESENTATION

We adopt the same common—excited-state convention as
above and reexpress the first-order emission in the
Minkowski plane-wave basis, which makes the interference
structure explicit in terms of the inertial (Minkowski)
frequency v.

We use light-cone coordinates # = t —x and v = ¢ + x.
In the right Rindler wedge, one has u <0 and v > 0.
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‘Worldline Interference Fringe Map
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Spectral Density versus Frequency
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Conditional interference and spectral cross-check. Left: color map (“heat map”) of the normalized conditional excitation

In(a,/a,).

Dark regions indicate suppression (destructive interference), while bright regions indicate enhancement (constructive interference). The
dashed curves mark the analytic cancellation loci predicted by Egs. (37)—(39). Right: corresponding emitted-radiation spectrum (plotted
versus Minkowski frequency v) for two representative parameter choices. The “on-fringe” choice is taken on a suppression curve in the
left panel and yields strong reduction of the spectrum over the plotted range. The “off-fringe” choice includes a small ratio mismatch
AA # 0 (equivalently, w,/a; # @,/a,), so the two branch contributions populate different frequency or Unruh-label bands and do not

cancel perfectly, leaving a residual structured spectrum.

The creation parts of the right- and left-moving field
components admit the standard plane-wave expansions

© dy .
[0y u) = —e”’“a;,
rrw (1)  Vin
o du
Oy (v) = b}, (40)

0 A

where v > 0 is the Minkowski frequency and the mode
operators  satisfy [ay,a J=6(v—-7) and [bp,bz,] =
S(v—=1), with [a,,b,]| = [a,, by,] =0.

The first-order state then reads

Zak
o du

0o Vdnv

with branch-dependent light-cone integrals

0 0
I,(,k)(l/) = / dua—
- u

00

¥y) =

2 )al + T ()b 0w e),

X

[eiuu(_aku)—imk/ak]’

(k) — ® 4 ivy +iwy/ay

Iy (v) = dv—[e™" (agv) 1o %],
0 ov

Evaluating these oscillatory integrals with the standard ie
prescription (equivalently, by contour deformation and
analytic continuation) gives

. . ﬂ[ﬂk
glk) (l/) — U+lwk/aka]:’wk/“ke_mr<

_ ”"_k> ., (42)

ay
7 = el (1458 )
Ay

The mode operators admit frequency-dependent rephas-
ings, a, — ¢¥Wa, and a) —» e~ Wa] (similarly for b,),
without affecting commutators. However, this is a single
phase convention choice for each v, independent of the
detector branch. Therefore, the branch factors @/ can
be absorbed into such a rephasing only when they coincide
across branches.

Equivalently, since the one-particle states a;|0,,) at
different v are orthogonal (and, hence, linearly indepen-
dent), cancellation of the RTW (or LTW) contribution at the
operator level requires the coefficient multiplying aj (or by)
to vanish for each v. This enforces the matching condition

Under this matching, the v dependence becomes common
and can be removed by a single rephasing, reducing the
RTW coefficient to
aya; e (1 — i) + apa; e T (1 —iA) =0,  (44)
which yields exactly the phase condition found in the Unruh-
mode analysis:

(45)

The LTW sector follows identically, with the conjugate
condition a,/a; = —(a;/ax)t™™, wsing [[(1 + ix)]* =
I'(1 —ix) for real x.

This establishes consistency between the Unruh-mode and
plane-wave representations and clarifies that the v-phase
factors can be dropped only affer the matching is imposed.
This operator-level analysis matches the spectral verification
in the right panel in Fig. 3, where exact matching collapses
the spectrum and small detunings restore structured emission.
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IV. FINITE INTERACTION TIME AND
NATURAL BANDWIDTH

The adiabatic formulas in Egs. (17) and (26) are obtained
when the proper-time integral acts as a sharp selector of the
Unruh label. For a finite interaction duration, this selector
broadens into a spectral envelope determined by the
switching profile. In this section, we present, first, an exact
finite-time result for Gaussian switching (kept fully explicit
at first order), and then we extract the corresponding natural
bandwidth interpretation and tolerance window in the
dimensionless ratio w/a.

A. Gaussian switching: Exact first-order amplitude
and tolerance window

For a Gaussian switch [23], one can keep the first Dyson
term exactly and obtain a closed-form, frequency-resolved
first-order excitation amplitude. The resulting “tolerance
window” quantifies when the two branch wave packets
overlap in Unruh-label space and can, therefore, interfere in
the conditional (path-erasing) readout.

1. Gaussian gate and its Fourier profile

We take a smooth Gaussian window of characteristic
duration T

5100 = 7 =exp (- 7). (46)

so that [ dzsy(r) = 1. This choice corresponds to a fixed
pulse area protocol: Increasing T spreads the interaction in
time while keeping [ s fixed. Its proper-time Fourier
transform is exact:

5p(3) = /_ ™ desp(2)e’™ = exp (- T2222> @)

[Se]

where X has dimensions of frequency.

For comparison with the standard “long-time — delta
selector” intuition (appropriate when one keeps the cou-
pling strength fixed while extending the interaction time),
it is convenient to introduce the unnormalized gate
x7(t) = T\ 2zsy(t) = exp(—72/2T?), for which 7,(X) =
T/ 2me~T"F/2 and, hence,

lim 77 (%) = 5(3)

T—o0 27T

(distributionally).  (48)

Thus, the “delta selector” limit corresponds either to
working with y or, equivalently, to rescaling the effective
coupling by the factor 7+/2z when using the unit-area gate
s7. In what follows, we keep sy for definiteness; the
spectral widths and overlap criteria are unaffected by this
overall normalization choice.

2. Exact first-order Unruh-mode amplitude at finite time

Starting from the first Dyson term and retaining the finite
7 integral, one obtains the exact frequency-resolved excited
components in the Unruh basis (see the Appendix):

2 +00 .
W) 9> e [ dolas)r-)a
k=1 -

T2
xexp| - (o + @450 e © o)

(#9)
and
W) = gkf;ak | doa@r@ag
-
exp| = - (01— i@ | B0 o) @ ),
(50)

Here, we adopt the same Unruh-mode convention as
above: We allow the Unruh label Q €R in the creation-
operator sector, so that the RTW excitation produced by the
derivative coupling is supported near negative Q. Defining
Ay = wy/a, > 0, Egs. (49) and (50) show that each branch
populates a narrow band centered at Q ~ —A; (RTW) and
Q ~ +4+A;, (LTW), with characteristic width

1
AQ ~—, 51
i~ (51)

up to an O(1) definition-dependent factor. We assume
throughout that A; is not parametrically small, so that the

mode prefactors (a,Q)f(+Q) vary slowly across each
packet.

3. Path-erasing readout and overlap-controlled
interference
In the conditional (path-erasing) port |+) =

(la;) + |az))/+/2, the RTW excited component takes the
form

PETV) / 4oy FR(Q) + 0, F(Q)
X ALl0u)]e). (52)

with FR(Q) = (4,Q)f(-Q)ai® exp[- T’ (w; + a; Q)%
Because A£|OM> at different  are orthogonal, interference
in the conditional probability is controlled by the spectral
overlap of the two branch wave packets in Q space.

In the regime ;T > 1, the Gaussians are narrow in €,
and one may evaluate the slowly varying prefactors at the
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packet centers. Defining the RTW Gaussian envelopes

GR(Q) =exp —@ (Q+ Ap)?, (53)

the spectral amplitude is well approximated by a sum of
two narrow packets:

o F1(Q) + ;3 (Q) 2 I,GY(Q) + - T,G5(Q), (54)

where Z, denotes the corresponding on-shell coefficient
obtained by evaluating the prefactors at © = —A,. This
identification matches the adiabatic coefficient used in (17)
once the same switching normalization is adopted (equiv-
alently, using y7 so that 7y — 2z6) or upon the corre-
sponding rescaling of the effective coupling.

A further condition is required for the interference cross
term to be governed primarily by Gaussian overlap: The
relative phase factor ai®a;™® = ¢'@"(@1/%) must not oscil-
late appreciably across the overlap width. A sufficient
criterion is

1

AQ 4 ~ ’ (55)

AQ | In <1,
eff| (al/a2)| aurT

with ag; any acceleration scale comparable to a;, a,
(e.g., agr = max{ay, a,}). When (55) holds, the envelope
overlap controls the interference visibility.

4. Finite-time tolerance window in ®/a

A necessary condition for appreciable interference is that
the two Gaussian bands overlap in Q. The overlap integral
[ dQGR(Q)GR(Q) evaluates exactly to

+o00
| aacr@cs@)
27 ala3T?
= e exp |- B (AN2|, (56
2@+ )™ { ST Al )

where AA=A, - Ay, =w,/a; — w,/a,. Thus, overlap
(and, hence, interference) is exponentially suppressed once
2272

aya; T’ 2 . . .
) (AA)* > 1. Equivalently, a conservative Gaussian
tolerance criterion is

2 2
@1 _o vatal

: 57
S T (57)

a  ap

which scales as |AA|~1/(aT) with a any acceleration
scale comparable to a; and a,.

V. CONCLUSION

We have analyzed the leading-order response of a single
Unruh-DeWitt detector whose trajectory is coherently

correlated with a two-state path ancilla, so that the
interaction proceeds along one of two uniformly acceler-
ated branches while the final ancilla measurement can
either retain or erase which-branch information. If the
ancilla is not read out, the orthogonality (a;|a,) =0
enforces an incoherent sum over branches and removes
any dependence on the relative phase of the branch weights.
By contrast, conditioning on an ancilla superposition out-
put (the path-erasing port) makes the excitation amplitude a
coherent sum of the two branch amplitudes.

In that conditional channel, amplitude-level cancellation
requires the two branches to populate the same one-particle
subspace. In the Unruh-mode formulation, this appears as
the matching condition

D1_D2_ (58)

after which the remaining branch dependence at first
order is a relative phase carried by the acceleration-
dependent factors in the single-branch coefficients. The
cancellation phase rules in the postselected (e, +) chan-
nel are

—iA
B <ﬂ> RTW, (59)
ay a

+iA
B <ﬂ> LTW, (60)
ay a

which are complex conjugates. Hence, simultaneous
suppression of both chiral contributions in the same
conditional port is possible only at the discrete points
where Aln(a;/a,) = nz(n € Z); otherwise, one may tune
the phase to suppress RTW or LTW in a chosen port but
not both at once at leading order.

Finite interaction time replaces the sharp Unruh-label
selection of the adiabatic limit by the Fourier profile of the
switching window, so exact matching broadens into an
overlap requirement in Unruh-label space. For Gaussian
switching, the first Dyson term can be evaluated in closed
form, yielding narrow wave packets centered near
Q~ F w/a; with width AQ ~ 1/(aT) and, therefore, an
explicit tolerance window |A(w/a)| ~ 1/(aT) controlling
interference visibility (Sec. IVA). A related interference-
based suppression mechanism in a different architecture is
presented in Ref. [24].
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APPENDIX: GAUSSIAN SWITCHING:
DERIVATION OF EQS. (49) AND (50)

We derive the exact Unruh-basis excited components for
a Gaussian switching gate by evaluating the first Dyson
term at finite interaction time. We set 7 = 1 throughout this
appendix.

¥ = —i / st (o)), (A1)

Acting on |¥;), only the raising part of the monopole
contributes to excitation, m(z)|g), = e¢"'le) ® |ay), so
the excited component reads

2 oo _
|\P§‘E)> =—ig E a / drsr(t)e ™'
k=1 e

4 @ (s (2)) + P (14(2)]
X [Ox)]€) ® [ax), (A2)
where we take a normalized Gaussian window
1 72
sr(r) = ot exp {— ﬁ} (A3)

We begin with the RTW contribution. Using the Unruh-
mode expansion (creation part)

Dripyeu) = / A (-Q)(—u) AL, (Ad)

and the uniformly accelerated right-wedge trajectory
—azui(t) = e %7, one has

(_uk(,[))—ig — a;{QE—HQakT. (AS)
Moreover, along branch k, % = (—aguy)0,,, so
d i ~i0
o (—up) ™™ = i(a Q) (—uy)
= i(a;Q)aile i, (A6)

Substituting (AS) and (A6) into (A2) and collecting the
RTW creation operator piece gives

2 +o0 :
WRTY) — —ig Y / dQf (-Q)i(a,Q)a}
k=1 e

+o0 .
X / drsy(t)ell@tasd)

[Se]

x AQl0n)le) ® lay). (A7)

The remaining 7 integral is the Fourier transform of a
Gaussian:

+0o0 . T2
/ drsy(t)e™™ = exp [— 5 22] : (A8)
Applying (A8) with X = w; + a,Q yields Eq. (49).
For the LTW contribution, we use
oo iQ pt
i) = [ dor@p s (a9
together with a,v,(7) = e™%*, which implies
v (1) = qifem i, (A10)
Since % = (axvy)0,, on branch k, we obtain
d . )
Evglg = —i(a; Q)v;™@
= —i(a,Q)aiR e, (A11)
Substituting (A10) and (Al1) into (A2) gives
2 +o0 .
W) =i e [ dof(@) i)l
k=1 —o0
+o0 .
X / drsy()e!(@mauf)r
X Bo|0w)le) ® la). (A12)

Using (A8) with X = w; —q; Q0 yields the Gaussian
envelope exp[—%2 (wy — aQ)?]. The overall phase of the
LTW creation sector may be fixed (by a constant rephasing
of Bg) so that the adiabatic LTW amplitude coincides with
the complex conjugate of the RTW one; with this con-
vention, the result is precisely Eq. (50).
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