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[1] Kobrin et al. A Universal Protocol for Quantum-Enhanced Sensing via Information Scrambling. 
[2] Wikipedia. 
[3] Google Quantum AI. Observation of constructive interference at the edge of quantum 
ergodicity. 
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Time reversal is a key step in many tasks across QI

Q: When is time reversal truly required?

access to both         and         

Quantum sensing [1] Amplitude amplification and estimation [2] Out-of-time ordered correlators [3]
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Problem (Hamiltonian locality testing [BCO’26]).
Let k be a positive integer. Decide: 

(i) if     is k-local, accept w.h.p. 
(ii) if     is   -far from k-local, reject w.h.p.
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â
<latexit sha1_base64="c09WHrNu14Vehd2k0Bljh6HytH4="></latexit>

U
<latexit sha1_base64="5eF38WHC676xIJCxdUXCcigM1uk="></latexit>
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[DOS’24] Dutkiewicz, O’Brien, Schuster. The advantage of quantum control in 
many-body Hamiltonian learning.



Key Technical Challenge
‣ We need a quantum lower bound technique that: 

(i) works in the continuous-time setting 
(ii) Is sensitive to forward-only versus time-reversed access



Key Technical Challenge
‣ We need a quantum lower bound technique that: 

(i) works in the continuous-time setting 
(ii) Is sensitive to forward-only versus time-reversed access

time-reversed accesscontinuous time



Key Technical Challenge
‣ We need a quantum lower bound technique that: 

(i) works in the continuous-time setting 
(ii) Is sensitive to forward-only versus time-reversed access

Hybrid

time-reversed accesscontinuous time



Key Technical Challenge
‣ We need a quantum lower bound technique that: 

(i) works in the continuous-time setting 
(ii) Is sensitive to forward-only versus time-reversed access

Hybrid Compressed oracle

time-reversed accesscontinuous time



Key Technical Challenge
‣ We need a quantum lower bound technique that: 

(i) works in the continuous-time setting 
(ii) Is sensitive to forward-only versus time-reversed access

Hybrid Compressed oracle

time-reversed accesscontinuous time

Our work



Overview

1. Background & Problem Statement 

2. Main Results 

3. Proof Sketch 

4. Conclusion & Future Directions



Theorem (Hamiltonian certification without time reversal [This work]).
Any quantum algorithm without time reversal for Hamiltonian certification requires a total 
evolution time

Hamiltonian certification

<latexit sha1_base64="TJzY/gf3SH+w4uLP+rOlb41v020="></latexit>

T = ω

(
min

→ 1
ε2 ,

→
d

ε

↑)
.



Theorem (Hamiltonian certification without time reversal [This work]).
Any quantum algorithm without time reversal for Hamiltonian certification requires a total 
evolution time

Hamiltonian certification

<latexit sha1_base64="TJzY/gf3SH+w4uLP+rOlb41v020="></latexit>

T = ω

(
min

→ 1
ε2 ,

→
d

ε

↑)
.

*See also [GLZ’26], which independently established  using different techniques
<latexit sha1_base64="Dxl0AHFbMV6lBuw/6X95IB94EAI="></latexit>

ω(1/ε2)

[GLZ’26] Gutiérrez, Lee, Zur. Hamiltonian locality testing and certification do not achieve the 
Heisenberg limit



Theorem (Hamiltonian certification without time reversal [This work]).
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Proof Checklist
1. Construct the hardest possible random Hamiltonian H to distinguish from zero 
2. Check that it is still -far, so the certification algorithm is successful 

3. Bound distinguishability as a function of total evolution time
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Proof Checklist
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2. Check that it is still -far, so the certification algorithm is successful 

3. Bound distinguishability as a function of total evolution time
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Q: Can we show               ?
Diffusive vs ballistic growth of distinguishability
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Isolate Hamiltonian Terms
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Connection to Brownian Process
‣ Recall our actual random process is defined through:
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‣ Define the covariance kernel

Connection to Brownian Process
‣ Recall our actual random process is defined through:

Lemma (Kernel bound).
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‣ Define the covariance kernel

Connection to Brownian Process
‣ Recall our actual random process is defined through:

Lemma (Kernel bound).
For every                   and                    it holds that 

covariance of Brownian process!

<latexit sha1_base64="9VnL9jMbuhu6sm2DHuxEfd97lDA="></latexit>

B̃t = e!ih1t ! 1
<latexit sha1_base64="b0ihNKRdwBndef2dC4b+H8ZzzHA="></latexit>

K(s, t) := E B̃sB̃t

<latexit sha1_base64="ObOcxGnsag0Jt99gQ1Yd6l3A7e8="></latexit>

t1, . . . , tq ↭ 0 <latexit sha1_base64="e/J3pqbp4ANF7dvTPVF3pzfSzNw="></latexit>

c1, . . . , cn → C
<latexit sha1_base64="EcgrHZWVr2A584b4j++a8ZOkxCY="></latexit>

q→

i,j=1
c→icjK(ti, tj) ↭ ωε2

q→

i,j=1
c→icj min(ti, tj)



‣ Define the covariance kernel

Connection to Brownian Process
‣ Recall our actual random process is defined through:

Lemma (Kernel bound).
For every                   and                    it holds that 

covariance of Brownian process!

‣ This is the crucial (and only) place where we assume forward time access 

‣ Proof: whiteboard
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Proof Checklist
1. Construct the hardest possible random Hamiltonian H to distinguish from zero 
2. Check that it is still -far, so the certification algorithm is successful 

3. Bound distinguishability as a function of total evolution time
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New techniques needed: (i) hybrid method and 
(ii) compressed oracle method fail

Recap: (i) Efron-Stein to isolate Hamiltonian terms, (ii) kernel bound to relate 
amplitudes to Brownian process, (iii) diffusive growth of distinguishability



Overview

1. Background & Problem Statement 

2. Main Results 

3. Proof Sketch 

4. Conclusion & Future Directions



Without time reversal… 
‣ Hamiltonian property testing is restricted to SQL 

‣ Amplitude estimation has classical scaling 

‣ No robust quantum advantage in search 

Future directions 
‣ Hardness of reversing time in quantum experiments 

‣ From generic to local Hamiltonians 

‣ Robustness of quantum oracles to noise? 

‣ Applications of our method to other quantum lower bounds


