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What correlators are practically relevant 
and “too hard” to measure classically? 



TOC

(time-ordered correlator)

OTOC

(out-of-time-order correlator)

𝐶 1 𝑡 = ψ| 𝑈 𝑡 † 𝑀 𝑈(𝑡) 𝑀 |𝜓 𝐶 2k 𝑡 = ψ| [ 𝑈 𝑡 † 𝐵 𝑈 𝑡  𝑀 ]2𝒌 |𝜓

M

M

B

B and M are single-qubit Pauli’s.



Measuring TOCs and OTOCs

Trick: take ۧ|𝜓  to be an eigenstate of 𝑀. 

Then, estimate Hermitian observable.

𝐶 2k 𝑡 = ψ| [ 𝑈 𝑡 † 𝐵 𝑈 𝑡  𝑀 ]2𝑘 |𝜓

k times

𝐶 1 𝑡 = ψ| 𝑈 𝑡 † 𝑀 𝑈(𝑡) 𝑀 |𝜓



OTOC measurements

𝐶 2k 𝑡 = ψ| [ 𝑈 𝑡 † 𝐵 𝑈 𝑡  𝑀 ]2𝑘 |𝜓

𝐶 2k 𝑡  is 1 for small times and then decays for larger 
times. 



Importantly, we want to compute quantities that are not just 
verifiable and classically hard, but also practically relevant.

TOC OTOC (1) OTOC (2)

Measurable ✓ ✓ ✓

Verifiable ✓ ✓

Classically hard ✓

So, we can measure TOCs and OTOCs, but when are they interesting?  

Let’s focus only on TOC, OTOC (1) and OTOC (2).



OTOCs are sensitive to details of dynamics

Take 𝑈(𝑡) to be a product of fixed 2-qubit gates and randomly 
chosen 1-qubit gates. 

Can we observe these random choices in our correlators?

Yes!

So, OTOCs are practically relevant, but what about computing 
them classically?



Towards a quantum advantage

𝐶 2𝑘 𝑡 = Tr  𝑈 𝑡 † 𝐵 𝑈 𝑡  𝑀 
2𝑘

/2𝑁

𝐶 2𝑘 𝑡 = ෍

𝛼1,…,𝛼2𝑘

𝑐𝛼1,…,𝛼2𝑘
Tr 𝑃𝛼1

𝑃𝛼2
… 𝑃𝛼2𝑘

Meausuring large interference loops

𝑈 𝑡 † 𝐵 𝑈 𝑡 = ෍

𝑛=1

4𝑁

𝑏𝑛(𝑡)𝑃𝑛

𝑀𝑃𝑛𝑀 = ±𝑃𝑛

Infinite temperature, for simplicity.



𝐶 4 𝑡 = σ𝛼1,…,𝛼4
𝑐𝛼1,…,𝛼4

Tr 𝑃𝛼1
𝑃𝛼2

𝑃𝛼3
𝑃𝛼4

. 

Meausuring large interference loops

Isolating off-diagonal contributions 

𝐶 4 𝑡 off−diag  equals

 𝐶 4 𝑡 − 𝔼random Pauli′s 𝐶 4 𝑡 .

Only non-zero for 𝑃𝛼1
𝑃𝛼2

𝑃𝛼3
𝑃𝛼4

= ±𝐼.

Not there for 𝐶 4 𝑡 . 



Meausuring large interference loops

𝐶 4 𝑡 off−diag  equals

 𝐶 4 𝑡 − 𝔼random Pauli′s 𝐶 4 𝑡 .



Some discussion points:

1. Do you need a large quantum computer to measure relevant OTOCs?

2. Can the sensitivity of OTOC (2) be observerd for any type of many-body dynamics? 

3. Can the insensitivity of TOCs be observerd for general many-body dynamics?
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