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Transforming states in post-processing

- The goal is to compute expectation values of
observables on the image of the physical state through
some map

- We do NOT want to do full state tomography
(unfeasible for large systems)

- We want the map to be circuit-like (useful for quantum
computing)



operator averages on transtormed states
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Using IC measurement data

- Consider an IC-POVM with effects

— Tr|A(0)O] é 0
— I}
i=1
b - It defines a set of dual eflects such that

O = Z SIT[OIL 1D, forall O

- Dy = Q)Y DY and py, = TrlpIl,,]

- The state of the QPU reads p = Z P D, with
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Using IC measurement data

_ Let the observable be O = Z 1kC P

_ For finitely many samples S, p¢ =

fulfilling lim pg = p

S— 00

> D /S.

- Since Tr[A(p)O] = lim ¢_, _Tr[A(p) O],
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Using IC measurement data

_ Let the observable be O = Z 1kC P

- For finitely many samples S, pg = leDmi/ S,

fulfilling lim pg = p

S— 00

- Since Tr[A(p)O] = lim ¢_, _Tr[A(p) O],
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_ The estimator O, = Z f:la)m,-/ S is unbiased



operator averages on transtormed states

A) Using IC measurement data

- an - In addition to the estimation of the mean O ,, we can
3 —~1 . L . .

Quantum 7 VILMA | | 1, A(0)O) estimate the statistical error of the estimation,
_| Processor ~- (classical)
] = o=/ V(O,S.
¥ — S 2 B \2 :
B) C) D) where V(0 ) = [Z l.:la)mi/S — (O 1S/(S = 1)is

B — an unbiased estimator of the variance of @,
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A) B) Traces involving mapped dual effects
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4 Ay, Ay, Ay Ay - We exploit the causal cone structure of the circuit

! T T T to bypass explicit high-dimensional reconstructions
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» Compute A%z o A%;; ° A%Q(Dml ® sz ®D mg)
» Ry3=Tr[A2, 0 Also /\%2(Dm1 ®D, &D, )P &, ;]
> COmPUte A%3 ° A%4(R2,3 ® DM4)

» Ry =Try[A% 0 A3y (Ry3® D, )P, @ 13 ® 1]
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Traces involving mapped dual effects

- Computing the traces Tr[A(Dy, )P ] in @y, can be
challenging given the dimension of A(Dmi)

- We exploit the causal cone structure of the circuit
to bypass explicit high-dimensional reconstructions

- Algorithm polynomial in system size for many circuit
topologies

- Can be executed backwards by exchanging the roles of
D, and Py, and using A", the adjoint of the map
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operator averages on transtormed states

—— Exact value
Mean estimate
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p is the ground state of H, perturbed by a CPTP map /4
S = 10* and we repeat the experiment 50 times
A=A =N -1 A, is a layer of randomly chosen unitaries

O,=H|0, = Re(agaﬁ O, = Re(agalajaS)
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observable dependence on local maps

A) B) Traces algorithm revisited
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A A - By combining the forward and backwards algorithms,
2 4 H H r we can write an expression, linear in a singled-out map
1 2 R 2

3 Ay A T A Af] that captures all the dependence of the observable
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- The expression can be minimised/maximised
efficiently while imposing e.g. positivity constraints
using semi-definite programming

- In this context, it is interesting to explore “classical
VILMA”, in which the input data is simply | O)®N
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Variational optimisation with VILMA
observable dependence on local maps
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» Solving for the ground state of the XX model H = — J| Z (0'(’) G+D 4 6(’) (’“))/ 2+ Baz(i)] forB=0andB ~ 1

> Input states are a VQE circuit with noise (coherent and depolarising) in each CNOT and vacuum ( | O)®N )




