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Introduction and motivation



Introduction

Postselection (in quantum physics) is a consideration of a realization of experiment given
that a particular measurement, performed in the experiment, provides some particular
(prefixed) outcome. Conceptually it means a consideration of conditional probability
distributions of observables’ outcomes or fixing a «boundary condition in time».
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Two-state formalism

In order to properly describe quantum states in setups with postselection, it was proposed to
use a «twofold» object, which both captures preparation (or preselection) and postselection.

History of the development

1) Two-state vector [1]: (| ), (@ |)
2) Generalized two-state vector [2]: ¥ = Z c(lw), (P:])

l
3) Two-state density vector [3]: = Z p (P QP

4) Mixed two-state vector [4]: (9> Ppre):
5) Time-bidirectional state [5]: # € S(Z Q@ # ")
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2] Y. Aharonov, L. Vaidman, J. Phys. A Math. 24, 2315 (1991).

3] R. Silva, Y. Guryanova, N. Brunner, et al. Phys. Rev. A 89, 012121 (2014).

4] L. Vaidman, A. Ben-lsrael, J. Dziewior, et al. Phys. Rev. A 96, 032114 (2017).
5] EOK Phys. Rev. A 107, 032419 (2023).




Derivation of time-bidirectional states



Definitions and notations

Z , — finite-dimensional complex Hilbert space assigned to particle X.

L(#) — set of linear operators acting on #Z .

WUH) :={U e L(F)|UU=1) — set unitary operators acting on F.
S(H)={pe LX) Trp =1, p>0} — set of density operators acting on #Z .

EH):={E € L(H)|0 < E <L1}— set of «effects» acting on # .
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Generalized postselection experiment
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Generalized postselection experiment

POVM {E, . ...}

A
4 \/ \f - )
@ ass | fail
A S
8 _ JAN S 4% y
o
) POVM {E(u))}
Time g YV \({ \
H
§ pprobe P_) U s [ A ]
\_ )\ /\ _J

Q: the main quantum particle under consideration PP E S(H 5 Q® # )

A: ancillary particle that keeps possible initial entanglement with Q) pPrebe e (1)

P: probe particle used for indirect measurement of Q UeUH o Z'p)
—> guantum particles E(u') € E(Xp) Z,,E('“,) =1,
.-> classical information E st € E(H N Q H'p)




Generalized postselection experiment
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Tensor networks formalism
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Calculations with tensor networks
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Probability to obtain x4 given postselection condition

ne K(u) nek

| | |
K(u) K K %+ ()
Pr (/’ta Epost) . ‘ ‘ ‘ ‘ , ‘ ‘

Pr(Epost)

Pr(//t ‘Epost) —

0, otherwise

N € %Q X %g X %g X ?/Q — time-bidirectional state captures Alice’s pre- and postselection procedures.

K(u) € %g X %Q X ?/Q X %g — operation i outcome tensor — captures condition for obtaining given outcome u by Bob.

K e %g X %Q X ?/Q X %g— operation tensor — captures an effect of Bob’s operations on postelection made by Alice (CPTP map).



Some facts about time-bidirectional states (TBS)

JUol)

=11 EHXGRH X ,® K

Va € L(# ) : ((a|n|a)) = %tj > (0 «semipositivity condition»




Preparation and purification of time-bidirectional states

Claim 1. Within the considered generalized postselection experiment, forany n € #Z' ® # g QRQ H g ® 7

satisfying the condition Va € Z(# ) : ((a|n|a)) > 0, and for any indirect measurement made by Bob, given
by {K(u) }ﬂ, with K(u) € %g X ?’/Q X %Q X 7/8 there exists a preselection + postselection procedure, made

by Alice and specified by pyo € S(# 5 & # ) and E st € E(H A ® # ), that provides
Pr(u | E os) = (11 ¢ K(u))/(n * K). «Any proper TBS 7 is prepareble».

Claim 2.There exists a procedure with only pure states preselection and only projective measurements that
prepares 1. «TBS 1 can be purified»

Idea of the proof: using the spectral decomposition via thinking about 7 as non-normalized state of two particles
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Time-bidirectional states and bipartite states

1 is equivalent to a non-normalized mixed state of a bipartite system («two copies of a particle»)
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Reduced states of 77, which correspond to forward and backward evolving parts can be obtained:
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Special cases of time-bidirectional states
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Special cases of time-bidirectional states
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Special cases of time-bidirectional states
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Special cases of time-bidirectional states
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Some facts about operation outcome and operation tensors
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K is a completely-positive trace-preserving (CPTP) map Z(# ) — ZL(# ).
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Measuring Hermitian observables
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J. Dressel, M. Malik, F. M. Miatto, A. N. Jordan, R. W. Boyd, “Colloguium: Understanding quantum weak values:
Basics and applications,” Rev. Mod. Phys. 86, 307 (2014).



Tomographical reconstruction of a TBS
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Tomography of single-qubit TBS
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Tomography of single-qubit TBS
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Single-qubit MUB-based approach

(mutually unbiased bases)
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Single-qubit SIC-POVM-based approach

(symmetric informationally complete)
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Experimental demonstration of employing
TBS formalism

H. H. Geng, S. Aydin and H. Erdal, "A Novel Approach to the Implementation of Cloud-Based Quantum Programming Platforms in VR Environment," 2020 Innovations in
Intelligent Systems and Applications Conference (ASYU), Istanbul, Turkey, 2020, pp. 1-6
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Time-reversal in quantum teleportation
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Time-reversal in quantum teleportation
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Time-reversal in quantum teleportation
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Tracking time-reversal quantum state propagation with
/-qubit superconducting quantum processor
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Experimental results
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State | Fidelity | Linear entropy
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nt | 0.98 0.47
ney, | 0.79 0.25
nc 0.72 0.62
n. | 0.74 0.37
ncy 0.99 0.48
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Conclusion

1) Generalisation of two-state vector formalism (TSVF) to mixed states and arbitrary measurements (POVMSs) has
been obtained. This bridges the gap between the standard formalism and TSVF.
n=pQ1

| : |
2) Possibility of purification for TBS is shown.

)

3) Expressions for mean and weak values for arbitrary TBS have been derived.

4) MUB-based and SIC-POVM-based single-qubit TBS tomography schemes have been developed.

5) Applicability for studying time-reversal effects in noisy postselected quantum teleportation has been
demonstrated.

no postselection projective postselection

n= |y yl @ |P){P|

See more details in Phys. Rev. A 107, 032419 (2023) | arXiv:2210.01588.

Open questions:

1) Can the doubling of the Hilbert space be used in quantum information processing?
2) What are «dynamics» equations for TBS?

3) How this behaviour of qguantum information relates to particle physics?
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Properties of time-bidirectional states
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Modelling noise with depolarizing channel

(b) Bell measurement
Z AN
(N AN g R g )
| & Ld X N v \% (V%) (Vi/)
‘\ /
Bell state preparation
N = WY | & Prix Ng = Pmix @ WY ne = W)W & Pix

Noisy preparation: | ®){(P™ | = for| O DT+ (1 — Jor)Pmix @ Pix
Noisy measurement: | D)} (DT| = £ | P"WDPT| + (1 = £,,9)Pmix @ Prix

Ney = ‘W)(l//‘ ®pmix N = Pmix ® [fprh//><l//‘ T (1 _fpr)pmix] Ne = [fprfms | l//><l//‘ T (1 _fprfms)pmix] ®:0mix
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