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What does it mean to flip it and reverse it!
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Classical Time Reversal

Classical permutation and time reversal:

What can we do with classical permutations!?
s this everything?

1 T =7 IRREVERSIBLE TRANSFORMATION
0) 0)  Exact previous configuration cannot be determined

\ ° https://www.youtube.com/watch?v=v30bSIAgwQw
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Consider probabilistic transformation conditional probability:
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Probabilistic Time Reversal (Bayes Rule)

Consider probabilistic transformation conditional probability:

2V,

0) 0) —
\ / Deterministic permutation is a subcase:
T~ T " T b
S; realizes state at time ¢
2) 2) " 12)

Given an initial probability Pr(Sy = i)

1) Final probability: 2) Joint probability over initial and final state:

Pr(S; = j) = ZPY(SO = i)Ti; Pr(S; = j, So = i) = Pr(So = i) T}

3) Probability of initial state given final state:

Bayes Rule (comes from preservation of joint state over time)

PI‘(S() — Z)TZ_>J o TR

Pr(So=ilSe =4 = —p 5 =) = L Pr(S; = )T;%: = Pr(So = i) Tin;
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General Quantum Maps CPTP Operators

Classical Quantum
o) = ZPT(S@ = 1)|7) PO = ZPT(SO = 1)|si) (4]
=) Tl Ap) = KmpK],

CPTP map implement with Kraus operators
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General Quantum Maps CPTP Operators

Classical Quantum
|IOO> — Z PI‘(S() — Z)‘Z> Z PI‘ ‘S’L S’L‘
T =S Tl A = Y Koo,

|10t> — T|IOO> Dy = A(,OO)
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General Quantum Maps CPTP Operators
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iaj m
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constraints: constraints:
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General Quantum Maps CPTP Operators
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Quantum State Over Time

One candidate: use the Jamiolkowski channel state “conditional quantum state”

Ts,15,(A) = Z i50) (80| © A|7s,)(is,|) € B(Hs, @ Hs,) Tr |Ts,15,(A)(po @ Is,)| = A(po)
Like Choi ggate, but not generally positive

[Parzygnat, Arthur J., and James Fullwood. "From time-reversal symmetry to quantum Bayes' rules." PRX Quantum 4.2 (2023): 020334.]
[Bera, Mohit Lal, and Manabendra Nath Bera. "Quantum Bayes' rule affirming consistency in measurement inferences in quantum mechanics." Physical
Review A 108.1 (2023): 012224 ] 47
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation
TSO|St (AR) — TSt|SO (A) * (100 &) pt_l)
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TSO|St (AR) — TSt|SO (A) * (100 &) pt_l)

St

-

~
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation

Tsy1s5, (M) = Ts,15,(A) * (po ® p; ') f

St

~

fr ™ ~ ™\ ~ p- ~
S th—l_, K., an /pt—l
_ J U Y, ) g p
- N
So \ vV PO \/pfo -
u Y,
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation

Tsyps, (M) = Ts,15,(A) * (po @ p; ) ~ ™
R —1 St
( )
So KE KE
\_ J

Kﬁ ™ 2 ™ p ~ ~
S th—l — K, K’jn \/ pt_l
_ Y, - Y, J _ V),
~ ™
S0 \ Vv PO VPo F——
u Y,
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation

Tsy15, (M) = Ts, 5, (A) * (po @ p; ) ~ ™
R —1 St

AR = ZKﬁ . KT

é ) ( )
S KE KE
’ K _ - v, _ v, J

Kr ™ 2 ™ 4 ) s ™
S th—l — K, K’jn \/ pt_l
_ Y, - Y, J _ V),
s ™
So \ v/ Po VPo ——
u Y
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation
Tsols, (A®) = Ts,15, (M) * (po @ pi ) 0 | AR() = g 2AT (o, /2 0,12y
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation
Tsols, (A®) = Ts,15, (M) * (po @ pi ) 0 | AR() = g 2AT (o, /2 0,12y
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation
Tso)5, (M) = Ts, 150 (M) % (po @ pi ') > | AR() = po/ "Ml (2 oy %)y (AT ZKT | )

—— ?
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation
Tso)5, (M) = Ts, 150 (M) % (po @ pi ') > | AR() = po/ "Ml (2 oy %)y (AT ZKT | )

Petz recovery requires definition of initial state: A® = A']ODO A

—— ?
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation
Tso)5, (M) = Ts, 150 (M) % (po @ pi ') > | AR() = po/ "Ml (2 oy %)y (AT ZKT | )

Petz recovery requires definition of initial state: A® = A']ODO A

Properties: 0)

|) Maps final to initial \ /
AR(pt) — p(l)/QAT( t_1/2pt/0t_1/2)pé/2 ‘1> \ /
2)
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation
Tso)5, (M) = Ts, 150 (M) % (po @ pi ') > | AR() = po/ "Ml (2 oy %)y (AT ZKT | )

: . Lo AR __\P
Petz recovery requires definition of initial state: A™ = A A
Properties: 0)

|) Maps final to initial \
/2, —1/2  —1/2\ 1/2 1)

A pe) = po/ "N (pg " pepy )

_ p(1)/2ZKT Kopl 1/2 ‘2> \ /
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation
Tso)5, (M) = Ts, 150 (M) % (po @ pi ') > | AR() = po/ "Ml (2 oy %)y (AT Ejlﬂ-' )

: . Lo AR __\P
Petz recovery requires definition of initial state: A™ = A A
Properties: 0)

|) Maps final to initial \
/2, —1/2  —1/2\ 1/2 1)

A pe) = po/ "N (pg " pepy )

_ p(1)/2ZKT Kopl 1/2 ‘2> \ /

1/2+ 1/2
= po/ “Ipy’* = po
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation
Tso)5, (M) = Ts, 150 (M) % (po @ pi ') > | AR() = po/ "Ml (2 oy %)y (AT Ejlﬂ-' )

: . Lo AR __\P
Petz recovery requires definition of initial state: A™ = A A
Properties: 0)

|) Maps final to initial \
/2, —1/2  —1/2\ 1/2 1)

A pe) = po/ "N (pg " pepy )

_ p(1)/2ZKT Kopl 1/2 ‘2> \ /

1/2+ 1/2
= po/ “Ipy’* = po

2) Unitaries invert let A(:)=U - Ut
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation
Tso)5, (M) = Ts, 150 (M) % (po @ pi ') > | AR() = po/ "Ml (2 oy %)y (AT Ejlﬂ-' )

Petz recovery requires definition of initial state: A® = A']ODO A

Properties: 0)

|) Maps final to initial \ /
AR(pt) — p(l)/QAT( t_1/2pt/0t_1/2)/0(1)/2 ‘1> \ /
1/22[(1- Km 1/2 ‘2>

— Py

1/2+ 1/2
= po/ “Ipy’* = po

2) Unitaries invert let A(:)=U - Ut
AR() = U Upg PUT) - (Upg U U o
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation
To,i5,(AF) = To s, (0) + (o0 @ 51 & [AR() = b/ 2AN (/2 520 (A* ZK* | )

Petz recovery requires definition of initial state: A® = A']ODO A

Properties: 0)

|) Maps final to initial \ /
AR(pt) — p(l)/QAT( t_1/2pt/0t_1/2)pé/2 ‘1> \ /
* D K Kmpy” 2)

:IOO

m

1/2+ 1/2
= po/ “Ipy’* = po

2) Unitaries invert let A(:)=U - Ut
AR () = Ut (Upy U - (Upg U U po
= popg " 2UT - Upy % po
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation
To,i5,(AF) = To s, (0) + (o0 @ 51 & [AR() = b/ 2AN (/2 520 (A* ZK* | )

Petz recovery requires definition of initial state: A® = A']ODO A

Properties: 0)

|) Maps final to initial \ /
AR(pt) — p(l)/QAT( t_1/2pt/0t_1/2)pé/2 ‘1> \ /
* D K Kmpy” 2)

:IOO

m

1/2+ 1/2
= po/ “Ipy’* = po

2) Unitaries invert let A(:)=U - Ut
AR () = Ut (Upy U - (Upg U U po
= popg " 2UT - Upy % po

—Ut. U =yt .yhtt
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation
Tso)5, (M) = Ts, 150 (M) % (po @ pi ') > | AR() = po/ "Ml (2 oy %)y (AT(-) =) Kl Km)

Petz recovery requires definition of initial state: AT = Afo A AR

Properties: 0)

|) Maps final to initial \ /
AR(pt) — p(l)/QAT( ;1/2pt/0t_1/2)pé/2 ‘1> \ |_>/ ‘1>
UQZKT Kompo? 2) 2) - 12)

— Py

1/2+ 1/2
= po?Ipt"? = py i

2) Unitaries invert let A(:)=U - Ut
AR () = Ut (Upy U - (Upg U U po
= popg " 2UT - Upy % po

—Ut. U =yt .yhtt
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation

TSO|St (AR) — TSt|SO (A) * (/00 Y IOt_l) K

AF() = o AT (o 2 o P20 (m ZK* | )

Petz recovery requires definition of initial state: A® = Afo A

Properties:
|) Maps final to initial

AR(pt) 1/2A"'( —1/2 —1/2) 1/2

= Po Pt PPy Po
1/2 1/2

— /0()/ Z K;anmpO/
1/2+ 1/2

= po/ “Ipy’* = po

2) Unitaries invert let A(:)=U - Ut
AR () = Ut (Upy U - (Upg U U po
= popg " 2UT - Upy % po

=Ul.U =Uuf.uH

2>\ ?

3) Classical Bayes rule Af(: ZTHJ\J ) (7]

initial and final states in classical ba81s pp i) = 1) Pr(S; =4)"
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation

TSO|St (AR) — TSt|SO (A) * (/00 Y IOt_l) K

AF() = o AT (o 2 o P20 (m ZK* | )

Petz recovery requires definition of initial state: A® = Afo A

Properties:
|) Maps final to initial

AR(pt) 1/2A"'( —1/2 —1/2) 1/2

= Po Pt PPy Po
1/2 1/2

— /0()/ Z K;anmpO/
1/2+ 1/2

= po/ “Ipy’* = po

2) Unitaries invert let A(:)=U - Ut
AR () = Ut (Upy U - (Upg U U po
= popg " 2UT - Upy % po

=Ul.U =Uuf.uH

2>\ ?

3) Classical Bayes rule Af(: ZTHJ\J ) (7]

initial and final states in classical ba81s pp i) = 1) Pr(S; =4)"

2. o — 2 —1/2 1/2
Ry =N "Tisspo i) (ilos g 3 (ilpg
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation

TSO|St (AR) — TSt|SO (A) * (/00 Y IOt_l) K

AF() = o AT (o 2 o P20 (m ZK* | )

Petz recovery requires definition of initial state: A® = Afo A

Properties:
|) Maps final to initial

AR(pt) 1/2A"'( —1/2 —1/2) 1/2

= Po Pt PPy Po
1/2 1/2

— /0()/ Z K;anmpO/
1/2+ 1/2

= po/ “Ipy’* = po

2) Unitaries invert let A(:)=U - Ut
AR () = Ut (Upy U - (Upg U U po
= popg " 2UT - Upy % po

=Ul.U =Uuf.uH

2>\ ?

3) Classical Bayes rule Af(: ZTHJ\J ) (7]

initial and final states in classical ba81s pp i) = 1) Pr(S; =4)"

2. o — 2 —1/2 1/2
Ry =N "Tisspo i) (ilos g 3 (ilpg

= N Ti; Pr(So = i) Pr(S: = 5) i) (] - [5)

2,]
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Petz Recovery Map

From conditional quantum state we can recover the reverse operation

TSO|St (AR) — TSt|SO (A) * (/00 Y IOt_l) K

AF() = o AT (o 2 o P20 (m ZK* | )

Petz recovery requires definition of initial state: A® = Afo A

Properties:
|) Maps final to initial

AR(pt) 1/2A"'( —1/2 —1/2) 1/2

= Po Pt PPy Po
1/2 1/2

— /0()/ Z K;anmpO/
1/2+ 1/2

= po/ “Ipy’* = po

2) Unitaries invert let A(:)=U - Ut
AR () = Ut (Upy U - (Upg U U po
= popg " 2UT - Upy % po

=Ul.U =Uuf.uH

2>\ ?

3) Classical Bayes rule Af(: ZTHJ\J ) (7]

initial and final states in classical ba81s pp i) = 1) Pr(S; =4)"

- ZTHMO/Qumpz a %>< '
- ZTHJ Pr(So = i) Pr(S, = )" 1i) (il - |4) i
Z T, li) (Gl - 1) G
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Petz Recovery Theorem

Distinguishability of two states can be measured by relative entropy
D(pllo)=Tr(plnp—plno) >0

[Petz, Dénes. "Sufficient subalgebras and the relative entropy of states of a von Neumann algebra." Communications in mathematical physics 105 (1986): 123-131.]

81



Petz Recovery Theorem

Distinguishability of two states can be measured by relative entropy
D(pllo)=Tr(plnp—plno) >0

Monotonicity D(p|lo) > D(A(p)||A(0))

[Petz, Dénes. "Sufficient subalgebras and the relative entropy of states of a von Neumann algebra." Communications in mathematical physics 105 (1986): 123-131.]
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Petz Recovery Theorem

Distinguishability of two states can be measured by relative entropy
D(pllo)=Tr(plnp—plno) >0

Monotonicity D(p|lo) > D(A(p)||A(0))

Petz reversibility theorem states that the following are equivalent for the tuple (A, p,0)

1) equality is satisfied: D(pllo) = D(A(p)||A(0))

[Petz, Dénes. "Sufficient subalgebras and the relative entropy of states of a von Neumann algebra." Communications in mathematical physics 105 (1986): 123-131.]
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Petz Recovery Theorem

Distinguishability of two states can be measured by relative entropy
D(pllo)=Tr(plnp—plno) >0

Monotonicity D(p|lo) > D(A(p)||A(0))
Petz reversibility theorem states that the following are equivalent for the tuple (A, p,0)
1) equality is satisfied: D(pl|lo) = D(A(p)||A(0))

2) The Petz recovery defined for ¢ returns both states to their original configuration

A (A(p)) = p and AJ (A(0)) =0

[Petz, Dénes. "Sufficient subalgebras and the relative entropy of states of a von Neumann algebra." Communications in mathematical physics 105 (1986): 123-131.]
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Petz Recovery Theorem

Distinguishability of two states can be measured by relative entropy
D(pllo)=Tr(plnp—plno) >0

Monotonicity D(p|lo) > D(A(p)||A(0))

Petz reversibility theorem states that the following are equivalent for the tuple (A, p,0)

1) equality is satisfied: D(pllo) = D(A(p)||A(0))

2) The Petz recovery defined for ¢ returns both states to their original configuration
A (A(p)) = p and AJ (A(0)) =0

Proof:
2) => 1) D(pllo) = D(A(p)||A(o) = DAL (A(p))]|A; (A(0))) = D(p||o)

[Petz, Dénes. "Sufficient subalgebras and the relative entropy of states of a von Neumann algebra." Communications in mathematical physics 105 (1986): 123-131.]
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Petz Recovery Theorem

Distinguishability of two states can be measured by relative entropy
D(pllo)=Tr(plnp—plno) >0

Monotonicity D(p|lo) > D(A(p)||A(0))

Petz reversibility theorem states that the following are equivalent for the tuple (A, p,0)

1) equality is satisfied: D(pllo) = D(A(p)||A(0))

2) The Petz recovery defined for ¢ returns both states to their original configuration
A (A(p)) = p and AJ (A(0)) =0

Proof:

2) => 1) D(pllo) > D(A(p)[|A(0) = D(A; (A(p))]|Ag (A(0))) = D(pl|o)

|) => 2) Petz magic

[Petz, Dénes. "Sufficient subalgebras and the relative entropy of states of a von Neumann algebra." Communications in mathematical physics 105 (1986): 123-131.]
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Petz Recovery Theorem Example

Non-unitary and non-classical channel

87



Petz Recovery Theorem Example

Non-unitary and non-classical channel

A=Ky K} + Ky - K] 0)
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Petz Recovery Theorem Example

Non-unitary and non-classical channel
A()=Ko- K} + K, - K] 0)

Ko = {2)(2]
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Petz Recovery Theorem Example

Non-unitary and non-classical channel

A=Ky K} + Ky - K] 0)

Ko=[2)2] Ki=|-)0]+2)1] \
1)
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Petz Recovery Theorem Example

Non-unitary and non-classical channel

A=Ky K} + Ky - K] 0)

Ko=[2)2] Ki=|-)0]+2)1] \
1)

Check that it is a valid CPTP
KKy = (|0)(—| + [1)(2)(]=-)(0] + [2)(1])
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Petz Recovery Theorem Example

Non-unitary and non-classical channel

A=Ky K} + Ky - K] 0)

Ko=[2)2] Ki=|-)0]+2)1] \
1)

Check that it is a valid CPTP
KKy = (|0)(—| + [1)(2)(]=-)(0] + [2)(1])
= 10){0] + |1)(1
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Petz Recovery Theorem Example

Non-unitary and non-classical channel

A=Ky K} + Ky - K] 0)

Ko=[2)2] Ki=|-)0]+2)1] \
1)

Check that it is a valid CPTP
KKy = (0)(—]+ [1)(2])(|-){0] + [2){1])
= [0)(0] + |1){1]
KJKo = [2)(2]
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Petz Recovery Theorem Example

Non-unitary and non-classical channel

A=Ky K} + Ky - K] 0)

Ko=[2)2] Ki=|-)0]+2)1] \
1)

Check that it is a valid CPTP
KKy = (|0)(—| + [1)(2)(]=-)(0] + [2)(1])
= 10){0] + |1)(1

K{Ko = [2)(2 SKS Ky =1
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Initial state o =

0) 0] + 1) (1]

Petz Recovery Theorem Example

2

- (1—p)[2)(2]
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Initial state o =

Final state  A(0) :p‘_><_‘+|2><2| - (1 —p)[2)(2]

0) 0] + 1) (1]

Petz Recovery Theorem Example

2

- (1—p)[2)(2]

2

%26




Initial state o =

Final state  A(0) :p‘_><_‘+|2><2| - (1 —p)[2)(2]

0) 0] + 1) (1]

Petz Recovery Theorem Example

- (1—p)[2)(2]
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Initial state o =

Final state  A(0) :p‘_><_‘+|2><2| - (1 —p)[2)(2]

Recovery map:

0) 0] + 1) (1]

Petz Recovery Theorem Example

- (1—p)[2)(2]
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Initial state o =

0) 0] + 1) (1]

Petz Recovery Theorem Example

- (1—p)[2)(2]

+) 07
Final state  A(o) :p‘_><_‘+|2><2| (1 —p)[2)(2] 1>\ - /1>

Recovery map: A(o)™"/?MA(0)™1? = §|—><—\<—|M| )+ 5 p|2><2|<2\M\2><2\ +und. X |4) (+[(+]M]+)
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Initial state o =

0) 0] + 1) (1]

Petz Recovery Theorem Example

- (1—p)[2)(2]

Final state  A(0) :p‘_><_‘+|2><2| - (1 —p)[2)(2]

Recovery map: A(r)/2MA(0) /% = =) (|(~[M|-) + ;

100

2)(2[(2|M2) (2| 4 und. X |+){+|{+|M|+)
assume :(+|M|+) =0




Initial state o =

Final state  A(0) = p‘—><_‘ +12)@2] (1 —p)|2)(2] R \

0) 0] + 1) (1]

Petz Recovery Theorem Example

- (1—p)[2)(2]

Recovery map: A(o)™"/?MA(0)™1? = §|—><—\<—|M| )+ 5 ©[2)(21(2]M2) (2] + und. x [+ (+|(+| M|+

2

A (A (o)™ 2MA(0)1/2) = ZAT (=) (=) (—|M] ) - AT(12)(2[)(21M|2)

p

2—0p
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assume :(+|M|+) =0



Initial state o =

Final state  A(0) = p‘—><_‘ +12)@2] (1 —p)|2)(2] R \

0) 0] + 1) (1]

Petz Recovery Theorem Example

- (1—p)[2)(2]

Recovery map: A(o)™"/?MA(0)™1? = §|—><—\<—\M| )+ 5 ©[2)(21(2]M2) (2] + und. x [+ (+|(+| M|+

2

2

AT(A(0) T 2MA(0)™H2) = AT (| =) (=) {~[M|-) AT(12)(2[)(21M|2)

p

2—0p

:Z%‘O><O|<_‘M‘ > | 22 (‘2><2‘+|1><1|)<2‘M‘2>
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Initial state o =

Final state  A(0) = p‘—><_‘ +12)@2] (1 —p)|2)(2] R \

0) 0] + 1) (1]

Petz Recovery Theorem Example

- (1—p)[2)(2]

Recovery map: A(o)™"/?MA(0)™1? = §|—><—\<—\M| )+ 5 ©[2)(21(2]M2) (2] + und. x [+ (+|(+| M|+

2

2

AT(A(0) T 2MA(0)™H2) = AT (| =) (=) {~[M|-) AT(12)(2[)(21M|2)

p

2—0p

:Z%‘O><O|<_‘M‘ > | 22 (‘2><2‘+|1><1|)<2‘M‘2>

2) (2] 2fp\l><1\)<2|Ml2>
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Initial state o =

0) 0] + 1) (1]

Petz Recovery Theorem Example

2

- (1—p)[2)(2]
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Initial state o =

Final state  A(o0)

0) 0] + 1) (1]

Petz Recovery Theorem Example

2

- (1—p)[2)(2]

p
=21y

2—p|

L12)2
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Initial state o =

Final state  A(o0)

Recovery map:

Ay (M) = [0){0[{=|M]|—) + (

0) 0] + 1) (1]

Petz Recovery Theorem Example

2

- (1—p)[2)(2]
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Initial state o =

Final state  A(o)

Recovery map:

_ 2
AZO) = 00V + G2 el + 2 maneim

Alternate state:

Petz Recovery Theorem Example

0) 0] + 1) (1]

- p2e :

p S 2-p
= SI=)=1+ == 12)¢2]

2—p
p = pb|0) (0] + p(1 = 0)|1){1] + (1 — p)|2)(2
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Petz Recovery Theorem Example

Initial state Ozp\0><0| ;r Ll -(1—-p)[2)(2 A

. P | 2 — D \
Final state A(0) = 5\—>< \ 9 2)(2] 1)
> 9 2)

Ay (M) = 10){0[{=|M|-) - (5, 122 2fp\1><1|)<2\M|2>

Alternate state: p = pb|0)(0| + p(1 —b)[1)(1] + (1 —p)|2)(2

A(p) = pb|—)(—| + (1 — pb)[2)(2]
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Initial state o =

Final state  A(o)

Recovery map:

_ 2
AZO) = 00V + G2 el + 2 maneim

Alternate state:

Petz Recovery Theorem Example

0) 0] + 1) (1]

- p2e :

p S 2-p
= SI=)=1+ == 12)¢2]

2—p
p = pb|0) (0] + p(1 = 0)|1){1] + (1 — p)|2)(2

A(p) = pb|—)(—| + (1 — pb)[2)(2]

AP (A(p)) = pbloy (0] + PEZPO) gy gy (22200 = 0D) 5,

2—Dp 2—0p
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Petz Recovery Theorem Example

OO IDAL L () o . A %

. — p I . p \

Final state A(0) = 5\—>< \ 5 2)(2 1)

Reccvery maP: \ /
_— 2) 2) '

Ay (M) = 10){0[{=|M|-) - (5, 122 2fp\1><1|)<2\M|2>

Alternate state: p = pb|0)(0| + p(1 —b)[1)(1] + (1 —p)|2)(2

A(p) = pb|—)(—| + (1 — pb)[2)(2]

Initial state o =

AT = ptio) 0] + B2 )+ B P )

Consequence of Petz Recovery Thm: Distinguishability is only preserved if: A (A(p)) = p
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Petz Recovery Theorem Example

OO IDAL L () o . A %

. — p I . p \

Final state A(0) = 5\—>< \ 5 2)(2 1)

Reccvery maP: \ /
_— 2) 2) '

Ay (M) = [0){0[{=|M]|—) + (

Initial state o =

P (1 — pb) - (2—-2p)(1 — pb)
AT (M) = Bl0y 0]+ B )+ B P 0
Consequence of Petz Rec;ver/y Thm: Distinguishability is only preserved if: A2 (A(p)) = p
(15 ) = p(1 — pb)




Petz Recovery Theorem Example

OO IDAL L () o . A %

. — p I . p \

Final state A(0) = 5\—>< \ 5 2)(2 1)

Reccvery maP: \ /
_— 2) 2) '

Ay (M) = [0){0[{=|M]|—) + (

Initial state o =

P (1 — pb) - (2—-2p)(1 — pb)
AT (M) = Bl0y 0]+ B )+ B P 0
Consequence of Petz Rec;ver/y Thm: Distinguishability is only preserved if: A2 (A(p)) = p
_ p(1 —pb)
pl=b) = =5—

112



Petz Recovery Theorem Example

OO IDAL L () o . A %

. — p I . p \

Final state A(0) = 5\—>< \ 5 2)(2 1)

Reccvery maP: \ /
_— 2) 2) '

Ay (M) = [0){0[{=|M]|—) + (

Initial state o =

P p(1 — pb) (2 —2p)(1 — pb)
| 1Y (1| - 2)(2
AT (M) =P0)0] + 2o =2 a4 Sy o
Consequenc f Petz Reco ry Thm: Distinguishability is only preserved if: Af (A(p)) =p
p(1 — pb)
p(1 —05) = —1/9
( 2—p Solutions: b /

(p_pz)(l—%)z p=0orl

113



Petz Recovery Theorem Example

OO IDAL L () o . A %

. — p I . p \

Final state A(0) = 5\—>< \ 5 2)(2 1)

Reccvery maP: \ /
_— 2) 2) '

Ay (M) = [0){0[{=|M]|—) + (

Initial state o =

P p(1 — pb) (2—2p)(1 — pb)
| INIQAIE 2)(2
AT (M) =P0)0] + 2o =2 a4 Sy o
Consequence of Petz Recoyéry Thm: Distinguishability is only preserved if: A (A(p)) = p
p(1 — pb)
p(1—=10) = — 1/2 (trivial p =
( 2—p Solutions: b=1/2 (trivial p=0)

(p_pz)(l—%)z p=0orl
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Petz Recovery Theorem Example

OO IDAL L () o . A %

. _p | 2—]9 \

Final state  A(0) = 1)1 S—12)(2l 1)

Recovery map: \\\\\\\\‘\\\* _///////////)
P o 12 ) )2

Ay (M) = [0){0[{=|M]|—) + (

Initial state o =

P p(1 — pb) (2—2p)(1 — pb)
| INIQAIE 2)(2
AT (M) = Bl0y 0]+ B )+ B P 0
Consequence of Petz Recoyéry Thm: Distinguishability is only preserved if: A (A(p)) = p
p(1 — pb)
p(1—=10) = — 1/2 (trivial p =
( 2—p Solutions: b=1/2 (trivial p=0)

(p — pz)(1 — Qb) — D =@or 1
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Petz Recovery Theorem Example

0) 01+ 1) {A]

Initial state o =p > - (1—p)[2)(2

Final state  A(0) :%\-}( | 2;p|2><2\
Recovery map:

AT QM) = [0)01(=|M|=) + (2 2) 2] + 72— 1) L)

Alternate state: p = pb|0)(0] + p(1 —b)|1)(1| + (1 —p)[2)(2]

1 — pb) (2 —2p)(1 — pb)
P(A ap 1)(1] 4 2)(2
AT (M)~ 70I0) 0] + Z5 =2y 1)+ B P o
Consequence of Petz Recoyéry Thm: Distinguishability is only preserved if: A (A(p)) = p
p(1 — pb)
p(1 =) = —1/2 (trivial p =
2=p Solutions: b=1/ rivial p = o)

(0 — p?)(1 - 2b) = p=(0)or(1]
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Review

-How do we time reverse operations in quantum mechanics?

-Unitaries are like classical permutations of state space

-This gives us some insight into how to go beyond quantum time reversal.

-What if we implement something that is NOT a permutation, like erasure (something
IRREVERSIBLE). Can we reverse it!

-For this we introduce probabilities and Bayes rule.

-Results from distribution over time

-Question: what is a quantum Bayes rule?

-Answer: the Petz Recovery

|17



Denes Petz
|

118



