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Bipartite quantum interactions

Bipartite unitary interactions are the most elementary many-body interactions. Due to

unavoidable interaction with environment, study of bipartite noisy interactions is pertinent.

A

E

A

U

Siddhartha Das (QST®@LSU)

Bipartite quantum interactions

QCrypt '18

2/16



Bipartite quantum interactions

Bipartite unitary interactions are the most elementary many-body interactions. Due to

unavoidable interaction with environment, study of bipartite noisy interactions is pertinent.

A

E

A

U

@ U is unitary transformation

corresponding to underlying

interaction Hamiltonian H among
E A B E.

Figure: Systems of interest A" and B’ interacting in
presence of the bath E’.
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Bipartite quantum interactions

Bipartite unitary interactions are the most elementary many-body interactions. Due to
unavoidable interaction with environment, study of bipartite noisy interactions is pertinent.

@ U is unitary transformation

corresponding to underlying
A Z/[ A interaction Hamiltonian H among
E E A B E.
B 4/ B @ Before action of interaction
Hamiltonian H: wa g ® Te/, where

bath E’ is in some fixed state and
uncorrelated to A’B’.

Figure: Systems of interest A" and B’ interacting in o After action of A:
presence of the bath E’.

PABE ‘= uA’B’E/HABE(WA’B’ ® 7—E’)'
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Bidirectional quantum channel

A bipartite quantum channel N g/, a5 is a completely positive, trace-preserving map that
transforms composite system A'B’ to AB.
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Bidirectional quantum channel

A bipartite quantum channel Ny g/, a5 is a completely positive, trace-preserving map that
transforms composite system A'B’ to AB.

A' A @ When A’, A are held by Alice and
B’, B are held by Bob, bipartite
channel A\ is called bidirectional
channel.

@ It corresponds to noisy bipartite

BI
Figure: Two parties of interest: Alice holds A’, A
and Bob holds B’, B.
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Bidirectional quantum channel

A bipartite quantum channel Ny g/, a5 is a completely positive, trace-preserving map that
transforms composite system A'B’ to AB.
A' A @ When A, A are held by Alice and
B’, B are held by Bob, bipartite
channel \V is called bidirectional
channel.
@ It corresponds to noisy bipartite
interaction, when bath is inaccessible.

@ For all input state wap:

N(wap') = pag, where

[
B B paB = Tre{Un g e aBe(was @ TEr)},
Figure: Two parties of interest: Alice holds A, A
and Bob holds B’, B. when initial state 7/ of bath is fixed.
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Motivation

Bidirectional channels:

@ Simple model of quantum network with 2 clients, Alice and Bob.
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Motivation

Bidirectional channels:
@ Simple model of quantum network with 2 clients, Alice and Bob.

@ Model for quantum gates — CNOT, SWAP, etc.— in noisy intermediate-scale quantum
(NISQ) computers.

Entanglement may increase, decrease or not change due to bipartite quantum interactions.

Entanglement distillation: Maximally entangled states are useful resource for several
information processing tasks: quantum key distribution, quantum teleportation, etc.

Secret key distillation: Need for secure communication protocols between two parties over
network — private reading.

Siddhartha Das (QST®@LSU) Bipartite quantum interactions QCrypt '18

4/16



Goal

@ Two different information-processing tasks relevant for bipartite quantum interactions:

o =3 = E DAl
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Goal

@ Two different information-processing tasks relevant for bipartite quantum interactions:

© Entanglement distillation: generation of singlet state from two separated systems.

@ Secret key agreement: generation of maximal classical correlation between two separated
systems, such that there's no correlation with the bath.

@ New secure communication protocol between two parties, called private reading.

Non-asymptotic capacity of a channel A/ for a task: Maximum rate at which a given task can
be accomplished by allowing the use of N a finite number of times.
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Secret key generation over bidirectional channel

A2 LN N J

Ly, La,
A A, A,
rocc| g | N | B, [LOCC] B,

B, |LocC| eee

Ls,

L,
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Secret key generation over bidirectional channel

La, La, La, M,
A, Ay A, A, °ee A, A,
Locc| g, | N'| B, |LOCC| p,| N | B, |LOCC| eee [LOCC| p> [N] , |LOCC

XX Ls, M;

LB, LBZ

o LOCC-assisted bidirectional secret-key-agreement capacity [P252-(Nag'—ag)-]
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Secret key generation over bidirectional channel

La, La, La, M,
A, Ay A, A, °ee A, A,
Locc| g, | N'| B, |LOCC| p,| N | B, |LOCC| eee [LOCC| p> [N] , |LOCC

eoe Ly, M;

LB, LBZ

o LOCC-assisted bidirectional secret-key-agreement capacity [P252-(Nag'—ag)-]
o Bidirectional max-relative entropy of entanglement:

Er2(Nag—ag) =  sup  Emax(SaA; BSE)N(seyp):

Ys,aBPprsy

where 15, 4/, pp's, are pure states, S ~ A, Sg ~ B/,
Emax(A : B), = ming ,zesep Dmax(pl|@), such that Dmax(pllo) = inf{\: p < 2%},
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Secret key generation over bidirectional channel

La, La, La, M,
A, Ay A, A, eee A, A,
Locc| g, | N'| B, |LOCC| p,| N | B, |LOCC| eee [LOCC| p> [N] p, |LOCC

L, L, eeoe Ls, M;
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Secret key generation over bidirectional channel

La, La, La, M,
A, Ay A, A, eee A, A,

Locc| g, | N'| B, |LOCC| p,| N | B, |LOCC| eee [LOCC| p> [N] p, |LOCC
L, L, oo Ls, M;

Theorem (LOCC-assisted secret key agreement)

1 ) 1 1
= < [ =1 < )
n|0g2M—Emax(N)+n0g2 1—¢
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Secret key generation over bidirectional channel

La, La, La, M,
A, Ay A, A, eee A, A,

Locc| g, | N'| B, |LOCC| p,| N | B, |LOCC| eee [LOCC| p> [N] p, |LOCC
L, L, oo Ls, M;

Theorem (LOCC-assisted secret key agreement)

1 ) 1 1
= < [ =1 < )
n|0g2M—Emax(N)+n0g2 1—¢

o P252-Nap—ag) < E22(Nag —ag), and this upper bound is in fact a strong converse
bound.
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Proof outline: Secret key generation

La, La, La, M,
A A Al A oee A A

rocc| p,|N'| B, |Locc| p,| N | B, |[LOCC| eee [LOCC| B | N | B, [LOCC
Ly, L, e Ly, M,

o Private states [HHHOO05,HHHOQ9]: State 7s,k,:kzs; containing log, K private bits.
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La, La, La, M,
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Ly, L, e Ly, M,

o Private states [HHHOO05,HHHOQ9]: State 7s,k,:kzs; containing log, K private bits.

@ Success probability in privacy test: Tr{[M"w} > 1 —¢. By [HHHO05,HHHOQ9],
Tr{Mc} < % for o € SEP.
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Proof outline: Secret key generation

La, La, La, M,
A A Al A oee A A

rocc| p,|N'| B, |Locc| p,| N | B, |[LOCC| eee [LOCC| B | N | B, [LOCC
Ly, L, e Ly, M,

o Private states [HHHOO05,HHHOQ9]: State 7s,k,:kzs; containing log, K private bits.
@ Success probability in privacy test: Tr{[M"w} > 1 —¢. By [HHHO05,HHHOQ9],
Tr{Mc} < % for o € SEP.

@ Main observation: E27? is not enhanced by amortization.

Emax(SaA; BSB)o < Emax(SaA'; B'Sg), + E2n2(Narp—aB),

where 05,485, = Nag'—a8(Ps,aBSs)-
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Entanglement generation over bidirectional channel

PPT-P

B, | PPT-P eoe

LA, LAz

A’l A] A’Z A2
BN | B, | pPTP | B, |V
LB, LB;
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Entanglement generation over bidirectional channel

LA. LAZ LAn MA
A A, A, A, eoe A, A,

perp | g || B, | PPT-2 | B, | N | B, [PPT-P| eee [pPTP| B |N| g |PPT-P
Lg, Lg, eee L, M

o PPT-assisted bidirectional quantum capacity [Q%5%(Nag'—a8).]
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Entanglement generation over bidirectional channel

PPT-P

B, | PPT-P eoe

LA, LAZ

A’l A] A’Z A2
B, |N| B, | pPTP | B°,| NV
LB, LBz

o PPT-assisted bidirectional quantum capacity [Q

La,

A,

PPT-P B,

L,

2—2
PPT

(Narg—a8)-]

PPT-P

M;

e Bidirectional max-Rains Information [R22:2(Nag'—a8) = log M 7?(Nag_ag)], where
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Entanglement generation over bidirectional channel

LA. LAz LA” MA
A A, A, A, eoe A, A,

ppP | g, | N | B, | PPT-P | B,| N | B, | PPT-P| eee [ppTP| p | N |5 |PPT-P
Lg, Lg, eee L, M

o PPT-assisted bidirectional quantum capacity [Q%5%(Nag'—a8).]
e Bidirectional max-Rains Information [R22:2(Nag'—a8) = log M 7?(Nag_ag)], where

2—2 e .
M“7“(Nap—ag) = minimize || Trag{Vs,a8s; + Ys,aBs5} | o
subject to Vs, aBs,, Ys,aBs; > 0,
N
Tesg{Vs,aBss — YsaaBsg}t = S5, aBs,

such that Sy ~ A, Sg ~ B'.
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Entanglement generation over bidirectional channel

PPT-P

B, PPT-P eoe

Ly, La,
A A, A, A,
B B, | PPT-P | B,
Ls, Ls,
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Entanglement generation over bidirectional channel

LA. LAz LA” MA
A A, A, A, X X) A, A,

eerp | g || B, | PPTP | B, | N | B, [PPT-P| eee [pPTP| B |N| g |PPT-P
Ls Ls, oo Ls, Ms

Theorem (PPT-assisted distillable entanglement generation)

=)l

1 1
- logy M < R,%,;?(N) + - Iog2(1
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Entanglement generation over bidirectional channel

LA. LAz LA” MA
A A, A, A, X X) A, A,

eerp | g || B, | PPTP | B, | N | B, [PPT-P| eee [pPTP| B |N| g |PPT-P
Ls Ls, oo Ls, Ms

Theorem (PPT-assisted distillable entanglement generation)
=
—_— 6 :

° Q%?%(NAIB/%AB) < R272(Nagr_saB), and this upper bound is in fact a strong converse
bound.

1 1
- logy M < R,%,;?(N) + - Iog2<1
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Application: Private Reading
@ First recall: (Quantum) Reading [BRV0O,Pirll] of memory devices.

A, B, A, B, As B;

N—x’(m)

le(m) Nx‘(rn)

ﬂl ﬂz /_/\ L

Rl R2 RS
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Application: Private Reading

@ First recall: (Quantum) Reading [BRV0O,Pirll] of memory devices.

@ Memory device: message encoded into a sequence of channels from a memory cell
—_ X
Sx ={Ng _p}rex-

Ay

B,

Az

R,

le(m)

ﬂl

R,

Nx‘(rn)

B,

As

ﬂz

Rs

N—x’(m)

B;
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Application: Private Reading

@ First recall: (Quantum) Reading [BRV0O,Pirll] of memory devices.
@ Memory device: message encoded into a sequence of channels from a memory cell

Sx = {Ng_pliex-
@ Alice encodes m € M into codewords (x1(m), ..., x,(m)), and sets the device to

(VA Th N,

A, B, A,

B, As

B;

N’x’(M)

Nx‘(nf)

A A? A

Rl R2 RS

le(M)
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Application: Private Reading

@ First recall: (Quantum) Reading [BRV0O,Pirll] of memory devices.

@ Memory device: message encoded into a sequence of channels from a memory cell
Sx = NG5 hen-

@ Alice encodes m € M into codewords (x1(m), ..., x,(m)), and sets the device to
(NX1(m) Xn(m))

/B> " YVYB' B "

@ Bob can enter quantum states and do channel discrimination to learn m. Natural to

employ adaptive strategy [DW17].

B;

A, B, A, B, As

N’x’(rﬂ)

Nx‘(nf)

A A /ﬂ L.
Rl R2 RS

le(rrf)
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Application: Private Reading

B’

Lg

M®

B,

1

'E,

ﬂl

B’

Lg

2

MY

B,

ﬂz

MY

B;

L,

ﬂ«k_

@ Private reading: Eve present when Bob performs the readout: Wiretap memory cell
Special case: Isometric wiretap memory cell S%°.

Sy ={M _peteca-
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Application: Private Reading

B’

Lg

1

M®

B,

'E,

ﬂl

B’

Lg

2

MY

B,

ﬂz

MY

B;

L,

A

@ Private reading: Eve present when Bob performs the readout: Wiretap memory cell
Special case: Isometric wiretap memory cell S%°.

Sy ={M _peteca-

@ The non-adaptive private reading capacity of a wiretap memory cell Sy is given by

pread (M)

n pxn,O'LBB/n n

where Txniggnen = Yo pxr (XXX x0 © Mg, o (0108
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Application: Private Reading

B[ |8
E,
Lg,
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Application: Private Reading

’ .| B B’ . I B B’ .| B
Bl Mx(k) 1 2 Mx(k) 2 3 Mx(k) 3
E, E, E; k
Ls, Lg, L,

@ Private reading: Eve present when Bob performs the readout: Wiretap memory cell
Sx = {Mp et

Siddhartha Das (QST®@LSU) Bipartite quantum interactions QCrypt '18 13/16



Application: Private Reading

B’

Lg

M

B,

1

E,

ﬂl

B’

Lg

2

MY

B,

ﬂz

MY

B;

L,

ﬂ«k_

@ Private reading: Eve present when Bob performs the readout: Wiretap memory cell
Special case: Isometric wiretap memory cell S%°.

Sy ={M _peteca-
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Application: Private Reading

B’

Lg

M

B,

1

E,

ﬂl

B’

Lg

2

MY

B,

ﬂz

B;

L,

MY

ﬂ«k_

@ Private reading: Eve present when Bob performs the readout: Wiretap memory cell
Special case: Isometric wiretap memory cell S%°.

Sy ={M _peteca-

@ The non-adaptive private reading capacity of a wiretap memory cell Sy is given by

Presd ()

=sup max
n pxn,O'LBB/n

where Txniggnen = Yo pxo (XXX x0 © Mg, o (01080
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Private reading capacity

The strong converse private reading capacity I?"ead(gi?) of an isometric wiretap memory cell

Sie = {ULY g }xex is bounded from above as

Pd(S8) < E22(NRpxe):

where t
S — S S
Nxp s xg(-) == Tre {UXB’—>XBE(') (UXB’—>XBE> } ;
such that B
S . MX
Uxp —xBe = Z x)x|x ® Ug'_, ge-
xXEX
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Conclusion

@ We derived upper bounds on entanglement generation and secret-key-agreement
capacities over bidirectional channels. Sizes of reference systems are same as size of input
systems (Open question in [BHLSO03]).
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Conclusion

@ We derived upper bounds on entanglement generation and secret-key-agreement

capacities over bidirectional channels. Sizes of reference systems are same as size of input
systems (Open question in [BHLSO03]).

e Obtain tighter upper bounds for channels obeying certain symmetries, see [DBW17].

@ Introduced secure protocol for reading of memory devices under scrutiny of an
eavesdropper. Both upper and lower bounds for this protocol can be found in [DBW17].

Siddhartha Das (QST®@LSU) Bipartite quantum interactions

QCrypt '18 15/16



Conclusion

@ We derived upper bounds on entanglement generation and secret-key-agreement

capacities over bidirectional channels. Sizes of reference systems are same as size of input
systems (Open question in [BHLSO03]).

e Obtain tighter upper bounds for channels obeying certain symmetries, see [DBW17].

@ Introduced secure protocol for reading of memory devices under scrutiny of an
eavesdropper. Both upper and lower bounds for this protocol can be found in [DBW17].

[DBW17] arXiv : 1712.00827
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SWAP and Collective dephasing

Collective Dephasing

2 = =
18} T~ T——
~316F
& E
4
——2r
1.4+ .
2713
2
L —27/5 | |
12 \ / a3
—2n/7
—7l4
1 ‘ ‘ ‘ ‘
0 0.2 0.4 0.6 0.8
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SWAP and Collective dephasing

Collective Dephasing

e Collective dephasing: |00) — |00),
18l |01) — e?|01), |10) — €/*|10),
|11) — e??|11).
~E16] 1@ Swap operator S = 3~ [ij){ji| and
& collective dephasing:
141 1
/ 27/3 Nag —a8(p)
\ / —l2
Lol \ / - =pSpST+ (1 — p)U?SpSTU®T
\ ——
—l4
1 ‘ ‘ ‘ ‘
0 0.2 0.4 0.6 0.8
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