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Quantum Teleportation
AA processprocess inin whichwhich quantumquantum informationinformation (e(e..gg.. thethe exactexact statestate ofof anan atomatom oror photon)photon) cancan bebe
transmittedtransmitted fromfrom oneone locationlocation toto another,another, withwith thethe helphelp ofof classicalclassical communicationcommunication andand
previouslypreviously sharedshared quantumquantum entanglemententanglement betweenbetween thethe sendingsending andand receivingreceiving locationlocation..

The term was coined by The term was coined by 
physicistphysicist Charles Bennett [1].Charles Bennett [1].
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[1] Bennett, C.H., Brassard, G., Crépeau, C., Jozsa, R., Peres, A.,Wootters,W.K.: Teleporting an unknown quantum state via dual 
classical and Einstein–Podolsky–Rosen channels. Phys. Rev. Lett. 70(13), 1895 (1993)



Quantum Teleportation-Experimental 
demonstration
• In 1997, the first prosperous experimental demonstration of 

quantum teleportation was proposed by Bouwmeester [1] 
based on Benett et al. protocol.

Dirk Dirk BouwmeesterBouwmeester
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[1] Bouwmeester, D., Pan, J.-W., Mattle, K., Eibl,M.,Weinfurter, H., Zeilinger, A.: 
Experimental quantum teleportation. Nature 390(6660), 575–579 (1997)



Quantum Teleportation-Types

• quantum controlled teleportation (QCT)
• bidirectional quantum teleportation (BQT)
• bidirectional quantum controlled  teleportation (BQCT)
• multiparty-controlled teleportation (MCT)
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Bidirectional Quantum Teleportation 
(BQT)
• In a BQT scheme, Bob can teleport a quantum state to Alice, 

and then Alice applies a unitary operator U on that and 
teleports back the state to Bob.
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BobBob AliceAlice



Bidirectional Quantum Teleportation 
(BQT)
• BQT can be used to implement a quantum remote control or a nonlocal 

quantum gate [1,2].
• The bidirectional state teleportation is an essential part of protocol design 

in cryptographic applications such as quantum key distribution (QKD) and 
quantum secret sharing (QSS) [3,4].
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Our proposed protocol

• Goal: Teleportation of arbitrary 2n 
qubits between Alice and Bob 
simultaneously [1]simultaneously [1]
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(Published in Quantum Information Processing Journal in (Published in Quantum Information Processing Journal in 
October October 20192019))

[1] Sadeghi-Zadeh, M.S., Houshmand, M., Aghababa, H. et al. Quantum Inf Process 
(2019) 18: 353. https://doi.org/10.1007/s11128-019-2456-6



Our proposed protocol
• The states of Alice’s and Bob’s qubits are given in the following equations:
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WhereWhere

i and j are decimal values of (i1, . . . , in)2 and ( j1, . . . , jn)2



Our proposed protocol

• The quantum channel of the proposed 
protocol is given in the following equation:
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Our proposed protocol
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Architecture of the proposed Architecture of the proposed 44nn--channelchannel



Our proposed protocol

• Alice (Bob) receives the qubits a1 . . . a2n(b1 . . . 
b2n) from |G>.

• The state of the whole 6n-qubit quantum 
system is given in the following equation:system is given in the following equation:
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Our proposed protocol

• The proposed protocol in five steps:
StepStep 11:: AliceAlice (Bob)(Bob) performsperforms CNOTCNOT operatorsoperators wherewhere AA11AA22 .. .. .. AAnn(B(B11BB22 .. .. .. BBnn)) areare
thethe controlcontrol qubitsqubits andand aa11aa22 .. .. .. aann(b(b11bb22 .. .. .. bbnn)) areare thethe targettarget qubitsqubits,, respectivelyrespectively..
TheThe statestate ofof thethe wholewhole systemsystem afterafter performingperforming CNOTCNOT operatorsoperators isis givengiven asas followsfollows::
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Our proposed protocol
Step 2: In this step, Alice and Bob measure Step 2: In this step, Alice and Bob measure qubitsqubits aa11aa22 . . . a. . . ann and band b11bb22 . . . . . . bbnn in Z in Z basis, basis, 
respectively. The results of this step are shown in Table 1.respectively. The results of this step are shown in Table 1.
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Our proposed protocol
Step Step 33: Alice and Bob apply X and I operators as shown in the fourth and fifth columns: Alice and Bob apply X and I operators as shown in the fourth and fifth columns
of Table of Table 11, respectively. All states result in the following equation:, respectively. All states result in the following equation:
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Our proposed protocol
Step Step 44: Alice and Bob perform X: Alice and Bob perform X--basis measurement on Abasis measurement on A11 AA22 . . . A. . . Ann and Band B11BB22 . . . . . . BBnn,,
respectively. The measurement results and the corresponding states after the respectively. The measurement results and the corresponding states after the 
measurements are shown in Table measurements are shown in Table 22..
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Our proposed protocol
StepStep 55:: TheThe lastlast stepstep ofof thethe proposedproposed methodmethod focusesfocuses onon correctingcorrecting thethe collapsedcollapsed
statesstates byby applyingapplying ZZ operatorsoperators asas detaileddetailed inin TableTable 22.. AfterAfter applyingapplying thethe mentionedmentioned
ZZ operators,operators, thethe statestate ofof wholewhole systemsystem isis asas followsfollows::
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Our proposed protocol

• Alice’s and Bob’s final states are shown in the 
following equations:
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Our proposed protocol
Architecture of the proposed protocol on Alice’s sideArchitecture of the proposed protocol on Alice’s side
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Noise Analysis
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All parts which can be affected by noise in our quantum teleportation systemAll parts which can be affected by noise in our quantum teleportation system



Noise Analysis

• In case N1, our unknown input state loses its
coherence before it is teleported

• In case N2, the entangled qubits make quantum
channel noisy while being shared and kept bychannel noisy while being shared and kept by
Alice and Bob

• In cases N3, N4 and N5, when Alice and Bob
perform the operations, the impact of noise may
become notable
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Noise Analysis

• In this section, we investigate the effect of 
noise on input qubits (N1) and channel qubits
(N2), for some small case n = 1 and n = 2, 
considering the evolution of a noisy system considering the evolution of a noisy system 
through a Markov evolution model
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Noise Analysis
• In our open quantum system after tracing out the environment degree of freedom, 

the dynamics of the density matrix of all our input and channel qubits can be 
described by a master equation in the Lindblad form [1],[2],[3]
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[1] Sangchul, O., Lee, S., Lee, H.: Fidelity of quantum teleportation through 
noisy channels. Phys. Rev.A 66(2), 022316 (2002)
[2] Lindblad, G.: On the generators of quantum dynamical semigroups. 
Commun. Math. Phys. 48(2), 119–130 (1976)
[3] Lidar, D.A., Chuang, I.L.,Whaley, K.B.: Decoherence-free subspaces for 
quantum computation. Phys.Rev. Lett. 81(12), 2594 (1998)



Noise Analysis

Lindblad operator acts on the ith qubits and 
describes the decoherence

stands for Pauli operations
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the strength of the 
decoherence rates

the decoherence
time (appriximately)

Hamiltonian of
a qubit system



Noise Analysis

In solid-state qubits, various types of couplings between qubits i and j are possible

WhereWhere &&
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In solid-state qubits, various types of couplings between qubits i and j are possible
such as XY coupling given here

The various quantum gates in our quantum teleportation system which exists in N3, 
N4 and N5 noisy channel could be implemented by a sequence of pulses, i.e., by 
turning on and off B(i) (t) and Jij(t) [1],[2]

[1] Sangchul, O., Lee, S., Lee, H.: Fidelity of quantum teleportation through noisy 
channels. Phys. Rev.A 66(2), 022316 (2002)
[2] Makhlin, Y., Schön, G., Shnirman, A.: Quantum-state engineering with Josephson 
junction devices. Rev. Mod. Phys. 73, 357 (2001)



Noise Analysis

It is very useful to describe our quantum teleportation system in terms 
of density operators.

Hence, we can describe our teleportation system as follows:Hence, we can describe our teleportation system as follows:
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wherewhere

partial trace over every qubits except (an+1 . . . a2n)

The unitary operator which is implemented by our teleportation circuit



Noise Analysis
So, for investigating the noise effect on each channel N1 or N2 with density matrix ρ, we
analytically solve Lindblad equation for ρ and obtain the noisy density matrix ε(ρ) which is a
function of the state of our considered channel, κ, t

our noisy teleported qubits can be calculated as ε(ρout)
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we can quantify the properties of our quantum teleportation through noisy channels by 
computing fidelity between ρ and ε(ρout) which measures the overlap between these two 
states as follows:

κt = 0 noise has not affected the system Fidelity=1



Noise Analysis

In order to measure the noise on input (N1) and teleportation channel qubits (N2),
we should consider the value of Hamiltonian for t = 0. In this case, the value of Hs is zero

n=n=11 An arbitrary state can be represented as a vector in a Bloch sphere:
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where where θ is the polar and φ is the θ is the polar and φ is the azimuthalazimuthal angleangle

The density matrix of the input qubits and that of the teleportation channel qubits are 
defined, respectively, as follows:



Noise Analysis
By solving the Lindblad equation for the noise of type Z and X and for ρin, and
ρen, the values of ε(ρin), and ε(ρen) are, respectively, calculated.

Additionally, for case n = 1, the average of the fidelity can be calculated as follows:
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Noise Analysis
Fidelity of Z noise on input qubits (N1) is as follows:
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Fidelity of Z noise. Minimum of a is 0.68, and minimum of b is 0.52. Maximum for both case is 1. On 
input qubits (N1): a κt = 0.5, b κt = 1.5. On channel qubits (N2): a κt = 0.25, b κt = 0.75



Noise Analysis
Fidelity of X noise on input qubits (N1) is as follows:
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Fidelity of X noise. Minimum of a is 0.68 and minimum of b is 0.52. Maximum for both cases is 1. On 
input qubits (N1): a κt = 0.5, b κt = 1.5. On channel qubits (N2): a κt = 0.25, b κt = 0.75



Noise Analysis
As we previously explained, the average fidelity for Z noise and X noise are equal [1].

4/28/2022 Quantum Computation-
Hossein Aghababa- University of Tehran 31
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Average fidelity. a n = 1, for input qubits (N1). b n = 1, for channel qubits (N2). c n = 2, for 
input qubits (N1). d n = 2, for channel qubits (N2)



Comparison
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