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Abstract: We propose a novel scheme to probabilistically transmit an arbitraryunknown two-qubit 
quantum state with the help of two partially entangled states. In this scheme, theteleportation with 
one sender and two receives can be realized when theinformation of non-maximally entangled 
states is only available for thesender. The original state would been teleported on the particles of the 
two senders. Furthermore, the concrete implementation processes of this proposal are presented, 
meanwhile the classical communication cost and thesuccessful probability of our scheme are 
calculated. 

Introduction 
 Quantum transmission is presented by C.H. Bennett et al in 1993 [1]. Based on the quantum 
entanglement and measurement properties, the quantum mechanics, the specific nature of the 
collapse of contact transmission can be used in the case of not to send any quantum information, 
one can use the local operation and classical communication to realize the transmission of an 
unknown quantum state when the senders and receivers do not have any information about the 
quantum state. With the development of quantum teleportation, people gradually realize that 
quantum teleportation plays an important role in the field of quantum information, and lots of 
fruitful theoretical and experimental research results have been received[2-6]. W.L. Li et al 
presented how to probabilistically teleport an arbitrary unknown two-qubit quantum state via 
partially entangled states [7]. H.Y. Dai presented Probabilistic Teleportation based on two W states 
[8] or the combination of a GHZ state and a W state [9], in which a quantum state can be 
transmitted from the sender to one of two receivers. In 2004, the U.S. National Institute of 
Standards and Technology D. Winland et al explored how to implement quantum teleportation 
based on atomic entangled state. In 2007, the group of the European Space Agency and the 
university of Vienna performed successfully the teleportation of a single photon. Although lots of 
progresses of quantum teleportation in the aspect of theory research and physical experiment has 
been made, but there are still many open issues worthy of further research.  
 In the early stage for the teleportation of two particles, the receivers not only are required to 
introduce some auxiliary particles to carry on the corresponding unitary operation, but also need to 
master the relevant information of quantum entanglement. Obviously, in the case of that 
entanglement information are only useful for the sender, the former methods could not be achieved. 
This paper puts forward a new protocol of quantum teleportation for two particles to overcome the 
shortcomings, namely, the teleportation can be realized when only the sender has entangled 
information. The quantum entanglement channel is composed of two non-maximally entangled 
states, the communication nodes contains a sender and two receivers. After the successful 
completion of the teleportation, two receivers have the whole information of the transmitted state. 
At the same time, this paper gives the implementation steps of this protocol, and calculate the 
successful probability and the classical information cost for this novel scheme. The above work has 
a promoting effect to expand the research of quantum teleportation.  
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The teleportation when the sender has quantum channel 
 This section would present how to realize the teleportation when only the sender has the 
information of entangled state. Suppose that the transmitted two-particle state can be expressed as:  

                  (1) 
here the complex numbers , ,  and satisfy the normalization formula 

. Quantum channel is composed of two non-maximally two-particle 
entangled states:  

                          (2) 
                          (3) 

where non-zero real numbers , and the complex ones d  respectively satisfy  
and  Moreover, the inequalities  and  are satisfied. 
Particle 3 and 5 belong to the sender Alice, the receivers Bob and Charlie have particle 4 and 6, 
respectively. The implementation process of this proposal can be divided into four steps:  
 Step 1  Since quantum channel is composed of two non-maximally entangled states, some 
auxiliary particles need to be introduced in the implementation process. In this article, the sender 
Alice introduces two particle m and n with the initial state . Hence, the overall state of 
particle system can be presented as:  

                   (4) 
 Step 2  For particles (1, m) and (2, n)， the sender Alice performs unitary 
operations and ： 

                 (5) 

After that , the state of particle system would be rewritten as： 

 

 

 

 

 

 
        (6) 

Here  and . The probability factors  
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are expressed as: 

                    (7) 

Step 3 The sender Alice measures the states of auxiliary particles m and n, and the states of 
particles (1, 3) and (2, 5) using Bell measurements . Then, the sender Alice will measure 
results through the classical channel to inform the receivers Bob and Charlie of the measurement 
results via classical channel.  

Table 1 the measurement results and the corresponding forms of unitary transformation 

the measurement results 
Probabilities   m and n 1 and 3 2 and 5 
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Fig. 1  This implementation process of this protocol 

Step 4 For the teleportation of the state in Eq. (1), based on the results of the sender Alice, the 
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receivers Bob and Charlie performs the corresponding unitary transformation and on their 
particles 4 and 6, respectively. Table 1 shows the measurement results and the corresponding 
specific forms of unitary transformation. Thus the teleportation of two-particles is realized. This 
implementation process of this protocol is shown in Fig. 1.  

The success probability and classic information 
 In the research field of quantum teleportation, the success probability and classic information 
are important parameters. In this section, these two parameters would been analyzed. By Eq. (6), it 
can be seen that the auxiliary particle m is , particles of (3, 4) would collapse to the state , 
thus the entanglement would be disappeare. Similarly, when the auxiliary particle n is , 
particles of (5, 6) would be , and the teleportation could not be realized. So that, if and only if 
the auxiliary particle m and n are , one can achieve the teleportation of two-particles . For 
auxiliary particles m and n under the state , the probability of each component is equal to 

, and the components are 16, thus the total successful probability is equal to:  
                         (8) 

When , the overall probability is equal to one, thus one can achieve the 
teleportation of two-particles with probability one. On the other hand, in the scheme of quantum 
teleportation, the classical information cost can be expressed as follows:  

  bit(s)    (9) 

When the quantum entanglement channel is formed by the maximum entangled state, namely, 
, one need 4 bits classical information to achieve the teleportation of an 

arbitrary two-particle state. This result is consistent with the results of References [4, 9].  

Conclusion 
 This paper presents a novel proposal to realize the probabilistic teleportation of two-particle 
states. Quantum channel is composed of two partially entangled states. By using this scheme, one 
can perform the teleportation under the condition that only the sender has the information of 
non-maximally entangled states. After the successful completion of the teleportation, the two 
receivers jointly own the original two-particle quantum state. At the same time, the concrete 
implementation processes of this proposal are given in detail, meanwhile the classical 
communication cost and the successful probability of our scheme are calculated. The above work 
for quantum teleporation research has reference value.  
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