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Quantum teleportation provides a ‘disembodied’ way to transfer quantum states from one object 

to another at a distant location, assisted by previously shared entangled states and a classical 

communication channel. As well as being of fundamental interest, teleportation has been recognized 

as an important element in long-distance quantum communication, distributed quantum networks and 

measurement based quantum computation. There have been numerous demonstrations of teleportation 

in different physical systems such as photons atoms, ions, electrons and superconducting circuits. 

 All the previous experiments were limited to the teleportation of one degree of freedom only. 

Here on a 6-photon 11-qubit hyper-entanglement experimental platform, exploiting quantum 

non-demolition measurement, we experimentally accomplished the first quantum teleportation of the 

composite quantum states of a single photon encoded in both spin and orbital angular momentum [1]. 

Figure 1 |  Scheme for quantum 

teleportation of the spin-orbit composite 

states of a single photon. a, Alice wishes to 

teleport to Bob the quantum state of a single 

photon 1 which possess multiple DOFs. The 

quantum state of the photon 1 is encoded in 

both its SAM and OAM. To do so, Alice and 

Bob need to share a hyper-entangled photon 

pair 2-3. Alice then carries out an h-BSM 

assisted by a quantum non-demolition (QND) 

measurement and tell the results as a 4-bit 

classical information to Bob. On receiving 

Alice’s h-BSM result, Bob apply appropriate 

Pauli operations on photon 3 to convert it 

into the original state of photon 1.  b, 

Teleportation-based QND measurement with 

an ancillary entangled photon pair. An 

incoming photon can cause a coincidence 

detection after the BS, which heralds its 

presence and meanwhile intactly teleports its  

state to a free-flying photon. In the case of no 

incoming photon, the coincidence after the 

BS cannot happen, thus knowing its absence. 
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