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1. The quality of high-dimensional OAM entanglement
[image: ]
Fig. S1. Experimentally reconstructed density matrices for 5-D OAM entangled states. (a1) and (a2): Real and imaginary parts of the density matrix in the LG mode basis, respectively. (b1) and (b2): Real and imaginary parts in the perfect vortex basis, respectively.



[bookmark: _Hlk102673783]We employ the generalized Gell-Mann matrix basis1 to reconstruct the density matrices and use the fidelity2, , to quantify the quality of entanglement, where  and  represent the density matrices of the experimentally reconstructed density matrix and the theoretical ones, respectively. For comparison, we first conduct the quantum tomography of the OAM entanglement in the basis of the standard LG modes, and we present the reconstructed density matrices in Fig. S1(a1-a2). We can see that the measured fidelities are only 86.6% and 78.9% for 3-dimensional and 5-dimensional cases, respectively. In contrast, after adopting the perfect vortices as the new OAM basis, we can see from the measured density matrices in Fig. S1(b1-b2) that the fidelities can be improved to 96.7% and 89.5% for 3-dimensional and 5-dimensional OAM entanglement, significantly surpassing the bounds of 2/3 and 4/5 for 2-dimensional and 4-dimensional entanglement, respectively. Thus we can verify that our generated two-photon states are genuinely entangled in the 3-dimensional and 5-dimensional OAM subspaces, respectively, both of which are fairly suitable for quantum teleportation experiment. 
2. Error Budget


[bookmark: _Hlk102766431][bookmark: _Hlk102487731][bookmark: _Hlk102487749][bookmark: MTBlankEqn]The main sources of error mainly arise from two-folds: the prepared states (e.g., entangled states and the to-be transferred states) and the imperfect spatio-temporal overlap of coherent beam a and photon b at BBO2. Regarding the quality of our prepared OAM high-dimensional entangled state, we have measured the density matrices for both the bases of standard LG modes and perfect vortices, respectively, as were shown in Fig. S1. Then we have the fidelities of 96.7% and 89.5% for 3-dimensional and 5-dimensional OAM entangled states, which means that the influences of source entanglement on the teleportation-based OAM state transfer are roughly ~ 3% (3d) and ~ 10% (5d), respectively. Regarding the quality of the to-be transferred states, we prepare several perfect vortices from  to  with the holographic gratings of SLM, and we present in Fig. S2 the measured crosstalk matrix. We estimate that the purity of prepared states can reach ~ 97.11%, which means that the effect of the imperfect to-be transferred states is ~ 3%.
[bookmark: _Hlk102487665][image: ]


Fig. S2. Crosstalk matrix for the prepared perfect vortices from  to .




[bookmark: _Hlk102487829][bookmark: _Hlk102487902]Regarding the spatio-temporal overlap of coherent beam a and photon b at BBO2, we first adjust the transverse spatial displacement between coherent beam a (e.g., with OAM ) and photon b ().  Because of OAM conservation, the SFG photon will carry zero OAM . Then we measure this OAM fidelity of SFG photon, as shown in Fig. S3(a), which reveals that it is very sensitive to the spatial displacement. In our experiment, we can use the pixel size of SLM (~) to approximate the minimum displacement, and the effect of imperfect spatial overlap is estimated ~ 2%. We then tune the temporal overlap of coherent beam a and photon b by accurately adjusting the position of right-angle prism (RAP) to introduce different optical path delays. We can see from Fig. S3(b) that the temporal overlap mainly affects the SFG photon counts. While we note that it has no influence on the transfer fidelity.
[bookmark: _Hlk102487856][image: ]
Fig. S3. (a) The fidelity of SFG photons vs. different transverse displacements. (b) The counts of SFG photons vs. different optical path differences.
3. Perfect vortices
[image: ]

Fig. S4. (a1-a5) Holographic gratings for preparing perfect vortices with to +2, respectively. (c1-c5) Experimental observation of doughnut-like intensity patterns for these perfect vortices.
For making perfect vortices, we need to modulate the standard LG modes to let them bear the same radial intensity profile regardless of carrying different OAM numbers. From the holographic gratings of Fig. S4(a1-a5) and the experimental results of Fig. S4(b1-b5), we can see that these modified OAM modes have shared almost the same intensity profile regardless of carrying different OAM numbers, i.e., the perfect vortices.
4. Theoretical fidelity of teleportation-based quantum image transport














[bookmark: _Hlk101455650][bookmark: _Hlk101456551]As mentioned in the main text, any optical image can be equivalently represented by a high-dimensional vector state as, . For teleportation-based quantum image transport, Alice and Bob further explore the full transverse spatial entanglement, which can be written as3, , where  denotes two-photon mode amplitude. Similarly, Alice mixes coherent beam a and photon b in the BBO2 crystal to conduct SFG. Then, conditional on the HDBSM result , we know that photon c is just collapsed onto , where  denotes the SFG efficiency. It is well known that  and are generally determined by the relative beam waists of the pump and the SFG to the down-converted modes3-5, i.e.,  and . We plot Fig. S5 to illustrate how these two parameters affect the transport fidelity. It can be seen clearly that for sufficiently large beam waists of the pump and the SFG (e.g.,  and ), both  and  can then be well approximated by a constant.
[image: ]


Fig. S5. Theoretical fidelity for teleportation-based quantum image transport vs.  and  for: (a) Three-leaf Clover and (b) Four-leaf Clover.
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