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            Quantum teleportation with independent sources and prior entanglement distribution over a network Qi-Chao Sun 1,2,3 , Ya-Li Mao 1,2 , Si-Jing Chen 4 , Wei Zhang 5 , Yang-Fan Jiang 1,2 , Yan-Bao Zhang 6 , Wei-Jun Zhang 4 , Shigehito Miki 7 , Taro Yamashita 7 , Hirotaka Terai 7 , Xiao Jiang 1,2 , Teng-Yun Chen 1,2 , Li-Xing You 4 , Xian-Feng Chen 3 , Zhen Wang 4 , Jing-Yun Fan 1,2 , Qiang Zhang 1,2 * and Jian-Wei Pan 1,2 * Quantum teleportation 1 faithfully transfers a quantum state between distant nodes in a network, which enables revolution- ary information-processing applications 2–4 . This has motivated a tremendous amount of research activity 5–24 . However, in the past not a single quantum-teleportation experiment has been realized with independent quantum sources, entanglement distribution prior to the Bell-state measurement (BSM) and feedforward operation simultaneously, even in the laboratory environment. We take the challenge and report the construc- tion of a 30 km optical-ﬁbre-based quantum network distribu- ted over a 12.5 km area. This network is robust against noise in the real world with active stabilization strategies, which allows us to realize quantum teleportation with all the ingredients sim- ultaneously. Both the quantum-state and process-tomography measurements and an independent statistical hypothesis test conﬁrm the quantum nature of the quantum teleportation over this network. Our experiment marks a critical step towards the realization of a global ‘quantum internet’ in the real world. Quantum entanglement is at the heart of quantum mechanics. Bennett et al. found that quantum entanglement is the key to realize the dream of teleportation 1 . Quantum teleportation faithfully transfers the quantum state of a physical system, instead of the system itself, between distant nodes, which underlies the proposals of distributed quantum computing 2,25 and quantum-communication networks 3,4 . Figure 1 depicts a future quantum network. The central node hosts a quantum processor. It shares entanglement with many relay nodes, which constitute a star-topology structure. The end user accesses the central quantum processor by teleporting the quantum state to the central node via the nearby relay node. The relay nodes perform an entanglement distribution and BSM, and feedforward the measurement outcomes to the central processor. The structure may be replicated to form a larger network. The quantum network with distant nodes demands that each node has an independent quantum source. Therefore, a critical step in the roadmap towards realizing a global quantum network is to implement independent quantum sources, prior entanglement dis- tribution 16,24 and active feedforward operation 18 simultaneously in a single experimental realization of quantum teleportation in the real world. This remains an experimental challenge because it requires the interference of independent photons as ﬂying qubits from distant nodes in a quantum network with a high and stable quantum-interference visibility. To do that, one can eliminate the spectral and spatial distinguishability by applying spectral and spatial ﬁltering. However, the real challenge is that the ﬂuctuation of the effective length of the quantum channel 13 in the real world makes independent photons distinguishable at interference, which was not a concern in previous experiments that were performed locally in a stable laboratory environment 26,27 . To overcome the challenge, we developed a number of experimental techniques to stabilize the quantum channel; in particular, we use the error signal derived from the photon arrival time in the feedback loop to reduce the overall time jitter between independent photons of distant nodes to 6 ps, which is insigniﬁcant compared with the 110 ps coherence time of photons. As such, the quantum inter- ference between independent photons from distant nodes in our system is robust for all degrees of freedom and our experiment runs continuously with high state ﬁdelity for weeks without maintenance. Quantum processor Relay EPR BSM User Relay Relay Relay EPR EPR EPR Figure 1 | Schematics of a quantum network with a star-topology structure. The central node hosts a quantum processor and shares entanglement with the relay nodes. The end users access the central quantum processor by teleporting the quantum states to the central node via the relay nodes. The relay nodes perform a BSM, and feedforward the measurement outcomes to the central processor. 1 National Laboratory for Physical Sciences at Microscale and Department of Modern Physics, Shanghai Branch, University of Science and Technology of China, Shanghai 201315, China. 2 CAS Center for Excellence and Synergetic Innovation Center in Quantum Information and Quantum Physics, Shanghai Branch, University of Science and Technology of China, Shanghai 201315, China. 3 Department of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200240, China. 4 State Key Laboratory of Functional Materials for Informatics, Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences, Shanghai 200050, China. 5 Tsinghua National Laboratory for Information Science and Technology, Department of Electronic Engineering, Tsinghua University, Beijing 100084, China. 6 Institute for Quantum Computing and Department of Physics and Astronomy, University of Waterloo, Waterloo, Ontario N2L 3G1, Canada. 7 Advanced ICT Research Institute, National Institute of Information and Communications Technology, 588-2, Iwaoka, Nishi-ku, Kobe, Hyogo 651-2492, Japan. *e-mail: [email protected]; [email protected] LETTERS PUBLISHED ONLINE: 19 SEPTEMBER 2016 | DOI: 10.1038/NPHOTON.2016.179 NATURE PHOTONICS | VOL 10 | OCTOBER 2016 | www.nature.com/naturephotonics 671 © 2016 Macmillan Publishers Limited, part of Springer Nature. All rights reserved. 
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Quantum teleportation with independent sourcesand prior entanglement distribution over a networkQi-Chao Sun1,2,3, Ya-Li Mao1,2, Si-Jing Chen4, Wei Zhang5, Yang-Fan Jiang1,2, Yan-Bao Zhang6,Wei-Jun Zhang4, Shigehito Miki7, Taro Yamashita7, Hirotaka Terai7, Xiao Jiang1,2, Teng-Yun Chen1,2,Li-Xing You4, Xian-Feng Chen3, Zhen Wang4, Jing-Yun Fan1,2, Qiang Zhang1,2* and Jian-Wei Pan1,2*
 Quantum teleportation1 faithfully transfers a quantum statebetween distant nodes in a network, which enables revolution-ary information-processing applications2–4. This has motivateda tremendous amount of research activity5–24. However, in thepast not a single quantum-teleportation experiment has beenrealized with independent quantum sources, entanglementdistribution prior to the Bell-state measurement (BSM) andfeedforward operation simultaneously, even in the laboratoryenvironment. We take the challenge and report the construc-tion of a 30 km optical-fibre-based quantum network distribu-ted over a 12.5 km area. This network is robust against noise inthe real world with active stabilization strategies, which allowsus to realize quantum teleportation with all the ingredients sim-ultaneously. Both the quantum-state and process-tomographymeasurements and an independent statistical hypothesis testconfirm the quantum nature of the quantum teleportationover this network. Our experiment marks a critical steptowards the realization of a global ‘quantum internet’ in thereal world.
 Quantum entanglement is at the heart of quantum mechanics.Bennett et al. found that quantum entanglement is the key to realizethe dream of teleportation1. Quantum teleportation faithfully transfersthe quantum state of a physical system, instead of the system itself,between distant nodes, which underlies the proposals of distributedquantum computing2,25 and quantum-communication networks3,4.
 Figure 1 depicts a future quantum network. The central nodehosts a quantum processor. It shares entanglement with manyrelay nodes, which constitute a star-topology structure. The enduser accesses the central quantum processor by teleporting thequantum state to the central node via the nearby relay node. Therelay nodes perform an entanglement distribution and BSM, andfeedforward the measurement outcomes to the central processor.The structure may be replicated to form a larger network. Thequantum network with distant nodes demands that each node hasan independent quantum source. Therefore, a critical step inthe roadmap towards realizing a global quantum network is toimplement independent quantum sources, prior entanglement dis-tribution16,24 and active feedforward operation18 simultaneously in asingle experimental realization of quantum teleportation in the realworld. This remains an experimental challenge because it requiresthe interference of independent photons as flying qubits from
 distant nodes in a quantum network with a high and stablequantum-interference visibility. To do that, one can eliminate thespectral and spatial distinguishability by applying spectral andspatial filtering. However, the real challenge is that the fluctuationof the effective length of the quantum channel13 in the real worldmakes independent photons distinguishable at interference, whichwas not a concern in previous experiments that were performedlocally in a stable laboratory environment26,27. To overcome thechallenge, we developed a number of experimental techniques tostabilize the quantum channel; in particular, we use the errorsignal derived from the photon arrival time in the feedback loopto reduce the overall time jitter between independent photons ofdistant nodes to 6 ps, which is insignificant compared with the110 ps coherence time of photons. As such, the quantum inter-ference between independent photons from distant nodes in oursystem is robust for all degrees of freedom and our experiment runscontinuously with high state fidelity for weeks without maintenance.
 Quantum processor
 Relay
 EPR
 BSMUser
 Relay
 Relay
 Relay
 EPR
 EPR EPR
 Figure 1 | Schematics of a quantum network with a star-topologystructure. The central node hosts a quantum processor and sharesentanglement with the relay nodes. The end users access the centralquantum processor by teleporting the quantum states to the central nodevia the relay nodes. The relay nodes perform a BSM, and feedforward themeasurement outcomes to the central processor.
 1National Laboratory for Physical Sciences at Microscale and Department of Modern Physics, Shanghai Branch, University of Science and Technology ofChina, Shanghai 201315, China. 2CAS Center for Excellence and Synergetic Innovation Center in Quantum Information and Quantum Physics, ShanghaiBranch, University of Science and Technology of China, Shanghai 201315, China. 3Department of Physics and Astronomy, Shanghai Jiao Tong University,Shanghai 200240, China. 4State Key Laboratory of Functional Materials for Informatics, Shanghai Institute of Microsystem and Information Technology,Chinese Academy of Sciences, Shanghai 200050, China. 5Tsinghua National Laboratory for Information Science and Technology, Department of ElectronicEngineering, Tsinghua University, Beijing 100084, China. 6Institute for Quantum Computing and Department of Physics and Astronomy, University ofWaterloo, Waterloo, Ontario N2L 3G1, Canada. 7Advanced ICT Research Institute, National Institute of Information and Communications Technology,588-2, Iwaoka, Nishi-ku, Kobe, Hyogo 651-2492, Japan. *e-mail: [email protected]; [email protected]
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To meet the requirement of prior entanglement distribution, webuffer EPR (Einstein, Podolsky, Rosen) photons in coiled opticalfibre at both the relay node and the central node after entanglementdistribution. This allows us to perform the BSM after the singlephotons arrive at the relay node and to forward the BSM outcomesin real time to the central node to do unitary transformation. Ourquantum-teleportation experiment over a realistic network withindependent quantum sources, prior entanglement distributionand active feedforward operation marks a critical step in theroadmap towards realizing a global quantum network.
 The network is deployed in the city of Hefei, China. As shown inFig. 2a, Charlie (N 31° 51′ 5.42″, E 117° 11′ 55.82″) is the relay, Alice(N 31° 50′ 7.50″, E 117° 15′ 50.56″) is the user and Bob (N 31° 50′11.42″, E 117° 7′ 54.37″) is the central processor. Alice (Bob) is con-nected to Charlie with a 15.7 km (14.7 km) single-mode optical fibrewith a propagation loss of 5 dB (6 dB).
 Figure 2b presents details of our experimental realization. Charlieprepares time-bin entangled pairs28 of signal (s) and idler (i) photonsin the quantum state of |Φ+⟩si = 1/
 ��2
 √(|t0⟩s|t0⟩i + |t1⟩s|t1⟩i) at a
 repetition rate of 100 MHz via four-wave mixing (FWM), where|t0⟩ and |t1⟩ represent the first and second time bin, respectively(Methods). Charlie then sends the idler photon to Bob and holdsthe signal photon by propagating it in a 15 km coiled opticalfibre. Similarly, Bob holds the idler photon after he receives it.The temporary storages allow us to perform a BSM after the entan-glement distribution and implement the feedforward operation inreal time. Alice generates correlated photon pairs similarly. Sheobtains single photons by heralding their idler partners andencodes the input quantum states |ψ⟩in = α|t0⟩in + β|t1⟩in onto thesingle photons. Both the encoded photons and their heraldingsignals (photodetection signal of the idler photons) are sent to Charlie.
 Charlie passes the photons through a fibre Bragg grating (FBG)with a bandwidth of 4 GHz before the BSM, which is muchsmaller than the bandwidth of the pump pulse (8 GHz). After spec-tral filtering, the temporal coherence time of the single-photon pulseis about 110 ps, and the single-photon-state purity is measured to be0.91 ± 0.03 and 0.84 ± 0.02 for photons from Alice and fromCharlie, respectively, which approximate a single eigenmode in
 U
 CF2
 FF and Sync
 15.7 km fibre
 QuantumClassic
 Channels
 HSPSync andheralding
 CF1
 EPR
 N
 14.7 km fibre
 1 km
 a
 b
 Circulator EDFA SNSPD DWDM MZI VDL
 LD PD FBG EOM BS EPC PM
 DSF
 DFB
 CF1
 DSF
 C1C2FF
 FF C1
 CF2
 Alice BobCharlie
 |ψ⟩
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 Alice
 Figure 2 | Quantum teleportation in a Hefei optical fibre network. a, Bird’s-eye view of the experiment. Alice prepares the quantum state, |ψ⟩in, on aheralded single photon (HSP) and sends it to Charlie, who shares an EPR pair with Bob beforehand. Each photon of the EPR pair is stored in a 15 km coiledfibre (CF). Charlie implements a BSM on his photon and the received HSP and then sends the feedforward signal to Bob, who performs a unitary correctionoperation (U) and state analysis. The quantum signals are transmitted in the optical fibre denoted by the solid line, whereas the classical signals are sent inanother optical fibre denoted by the dashed line. b, Experimental set-up. Both Alice and Charlie generate photon pairs through the FWM process in the DSF.The MZIs are used in the state preparation and measurement (Methods). The microwave generator (MG) serves as master clock. To synchronize (Sync) theHSP source and EPR source, Charlie sends a portion of his pulse laser beam to Alice through an optical fibre channel, and Alice detects them by using a45 GHz PD to generate driving pulses for an EOM. The heralding signals are converted into a laser pulses with a laser diode (LD) and transmitted toCharlie through the same optical fibre. Two optical circulators are used to achieve the bi-direction signal transmission. The feedforward signal (FF) andclock signals (C1, 10 MHz clock signal and C2, 200 MHz clock signal) generated by the arbitrary function generator (AFG) are carried by laser pulseswith different wavelengths, which are launched into an optical fibre by a DWDM filter and sent to Bob. After being separated by another DWDM,the feedforward signal and 10 MHz clock are converted into electrical signals and fed to a time-to-digital converter (TDC). The feedforward signal isalso used to trigger a short PG module to generate the driving pulse for the phase modulator (PM) to perform the unitary correction operation.Electronic-controlled polarization controllers (EPC) are used to compensate automatically the polarization drift caused by the optical fibre. Map data: Google.CNES/Astrium. DigitalGlobe.
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the spectral domain. The use of single-mode optical fibre ensuresthe spatial indistinguishability. (FBGs are also used to reduce thebandwidth of idler photons.)
 The long coherence time of the prepared quantum state allows usto synchronize independent quantum sources that are far apart withoff-the-shelf instruments. We keep a master clock at the node ofCharlie and use it to trigger a pulse-pattern generator (PPG). The
 PPG drives the electro-optic modulator (EOM) to carve the continu-ous wave (CW) laser beam periodically into 75 ps pulses, separated by10 ns. These pulses are used to create the EPR pairs for Charlie afteramplification. A fraction of each of these optical pulses is sent toAlice’s side, where it is detected by a 45 GHz photodetector (PD).The photodetection signal is used to trigger the creation of Alice’squantum source. Although the quantum sources and BSM werewithin the same laboratory in previous experiments, in our field testthe single photons need to travel through a fibre from Alice toCharlie, which are separated by 6.5 km in the field. The ambienttemperature can change by more than 10 °C over 24 hours. As aresult, the effective length and polarization property of the fibrechange significantly, which can make the photons from separatesources distinguishable. We feed back the error signal derived fromthe photon-arrival time to the variable delay line (VDL) to controlthe creation of independent quantum sources. By reducing the timejitter between independent photons to 6 ps, we largely suppress thedistinguishability. The change in fibre-polarization property canchange the photon count rate by more than 100% in 70 hours of con-tinuousmeasurement, which is reduced to 3% by using a separate feed-back loop (Supplementary Section 3). It is evident that this method canbe used to synchronize many nodes of a quantum network.
 By using a fibre beamsplitter (BS) tree and four superconductingnanowire single photon detectors (SNSPDs), Charlie is able to dis-criminate the EPR state |Ψ −⟩ deterministically and the EPR state|Ψ +⟩ with 50% success (Methods). We use the field-programmablegate array (FPGA) to execute the feedforward logic based on thephotodetection signals from the SNSPDs and the heraldingsignals from Alice. The FPGA sends a signal to Bob for each success-ful threefold coincidence detection. At Bob’s side, he performs aunitary phase flip operation on the photon only if the signal from
 |t0⟩ |t1⟩ |D⟩ |R⟩0.0
 0.2
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 0.8
 1.0
 Input state
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 No FFFF
 Figure 3 | State fidelities of quantum teleportation with four differentinput states: |t0⟩, |t1⟩, |D⟩ and |R⟩. The observed state fidelities withoutand with active feedforward operation are denoted by the colours cyan andblue, respectively. The error bars represent one standard deviation. All theobserved state fidelities significantly exceed the classical fidelity limit of 2/3,represented by the red horizontal line.
 12
 34
 1
 2
 3
 4
 0.00
 0.25
 0.50
 0.75
 1.00
 a b
 c d
 12
 34
 1
 2
 3
 4
 0.00
 0.25
 0.50
 0.75
 1.00
 12
 34
 1
 2
 3
 4
 0.00
 0.25
 0.50
 0.75
 1.00
 12
 34
 1
 2
 3
 4
 0.00
 0.25
 0.50
 0.75
 1.00
 Re(χ
 )Re
 (χ)
 Im(χ
 )Im
 (χ)
 Figure 4 | Quantum-process tomography of quantum teleportation. a–d, Process matrices for quantum teleportation without (a,b) and with (c,d) activefeedforward operation, respectively.
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the FPGA corresponds to the Bell state |Ψ +⟩ in the BSM. Thus, thefinal state of the photon in Bob’s possession is |ψ⟩fin = −σy|ψ⟩in.Feedback controls are used to optimize unitary transform on thesingle photon.
 To characterize completely the field test of quantum teleporta-tion, we perform quantum-state-tomography measurements23
 on the teleported quantum states. Without the loss of generality,we choose quantum states |t0⟩, |t1⟩, |D⟩ and |R⟩ as input states,where |D⟩ = 1/
 ��2
 √(|t0⟩ + |t1⟩) and |R⟩ = 1/
 ��2
 √(|t0⟩ + i|t1⟩). We
 reconstruct density matrices for teleported quantum states, withwhich we calculate the state fidelities, as shown in Fig. 3. Theaverage quantum-state fidelities are 0.91 ± 0.02 and 0.85 ± 0.02without feedforward operation (when the BSM outcome corre-sponds to the Bell state |Ψ −⟩) and with active feedforward operation(when the BSM outcome corresponds to either Bell state |Ψ −⟩ or|Ψ +⟩), both exceeding the classical limit of 2/3. The observed imper-fections partly arise from multiphoton processes in the FWM andnon-ideal unitary rotations. The lower state fidelity with a feedfor-ward operation is mainly caused by the use of a low-bandwidthpulse generator (PG), which distorts the waveform in realizing thephase flip and will be improved in a future experiment. FollowingNielsen and Chuang2, we perform quantum-process-tomographymeasurements and determine the process matrices, which areshown in Fig. 4. The quantum-process fidelities for quantum tele-portation in our field test are 0.84 ± 0.04 and 0.77 ± 0.03, respect-ively, for without active feedforward operation and for with activefeedforward operation (Methods).
 Lastly, we examine the possibility for any classical process toproduce the results observed in our field test. In a classical tele-portation, Charlie directly measures the input state and informsBob to reconstruct the state accordingly, with a maximum state fide-lity of 2/3. However, because of a finite number of experimentaltrials, the statistical fluctuation may allow the classical teleportationto reach and even exceed the state fidelity observed in our ex-periment. This is quantified by a probability according toHoeffding’s inequality29:
 Probclassical(�Fclassical ≥ �F) ≤ 4/3 − 2/34/3 − �F
 ( )4/3−�F4/3 2/3
 �F
 ( ) �F4/3
 ⎡⎣
 ⎤⎦
 4N
 (1)
 where �F is the state fidelity observed in the experiment and N isthe number of experimental trials for each input quantum state.The above inequality reads as that the probability according toany classical process of predicting an average fidelity �Fclassical noless than the observed average fidelity �F is no more than theright-hand side of equation (1), which in our experiment is1.5 × 10−16 with N = 150 for quantum teleportation withoutactive feedforward or 2.4 × 10−14 with N = 240 for quantumteleportation with active feedforward. With these, we confirmthe quantum nature of teleportation over the 30 km opticalfibre network.
 By applying a variety of feedback mechanisms to suppress thenoise in wavelength, time, spectrum, phase, polarization andpower, we realize a robust quantum-teleportation system in thereal world. Our experiment, along with the two recent field testsof quantum teleportation17,18, may serve as the benchmark torealize quantum teleportation in the real world. The developed tech-nology is immediately applicable to a wide array of quantum infor-mation-processing applications with independent quantum sources.
 During the writing and submission of this manuscript webecame aware of the work by Valivarthi and colleagues30.
 MethodsMethods and any associated references are available in the onlineversion of the paper.
 Received 18 February 2016; accepted 9 August 2016;published online 19 September 2016
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Page 6
                        

MethodsQuantum-state preparation. Charlie first modulates the CW laser beam(λ = 1552.54 nm) emitted by a distributed feedback laser (DFB) into 75 ps pulseswith an EOM at a repetition frequency of 100 MHz. After passing the laser pulsesthrough an unbalanced Mach–Zehnder interferometer (MZI) with a pathdifference of 1 ns, Charlie amplifies the generated sequence of two consecutivepulses with an erbium-doped fibre amplifier (EDFA) and then feeds them into a300 m dispersion shifted fibre (DSF) to generate time-bin entangled photon pairsthrough an FWM process. The DSF is immersed in liquid nitrogen to reducephonon-related single-photon noise. Charlie uses a filter system composed ofcascaded dense wavelength division multiplexing (DWDM) devices to select pairedsignal (1549.36 nm) and idler (1555.73 nm) photons with the pump light attenuatedby 115 dB. The quantum state of the time-bin entangled photon pairs is|Φ+⟩si = 1/
 ��2
 √(|t0⟩s|t0⟩i + |t1⟩s|t1⟩i).
 Alice prepares the input quantum state, |ψ⟩in = 1/��2
 √(|t0⟩in + eiθ|t1⟩in), by
 passing the heralded single photons through an unbalanced MZI with a pathdifference of 1 ns, where the phase θ can be tuned by varying the temperatureof the MZI. She prepares the input states, |t0⟩in(|t1⟩in), by replacing the MZIwith a segment of fibre with an effective delay equal to the short (long) armof the MZI.
 Bell-state discrimination. Charlie performs the BSM using a fibre BS tree and fourSNSPDs (the 40 ns recovery time prohibits SNSPD to detect the photons in twoconsecutive time bins). The two input photons meet at the first BS to form asuperposition of four Bell states. The Bell state |Ψ −⟩ distinguishes itself by having thetwo photons leaving at separate ports of the BS. By passing photons through thesecond BS in the fibre BS tree, we can identify the Bell state |Ψ +⟩ with 50% of successby positioning the first time bin in one clock cycle and the second time bin inthe next clock cycle of the FPGA which is synchronized with the master clockat 200 MHz.
 Quantum-state tomography and process tomography. In a two level system, thedensity matrix can be written as
 ρ =12
 I + σxS1S0
 + σyS2S0
 + σzS3S0
 ( )(2)
 where Si (i = 0, 1, 2, 3) are the four Stokes parameters, which can be obtained as thefollowing using the photon counts n0, n1, nD, nA, nR, and nL of the projection
 measurements on states t0, t1, D, A (|A⟩ = 1/��2
 √(|t0⟩ − |t1⟩), R and L
 (|L⟩ = 1/��2
 √(|t0⟩ − i|t1⟩), respectively.
 S0 = n0 + n1S1 = nD − nAS2 = nR − nLS3 = n0 − n1
 (3)
 We implement the six projection measurements by using an unbalanced MZI with apath difference of 1 ns. After passing through the MZI, the photons can be observedin three consecutive time bins. The arrival times of the feedforward signal and thephotodetection signal from the two SNSPDs are recorded with a TDC forcoincidence measurements (which corresponds to a fourfold coincidence detectionon the two-photon pairs originally created by Alice and Charlie). The detections infirst time bin and the third time bin correspond to projection measurement on thetime basis {|t0⟩, |t1⟩}, whereas that in the second time bin corresponds to projectionmeasurement on the energy basis {1/
 ��2
 √(|t0⟩ + eiθ|t1⟩), 1/
 ��2
 √(|t0⟩ − eiθ|t1⟩)}, where
 the phase θ can be tuned by adjusting the temperature of the MZI. We implementprojection measurements on two non-orthogonal bases {|D⟩, |A⟩} and {|R⟩, |L⟩} bysetting the phase of the MZI as 0 and π/2, respectively23. In each projectionmeasurement on an energy basis, the projection measurement on a time basis isimplemented simultaneously. We reconstruct the density matrices ρ by applyinga maximum likelihood estimation on the raw data. The state fidelities of theteleported quantum states are calculated with the reconstructed density matricesvia relation F = fin⟨ψ|ρ|ψ⟩fin. The uncertainties in state fidelities extracted fromthese density matrices are calculated using a Monte Carlo routine assumingPoissonian errors.
 The process of a quantum-teleportation operation may be examined byquantum-process tomography. The relation between the input quantum state ρ andthe output quantum state ε(ρ) can be described as E(ρ) =∑4
 m,n=1 χmnEmρE†n , where
 Em ∈ {I, σx , σy, σz}. The process matrix χ contains all information about the mappingrelation between the input quantum state and output quantum state. In one qubitcase, the process matrix can be determined using the results of quantum-statetomography for input states t0, t1, D and R (ref. 2). In an ideal case for ourexperiment, the process matrix, χideal , has only one non-zero component, χ33, whichmeans the output quantum state is the input quantum state on a unitary operationσy. The process fidelity is calculated as Fproc = Tr(χidealχ), which should be related tothe average fidelity by �F = (2Fproc + 1)/3.
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