Fig. 1. Quantum light sources for the GBS. (A) An illustration of the experimental setup for generating
squeezed states. A custom-designed laser system consisting of a Mira 900, a pulse shaper, and a RegA
9000 is used to generate the pump laser, which was spectrally and spatially shaped to reach transform limit
(figs. S1and S2). The pulsed laser is split into 13 paths (figs. S3 and S4) and focused onto 25 PPKTP crystals.
Each crystal is placed on a thermoelectric cooler (TEC) for wavelength tuning. The down-converted photons
are separated from the pumping laser by a dichromic mirror (DM), the time walk between different
polarizations are compensated by a KTP crystal. (B) Wigner functions of all the 25 sources. The squeezing
parameter r and phase of each source is presented as (r, ) in each panel. (C) The measured joint
spectrum of the photon pairs indicates that the two photons are frequency uncorrelated. (D) The purity of
the 25 photon sources. The measured average purity is 0.938, obtained by unheralded second-order
correlation measurement. (E) The measured collection efficiencies with an average of 0.628.
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Fig. 2. Phase-locking from the photon sources to the interferometer. (A) Schematic diagram of the
active phase-locking system. A pump laser beam is used as a reference for all the squeezed states. After
propagating through a ~2-m free space and 20-m optical fiber, a ~10 pW pump laser which shares the
same propagation path as the down-converted photons is separated by a dichromatic mirror, which are
then combined on a beam splitter with the reference laser pulse. A balanced detection scheme, which is
insensitive to laser power fluctuation, is used to read out the phase information. To overcome the path
length fluctuates, we wind 5-m-length optical fiber around a piezoelectric cylinder which has a sensitivity
of 1.5 rad/V, a resonance frequency of 18.3 KHz and a dynamical range of 300 rad. (B) Phase stability
tests. The upper (bottom) panel is a typical monitoring of phase fluctuation of active (passive) phase
locking over 3.5 hours. The measured standard deviation of the phase is as small as 0.02 rad (A/150)
(0.017 rad (./180)). (C) We apply passive phase stabilization to the interferometer by adhering the
devices onto an ultralow-expansion glass plate which is temperature stabilized within 0.02°C. The blue
light paths are for the interference of the 25 pumping lasers with the reference laser. The red light paths
are the input and output of the photonic network. (D) A typical phase stability measurement of the whole
system in one hour. (E) The diagram of the measured 5000 amplitudes of the matrix. (F) The diagram of
the measured 5000 phases of the matrix.
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Fig. 3. Experimental validation of the GBS. (A) Experimental (red) and theoretical (blue) two-photon distribution with
three TMSSs input. (B) Summary of statistical fidelity and total variation distance of two-photon distribution for 23
different input sets. (C) The output photon number distribution with all 25 TMSSs in. The average detected photon
number is 43, while the maximal detected photon number is 76. (D) Summary of the output state-space dimension. (E)
The photon-number distributions of the experimental result (red), from thermal state (blue) and distinguishable SMSS
(purple), respectively. The deviations of the line shape and peak positions indicate that our experiment is far from these
two hypotheses. (F) Two-photon correlation statistics for all 2-mode combinations. The statistic of the experimental
results (red) highly overlap with the theoretical predictions (orange), and deviate significantly from the thermal state
hypothesis (blue) and the distinguishable SMSS hypothesis (purple). (G) Validation against thermal-state hypothesis
with detected photon number ranging from 26 to 30. (H) Validation against uniform distribution.
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Fig. 4. Classical computational cost. The estimated time cost on Sunway TaihuLight supercomputer.
The error bar is calculated from Poissonian counting statistics of the raw detected events.
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