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Sources of entangled multiphotons are not only essential for fundamental tests of quantum 13 

foundations, but are also the cornerstone of a variety of optical quantum technologies today. 14 

Over past three decades, tremendous efforts have been devoted to creating multiphoton 15 

entanglement by multiplexing existing biphoton sources with linear optics and postselections. 16 

Different from all previous protocols, here we report, for the first time, the observation of 17 

continuous-mode time-energy-entangled W-class triphotons with an unprecedented 18 

generation rate directly through the process of spontaneous six-wave mixing (SSWM) in a 19 

four-level triple- atomic vapor cell. Facilitated by electromagnetically induced 20 

transparency and coherence control, our SSWM scheme enables versatile narrowband 21 

triphoton generation with many intriguing properties including long temporal coherence 22 

and controllable waveforms, ideal for implementing long-distance quantum communications, 23 

networking, and information processing by interfacing photons and atoms. Most 24 

importantly, our work paves a way for the development of a reliable and efficient genuine 25 

triphoton source, thus making the research on multiphoton entanglement within easy reach.  26 

Generating entangled multiphoton states1 is pivotal to probe quantum foundations and advance 27 

technological innovations. Comprehensive studies have already shown that multiphoton 28 

entanglement1 enables a plethora of classically impossible phenomena, most of them 29 

incomprehensible with any bipartite system. Unfortunately, we hitherto have at hand only biphoton 30 

sources based upon spontaneous parametric down-conversion (SPDC) or spontaneous four-wave 31 

mixing (SFWM). This has urged tremendous efforts on developing multiphoton sources1-3 over 32 

past thirty years. Among them, the most popular means is to multiplex existing biphoton sources 33 

with linear optics and postselections. This brings us the well-known exemplar of polarization-34 

entangled multiphotons4-8 by constructing imperative interferometric setups. Although 35 

postselection might be acceptable in some protocols, it is generally deleterious for most 36 

applications since the action of observing photons alters and destroys the states. To avoid 37 

postselection, the second path considers cascaded SPDCs/SFWMs9-12 or two SPDCs/SFWMs 38 

followed by one up-conversion13,14. In this way, polarization or time-energy entangled triphotons 39 

were reported by building sophisticated coincidence counting circuits. Despite no needs on 40 

interferometric settings, the attained states are intrinsically non-Gaussian due to unbalanced 41 
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photon numbers between the primary and secondary biphoton process, thereby making these 42 

sources very noisy and inefficient. Alternatively, the third technique15-17 suggests to coherently 43 

mix paired photons with singles attenuated from a cw laser to trigger triphoton events. Akin to the 44 

first method, this solution depends on erasing the photon distinguishability by resorting to the 45 

Hong-Ou-Mandal interference effect18. Though polarization-entangled multiphotons of 46 

inequivalent classes were experimented with postselection, the low success rate and required 47 

interferometric stabilization make this proposal not so practical. As photons are always emitted in 48 

pairs in SPDC/SFWM, this attribute results in the fourth route19-21 to make use of emission of 49 

multiple pairs by appropriately setting input pump powers. Though it seems easy to yield even-50 

number states, yet, dominant biphotons from lower-order perturbation of the parametric process 51 

challenge detecting entangled multiphotons from higher-order perturbations. To have an 52 

acceptable fidelity, like the second way, a complicated detection system plus an interferometric 53 

setup is often inevitable in practice. What’s more, this approach mainly allows to form polarization 54 

entanglement thus far. In spite of these impressive achievements, all foregoing mechanisms are 55 

difficult to offer a reliable and efficient triphoton source for research and applications. Additionally, 56 

so far there is no convincing realization of the entangled triphoton experiment in continuous modes. 57 

Driven by SPDC, one would expect that such photons could be naturally born from third-order 58 

SPDC22,23 by converting one pump photon of higher energy into three daughter photons of low 59 

energy. The idea looks simple and straightforward, but experimentally inaccessible owing to the 60 

lack of such a nonlinear optical material. As a result, developing a reliable triphoton source is still 61 

in its infancy even up to today. 62 

Coherent atomic media24, on the other hand, exhibit a wide range of peculiar properties including 63 

giant nonlinearities, prolonged atomic coherence, strong photon-atom interaction, and slow/fast 64 

light effects. Recently, these exotic properties have been skillfully employed to construct a novel 65 

narrowband biphoton source25-28 basing on SFWM. Specifically, giant nonlinearities promise 66 

efficient parametric conversion, long atomic coherence leads to narrowband wavepackets, and 67 

sharp optical response becomes a formidable knob for shaping photon waveforms and temporal 68 

correlations. Unlike solid state sources, one unique feature pertinent to atomic ensembles arises 69 

from the dual role played by the third-order nonlinear susceptibility (3) in biphoton generation25,29-70 
31. That is, in addition to governing nonlinear conversion strength, the double-resonance structure 71 

in (3) signifies the coexistence of two sets of SFWMs in light quanta radiation. Alternatively, 72 

entangled photons output from these two stochastic but coherent SFWM processes interfere and 73 

give rise to a nontrivial two-photon interference, namely, the damped Rabi oscillations. In general, 74 

their waveforms are entirely patterned by the convolution of a complex phase-mismatch function 75 

and (3). Other than these attributes, the nonclassical correlations shared by paired photons can be 76 

additionally manipulated by exploiting various coherent control techniques including 77 

electromagnetically induced transparency24 (EIT) to reshape optical responses. The interplay 78 

amongst diverse effects also enriches fundamental research and fosters technological innovations, 79 

inaccessible to other existing biphoton sources. Besides, flexible system layouts like backward 80 

detection geometry are more favorable to photon counting detection. Motivated by these 81 
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advantages, here we move one step forward and report the direct generation of continuous-mode 82 

triphotons entangled in time and energy from a hot atomic vapor cell. By utilizing the process of 83 

spontaneous six-wave mixing32,33 (SSWM), we have not only observed the striking three-photon 84 

interference but also witnessed the residual two~photon correlation by tracing one photon out, an 85 

intrinsic virtue of the W class of tripartite entanglement34. By adjusting the system parameters, we 86 

have further achieved waveform-controllable triphoton generation. Together with an 87 

unprecedented production rate, our scheme has substantiated to be the first reliable platform that 88 

leverages multipartite entanglement research to an unparalleled level. 89 

As schematic in Figs. 1A-C, we are interested in yielding narrowband W triphotons from a 7-cm 90 

long 85Rb vapor cell with a four-level triple- atomic configuration at temperature 80C (or 115C). 91 

The detail of the experimental setup is provided in Methods. In the presence of three counter-92 

propagating cw laser beams (one weak pump (𝐸1, 𝜔1, �⃑� 1) and two strong couplings (𝐸2, 𝜔2, �⃑� 2) 93 

and (𝐸3, 𝜔3, �⃑� 3)), backward photon triplets (𝐸𝑆𝑗 , 𝜔𝑆𝑗 , �⃑� 𝑆𝑗 with 𝑗 = 1, 2, 3) are emitted via Doppler-94 

broadened SSWM at an intersection angle of 𝜃 ≈ 4°  to the principle 𝑧 -axis along the phase 95 

matching direction, ∆�⃑� = (�⃑� 𝑆1 + �⃑� 𝑆2 + �⃑� 𝑆3) − (�⃑� 1 + �⃑� 2 + �⃑� 3) = 0. As depicted in Figs. 1B and 96 

C, the three coaxial input lasers were coupled into the center of the 85Rb vapor cell with tunable 97 

frequency detunings ∆𝑗  and powers 𝑃𝑗 ; while the generated photon triplets were accordingly 98 

detected by three single-photon counting modules (SPCM1 – SPCM3) for coincidence counts after 99 

spatial and frequency filtering. Here, to avoid unwanted accidental trigger events induced by 100 

singles and dual biphotons, we placed single-band filters and narrowband etalon Fabry-Perot 101 

cavities in front of SPCMj before detection. We notice that in three-photon joint clicks, the major 102 

source of accidental coincidences stems from double pairs from two different SFWMs 103 

simultaneously present in the detection system (Supplementary Information (SI)). Since these dual 104 

pairs may have similar central frequencies and polarizations as genuine triphoton modes, they 105 

cannot be filtered away simply by polarizers and frequency filters. To exclude such double-pair 106 

false trigger events, in experiment we further introduced an additional SPCMd synchronized with 107 

SPCM3 to serve as the diagnosis detector in conjunction with the rest two, SPCM1 and SPCM2. To 108 

ensure the atomic population to be mainly distributed in the ground level |5𝑆12, 𝐹 = 2⟩ throughout 109 

the measurement, an additional strong optical repumping beam (𝐸𝑜𝑝) was applied to the atomic 110 

transition |5𝑆12, 𝐹 = 3⟩ → |5𝑃12⟩  in alignment with 𝐸2  but without spatial overlap. With these 111 

preparations, we carefully adjust the system parameters, especially 𝑃𝑗 and ∆𝑗 of each input field 𝐸𝑗, 112 

to promote the SSWM occurrence. 113 

Physically, the SSWM process can be understood from the effective interaction Hamiltonian 114 𝐻 = 𝜖0 ∫ 𝑑3𝑟𝜒(5)𝐸1𝐸2𝐸3𝐸𝑆1(−)𝐸𝑆2(−)𝐸𝑆3(−)𝑉 + 𝐻. 𝑐. (𝐻. 𝑐., Hermitian conjugate),  (1) 115 
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with three input (output) beams treated as classical (quantized) fields and 𝑉 being the interaction 116 

volume. In Eq. (1), 𝜒(5) denotes the fifth-order Doppler-broadened nonlinear susceptibility and 117 

governs the nonlinear conversion efficiency. In the Schrödinger picture, after some algebra, the 118 

triphoton state at the two cell surfaces can be derived from first-order perturbation theory by 119 

ignoring the vacuum contribution (SI), and takes the form of 120 |Ψ⟩ ∝ ∭𝑑𝜔𝑆1𝑑𝜔𝑆2𝑑𝜔𝑆3𝜒(5)Φ(∆𝑘𝐿2 ) 𝛿(∆𝜔) |1𝜔𝑆1 , 1𝜔𝑆2 , 1𝜔𝑆3⟩.   (2) 121 

Here, ∆𝜔 = ∑ (𝜔𝑆𝑗 − 𝜔𝑗)3𝑗=1 , 𝐿  is the interaction length, ∆𝑘 = ∆�⃑� ∙ �̂�  is the phase (or 122 

wavenumber) mismatch, the phase-mismatch longitudinal function Φ(𝑥) = sinc(𝑥)𝑒−𝑖𝑥 ascribes 123 

the three-photon natural spectral width arising from their different group velocities. Besides 124 

conditioning the triphoton output rate, the 𝜒(5)-resonance profile also specifies the generation 125 

mechanism along with the photon intrinsic bandwidths. Overall, the state (2) outlines a few 126 

peculiar features yet to be experimentally verified: First, because of its non-factorization, |Ψ⟩ is 127 

entangled in frequency (or time), instead of polarization. Second, characterized by two 128 

independent variables, |Ψ⟩ conforms to the essential characteristics of the tripartite W class, that 129 

is, by tracing one photon away, partial entanglement still exists in the remaining bipartite 130 

subsystem. Third, since the triphoton waveform is defined by the convolution of Φ and 𝜒(5), two 131 

distinct types of Glauber third-order (as well as conditional second-order) temporal correlations 132 

are expected to be manifested in threefold (and conditioned twofold) coincidence counting 133 

measurement. Consequently, two very differing scenarios are expected to be revealed in triphoton 134 

coincidence counting measurement. Last, but not the least, the triplet production rate is linear in 135 

the intensity of each input laser and can be dramatically enhanced by orders of magnitude by 136 

optimizing system parameters. It is worth pointing out that all these striking properties have been 137 

well affirmed in our series of experiments. Of importance, this is the first experimental proof of 138 

the time-energy-entangled triphoton W state discovered a decade ago34 but never realized. 139 

In experiment, we optimized the SSWM phase-matching condition via controlling the frequency 140 

detunings and incident angles of three driving fields so as to effectively collect emitted triphotons. 141 

Upon triggering SPCMj, the temporal correlation was concealed in photon counting histograms 142 

saved in a fast-time acquisition card with 0.0244-ns bin width, where, within in every time window 143 

of 195 ns, the detection of an 𝐸𝑆1-photon triggered the start of a coincidence event that ended with 144 

the detection of subsequent 𝐸𝑆2- and 𝐸𝑆3-photons. In most measurements, we collected the total 145 

trigger events over an hour and then analyzed the corresponding three-photon coincidences from 146 

the histogram in the parameter space (𝜏21, 𝜏31) , where 𝜏21 = 𝜏2 − 𝜏1  and 𝜏31 = 𝜏3 − 𝜏1  are 147 

respectively the relative time delays with 𝜏𝑗 being the triggering time of the SPCMj. 148 

As an exemplar of such, Fig. 2A displays one set of measured threefold coincidence counts from 149 

one recorded histogram after subtracting the accidental noise, giving rise to an intriguing three-150 

dimensional temporal correlation with the 18.6- and 19.0-ns effective measurement time window 151 
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along the 𝜏21- and 𝜏31-axis because of the employed dectors. For the 0.25-ns time-bin width per 152 

detector, integrating all involved time bins yields the total of ~6 × 103 threefold trigger events, 153 

which result in a raw triphoton generation rate of 102 ± 9 per minute without account of the 154 

coupling loss and detection efficiency. This rate is orders of magnitude higher than any previous 155 

one, and can be further improved by applying more efficient SPCMs as well as optimizing the 156 

fiber coupling efficiency. From the raw data, the background accidentals were estimated to be 6 ±157 1 per minute, mainly originating from the residual dual pairs as well as accidental coincidences of 158 

uncorrelated singles and dark counts of the SPCMs. This low background noise implies that the 159 

undesired third-order nonlinear processes were well filtered out in the experiment. On the other 160 

hand, the complicated pattern is a direct consequence of nontrivial W-triphoton interferences due 161 

to the occurrence of multiple coexisting SSWM processes in the regime of damped Rabi 162 

oscillations. As described previously, these processes arise from the multi-resonance structure of 163 𝜒(5). According to our dressed-state calculations (SI), there are four such coexisting channels, as 164 

schematic in Fig. 2B, coherently contributing to the observed quantum interference. To confirm 165 

that the emitted triphoton state belongs to the W class, we then used the acquired data to investigate 166 

the correlation properties of different bipartite subsystems. To do so, we integrated the coincidence 167 

counts by tracing away one photon from every triphoton event over that photon’s arrival time. In 168 

this way, we acquired the conditional two~photon temporal waveforms with 𝜏21  or 𝜏31  as 169 

variables, and plotted them, respectively, in Figs. 2C and D. Interestingly, the conditioned 𝜏3-170 

waveform in Fig. 2D exhibits a damped periodic oscillation with a period of ~6.2 ns (SI); while 171 

the 𝜏21-waveform in Fig. 2C reveals two superimposed damped periodic oscillations with another 172 

1.7-ns period in addition to the 6.2-ns one (SI), an interference effect unusual to any existing 173 

biphoton source. In contrast, the triphoton waveform has flexible temperal widths, for instance, 28 174 

ns along the direction of 𝜏21 + 𝜏31 = 15 ns (Fig. 2E). This contrasting phenomenon also supports 175 

our theoretical picture from alternative aspect, that the observed interference is caused by at least 176 

three sets of coherently coexisting SSWM processes. As demonstrated in SI, our qualitative 177 

analysis gives a good account of the experimental data. 178 

Since the attributes of triphoton waveforms are dependent on the system parameters, this prompts 179 

us to manipulate and control their quantum correlations by means of tuning the input lasers as well 180 

as the atomic density or optical depth (OD). To this end, we carried out a series of experiments to 181 

tailor temporal correlation by shaping their waveforms by varying various parameters. Two sets 182 

of such representative experimental data are presented in Fig. 3. In comparison to Fig. 2A, Fig. 3A 183 

shows the steered waveform by reducing the power and frequency detuning of the input 𝐸2 laser. 184 

As one can see, the profile of the triphoton temporal correlation is dramatically changed in spite 185 

of the reduced generation rate 77.4 ± 7.8  minute-1. Especially, the conditional two~photon 186 

coincidence counts manifest mono-periodic oscillations with the same period of 6.2 ns along both 187 𝜏21 and 𝜏31 directions, as illustrated in Figs. 3B and C. This is because, in this case, the Rabi 188 

frequency of 𝐸2 was tuned to be very close to that of 𝐸3. As a consequence, half of the multiple 189 

resonances associated with the emission of 𝐸𝑆2-photons (Fig. 2B) become degenerate and share 190 
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the same spectrum. Likewise, the triphoton temporal coherence length along the 𝜏21 + 𝜏31 = 29 191 

ns direction is enlarged to 40 ns. On the other hand, triphoton interference can be also modulated 192 

by altering the phase-mismatch longitudinal function Φ in Eq. (2). Akin to the biphoton generation, 193 

the phase mismatch ∆𝑘 in Φ is determined by the linear susceptibility of each mode in SSWM via 194 

the EIT slow-light effect. As showcased in Fig. 3D, by augmenting the OD from 4.6 to 45.7, the 195 

triphoton temporal correlation is considerably modified by the dispersion relation of the atomic 196 

vapor and falls into the group-delay regime. In addition to raising the production rate to 125 ± 11 197 

per minute, the oscillatory curvature is markedly suppressed and replaced by the overall decay 198 

envelopes. This transformation becomes more evident when examining the conditioned 199 

two~photon coincidence counts. By comparing Fig. 3F with Figs. 3B, C and E, one can see that 200 

the enhanced dispersion apparently smears the damped Rabi oscillations along the 𝜏21-direction, 201 

implying that the narrower bandwidths defined by Φ(∆𝑘𝐿2 ) regulate the bandwidths dictated by 202 𝜒(5) to obscure the interference amongst four sets of coexisting SSWM channels. Besides, the 203 

triphoton temporal coherence length along the direction of 𝜏21 + 𝜏31 = 50 ns is also significantly 204 

prolonged up to 70 ns.  205 

To reveal the nonclassicality of the W triphoton state, we continued to examine the violation of 206 

the Cauchy-Schwarz inequality35,36 as well as the fringe visibilities of the observed Rabi 207 

oscillations. By normalizing the threefold coincidence events to the flat background counts along 208 

with the additional auto-correlation measurement of the collected 𝐸𝑆1, 𝐸𝑆2 and 𝐸𝑆3 photons, we 209 

found that the Cauchy-Schwarz inequality is violated by a factor of 250 ± 55 in Fig. 2A, 154 ±210 43 in Fig. 3A, and 79 ± 21 in Fig. 3D. Note that here these values were optimized by filtering 211 

possible biphoton processes in measurement. Additionally, we observed that the fringe visibility 212 

of Fig. 2A can be as high as 90 ± 5%. 213 

In addition to the above experiments, it is also instructive to explore the triphoton production rate 214 

and temporal correlation width as a function of the input pump power for further understanding 215 

the proposed generation mechanism. This has motivated us to implement additional measurements 216 

and the experimental data is presented in Fig. 4. As one can see, indeed, the triphoton generation 217 

rate follows a linear growth in the input power 𝑃2 of the 𝐸2 field. For the temporal coherence 218 

length, we concentrated on the two~photon conditional coincidence counting along the 𝜏21 and 219 𝜏31 directions. From Fig. 4, it is not difficult to find that increasing 𝑃2 results in the reduction of 220 

the correlation time. This stems from the reduced slow-light effect when augmenting 𝑃2. Note that 221 

Figs. 2A, 3A and 3D simply become one individual point in Fig. 4. Overall, our approach enables 222 

all-optical coherent manipulation to create the genuine triphotons with controllable waveforms. 223 

In conclusion, we have for the first time observed the efficient W-triphoton emission directly 224 

through SSWM in a warm atomic vapor with a generation rate of about 125 ± 11 min-1. Moreover, 225 

due to the coexistence of multi-SSWMs, these time-energy-entangled W triphotons have resulted 226 

in various nontrivial three-photon temporal interferences. Furthermore, by manipulating the 227 
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system parameters, the triphoton temporal correlations can be flexibly engineered and tailored and 228 

demonstrate many peculiar characteristics inaccessible to all previous mechanisms. As a reliable 229 

source, it is expected to play a vital role in probing foundations of quantum theory and advancing 230 

various quantum-based technologies in information processing, communications, imaging, 231 

metrology, etc.  232 
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 339 

Fig. 1. Generation of genuine W-triphotons entangled in time-energy directly via SSWM in 340 

a hot atomic vapor. (A) Conceptual schematic of creating a W-triphoton state via the fifth-order 341 

parametric nonlinear process. (B) The 85Rb energy-level diagram of the SSWM process. (C) The 342 

experimental setup. Three coaxial input driving fields 𝐸1 (795 nm), 𝐸2 (780 nm) and 𝐸3 (780 nm) 343 

are coupled into the center of an 85Rb vapor cell heated at 80C (or 115C) to initiate the 344 

simultaneous generation of W-triphotons in 𝐸𝑆1 , 𝐸𝑆2  and 𝐸𝑆3 . An additional optical-pumping 345 

beam 𝐸OP is added to clean up the residual atomic population in the level |2> for preventing the 346 

noise from the Raman scattering. The generated photons are coupled into a data acquisition system 347 

by single-mode fibers and jointly detected by three synchronized single-photon counting modules 348 

(SPCM) with filters (F) and Fabry–Perot cavities (FP) placed in front. To eliminate accidental 349 

coincidences caused by dual biphotons and quadraphotons, an extra detection of the diagnosis 350 

photons 𝐸Diagnose is applied to ensure the natural triphoton collection. All trigger events are then 351 

interrogated by a fast-time acquisition card with a computer. 352 
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 353 

Fig. 2. Triphoton coincidence counting measurements. (A) Three-dimensional (3D) quantum 354 

interference formed by three-photon coincidence counts collected in 1 h with the time-bin width 355 

of 0.25 ns for OD = 4.6. The generation rate and accidentals are respectively 102 ± 9 and 6 ± 1 356 

per minute. The powers of the input 𝐸1, 𝐸2 and 𝐸3 beams are 𝑃1 = 4 mW, 𝑃2 = 40 mW, and 𝑃3 =357 15 mW, respectively, and the corresponding frequency detunings are ∆1= −2 GHz, ∆2= −150 358 

MHz, and ∆3= 50 MHz. (B) Schematic illustration of triphoton interference originating from the 359 

coexistence of multi-SSWMs.  (C) & (D) Conditional two~photon coincidence counts as the 360 

function of 𝜏21  and 𝜏31  in (A) by tracing the third photon 𝐸𝑆3  and 𝐸𝑆2 , respectively. (E) 361 

Conditional three-photon coincidence counts along the trajectory of 𝜏21 + 𝜏31 = 15 ns in (A). 362 
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Fig. 3. Triphoton coincidence counting measurements by tuning the coupling strength and 364 

OD. (A) 3D quantum interference formed by three-photon coincidence counts collected in 1h with 365 

the 0.7-ns time-bin width by changing  𝑃2 to 15 mW and ∆2 to −50 MHz. Other parameters are 366 

same as Fig. 2. The generation rate and accidentals rate are 77.4 ± 7.8 and 11 ± 2.1 per minute, 367 

respectively. (B) & (C) Conditional two~photon coincidence counts as the function of  𝜏21 and 368 𝜏31 in (A) by tracing the third photon 𝐸𝑆3 and 𝐸𝑆2, respectively. (D) Collected over 40 min with 1-369 

ns time-bin width by changing OD to 45.7. Other parameters are same as Fig. 2. The generation 370 

and accidentals rates are 125 ± 11 and 28 ± 6.4 per minute, respectively. (E) & (F) Conditional 371 

two~photon coincidence counts as the function of 𝜏21 and 𝜏31 in (D). 372 
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 374 

Fig. 4. Controllable waveform generation. The triphoton generation rate (red dots) in 15 minutes 375 

versus the input power 𝑃2 of the driving field 𝐸2. The correlation times of conditional two~photon 376 

coincidences along the 𝜏21 (black squares) and 𝜏31 (blue triangles) directions by changing 𝑃2. By 377 

increasing 𝑃2, the triphoton temporal correlation is shifted from the group-delay (G) regime to the 378 

Rabi-oscillation (R) region. 𝑗 -Ch ( 𝑗 = 2,3,4)  means the coherent coexistence of 𝑗  types of 379 

indistinguishable SSWMs. The experimental condition is same as that in Fig 2. 380 

Methods 381 

Experimental implementation.  Experimentally, three coaxial driving beams 𝐸1, 𝐸2 and 𝐸3 are 382 

coupled to the center of the 85Rb vapor cell to initiate the SSWM process, as shown in Fig. 2. The 383 

relevant energy-level diagram is shown in Fig. 1B, where the atoms are prepared at the ground 384 

level |1⟩ (5𝑆1/2, 𝐹 = 2). The other involved energy levels are |2⟩ (5𝑆1/2, 𝐹 = 3), |3⟩ (5𝑃1/2), and 385 |4⟩ (5𝑃3/2). The horizontally polarized weak probe 𝐸1 beam at the 795-nm wavelength is applied 386 

the atomic transition |1⟩ → |3⟩ with a large red frequency detuning ∆1 (2 GHz) so that the atomic 387 

population resides primarily at |1⟩. The other two strong coupling beams 𝐸2 (780 nm, horizontal 388 

polarization) and 𝐸3 (780 nm, vertical polarization) are near resonantly coupled to the same atomic 389 
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transition |2⟩ → |4⟩ but with changeable detunings ∆2 and ∆3. By carefully adjusting the phase 390 

matching conditions, the spatially separated triphotons 𝐸𝑆1, 𝐸𝑆2 and 𝐸𝑆3 with wave vectors �⃑� 𝑆1, 391 �⃑� 𝑆2 and �⃑� 𝑆3 are spontaneously emitted along the phase-matching directions with a small forward 392 

angle about 4 away from the three driving fields. Besides, we have added an additional optical-393 

pumping beam 𝐸𝑂𝑃 to clean up the residue atomic population in |2⟩ so that the Raman scattering 394 

can be suppressed from the transition |2⟩ → |3⟩. To increase the fifth-order nonlinearity, the 85Rb 395 

vapor cell with a length of 𝐿 = 7 cm is heated to 80C (or 115C). In this regard, the reported data 396 

in Figs. 2 and 3A-C were collected at the temperature of 80C; while the data presented in Figs. 397 

3D-F were obtained at 115C. Also, the narrowband filters and customized interference etalon 398 

Fabry-Perot (FP) cavities are placed in front of each SPCM to filter the scattered driving lasers 399 

from the collected triphoton trigger events. After detected by SPCMs, the trigger events are 400 

recorded by a time-to-digit converter, where the maximum resolution time of our recording card 401 

is 813 fs. In our experiment, the fiber-fiber coupling efficiency and the SPCM detection efficiency 402 

are 70% and 40%, respectively. 403 

Filtering possible biphoton processes from triphoton coincidence counts.  Although the 404 

triphoton generation by SSWM is the focus of the measurement, due to the larger magnitude of 405 

the third-order nonlinearity, it is necessary to consider the possible false counts from the biphoton 406 

processes. Based on the atomic level structure and the adopted field coupling geometry, there are 407 

seven crucial SFWMs (Fig. S6 in SI) that may result in accidental coincidences: (1) SFWM1 408 

initiated by 𝐸1 and 𝐸2, (2) SFWM2 by 𝐸1 and 𝐸3, (3) SFWM3 by 𝐸2 and 𝐸3, (4) SFWM4 by 𝐸3 409 

and 𝐸2 , (5) SFWM5 by 2𝐸1 , (6) SFWM6 by 2𝐸2 , and (7) SFWM7 by 2𝐸3 . Specifically, the 410 

biphotons produced from the following SFWMs may contribute to the accidental joint-detection 411 

probability: (1) SFWM1 + SFWM2, (2) SFWM1 + SFWM3, (3) SFWM1 +SFWM4, (4) SFWM1 412 

+ SFWM5, (5) SFWM1 + SFWM7, (6) SFWM2 + SFWM3, (7) SFWM2 + SFWM4, (8) SFWM2 413 

+ SFWM6, (9) SFWM3 + SFWM4, (10), SFWM3 + SFWM5, (11) SFWM3 + SFWM7, (12) 414 

SFWM4 + SFWM5, (13) SFWM4 + SFWM7, (14) SFWM5 + SFWM6, and (15) SFWM6 415 

+SFWM7. Fortunately, the central frequency difference of the similar photons from SSWM and 416 

SFWMs are more than 3 GHz. Therefore, before being detected by SPCMs, the collected photons 417 

need to pass through the high-quality single-frequency band filters and the customized narrowband 418 

etalon Fabry-Perot cavity (with a bandwidth ~600 MHz). The bandwidth, transmission efficiency, 419 

and extinction ratio of the employed filters are 650 MHz, 80%, and 60 dB, respectively. After 420 

these measures, most of the biphoton noise can be filtered from the detection. In addition, the 421 

phase-matching condition for the SSWM process is much different from those for the possible 422 

SFWM processes. For instance, the photons from SFWM2 have distinctive emission angles from 423 

those from SSWM. As a result, the three-photon coincidence counts in actual measurements are 424 

mainly determined by true triphotons, uncorrelated singles, and dark counts. In practice, the 425 

biphotons and uncorrelated singles can be well filtered in the three-photon coincidence counting 426 

measurement by carefully adjusting the phase-matching conditions. 427 
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Additional detection of diagnose photons 𝑬𝐃𝐢𝐚𝐠𝐧𝐨𝐢𝐬𝐞.  To further guarantee the detected photons 428 

that are really from SSWM, we have performed one additional detection of the two-photon 429 

coincidences 𝐸𝑆3 and 𝐸Diagnose simultaneously in conjunction with the coincidences between 𝐸𝑆1 430 

and 𝐸𝑆2 by artificially introducing the diagnose photons 𝐸Diagnose. This arrangement allows us to 431 

greatly reduce the false three-photon trigger events from dual biphotons particularly. The 432 

experimental results of 𝐸𝑆3 and 𝐸Diagnose are given in the SI. By the same reconstruction method, 433 

we notice that the trigger events from two pairs of biphotons can be safely removed from the data 434 

recording. 435 

The Cauchy-Schwarz inequality.  The nonclassicality of triphoton correlation can be verified by 436 

observing the violation of the well-known Cauchy-Schwarz inequality, which is defined by 437 

[𝑔(3)(𝜏21,𝜏31)]2[𝑔𝑆1(1)]2[𝑔𝑆2(1)]2[𝑔𝑆3(1)]2 ≤ 1. 438 

Here, 𝑔(3)(𝜏2, 𝜏3) is the normalized third-order correlation function with respect to the accidental 439 

background. 𝑔𝑆1(1)
, 𝑔𝑆2(1)

 and 𝑔𝑆3(1)
 are the normalized autocorrelations of the emitted photons 𝐸𝑆1, 440 𝐸𝑆2 and 𝐸𝑆3 measured by a fiber beam splitter. In our experiment, the nonzero background floor 441 

in such as Figs. 2 and 3 is a result of the accidental coincidences between uncorrelated single 442 

photons. According to the measured data, we estimate that the maximum values of 𝑔𝑆1(1)
, 𝑔𝑆2(1)

 and 443 𝑔𝑆3(1)
 are respectively to be 1.6 ± 0.2, 2 and 2. 444 
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