Highly Correlated Ultrabright Biphotons via Spontaneous Four-Wave Mixing
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Abstract

*‘

The pairing ratio, a metric quantifying a biphoton source‘s ability to generate correlated photon pairs, Is crucial for assessing source quality. Despite theoretical predictions, the
Intrinsic characteristic of the pairing ratio has remained largely unexplored in experiments. In this study, we present experimental findings on the pairing ratio using a double-A
spontaneous four-wave mixing biphoton source in cold atoms. At an optical depth (OD) of 20, we achieved an ultrahigh biphoton generation rate, reaching up to 1.3 x 107 per
second, with a successful pairing ratio of 61%. Increasing the OD to 120 significantly improved the pairing ratio to 89%, while maintaining a consistent biphoton generation rate.
This dual achievement, characterized by high generation rates and robust biphoton pairing, holds great promise for enhancing efficiency In quantum communication and
information processing. Furthermore, in a scenario with a lower biphoton generation rate of 5.0 x 10* per second, we attained an impressive signal-to-background ratio of 241 for the
biphoton wavepacket, surpassing the Cauchy-Schwarz criterion by approximately 1.5 x 10% times.
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FIG. 1. Diagram of the double-A SFWM system and experimental setup.
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Stokes and anti-Stokes photon generation rates:
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Coincidence count rate:
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The above results are obtained by using the same Heisenberg-Langevin operator @ 0.7 &
approach as in Ref. [1], and more theoretical and experimental details are described 0 ¢
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Fig. 2. Temporal profile of frequency-tunable biphotons with the E-; 80 F. 0.5F - FIG. 6. Highly correlated ultrabright biphotons. Parameters: Q4 = 3T, (a) _OD =
coupling Rabi frequency @, = 1I The red lines represent the 101 |l _- 20, Q¢ = 41, Ay = 51, and (b) OD = 120, Q. = 8.8[, Ay = 14.9T_ (c) The peak signal-
theoretical curves, while the black circles indicate the experimental il N to-background ratio rsg versus OD. (d) The biphoton generation rate Rg and pairing
data points. The other parameters are optical depth OD = 10, driving 2 -1 0 1 2 3 ratio r, as a function of OD.
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Fig. 4. Results of frequency-tunable biphotons with @, = 2T :1 6- El 6 Our investigation Into the biphoton pairing ratio, utilizing the double-A SFWM in
Parameters: Q, = 1T, OD = 10, Qg4 = 1T, A, = 10T (a) The delay time o = ' _Q___m__::r_ _ﬁ_—g—@— cold 8’Rb atoms, revealed a marginal decrease at higher biphoton generation rates.
versus A.. (b) The pairing ratio r, versus A. (c) The biphoton o8+, . . 408, 7 However, this trend can be effectively addressed by elevating the atomic ensemble
generation rate Rg versus A.. (d) The generation rate temporally 2 -1 0 1 2 3 2 -1 0 1 2 3 density. The highest pairing ratio observed was 0.89 at an OD of 120,
correlated photons Rg 1, versus A,. Ac (I') accompanied by an ultrabright biphoton generation rate of up to 1.3 x 107 per
second, surpassing previously reported rates in double-A SFWM studies.
Furthermore, our experiment demonstrated the highest signal-to-background ratio
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