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Optical qubits are made of single photons. Due to their excellent fidelity, photons will play a more important
role in future quantum communication than today's optical communication. One can expect that single photons
will be the key to quantum communication networks. As photons are generated one by one, they appear randomly.
It is difficult to utilize photonic qubits in random timing. Therefore, the practical operation method is to generate
a pair of single photons, i.e., biphoton. The first photon of a pair heralds the coming of the second photon of the
same pair, which is the heralded single photon for a subsequent quantum operation.

We employed a heated atomic vapor cell to generate biphotons. For the first time, the all-copropagation scheme
was utilized in our system. There is no phase mismatch problem. The phase-mismatch-free scheme enables us to
make the linewidth of the single-photon wave packets as narrow as 290 kHz [1]. This is the world record for the
narrowest linewidth of single-mode single photons generated from room-temperature or hot media. The linewidth
of our hot-atom single photon source can only be surpassed by that of our cold-atom single photon source, which
has a linewidth of 50 kHz [2], the first result below 100 kHz. With the hot atomic vapor, we further increased the
spectral brightness of the biphoton source to 3.8x10° pairs/s/MHz [3]. This spectral brightness is the best result to
date among all kinds of media such as atomic vapors, solid crystals, and integrated photonic chips. Please see
Table 1 for more details. A biphoton source of a higher generation rate can produce information carriers faster for
a higher bandwidth of information transmission. A quantum operation utilizing biphotons of a narrower linewidth
can achieve a better efficiency. Hence, the generation rate per linewidth, i.e., spectral brightness, is an important
figure of merit of a biphoton source, and strongly influences the success rate of quantum information transmission.

The hot-atom source of biphotons developed by us has the following advantages: (1) The frequency is very
stable and has an adjustable range larger than 0.5 GHz. (2) The linewidth is highly controllable and can be narrower
than 300 kHz or broader than 3 MHz, being compatible with quantum devices with different characteristics. (3)
The ultrahigh spectral brightness is close to the ultimate limit, being a milestone and representing a high success
rate in quantum communication. This source can become a key component in the future quantum network.

This work was supported by Grants No. 110-2639-M-007-001-ASP and No. 111-2639-M-007-001-ASP of the
National Science and Technology Council, Taiwan.

Best Best Spectral Linewidth | Frequency Notes
Linewidth Brightness Tunability | Tunability

Single-Mode SPDC 3 MHz® e N.A a few GHz
pairs/s/MHz® o
Multi-Mode SPDC 265 kHz® 4300 NA  afewGHz e valuesrefertooneof
pairs/s/MHz(®) the frequency modes.
Cold-Atom SFWM 4,700(x10%) one order of
(11) 0,
Our Works Rl pairs/s/MHz(") magnitude NA. Uiy GeE S 10
Integrated @ 1.4x10° @@ Micro-ring resonatort?]
Photonics Devices 22l pairs/s/MHz®) N-A. LUl s with Q of ~10°.
Earlier 2 MHz® 1.4x10* . bil
Hot-Atom Works pairs/ss/MHz®  one order of 600 MHz ¢ Ireduency tunability
SFWM (o) 290 kHz©® 3.8x105 magnitude  (Rb atoms) B eEBjillise 10y W'd.th e
ur 2 | S the Doppler broadening.
Works pairs/s/MHz(10

Table 1: Comparison between different kinds of biphoton sources. SPDC: spontaneous parametric down conversion;
SFWM: spontaneous four-wave mixing. ®New J. Phys. 18, 123013 (2018). @APL Photon. 5, 066105 (2020). ®PRX
Quantum 2, 010337 (2021). ®Nat. Commun. 7, 12783 (2016). ®Phys. Rev. A 92, 063827 (2015). ©®APL Photon.
4,090804 (2019). MOptica 1, 84 (2014). ®Appl. Phys. Lett. 110, 161101 (2017). @Ref. [1]. “ORef. [3]. *YRef. [2].
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