
Wang-Yau Cheng (鄭王曜)

Department of  Physics, National Central University, Taiwan

1

Comb photon and intriguing features 

in

Comb laser-atom interaction

2021 workshop on quantum technology



2

I am a comb laser  or “clock” expert, not 

“quantum optics”

However, it might be a good chance to sell 

my unique comb laser to people in the field 

of “quantum optics”

Photon-atom 

interaction
Quantum state 

of light
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Outline
1. What is comb laser?

 From the perspective of spectroscopist

 From the perspective of “quantum optics” people

2. 40-femtosecond pulse train simultaneously resolves Rb and Cs 

spectra with 3-kHz resolution

1. Spectral line narrowing

2. Multi-pathway AC stark shift

3. Quantum interfered spectra

3. Application: a novel comb laser without need of expensive 

cesium clock
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What is comb laser (I):

from the perspective of “laser spectroscopy” 



Viewpoint of time domain:

• High peak power (compared to CW laser)

• Fixed carrier-envelope phase 

• Femtosecond time scale

Good for controlling

extremely nonlinear optics

Good for selecting

atomic quantum states



Viewpoint of frequency domain:

• Wide-band

I(f)

f
0

Fn fixed to < 1 kHz instability

• High-resolution

“wide-band (40 nm) & high resolution (5 kHz) laser spectroscopy”

In this talk, we demonstrate:

• High coherence

Coherent–state photons 

with different colors
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What is comb laser (II):

from the perspective of “quantum optics” 
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Frequency-stabilized laser provide

“Coherent state” photon

Laser frequency instability 40 Hz

Over 3.2*1014 Hz duty cycle
interact with matter

electronics for 

feedback control

cesium 6S-8S 

dipole not-allowed transition

off lock

P+A

P

30 MHz

Opt. lett. 32, 563 (2007)

Coherent-state light source
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They all have 

the same phase 

(mode locked)
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Comb laser is a superposition of N (N=105-106) 

frequency-stabilized lasers
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Superposition of all coherence-state light with wide-band 

mode locked carrier frequencies (femtosecond pulse train) 

Via Spontaneous down conversion

Still keep the anti-bunching property
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Commun. Phys. 1, 51 (2018)

Use comb laser as a light source for “which-way interferometer” experiment

Comb laser +down conversion



Application: 

Quantum metrology

(Quantum tick-tack clock)
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Their very recent report by using comb laser:
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Quantum interference in 

comb laser-atom interaction

Tz-Wei Liu

He is currently looking for a teaching job
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40× 10-15 second pulse laser

Simultaneously resolves

Rb and Cs spectra (40 nm apart) with 

5-kHz resolution

87Rb85Rb

133Cs



18

0.8 1 1.2 1.4 1.6 1.8 2.0 2.2

Repetition rate frep (kHz, +1021416.4 kHz)
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87Rb

85Rb

133Cs

Ground line

0.8 1 1.2 1.4 1.6 1.8 2.0 2.2

D1
D2

Direct frequency comb spectroscopy in record resolution

The spectra is NOT sketched by pen
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87Rb 5S1/2(F=1)  5P3/2(F=2)  5D5/2(F=3) 

8’

133Cs 6S1/2(F=1)  5P3/2(F=2)  5D5/2(F=3) 

Two clock transitions
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Ground line
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87Rb 5S1/2(F=1)  5P3/2(F=2)  5D5/2(F=3) 

8’

133Cs 6S1/2(F=1)  5P3/2(F=2)  5D5/2(F=3) 

The two clocks separates for 40 nm, resolved simultaneously
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Some intriguing spectral features (I) 

Line narrowing



70 MHz
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6S1/2

6P3/2

8S1/2

852 nm

(~ 20 nW)

794 nm

(~ 20 mW)
The intermediate state is 

transparent?
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Some intriguing spectral features (II) 

Multi-pathway AC stark shift



85Rb
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CW-clocks

𝑆𝑓𝑔=𝑆𝑓-𝑆𝑔 = −σ(
Ω𝑚𝑔
2

𝜔𝐿−𝜔𝑚𝑔
+

Ω𝑓𝑚
2

𝜔𝑓𝑚−𝜔𝐿
)

m

Ω: Rabi frequency
Si: frequency shift

Single pathway: Ladder direct two-photon yields red shift

Most concerned issue in clock !! 
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Comb Laser or CW laser power, mW
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Multi-paths induced AC stark shift

85Rb
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CW-clocks

𝑆𝑓𝑔=𝑆𝑓-𝑆𝑔 = −σ(
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Question: Would it be possible to quantum 

controlling the AC stark shift to be zero by 

pulse shaping?

寺西慶哲 教授
•物理研究所

陽明交通大學

Most concerned issue in clock !! 

https://scholar.nycu.edu.tw/zh/organisations/institute-of-physics
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Some intriguing spectral features (III) 

Quantum interference by different comb modes
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5S1/2

5D5/2

776 nm

87Rb

5P1/2

780 nm

Dip1

5P3/2

Two-pathway quantum interference

F = 3
F = 4

795 nm

762 nm
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5S1/2

5D5/2

776 nm

87Rb

5P1/2

780 nm

5P3/2

795 nm

V type EIT interference

Dip2
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Application: 

Direct comb clocks



Ted Hansch

They all need a Cs clock to lock rep. rate!!

Rb 5S-5P-5D

(778 nm)

Cs 6S-6P-8S

(822 nm)
We locked two 

parameters directly 

with two spectra 

(without Cs clock)
35



Ted Hansch

They all need a Cs clock to lock rep. rate!!

Jan Hall
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Now we need merely one 6-cm Cs/Rb 

mixed cell to build up comb clocks
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Future direction (1)



Ground comb 

laser and clocks

Comb laser in 

artificial satellite

Connects both 

Optical and 

microwave clocks 

with the ground 

standards

//upload.wikimedia.org/wikipedia/commons/6/68/Rack_and_pinion_animation.gif
//upload.wikimedia.org/wikipedia/commons/6/68/Rack_and_pinion_animation.gif
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Future direction (2)
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You can entangle comb photon

You can squeeze comb photon

You can apply comb photon on quantum computation
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You can use comb laser to entangle atomic Qubits



Acknowledgement:

Telecommun. Labs. (中華電信研究所) 

Ministry of Science and Technology (科技部)

44

partner in next step:

寺西慶哲 教授
•物理研究所

陽明交通大學 中央研究院
張銘顯 研究員
原子分子研究所

中央大學
陳彥宏教授
•光電研究所

中央大學
李依珊教授
•電機研究所

https://scholar.nycu.edu.tw/zh/organisations/institute-of-physics
https://scholar.nycu.edu.tw/zh/organisations/institute-of-physics
https://scholar.nycu.edu.tw/zh/organisations/institute-of-physics

