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Quantum node:
quantum L) A ) Generating, processing, routing, storing,
node : | reading out quantum information.
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Quantum channel:
Distributing quantum information.

Quantum channel

Enabling large scale quantum computing and quantum communication.
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Hybrid Quantum Network

Telecom photons to distribute quantum information
Quantum node: superconducting circuits
Microwave-optical interface is needed

Moritz Forsch et al. Nature Physics 16, 69 (2020) Mechanical oscillator
R.W. Andrews et al. Nature Physics 10, 321 (2014) Membrane MW and optical resonator
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Quantum network require efficient loading
guantum information on to a quantum node.

Efficient loading photons on to a qubit?
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Transmon weakly coupled to 1D transmission line
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Continuous wave
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Constant photon number <N>~ 0.09 photon
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Voff =V, to: Turn off the pulse
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Constant photon number <N>~ 0.09 photon

Red: largest emission
when 1; =T
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Constant photon number <N>~ 0.09 photon

S
|Vout| TiY
[nV] [ns]
o
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¢ Emission

Perfect mode matching (destructive interference

between incoming field and the emitted field) lo-Chun Hoi
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Constant photon number <N>~ 0.09 photon
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Perfect mode matching (destructive interference
between incoming field and the emitted field) lo-Chun Hoi
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naronaLtsive wuaunversy  DEfinition of loading efficiency and symmetry factor
(a)

600

Sample 1

|Vout| Ti

[nV] [ns

400

B

200

600

400

Ti
[ns]

200

1.5

Vy: Noise level

lo-Chun Hoi

to Emission



B =y o

NATIONAL TSING HUA UNIVERSITY

(@)

Sample 1
S

|Vout| TiY

[NVl [ns]
o

t sl | ,
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Definition of loading efficiency and symmetry factor

Loading efficiency (Energy of emitted wave
divided by energy of incoming wave):

to
Eor~ [ IVo(t)] = V[Pt

titf N = Eon/Eoff

Eon ~ /t [|Von(t)| - |VN|]2dt

0

Symmetry factor (correlation of incoming wave
and time-reversed of emitted wave):

S — fti-o VOff(t) - |VN|][ Von(Qto — t) — |VN|]dt
f;:tio[ Vot ()] — |V []%dt

lo-Chun Hoi Vy: Noise level
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Optimal loading process:
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Loading efficiency and symmetry factor versus Photon Number (T = T,)

[« (b 1 * L]
(a) 143 ® Sample2 ) ® Sample 2
08 ® Sample 1 0.8 ® Sample 1
N 0.6 SO.G
0.4 0.4
0.2 0.2
O L L L L O R | UL R L L L
0.01 0.1 1 0.01 0.1 1
N N
Sample 2 has FZ

better coherence

(Small pure dephasing) Saturation of two level atom

lo-Chun Hoi



B =y S o L

NATIONAL TSING HUA UNIVERSITY Deterministic loading of microwaves
C) | V
( ) Sample 2 : VOff
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It t [us]
Measured loading efficiency 96.5% Symmetry factor 98%
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Exponential decay, Square and Gaussian pulse, where N=0.005
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Photon flux

Fock state
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Conclusion

Using weak exponential rising waveform coherent state, whose time constant matches the
decoherence time of an artificial atom, we demonstrate deterministic loading efficiency
(96.5%) from one dimensional semi free space to a single artificial atom. The high loading
efficiency is due to time-reversal symmetry: the overlap between the incoming wave and the

time-reversed emitted wave.

W. J. Lin et al. arXiv:2012.15084 (2021)
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Future work

Quantum memory

Store quantum information in the qubit and retrieve at a later time
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W. J. Lin et al. arXiv:2012.15084 (2021)

|.-C. Hoi et al. Nature Physics 11, 1045 (2015)
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Quantum memory comparison

Advantages:

1. Simple. Only one DC current, switch between I/O mode and storage
mode.

2. Possibly storage efficiency (>90%) and storage time about 20us.

Compare to
Yunfei Wang et al. Nature Photonics 13, 346 (2019)

Storage efficiency 85% using electrogmagnetically induced transparency in
Rubidium atoms, storage time about 5us.
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Current source:

YOKOGAWA # S,
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%o:;:iﬁ;ﬁ‘uﬁ,;j\( Fabrication of Transmon in transmission line

Loop size 3um*4um

Ground S

3 inch Wafer
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Big structure: Photolithrography 10um (Transmission line, ground, flux line)
Small structure: Ebeam lithrography 100nm (Josephson junction, Transmon)
Two layers: Alignment is needed.
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e-beam lithography
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