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[1) L G. Popkin, Science 354, 1090 (2016) |
Electrons on liquid helium system Advantages:
A new platform for quantum computing? Large scalability
Mobile qubits

First proposal: P. Platzman and M. Dykman, Science 284, 1967 (1999) Full electrical control

Goal: Realizing sensitive quantum state detection of electrons on helium for qubit implementation
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Introduction to electrons on helium
system (for qubit implementation)

Quantum (Rydberg) states detection
--Project 1: Conductivity method

--Project 2: Image charge method

Novel transport phenomenon

--Project 3: Repetitive stick-slip motion



é% Electron on helium system for qubit implementation

Qubit implementation
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E. Kawakami et al., PRL 123, 086801 (2019)

S. Lyon, PRA 74, 052338 (2006)
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Circuit QED architecture
with electron on He/Ne surface

Trapped states with quantized lateral motion
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Time-domain characterization
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circuit QED: circuit quantum electrodynamics
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Quantized lateral motion of a single electron
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Quantized vertical motion of a single electron
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E. Kawakami et al., PRL 123, 086801 (2019)
Substitutions:

(1) Image charge measurement W_ — Wy = % > linewidth of Rydberg resonance
(2) Conductivity measurement
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Project 1

Rydberg state
detection
(conductivity
method)




5%? 1.1 Background

Electron liquid Electron solid
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Coulomb interaction: 1/vn,

Kinetic energy: kgT

Upr = Ve < Vp¢ UpL = Ve = Vp¢ Ve > Vpc
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1.2 Microchannel devices
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1.2 Cryogenic setup

Experimental cell Dilution refrigerator (BlueFors DL 400)
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Excitation induced conductivity change
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1.3 Rydberg states detection (conductivity change)

limitations:

(1) Sensitive to the B field

Hall effect

(2) Many-electron effect

cannot scale down to
single electron

S. Zou et al. JLTP (2022)
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Rydberg state
detection
(Image-charge
method)




2.1 Image charge method
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E. Kawakami et al Phys. Rev.Lett.123.086801 (2019)

e : Elementary charge
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*%’ 2.2 Image charge detection using microchannel device
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S. Zou and D. Konstantinov, arXiv 2207, 03737 (2022)
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2.3 Improving Signal to Noise Ratio (SNR)

LC tank circuit

hma 7777 Z(wo) = R Q g

: [

: A N N 11

| 3 | ":

E V = Ry, 8o ‘% i g 1 Helical
; I

—o

Irg —' resonator
' Q=154

o

|]
I
| ) S P

Top electrode -2 ' ' : '
=x 15 16 17 18 19 20

o o Vbe (V)
e & 0 & o |p=2mm
Modulated MW

1

>

M

i A
T Bottom electrode
Y
0.012 . . T IBC R
—RT, Q_=61.2 s 2 —\N\N‘E

0011 600 mK, Q =153.6 & g e
__ 0.008F T 5 —
L) G |
£ 0.006 i
® 0.004 - -

0.002 -10 s : : .

0 ; : 1 e 15 16 17 18 19
1 1.05 1.4 115 12 125 13 135 14 Vbe (V)

frequency (MHz)

2022/7/14 © Okinawa Institute of Science and Technology Graduate University 2020



5%3* 2.3 Improving SNR

Optimization of the helical resonator Reduce # of rows of electrons in central channel
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Figures provided by Dr. M. Belianchikov in OIST
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Summa ry 1’ Proposal for spin-state detection
(1) Two simple methods to measure the Rydberg 5
excitation of electrons the microchannel device z 08,%0
(2) Increased sensitivity using the helical
resonator (approx. 100 electrons) 9 I gugB,(2z,)

Az =[35nm hao, how_
Outlook ST

——Z—lé- ————— <. gupB;(z1)
(1) Scale down to single electron to be used in i S—tt
quantum computing He m Micromagnet
(2) Spin-state detection mediated by Rydberg
excitation

w_ —wy =~ gugd,B,Az/h ~ 2m X 300MHz
E. Kawakami et al., PRL 123, 086801 (2019)
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Project 3

Novel
transport
phenomenon




Novel transport properties

Lumped circuit model
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S. Zou et al. PRB, 104 045427 (2021)
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Novel transport properties
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S. Zou et al. PRB, 104 045427 (2021)
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Conclusion

PhD projects:

Rydberg state detection: Conductivity measurement
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