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In this paper

• Gate-dispersive sensing of electron QDs in Si nanowires (LETI devices)

• One manifestation of PSB in dispersive sensing: Interdot transition vanishes 
when B is increased 

• Observation of non-symmetric PSB: either in the (N+1,M−1) or (N−1,M+1) state 
but not both for a given (N,M)

• Analysis in circuit QED framework identifies large spin-flip tunnel couplings for 
transitions with lifted PSB

Johnson et al., PRB 2005

Symmetric even-odd pattern:
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Device & setup
• Split-gate nanowire field-effect transistor

• Resonant circuit: superconducting
NbN planar spiral inductor

• Inductively coupled to
microstrip waveguide

Simulation of electron density: corner QDs

Ibberson et al., PRX Quantum 2021
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Recap: B-dependence at (0,2)-(1,1) transition

• Interdot charge transition (ICT)

• Quantum capacitance CQ ∝

• Proportional to curvature of energy

• At large enough B, a polarized triplet 
(𝑇±) becomes the ground state (no 𝐶𝑄)

→ Dispersively sensed ICT vanishes with B

Crippa et al., Nature Comms. 2019
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Detection of non-symmetric PSB

→ Lead transitions

→ interdot charge 
transitions (ICTs)

→ Investigate ICTs

→ PSB→ No PSB
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Detection of non-symmetric PSB

→ PSB→ No PSB

• Low B → cyclic tunneling between two states with same spin number due to resonator drive

• Increased B → Higher spin state becomes ground state

• If this state doesn’t couple with the lower ones, system gets blocked (signal vanishes)

• Slopes of transitions (or vanishing thereof) can be used to deduce lever arm 𝛼 (assuming g=2)

𝛼 = 0.66𝛼 = 0.79
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Detection of non-symmetric PSB

→ PSB→ No PSB

• Silicon QDs without spatial 
symmetries: First two full shells at 
N= 4,8

• Doublets D with one unpaired 
electron (S=1/2)

• Quadruplets q with three unpaired 
electrons (S=3/2)

• B brings q(-3/2) down in E

• Left case: Hints at lifting due to 
spin-flip tunneling
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Circuit QED analysis

Effective coherent DQD-resonator coupling between states i and j 

Coupling matrix element

Charge number operator

Change in resonance frequency 

Change in effective linewidth 
𝑡𝑖𝑗 : DQD tunnel coupling

: energy diff. between participating
states 

, with 𝛼=const. assumed, 

𝑍𝑟 : resonator impedance, 𝑅𝑄: resistance quantum

𝜅: bare resonator linewidth

𝛾𝑖𝑗: DQD decoherence rate

→Expressions for 𝒇𝒓 and 𝜿∗ can be fitted to the exp. to gain
insight on 𝒕𝒊𝒋 and 𝜸𝒊𝒋
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Circuit QED analysis: Case with PSB

• B = 0T: 𝑓𝑅 shifts upwards close to zero det. → 𝑔𝑒𝑓𝑓𝐷𝐷 > 0 and Δ𝐷𝐷 < 0

• So: 0 < 2𝑡𝐷𝐷 < ℎ𝑓0 = 7.8𝜇𝑒𝑉

• B = 0.4T: No changes to 𝑓𝑟, indicating 𝑡𝐷𝑞 → 0



10

Circuit QED analysis: Case without PSB

• B = 0T: 𝑓𝑅 shifts downwards close to zero det. → 𝑔𝑒𝑓𝑓𝐷𝐷 > 0 and 

Δ𝐷𝐷 > 0

• So: 2𝑡𝐷𝐷 > ℎ𝑓0 = 7.8𝜇𝑒𝑉 (remarkably large for electrons in Si) 

• B = 0.4T: Changes to 𝑓𝑟 remain substantial

• Fits: 
→on resonator timescale
→incoherent process
→large 𝑡𝐷𝑞 due to SOI?
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Analysis for other ICTs

• Analysis done for 16 ICTs

• 4 Categories identified:

→ lack of PSB (c,e,f,h,k,m,n,p)

→ PSB (b, j)

→ Obscured PSB (a,i) (large 𝑡𝑖𝑗)

→ Cases where spin GS remains 
same (d,g,l,o)

→ Periodicity of two in 𝑄𝐷𝐵1 (right index) occupancy indicates large level separation in 2nd QD

→ Consistently extracted < 𝛼 > = 0.7 ± 0.1 from transitions with slopes
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Magnetospectroscopy simulations

Phase response is proportional to changes in the parametric capacitance

e: electron charge, 𝛼: interdot lever arm, <𝑛2>: occupation probability of QD connected to resonator

<𝑛2> can be expanded to:

In this case, 𝐶𝑝𝑚 can be expanded to:

With 

Occupation probability

Polarization
For each eigenstate i
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Magnetospectroscopy simulations

transitions involving 𝑇3 have small 𝑡𝑖𝑗
and 𝛾𝑖𝑗 ≪ 𝑓

→PSB may only occur when B aligns 
with eigenvectors of combined g-
tensor of DQD

Experiment Simulations
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Summary

• Dispersive magnetospectroscopy, and identification of energy spectra for 16 
different ICTs

• Presence of non-symmetric PSB

• PSB lifting: High tunnel coupling 2𝑡𝐷𝑞 = 7.9𝜇𝑒𝑉, incoherent spin-flip process
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Supplementary
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