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No VG dependence
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Higher order tunneling processes
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First order tunneling Processes

Blocked inside the diamond
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Setup and device

5 nm thick Si cap 

25 nm Pt

3 nm SiGe as mound

80 nm

70   nm

Info from [1]

Distance btw Source and drain=50 nm
Height of the Ge HW=3.8 nm
Width of the HW= 38 nm



Stability diagram Odd/even occupancy 

E𝑆𝑇

Effective electron temperature of 100 mK

𝐵 = 0 𝐵 ≠ 0

By comparing EST  andEORB, one can obtain information about the 
strength of hole-hole interactions



Odd no. of holes → splitting of the doublet 

Even no. of holes → splitting of the triplet

VG= 510.5 mV 

Inset: B = 1 T, 
→ g-factor anisotropy of about 7.5 
(g∥ = 0.56 ± 0.06 and g⊥ = 4.17 ± 0.22) 
• This anisotropy is due to the HH character

of the confined states [1]

(a) doublet,   

b) singlet VG = 528.3 mV
→g∥ = 0.57 ± 0.01 and g⊥ =4.56 ± 0.16

• triplets are nonequally spaced
• ZFS of 55 μeV 

𝐸𝑂𝑅𝐵 = 690 μeV 𝐸𝑆𝑇 is 415 μeV

𝐸𝑂𝑅𝐵 − 𝐸𝑆𝑇 = 275 μeV

Coulomb interaction energy

[1] Watzinger et al., Nano Lett. 16, 6879 (2016) 



Model

makes it preferably by an energy D 
to align the triplet in the ⊥-

direction
Zeeman terms

Exchange term J differentiates 
singlet and triplet

Ge is known to have a very strong valence band SOC which leads to 
the HH spin pointing in the perpendicular direction. 
Assuming the triplet state as being made up of two such HH spins.



Simulation and the measurement for 𝑩⊥

g∥= 0.57, g⊥= 4.56, and D = 55 μeV, as extracted from the



For large g∥μB∥≫ D, the usual Zeeman splitting of the
triplet states into S∥= ±1, 0 is recovered as the HH pseudo
spins now reorient along B∥.

Simulation and the measurement for 𝑩 ⃦



Measurements on a 2nd device

In this case orbital effects →slight bending of the states for B⊥

ZFS=35 μeV
g∥ = 0.52 ± 0.13, g⊥ = 2.78 ± 0.06



Summary

• They investigated spin anisotropy of HH states
• They measured the  ZFS for HH states in a 2D quantum dot
• They extracted the hole-hole interaction
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