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What to expect (Outline) 

• Introduction:

• Recap: Momentum resolved tunneling in 1d

• Recap: Effects of strong interactions in 1d

• Previous results

• This paper:

• The new device

• Measurements and results 

• “Replica” modes / two fermi seas

• Screening of interactions 



Fermi liquid theory

• Low temperature description of many metals

• Interacting electrons  non-interacting quasi particle 

excitations
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Turn on the 

interactions

Lecture notes: Solid state theory Manfred Sigrist 2014



Breakdown of Fermi liquid theory in 1d

• Fermi liquid theory only works in 2d/3d
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2d 1d
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Lutinger Liquids

• Fermi liquid theory breaks down in 1d

• Correct model is Tomonaga luttinger liquid 

• At least at low energys

• Dispersion is linearized around Fermi points

• Two collective excitations (Spin-charge Separation)

• Charge (Holon)

• Spin (Spinon) 
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Effects of strong interactions in 1d 
Beyond Luttinger-Liquids

• Luttinger liquid doenst include band curvature

• Only low energy description 

• Excitations don’t decay

• High energy descriptions are currently investigated



Previous results



Recap: Momentum resolved tunneling in 1d

• Magnetic field B changes momentum of tunneling 

electrons

• Shifts dispersions with respect to each other.

• Bias voltage Vsd shifts dispersions in energy by eVsd

• Gate voltage Vg tunes density 

• Changes kf

• Increased conductance when matching Fermi-points

𝑉𝑠𝑑 = 0
𝑉𝑠𝑑 ≠ 0

Δ𝐸

𝑉𝑔 = 0 𝑉𝑔 ≠ 0



Recap: Momentum resolved tunneling in 1d
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1D – 1D 1D – 2D



The device



The device: Setup tunneling

Bias MG positive after pinching both upper and lower 

system to attract carriers in the upper system only



Measurements and results / “Replica” modes

2DEG

Parasitic 2DEG



Measurements and results / interaction strength

• Masses extracted from parabolic fits.

• Velocities extracted from slope near Ef

• rs is varied by gatevoltage
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Smaller 

means 

stronger 

interactions



Measurements and results / Two fermi seas Screening of interactions 

Hubbard Modell

Hopping term Coulomb term 

U/t  bigger means stronger interactions



Measurements and results / Two fermi seas Screening of interactions 



Summary
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