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Nodal line semimetal 

Symmetry protected band degeneracies which form lines.  
Linear energy dispersion near these lines        Dirac line nodes.  

Dirac nodal fermions  physics: 
• Nontrivial topology  
• Peculiar transport properties 
• Surface states 
• Long-range Coulumb interactions 
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Calculated FS of ZrSiS consist 
of electron (β) and hole 
pockets (α). There is a small 
energy gap (10-20 meV) 
between pockets due to the 
spin orbit interaction. 
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Tetragonal non-symmorphic (P4/nmm) layered structure     
           quasi 2D electronic structure.    

ZrSiS 
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Measurement technique 
Piezoresistive cantilever method was used.  Sample 

glued on 
lever. 

250 μm 
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If material posses 
anisotropy, sample 
produces torque on 

lever, T = 𝑀 × 𝐵 ∝ 𝐵2. 

Torque is measured at 2 K in the fields up to 35 T, for several angles 𝜃 between 

𝐵 and crystal c-axis.  

Torque measurements 

Calculated frequency: 
𝐹𝛼 = 235 T, 
𝐹𝛽 = 596 T. 

Torque signal consists of 𝐵2 
dependent background and 
quantum oscillation 
contributions  superposed.   

High frequency contribution 
above ~13 T, strongly dependent 

on the direction of 𝐵. 

Quantum oscillations 
𝐸 𝐸 𝐸 
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𝑘 𝐷𝑂𝑆 𝐷𝑂𝑆 

Electrons in a strong magnetic 
field         Landau levels. 
Increasing field leads to the 
periodicaly crossing of Landau 
levels and 𝐸𝐹        oscillation of 
physical quantities with 1/B, [3].  

Frequency of oscillations is determined 
by the extremal cross sections of FS and 

plane normal to 𝐵          𝐹 =
ℏ𝐴

2𝜋𝑒
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FFT of torque signal (for 
𝜃 = 0°) vs 1/𝐵 detects a 
few groups of 
frequencies: low 
frequencies up to 1000 T 
and three regions of 
high frequencies.   

Low frequencies 

10 T 

828 T 
589 T= 𝐹𝛽 

413 T 

241 T= 𝐹𝛼 
88 T 

Appearance of high 
frequencies can be 
explained by the effect of 
magnetic breakedown.  

Most of the low frequencies can be atributed 
to extremal cross sections of FS.  

High frequencies 
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FFT of clean high frequency contributions. 

At sufficiently high magnetic field electrons can tunnel 
across the 𝑘-space gap which results in orbits of much 
bigger cross section (oscillation frequency). 
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Conclusion 
• Magnetic torque in the single crystal ZrSiS was measured by cantilever method up to 

35 T. Strong quantum oscillations where observed.  
• FFT of quantum oscillations reveals two sets of frequencies: low frequencies (up to 

1000 T) and high frequencies between 7-20 kT. 
• Most of the low frequencies can be atributed to extremal cross sections of FS (some 

of low frequencies are still unclarified). 
• High frequency contribution can be explained by the effect of magnetic breakdown 

whose appearence is highly dependent on the angle between field and crystal c-axis. 

𝑘-space gaps in Z-R-A plane increase by tilting 
field from crystal c-axis. This explains a quick 
disappearing of high frequency contributions 
due small rotation of the field direction.  


