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Spin dynamics in THz frequency range 

Introduction 

https://chemistry.sites.clemson.edu/casabiancagroup/Research.html 

Quantum computation – spin coherence time T2 
Dynamic Nuclear Polarization – 
Nuclear Magnetic Resonance 

https://commons.wikimedia.org/ 
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Introduction 
Pulse techniques 

 Easy data processing 
 Rather easy in technical aspects 

 
 Requires high MW power 
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Introduction 
Rapid scan technique 

 Does not require high 
     MW power 

 
 More complicate data 
     processing 

 
 Requires high sweep rates 

time 
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Introduction 
Rapid scan technique 

 Does not require high 
     MW power 

 
 More complicate data 
     processing 

 
 Requires high sweep rates 

Mitchel et al, Molecular Physics, 111, 2664, 2013 
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Basics of rapid scan technique 

●Rapid scan mode if 

●Analysis is based on the modified Bloch equations 

𝑑𝑑
𝑑𝑑
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Types of modulation 
 Cosine 
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 Linear 
 Triangular 
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 Linear 
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 Trapezoidal 
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Basics of rapid scan technique 

𝑑𝑑
𝑑𝑑 ≪ 𝑇2−2 

𝑑𝑑
𝑑𝑑 ≃ 𝑇2−2 

𝑑𝑑
𝑑𝑑 ≫ 𝑇2−2 
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Basics of rapid scan technique. Deconvolution 

𝑠 𝑑  
𝑆 ω  

𝑑 𝑑  
𝐷 ω  

𝑟 𝑑 = � 𝑠
∞

−∞

τ 𝑑 τ − 𝑑 𝑑τ 

𝑅 ω = 𝑆 ω 𝐷 ω  

Driving function 
Characteristic 

function Response 

𝑟 𝑑  𝑠 𝑑  

𝑑 𝑑 = 𝐸𝐸𝐸[𝑖 �ω
t

0

τ 𝑑τ 
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Basics of rapid scan technique. Deconvolution 

𝑟 𝑑  

Fourier 

𝑅 ω  

𝐷 ω = exp
−𝑖ω2

2𝑏  

𝑆 ω = 𝑅 ω 𝐷⁄ ω  Inverse 
Fourier 

𝑠 𝑑  
Slow scan 

Rapid scan 
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Basics of rapid scan technique. Practical considerations 

Field domain 
+ Relatively easy in development 
+ No standing waves 
 

- Low sweep rates!!! 
- Narrow sweeps 

Frequency domain 
+ High sweep rates 
+ Wide sweeps 
 

- Standing waves 
- Frequency dependent MW power 
- Expensive MW generators 
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Basics of rapid scan technique. Practical considerations 

Mixture of absorption and dispersion signals 

𝑑𝑥 𝑠𝑠𝑠𝑠𝐸𝑠𝐸 = −𝑑𝑥 𝑠𝑠𝑠𝑠𝐸𝑑𝑠𝑠𝑠  

sweep up 

sweep down 

𝑑𝑥 + 𝑑𝑦 − 𝑑𝑥 + 𝑑𝑦 = 2𝑑𝑦 
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Basics of rapid scan technique. Practical considerations 

Mixture of absorption and dispersion signals 
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Experimental setup at Stuttgart University 
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Experimental setup at Stuttgart university 
Baseline correction 
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Experimental setup at Stuttgart university 
Lithium Phthalocyanine 

Magnetic field 8 T (resonance frequency ~224 GHz), Temperature 13 K  
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Experimental setup at Stuttgart university 
Deconvolution and Bloch equations fit 
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Experimental setup at Stuttgart university 
BDPA complex with benzene 
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Experimental setup at Brno university 

xN 

Amplifier-multiplier chain 

VDI Synth 

xN 

Amplifier-multiplier chain 
VDI Synth 
(tracking) 

Meas Mixer 

IF Out = Δ 

9-14GHz 

9-14GHz + Δ/N 

Ref Mixer 

Sample ANT 

ANT 
QO 

QO 

Signal 

IQ Mixer 
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Thank you for your attention 
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