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(one of the) goal: help design material for 
quantum computer 
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“ON” state “OFF” state 

“ON” vs “OFF” energy splitting 

can be hard to determine 

0 1 



Math! 

Physics! 

Equations! 

My work: molecules in the quantum world 

DATA! 

Energy, structure, 

molecular properties, 

… 

Holy grail for theory: 

• Accurate 

• Systematic 

• Fast and efficient 



A crash course in many-body theory 
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SO, WHAT’S 

LEFT??? 



Relativity: when things go heavy and fast 

The heavier the element, the 

faster the electrons move. 

 

“… I’m travelling at the speed 

of light …” 

– Don’t Stop Me Now by 

Queen 

 

Image: Periodic Table in Pictures by Keith Enevoldsen, elements.wlonk.com (CC BY-SA 4.0). 



Relativity: when things go heavy and fast 

Gold’s yellow hue is because of relativity! 

w/o relativity with relativity 
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Image: Wikimedia Commons (public domain). 



Relativity: when things go heavy and fast 

Sodium emits two closely lying lines! 

Image: photo by user Dinesh.dhankhar on Wikimedia Commons 

(https://commons.wikimedia.org/wiki/File:Quantum_Mechanical_Spin_Orbit_Coupling_in_a_candle_flame.jpg)

Licensed under CC BY 4.0 – Attribution 4.0 International. 

w/o relativity with relativity 
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Relativity: when things go heavy and fast 

Non-relativistic: +0.39 V    

Relativistic: +2.13 V    

Experiment: +2.107 V  

 

“Finally, we note that cars start 

due to relativity.”[1] 

Image: Wikimedia Commons (public domain). 

[1] R. Ahuja, A. Blomqvist, P. Larsson, P. Pyykkö, and P. Zaleski-Ejgierd, “Relativity and the Lead-Acid Battery”,

Phys. Rev. Lett. 106, 018301 (2011) 



A crash course in many-body theory 
- now with relativity! 
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Bottom line: 
balancing cost vs accuracy 

(in all three axes: no. of moves, no. of orbitals, relativistic 
treatment) 



J. Phys. Chem. A, 128, 6521 (2024) 

Bad relativistic orbitals! Good relativistic 

orbitals! 

# of moves 

(“correlation level”) 

  

R
e
la

ti
v
is

ti
c
 

tr
e
a
tm

e
n
t 

Only 2 atoms! 

 

Cu Cu 

Ag Ag 

Au Au 

? 

Increasingly heavy 

 

Relativity becomes more important 



Work in progress… 
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(one of the) goal: help design qubit 
material 

Marcos Rubín-Osanz et al., Chem. Sci. 12, 5123 (2021) 

“ON” state “OFF” state 

Someday…  



Thank you! 
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