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trigonal PtBi2: superconducting Fermi arcs

Type-I Weyl semimetal:

Andrii Kuibarov et al. Nature 626, 294–299 (2024)
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ARPES on unoccupied states
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WPs in PtBi2
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high harmonic laser source
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I (
a.

u.
)

403530252015
hν (eV)

Artemis, Central Laser Facility, UK:

  

Toroidal
mirror

HWP QWP

DS
DS

BS

OPCPA 
λfund. = 1750 nm 

rep. rate = 100 kHz

Time-preserving 
monochromator

Gas jet

hνprobe tuneable 
hνpump = 1.46 eV 

+ monochromator
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trigonal PtBi2
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Data, Δt = 0
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ultrafast dynamics: why is this interesting?

electron

hole
t = 0 fs t < 20 fs

hν     OP

hν     OP

t > 250 fs

hν     AC

Jens Johannsen et al., Phys. Rev. Lett. 111, 027403 (2013)



Data, Δt = 0
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kz broadening ~ 15% of the Brillouin zone 
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ultrafast dynamics: classification
Solution: k-means
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ultrafast dynamics: classification
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hν = 27.4 eVhν = 21.7 eV hν = 33.2 eV
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ultrafast dynamics: clustering everything together
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metallic / semiconducting character in the BZ

Data, Δt = 0
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• Using time-resolved ARPES, we can identify the Weyl points in the unoccupied 
band structure of trigonal PtBi2.

• kz is tuned using a high harmonic laser source with wide and fast tuneability 
between harmonics. 

• The electron dynamics is faster in the parts of the Brillouin zone hosting metallic 
bands. 

• Trends in high-dimensional data sets can be detected by k-means.

conclusions

Paulina Majchrzak  et al., arxiv2406.10550
Paulina Majchrzak  et al., arxiv2406.10551



clustering by k-means

• clustering is agnostic about position in E-k space
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clustering by k-means
• Clustering is agnostic about line shape
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