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E.g. Shor’s factoring 
algorithm: useful to break 

public-key cryptography 
schemes!

Big issue: Decoherence

Can we protect our qubit from the 
environment?
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Dirac & Weyl Semimetals
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Shapiro Steps
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Cd3As2-based SQUID
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Gap closes at 
1 mT

Gap is open at 
0 and 1 mT
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Even steps 
are missing!

Fractional 
steps are 
observed

What is the origin 
of these 

anomalous 
features?

Frequency 
dependent

Standard 
behavior

f = 9GHz



Josephson-Leggett Collective Mode
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Summary
• We observe anomalous Shapiro steps in Dirac semimetal (DSM) 

Cd3As2-based SQUID

• We attribute the anomalous features to a Josephson-Leggett (JL) 
collective mode in our device

• The first observation of a JL mode (to our knowledge)

• Standard Leggett modes: rare in nature

• Novel realization in a DSM

• Opens a new door to explore topological superconductivity and 
high-temperature superconductivity
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