
Why quantum uses the 2-norm
A foray in counterfactual reasoning



Inspiration for this talk

• Great book by well-regarded, hilarious complexity 
theorist Scott Aaronson

• Not quite a textbook, not quite popular science

• Other than Ryan’s talk on the NP-hardness of 
Mario, taught me everything I know about 
theoretical computer science
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Say, why do we square 
amplitudes to get 

probabilities in quantum?

• We need positive values
• That’s just what we 

observe
• Science can’t answer that. 

https://unsplash.com/@mimithian?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/two-people-talking-serious?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
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I can’t give you a completely 
satisfying answer. What I can 
say is, for other reasonable 
choices, the universe as we 
know it wouldn’t exist!
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Could the math of quantum 
mechanics have been figured out 

before the experiments of the early 
20th century?

My view (and Scott Aaronson’s): 
YES!



What is the mathematical core of quantum?

•  

  



Generalizing probability theory (GPT)

•  

Because that is literally 
nonsense?

 



 

 
 



Fast forward to the 20th-century.

Nature is probabilistic, but we need amplitudes which can interfere.

Double-slit experiment, Wikipedia



Of all the generalizations of 
probability, why does nature choose 

one based on the 2-norm?
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Say, why do we square 
amplitudes to get 

probabilities in quantum?

There is not much choice, given that 
we know wavelike interference is a 
crucial aspect of microscopic reality.
In a certain sense, most GPTs are 
too boring!
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What is she talking about?

•  



Awesome fact:

•  

*Stated in Aaronson’s book without proof 



Jacob’s fact:

•  



To the blackboard!



Conclusion

• It took harsh experimental reality to lead humans to develop the 
mathematics of quantum mechanics. 

•That does not mean humans could never have done it beforehand

• It is possible, and worthwhile, to consider why quantum theory is the 
way it is and why many other possibilities are ruled out.

Quantum is fascinating, but not all of it is mysterious.


