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Summary

 Quantum Chemistry?!

 Phase Estimation

 Iterative Phase Estimation

 The Experiment





Quantum Chemistry
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Problem!

 Number of orbital configurations grows 

exponentially!

 For N orbitals and m electrons: 



Problem

 Simulating this on a classical computer gets really 

hard really fast.

 But quantum computers grow linearly with an 

exponential amount of resources!

 Use them to simulate dynamics, calculate 

wavefunctions, and calculate eigenenergies:

Feynman, R. P. Simulating physics with computers. 

Int. J. Theor. Phys. 21, 467–488 (1982)



(Very) General Idea

 We have a Hamiltonian, H, which we would like to 

calculate the eigenergies of.

 Prepare the eigenstate we would like to learn 

about and allow simulate action of H:

 If we can estimate phi, we can estimate E.



Phase Estimation

 If I give you a unitary, how can you measure its 

eigenvalues?

 For those more experimentally-minded:  how do 

we measure phase?



Naïve Method:  Homodyne



Iterative Phase Estimation



Math Alert!!

 Assume a binary expansion:

 Now apply U2m-1
:

 Then:



Math Alert!!

 Assume a binary expansion:

 Now apply U2m-2
:

 Now set 



Deep breath…



Summary so far

 We can calculate eigenenergies given:

 An implementation for U

 A way to estimate phase efficiently, which in turn 

requires the ability to implement a controlled-U 

(many times!)



The H2 Molecule

 Hamiltonian of the form:

 Forget that, its unimportant.



The H2 Molecule

 What IS important:  H is of the form

 Block diagonal with single qubit blocks!

 We only need single qubits to simulate this!



Almost at the experiment…









Conclusions

 Demonstrated a proof of principle simulation of 

the hydrogen molecule in a linear optics set up.

CAVEATS:

-started from known eigenstates (huge cheat)

-Hamiltonian simple enough to make Uk easy

-a true simulation of this Hamiltonian requires 

approx. 522 gates!



Thank you,


