
James Daniel Whitfield 
Department of Physics and Astronomy 
Dartmouth College

Quantum chemistry on quantum computers 

Quantum computational simulations 



Course overview
Lecture 1: QCQC (slides) 
Lecture 2: Technical introduction (board) 
Lecture 3: Quantum for simulation (slides/board)

Objectives
1. Understand how quantum mechanics intersects chemistry 
2. Connect quantum computation to quantum chemistry 
3. Background knowledge to get start in the literature







ALPHABET SOUP
• DFT = Density functional theory (GGA, LDA, B3LYP are all abbreviations for names of commonly DFT functionals)

• DMRG = density matrix renormalization group

• CCSD = Coupled Cluster, singles doubles

• CI = Configuration interaction, FCI = Full configuration interaction, CISD = CI single and double excitations

• SCF = Self Consistent Field, the algorithm behind Hartree-Fock and practical implementations of DFT

• MCSCF, CASSCF,  RASSCF,  = Multi-configuration; Complete active space; Restricted active space

• MP2 = Second order Møller-Plesset perturbation theory

• cc-pVTZ = correlation consistent polarized valence triple zeta basis set

• MO = molecular orbitals, the orbitals obtained via SCF

• AO = atomic orbitals, the initial atom centered orbitals of the basis set













Outline

•Spin to fermion mappings 
•Qubit Hamiltonian propagation methods 
•Measurement 
•State Preparation
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Block encoding, LCU methods

W =
pU * *

* * *
* * *

W |0⟩ |ψ⟩ = p |0⟩U |ψ⟩ + 1 − p | ⊥ ⟩

Want to boost probability of implementing U



Block encoding, LCU methods

W |0⟩ |ψ⟩ = p |0⟩U |ψ⟩ + 1 − p | ⊥ ⟩

If U = ∑ βjVjwith  Vj unitary then LCU

PrepB |0⟩ =
1

∑ βk
∑

j

βj | j⟩

PREPARE SELECT

SelV = | j⟩⟨j | ⊗ Vj



Want to boost probability 

W = (PrepB† ⊗ 1) × (SelV) × (PrepB ⊗ 1)

W |0⟩ |ψ⟩ = p |0⟩U |ψ⟩ + 1 − p | ⊥ ⟩

PrepB |0⟩ =
1

∑ βk
∑

j

βj | j⟩ SelV = | j⟩⟨j | ⊗ Vj

p = 1/∑ βj





Extensions of Grover search
•  Amplitude amplification
• Oblivious amplitude amplification  



Block encoding, LCU methods

W = (PrepB† ⊗ 1) × (SelV) × (PrepB ⊗ 1)

U = ∑ βjVj

(−WRW†R)lW |0⟩ |ψ⟩ ≈ |0⟩U |ψ⟩

R = (1 − 2 |0⟩⟨0 | ) ⊗ 1

p = sin θ ↦ p(l) = sin((2l + 1)θ)

Oblivious Amplitude Amplification 
p = 1/∑ βj





NOTEBOOK
Python notebook

H = ∑
k

αkWk

exp(−iHt) =
∞

∑
n=0

(−i[∑
k

αkWk]t)n/n! = ∑ βVj
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MEASUREMENT PROTOCOL



NOTEBOOK 3
Phase estimation
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EXPONENTIAL ANSATZ





LAYERED ANSÄTZE 



NOTEBOOK 3
State Preparation
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