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stuff real chemists care about 
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geminals:  two electron building blocks 

𝒜  𝜙1𝜙2𝜙3𝜙4 …  



QMC 

geminals:  two electron building blocks 

𝒜  𝜙1𝜙2𝜙3𝜙4 …  𝒜  𝜙12𝜙34 …  

exponential scaling! 

PP/Q/H Head-Gordon 

PMF Scuseria 

QMC 
Sorella, Bajdich,  

Schmidt, others... 1 + 1 + 1 … ∝ 𝑁 

1 + 1 = 2 

1 + 1 > 0 

size consistent/extensive 

variational 

accurate 
𝑒𝑇 



the antisymmetric geminal power 

Ψ = 𝜙A 𝑟 1, 𝑟 2 × 𝜙B 𝑟 3, 𝑟 4  

Ψ = Φ 𝑟 1, 𝑟 2 × Φ 𝑟 3, 𝑟 4  
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“corrected” AGP 
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Hilbert space Jastrow factors 
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The (Hilbert space) JAGP Ansatz 

|0   𝜙𝑝𝑞𝑎𝑝
+𝑎𝑞

+

𝑝𝑞

 |ΨJAGP = 

EN, PRL 2012 

size 
consistent 
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coupled cluster theory 

𝑒𝑇|Φ  
exp  𝑇𝑖𝑗

𝑎𝑏𝑎𝑎
+𝑎𝑖𝑎𝑏
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𝑖𝑎𝑗𝑏

 

exponential cost 
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𝑇 𝑖𝑗
𝑎𝑏 ≈  

𝑝𝑞

 

the Jastrow cluster operator 

 𝑎𝑝
+𝑎𝑝 𝐽𝑝𝑞 𝑎𝑞

+𝑎𝑞
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  𝑈𝑝𝑎
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orbital rotation 
with unitary 𝑈 



𝑈|Φ  

optimization 

Φ 𝑒𝑇+
𝐻𝑒𝑇 Φ  

𝜕𝐸

𝜕Kpq
=  

𝜕𝐸

𝜕𝑡 𝑖𝑗

𝜕𝑡 𝑖𝑗

𝜕Kpq
𝑖𝑗

+  
𝜕𝐸

𝜕𝑉 𝑖𝑗𝑘𝑙

𝜕𝑉 𝑖𝑗𝑘𝑙

𝜕Kpq
𝑖𝑗𝑘𝑙

 𝑼 = 𝑒𝑲−𝑲+
 

𝑇 ≈ 𝑈+𝐽𝑈 
 Φ|𝑈+ 𝑒𝐽 𝑒𝐽+

 𝑈 𝐻 𝑈+  Φ | 𝐻  |Φ   

derivatives 

quasi-Newton ? 
∇ ∇ − 

correlated sampling 
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strong and weak (H2O, 6-31G) 
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a word on cost 

cost = C × 𝑁5 

very large (108   ) 

quasi-Newton ∇ analytic Hessian 

𝑒𝑇 

1 + 1 + 1 … ∝ 𝑁 
size consistent/extensive 

1 + 1 > 0 
variational 

1 + 1 = 2 
accurate (strong & weak) 
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