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Usual exponential ansatz:

W) =e"|0)
where the excitation operator
T=>) tPiPi
1a
and singlet paired operators
P; = c];aclﬁ

Substitution into the Schroedinger equation leads to

E = (0]le""HeT|0)
0 = (0|P/P,e"THeT|0)
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= a pCCD t-amplitudes

Equations for energy and t-amplitudes:

=(0|H|0) + Z t2vi
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where 7 is an element of the Fock operator and v’ = (dpdq| Vee|r¢s) is a
two-electron integral.
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£ &= He, 6-31G

> 2 electrons, 2 molecular orbitals (one occupied, one virtual)
» 1 amplitude in pCCD

E =(0|H|0) + v/
0 =v + (26 — 2f — 4vf3 + 2 + v + vll) t — vi,t* = p(t)

> One second order polynomial equation
» We look for the roots: p(t) =0
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Figure: pCCD polynomial p(t)




gww%

oo
= A=

> We look for the roots:
p(t) =0 (1)
> This is equivalent to finding the stationary points of its integral:

a / p(t)dt = 0 )
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Figure: pCCD polynomial p(t) Figure: Integrated pCCD polynomial [ p(t)dt
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= @ S Solving the CC equations

» Initial guess for the t-amplitudes (MP2 amplitudes)
> Evaluate the polynomials p(t)
> Update the amplitudes according to

p(t)

t t — - 3
T o of 3

» How does it work?
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£ a5 Solving the CC equations

» Initial guess for the t-amplitudes (MP2 amplitudes)
> Evaluate the polynomials p(t)
> Update the amplitudes according to
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» How does it work?

» We find the ground state, but not the excited state! The problem is the algorithm
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£ a5 Solving the CC equations

» With the Newton-Raphson root finding method, we use information about the first

derivative,
p(t)
tet— 4
p(t) *)
> The correct derivative is
p(t) =267 — 2f/ —4vZ + 2v2 + V3 + vl — 2vit (5)

> but in the standar algorithm the red terms are missing
» How should it work?
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> Multidimensional problem is more complicated:
pi(tl, t2...tx) =0
p2(tl, t2...tx) =0

pr(tl,t2...t) =0

> Topic for next week!



