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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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= ﬁ rg pCCD t-amplitudes

Edaations for the energy
E = (0|H[0) + ) tfvi,
ia

and k = np x ny polynomial equations for the t-amplitudes:

0=vi®+2 | 7 —f =Y vit? = > vpt? | &
j b

ia ia i za\ sa
-2 (2Via — Vi — Vaati) ti

aa,b j.a ij ca.b
+§ Vbbti‘l‘E:Vfitj'*‘E:Vﬁbtjti
b J jb

where £ is an element of the Fock operator and v’ = (dpdq| Vee|drds) is a
two-electron integral.
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ga = pCCD z-amplitudes

Since we want to optimize the orbitals, the energy must be expressed as an expectation
value, and thus we have to introduce the de-excitation operator:

z=> zPlP,
ia

Writing € = (0|(1 + Z)e~ " He'|0) leads to k = np x ny polynomial equations for the
z-amplitudes:

0=viy+2 | 2= =Y vit? = " vipet | 2
J b

ia ai i ga\ i i j 42 iyb
—2(2vfZ — v —viLt?) z) — 2v), Zz{;tj + Zzbt,-
J b

Y vz 4> i+ P (vipZh + vl z])
J jb
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Figure: pCCD polynomial p(t) Figure: Integrated pCCD polynomial [ p(t)dt
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£ a5 Solving the CC equations

> Multidimensional problem is more complicated:

p1(t1, t2...tk) =0
pg(tl, tg...tk) =0

pk(tl, t2...tk) =0

> In matrix notation:




g@uﬁ:‘%

£ a5 Solving the CC equations

>
p(t) =0 (2)
» With the Newton-Raphson root finding method, the solution is found iteratively.
Taylor expand p(t) to first order:

p(t) ~ p(to) + J(to)At

> where At =t — tg, and J = Jp/0t is the Jacobian.
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z A E Solving the CC equations

>
p(t) =0 (2)
» With the Newton-Raphson root finding method, the solution is found iteratively.
Taylor expand p(t) to first order:

p(t) ~ p(to) + J(to)At

> where At =t — tg, and J = Jp/0t is the Jacobian.
> In the next step, move to the approximate solution p(t) ~ 0:

0 = p(to) + J(to)At

> Such that:
tn—|—1 - tn - [J(tn)]_lg(t")

» This involves building and inverting the k x k Jacobian matrix



;ﬁf = Solving the CC equations

> Newton-Raphson algorithm:

tht1 =th — [J(tn)]_lg(tn)
» One usually employs a constant diagonal approximation to the full Jacobian:

op}(t i
Jia,ia = 8tg ) ~ 2(faa - f; )

> This is good enough for the ground state but not for excited states
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£ a5 Solving the CC equations

" » Newton-Ra phson algorithm:

tht1 =th — [J(tn)]_lg(tn)
» One usually employs a constant diagonal approximation to the full Jacobian:
9p;(t)
ot?

> This is good enough for the ground state but not for excited states
> For that, the full Jacobian is required
» Empolying the complete (t-dependent) diagonal works most of the time:

~ 27 — 1)

Jia,ia =

a i ia ia aa i aa.a bb . b
Jiaja = 267 = 26 —AviT + 2vil + vii v — ) viPth — > Vit

J b
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£ a5 Solving the CC equations

> Newton-Raphson algorithm:

tht1 =th — [J(tn)]_lg(tn)
» One usually employs a constant diagonal approximation to the full Jacobian:
9p;(t)
ot?

> This is good enough for the ground state but not for excited states
> For that, the full Jacobian is required
» Empolying the complete (t-dependent) diagonal works most of the time:

~ 27 — 1)

Jia,ia =

a i ia ia aa i aa.a bb . b
Jiaja = 267 = 26 —AviT + 2vil + vii v — ) viPth — > Vit

J b

> Equation for the z-amplitudes are linear. Newton-Raphson is exact!
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