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Exam problemsa)-i) (Makesureall problemsareincluded in your
Set)
Let H = Hy + H; and|®,,) be the eigenstates ¢, and that|¥,,) are the corresponding

ones forH. Assume that the ground statd) and|¥,) are not degenerate. We can then
write the energy of the ground state as

W|th H|¥,) = Ey |¥o) and Hy |®g) = &0 |®o). We define also the projection operators
= |®g) (®o| and@ = 1 — P. These operators satisf? = P, Q> = Q andPQ = 0.

a) Show that for anw we have can write the ground state energy as

E0=60+Z<<1>0|f11< Qﬁ (W—Eo+ﬁ1)> @) -
0

n=0 W =

b) Discuss these results far = FEy (Brillouin-Wigner perturbation theory) angd =
eo (Rayleigh-Schrédinger perturbation theory). Comparefitise few terms in these
expansions and discuss the differences.

c) Show that the onebody part of the Hamiltonian
Ho =" (plholg) afaq
pq

can be written, using standard annihilation and creatieraiprs, in normal-ordered
form as

Ho=3" (| hola) afag = 3" (0| o la) {a aq}+2 il ho i)

rq rq



and that the two-body Hamiltonian

| )
Hr = 1 Z (pq| v |rs) a;a:;asar,
pqrs

can be written

N 1
Hy =33 (pal 9Irs) {afafasar } + 3 (pil & lai) {afa, | + 5 3" (il 91ij)

pgrs pqi i

Explain the meaning of the various symbols. Which refererzaium has been used?
Write down the diagrammatic representation of all thesmser

d) Use the diagrammatic representation of the Hamiltonjgerator from the previous
exercise to set up all diagrams (use either anti-symmeltrizeldstone diagrams or
Hugenholz diagrams) to second order (including the refareanergy) in Rayleigh
Schradinger perturbation theory that contribute to thesetqtion value ofzy.

Use the diagram rules to write down their closed-form exgoes. If a Hartree-Fock
basis is used, which diagrams remain?

We consider now a one-particle system with the following amian # = H,+ H; where
f[o = ZEPCL;CLP,
p

and
Hiy=g Z a;r,aq.
Pq

The strength parameteris a real constant. The first part of the Hamiltonian playsrtie
of the unperturbed part, with

(pl ho lg) = dp,qep-
We have only two one-particle states, with < 5, and we will let the first state = 1
correspond to the model space and the othet, 2, correspond to the excluded space. Use

labelsijk . .. for hole states (below the Fermi level) and lab&ls . .. for particle (virtual)
states (above the Fermi level).

e) Use the results from exercise c) to write down the aboveilttanrian in a normal-
ordered form and set up all diagrams. UseXato indicate the interaction paf;.

f) Define the ground state (which is our model space) as
[®0) = af 0) = af 0},
and the excited state as
|9§) = afai|Po),

wherea = 2 andi = 1. Set up the Hamiltonian matrix ax 2 matrix) and find the
exact energy and expand the exact result for the groundistegans of the parameter

g.



g) Find the ground state energy to third order in Rayleighé8inger perturbation the-
ory and compare the results with the expansion of the exartgrirom the previous
exercise. Write down all diagrams which contribute and ceminyour results.

The final part deals with coupled-cluster theory. Since weetanly a one-body problem,
coupled-cluster theory truncated at the levellgfis exact. The similarity transformed
normal-ordered Hamiltonian can then be written out as

A = Ay + (ANT) + 5 (ANT?) +.+,

where only linked diagrams appear. The expectation valtleeafround state energy (beyond
the reference energy is) B
Eccs = (®o| H [®o) ,

and the amplitudes’ are determined from the equation
0= (®f| H o).

For the latter we need to take into account diagrams whidah tiea final excitation level of
+1 only.

h) Set up the definition of the operatdr = 7}. We will use a diagrammatic approach
only to find the diagrammatic contribution to the ground esta¢yond the reference
energy. Show that the only possibility is

Eccs = {} 77777 :

Find the closed form expression.

i) Show, using a diagrammatic approach and keeping in miadittal excitation level,
that the only diagrams that lead to

0 = (®f| H |®),

e

Set up the final closed form expressions and the algorithrfiriding the amplitudes
t¢. Can you solve the problem?

are



