CEM 993 Spring 2023
Assignment No. 6 (20 pts.) Due Date: April 28, 2023

1. (8 pts.) Draw the Hugenholtz and Brandow diagrams for the second-order MBPT
correction to the wave function, |\I/E)2)>, assuming that the perturbation operator W
consists of only two-body part, W = Vi, and write the complete algebraic expression
for each of the resulting diagrams. Distinguish between the wave function contributions
corresponding to different excitation levels (i.e., the second-order MBPT corrections
due to singly excited determinants, the second-order MBPT corrections due to doubly
excited determinants, etc.).

2. (4 pts.) Among the unlinked contributions that originate from the principal term in

the fourth-order MBPT correction to the wave function, |\If(()4)>, there is a group of
diagrams represented by the skeleton
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and all time versions of the first kind associated with it. Perform suitable diagram

factorization for this group and identify the specific renormalization term contributing
(4) :

to |W’) that this group cancels out.

3. (4 pts.) Prove the following diagram factorization:
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4. (4 pts.) Let us assume that the reference determinant |®) used in MBPT as the
unperturbed wave function is a Hartree-Fock state, i.e., the perturbation operator



W consists of only two-body part, W = Vy. In this case, among the Hugenholtz
diagrams representing the second-order MBPT correction to the wave function, |\I/(()2)>,
there are two that correspond to the second-order estimate of the singly excited cluster
operator 71, i.e., T1(2) . Identify these diagrams and provide the corresponding algebraic
expressions for them (you can copy this information from your solution of Problem
1 if you like). Use the resulting formula for T1(2) in terms of the antisymmetrized
matrix elements v;° = (pq|v|rs)., unperturbed spin-orbital energies ¢,, and particle-
hole excitation operators E¢ = X! X; relevant to the problem to determine the explicit
formula for the second-order MBPT estimate of the singly excited cluster amplitude
ti = (alt1]d), ie., Dt = (a|t?3).



SOLUTIONS



_2-

1. | @§“>= ) (RQ’)LDZEL 2>
}tn oW CaRy lr\f \/ ) &m
RASE {(R@VN) 1,

@Qb\m "i’> shee

e Camnst andinleed oC
(W

o U wibien (e codd Gak
@mm g ducrdon” e <

bt ).

NOWO\(\M#@{ {“{ wtw’&z gwm

conyondi (QQ”\/\ &>



> =0
= i\”

J /

e Q T Dscand S &Wﬁ
5 W\“% oeed  Con géj
ocfeél conk M &

““ﬁ“‘” ol WWg
Aghvic s




@S’B (q{?@ (_Q,>> ’t?@(}))>
> [
Ok [@D@QQ>> C& bmjk,_,g() M e

o 51 < ) - ;
— =
‘“ﬂ% By
<m°\‘ ‘6824 <@'H Z{A((L a)
x AG)Q, m e &
N %
Mv

@ﬁmwm
-7 =, <ealdfmy Gl %AQ( )
X NP M) |25




T (B> (doly i) e

e o

5 3/
W Brondov

. g)ﬁ;ﬂw (f)
Zr, Soblel <y A0 0
&AC)(“/SJ e/]“) {9’? |

b n
&
b

S L= <o\e> I 1@4 A*w@
KADGM 0\,@




— O\;<O\@( ‘m5>j4<m@‘ LQ%A Gm &Q)
G A@(/w/@) 3 >

e (REDS (hply ecded) dorms v
% Brmdas

o

6 C S

1 (o1 .
= ;— —

- K, .3,4& K
‘Xdrreszwbn\; - 0
F Z Ko liln sl Lt

<AL &/ <) | ‘,SLD



2 TN
: S
D) NG . .cf. I
= S
O e = {
k<

W' - Brendss

5 = e A%
7 B Cbel{ley ol A houk)
Ll b, (%;§;>
i -
= =
- , ——
Z‘?}cﬁmwfm: I %E&L <°\E>l5l§s>o4<°d[€(ufﬂ
8 Ad )G’/S/ L(é z/‘ % gb C/z{) “&Q )O(/ Q/ C/ij{é‘vjlj




As shan b b las, b [PRD)S o
-5‘%’."“’1‘“&‘ &(%0 t 8”“
LB
g =2 = ey <o\€>|v\c,5\o4 ,&{)(%‘/QD

1
R Jocs _ |
< Ced (3]l Ak A)



2 Ha ave Jrﬂqa Q[{,&MD\AS CQSEMM Qse
erv:: \/?/ﬂ\om 0&%&‘@7&* [«O;h:{ ‘S»yt.w\ W 5

?I | wkevt We Use aj%J e
| ' :

‘H«Q Ooﬂtmu\bm
> 06 & (Y Loriion S

y JVJV\{, C,DWQ&QXV‘&& i ov: @M
Le\{" LAY  WRE N ‘*5 l{.&x mo\,e J((/\Q WM 2

M &ﬂ??we ) e‘&&\b \ m&&m@%& N\}PA
OOV ‘i(‘w@\wv“ Fw\i{u&; e& wu%ﬁs b " &VLGQ



-10 -

i ot Wi eselhs da%?mwxwwduum)

Nﬂem wl AN \Amjf&,;

e | £8 1.
C mﬂ&@ﬂ{)ﬂ / C(@ﬁﬂ(&ﬂﬁ@;’
o) aten )
H( = C,(oc{mc)& p gumw\wg DVW'W’W-
s\.ﬂﬁwﬁ'\n G(Q_ padaces ‘% J! ‘\’eli?. QU‘Q*&
We fSlein
N @ N
IT+I+I =

e " b

2 c(‘:!*cc)o\% g C/éi(,)@bi'c Gj; +%>

o N Gl BT | N

c@@&&v:?m&?f be gf_g%_

nm

= 3 |

|




11 -

\““&) @ J QDZ .
T+D il = <&, R\f RAED R 6
As we Lw&u j\%& U MIE&V\XW
e e BV, RO R“’ > RO B
Quwf\\lT\r\QJ\l&thm "{} ‘ll’\\z,

AW PWERWIES ROW (B>
Jf%/\%f witth 2 \@vﬁuﬂ 1 one o The venormeli-
Zd&\m Terms  On \5@20@> ~€,><oe,(r‘r | JS{A@ N
h\ ﬁ%b( v&w&& %Mﬁ S dZ§%mwm ]; /
&w& m&?3 &Vm @%hqvﬂ“ﬁﬁm

§ @S

[= <&V R RV E> R RO ﬁ’@]
Qeﬁxmwibm ‘\Q jV["xQ, i

o o @w NON W| &

K <<!;ﬁ \AJ 0 W g g£>

TYQm



-12 -




-13-

b e
B kaw)@f@cﬁ% (stbtc)(bec) b

N\ i N
* | P
Gx-&%ﬂ)(&f@;) o~ (ot € ) (ot @ S

N =
’ Em%fc)(m:c ¢ + ‘Z&%{QCM()&E

= T gc@fm@@< : Q

N\ fo+c




N
& Wf @

s
Co:ff's +C K&*EC )

~14 -

<_-ﬁ.+
Q.

ol
g _(O\{“E'fc)%(;

\

e
(octh £0) o E

.

——

—

.

|
€

e

N

B

of

}

ax b

ok

Sk C

4

N

| | Gl
%’&5‘”" L

e bee)

T

Con

OO Q‘FO\QJC"' 0\@)(:

i) I

)

I

6 Gtbed)

2@2

&



-15 -

€C &@Q




-16 -

4. N ceoro&% o our g_nmﬁ consderfba
1h cﬁmﬁ

T8>~ {ENI L, 0
The Tio dogroms. Tt come ond
*&& QA%WZEZH &wﬂ 3 @;g§m@% %T@m

Pg;fﬂ:> =y

, L
e o

f

ti
oy
| i
S

/%Cedwgyg%b'ﬁ&:bzﬁﬁhatf~fph@&Mm ,/
He Qv Wﬁj&

TP 3 T Ceafimyuls iy

6.2 Limn

WNCOVN Y, s00) ET

s
G




217 -

2 0, Soslblef <ty

o ALY By e f) B
Thas,
TP= 20 <aft &,
wWhire
GG | 73
<Gl t > =1t = = Q,Z]cw, <m&(0(€)[24

> <ehldlmey ACCa) A ¢ f)
WM>/!§ <lmm HD e,<:>CA
- AO)(,GJ‘ e\) AO) (V"L ", o\/Q) :

We Con '\:.fmff@&l% ,\JBM\ ‘Ye&w& % mﬁ‘%



- 18-

>, ¢ = | Pr
ei= L A
= Z s moe 7, n
em 2 % U”'é Vel - CL’J”’D'Q/JI)






