sA‘m» ~_.‘:‘;,:‘“ South African N | : INTERNATIONAL YEAR OF
k?uTF} i Sectmotogy 1) quantum Science
ot Frt et
‘%}gﬁf" P National Institute for and Technology
Ssszze

Theoretical and Computational Sciences

Theoretical
Foundations of
Quantum Science
and Quantum
Technologies

7-14 April 2025

Lectures ow

Marco Merkls

OTW‘ Juondum. &ystus Hathematics & Stafrifics
Memonal nicvemhy
Comado




Offm qvmmTW tyitoms 47 fxa/wr’tr

The opta Jouges - Cumminge el



@  forwalidm of quastuin themy.

o Siafe s notmaliel veclor ¥ of 4 Wbl gae ¥

/ c* 1(45]" (van)
¥ —— (R d’x) partide in R’
F= €O 4" qumun fied

i [ Fack .rfaa)

Comporife aprkm  Hilbr spac - fm{,ud? o Thdrvidual omes

- c'eco-0C qubiT Tegifer

#
™~ c*e¥ abom ~ Tadahion complex



Ofsormblln ane cotf-adjonit’ oponefs A on 3. A metiuremert
readent; i abwnys on oaimbie of-A . The Teadot for fixed
A omd ¢ 19 Tomdom %Mn'n& aworge

{A)? = {$ AY)

1 0
o (0 0 ) SN EVACY qubit value
A
™~ J
X, =Y, porikon . mementun
of o Powk’o&

Dynamics * gitn 4 Yhe Schrodinger eguafion

etdécqz < h¢ e Hoamibioian
((me Wab{e)

~itH
& \I’t = g

1o



Reduced sfafe

e M o,

¢ € N: gemml[# on-
fomgled

Meagwre ofsevvafles

A€ (H) o S olna:

(f (Aog)t3 = H (04)

defives the  dpwify mamix | or teduced sfefe

(G Bont) = f g, (1D (ne1) )

= | (i, 1) A]



Revitit owr wation, of ke - ("—'f*zo o %/ frp=41.

Cupecalin o ofaonably  (A)= frph.
(£ = 14> secial cwe)

what 11 dhe Crofution if Wy Tedued Hte !

= #B (1%7%!):#3 (eJtH ,%w,erﬁs)

+ WoT" of Yhe form e_{tﬁeff P el‘fﬁe’cf , nit a gmf
o B’M’ aloo o6 oomrr&id;r Mﬁfmﬂaw

L5 redduchion of {omadinger dynamics gives
173¢ To Special chweture (cPTP)



The m%(}uﬂa %yner-' Cumminga 94 ldl,

afm 1 ¢ capfy.
3~ Lorel cyaem. / \ Antmeme il aton
{]D))o)} 1?;/ AR LR
g, = [9<o] [£,8,]=-1,

-’-_..
_ ¥
_ *
H. = 6‘+®B+o‘_®5



Dynamncs oF CWVLT@)( ( afem. r&/w fatf, )

19, ¥l = ¥ ¢(t)

Iniora chon Helwre - ¢ (t) = e L4, ¢ (t)

= i%ccPlﬂ = H_[t) ¢ [t)

(tH fo

) -t
HJ: [t)= e HT, e

= ﬁ:l_({')BC‘f’) +4.c.

iNo't /’ R “l‘wkf Ag,

e "0 Zlgﬂ,(e ik

[ H,N] =0
wWiwre, Tofal VIMMWOPW 1S



= fpedral ml/rfa(m of- N one invamowd wwder dynamics

(l

S lmdy = Joon o), (4 Jer=o &5)

%,

|

6: |vact, ( 1 exqfafion 6ra ﬁ)

Take inifal fefe wie of medt N=1 excifiiom -
o)==l I ¢ (o), % Ag (2) Xy

Then  ¢(€) abn kao df wed N=1 excafafime [M(’ t)

¢ = 9 + ¢t L 12

k



The tediced afom Ay wahix  ( ifeachon pichue) ic

=
"

be ([auxete) )
let®)]* e qH)
( C, G I 1-I56e)]"

he gt an equation of evotuhion for fry

I

Liglt T cu

Qt f.(,‘]: H’) i . |
Co (] =9 [att]
Forwne (o) 0 L ‘SW mmher s
10 ) c|“_) / 24 , S0
C, (t]

HEEAERNE
AL HP
|

+
<1 [ (vre)+i€(e))de
-  clt)y= e ¢, (o)



Then 6 o] ==y la)” and

] —re) fal)lt =L g (isE) g
T (t] =

/

L 6 (ri)-ic) < %) Tt laie [

=i
~ ) [Qq)@@m]

*r(‘e) { b_ fS,I H-) 0\“(' - Ji 6; —fC‘I [f)

lndo Y iemhn. f‘aG{Wm

_ith ;
)= e It e'fﬂs

VR = - [Hristine, pul]
=1 { o 1) 6 — L 06 p k)

“:‘ll ﬂ‘[ﬂ s 6"1]




