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Th5ÊÆ

This is a theoretical model of a two

level System coupled to am harmonie oscillantes .

It has many applications .

For example i

• Atom in a lavity interesting with a

mode of the eleehromajnelic field trapped in

the Gritz .

Atom is opprox by two level

System and e - in mode is the harm ose .

• qubits based on LC circuits ( in

s- revendu dring Josephson function fa L )

interactif with e - m made of resonetovs

( were guider ) coupled to the circuit
.
Important

physiesbehi-dsupencondueh.mg Qubit platforms
(in NIS @ devices) .



②

Here we given a brief and simple introduction

to the Hamiltonien itself - More advanced

theory forms the basis to model interesting

quantum effects : Sheedy of superposition

statu
,
their de coherence

,
entendement ,

probability revivals , - - -

I

We adopt the language of the
"

atom
"
-

"

field
"

- -

two level System houm

Gsc mode
.

Hamiltonien has three terms

Â = Hrw
. leur

+ Hiromasa + Hinkreehe
atom a field

= +21oz + kw a + { ) + Hinteraction
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Twelevelsystem i Staten tgs and le >

"Catan) " ↑
"

ground state
" "

excited states
"

1Mf Y

f- les
→

1g >
Îhwa

*
morue = ᵗw÷ = EY (le> <et -1g > <gl )

e s

9- =
'

(
' o

g o - ,
) = le > < et - 1g > <g)

î
H-i.me )

Harmon = tu a + E) → 4-wata ?⃝ÎÏ-M= )to

= 4- w [ (m +E) /m > Cm / .

-mo

m = 0

Recul a+ tn> = ME Inti ) Creation op
at

a In) = Tn tn- i ) annihilation op a §
d-a 1m> = mtn > d-a = number op



④

IÉ

Mint = 4¥ (d-% + ap )

e Z

where T
-
= % - ioy = {( ? ?) = 1g > ce/

9- = % tir, =ᵉ(ÎÎ) = le> < g/
f

main idee behind this coup ling term :
-
-
- -

- - - - - - - -

}
"""

toussa

- le > µ
photon ami Hd

at Creation of
photon photon

absorbed .

- 1g ,
¥

soumissiona= annihilésà
State

of photon

For example : Ès
-

le
,
m) =MF 1 g , mm )

- -- -
- |

AI 1g , m )⇐ Fn le, n - i )

(Nanki full Heatment → other terms which are

neglecta here . )
.



⑤

Total Hamiltonien ( simples/- possible fun ef
-

Jaymes - lunn :-& hamiltonien)

À = +21oz +
tu d-a +4¥ ( a + rat ) .

( we drop the constant facta 4¥ in to (dette )). .

Conserved Quanti/y .

-

ata * 0+0_ .

0+0- = le> < SI ls > ce / = le > ce / = [! !)
.

courts 1 if atem is excited and o of not excited

at a = number of exe in houm ose [mb f-photons in
field ) .

(e -

⇒ Gta + 0fr_ = number ¥ excitations
"

ef etant field
system .

No1 : (ata +re ) l e, m ) = (mm ) le, on >

Ça + g-1) Ig , nti) = (Mtl ) Ig , nti ) .



⑥

So me see that Cota + qe ) learn invariant

the subspace & / e, m > + § / g, mm ) .

-

subspace with Mtl
"

excitations "
.

Hou does H act on this subspace ?

En
tt / e

, m
> =

t'
÷ le, m > + 4-written) th-flg.mn)

Ig , nti) =-4¥ / g , ma > thwmt-Tls.mththfm-ik.nl

So H ( al e, m > + plg.cn/-n))--Jle,ml+8lg,mti )

H also learn invariant this same subspace .

unË:::::Ï::::::ïˢmeans that H and ata +0+0, have the same



②

Diagonalisation of H .

=

The precede'y remarks Show that H is block

diagonal of the faim ;

tg , o) { 1g , H Ko>} ( g 2) les > } - -
-

19 . »

←

" " |
"

le o)

192) I. |Le 1)

:L '

:



⑧

Tapotement :

< g , o I H I g. ◦ > = -
+
Ça + 0 +0 = - IE .

BIS m = o ) l, 2, 3 - - -

( g mm / HI genti ) <genti IH Ien )

)((en IH I gum > < en /HI en )

=p
-

"
÷ +
" ' ) 19MF

IEYE * twa +
+un

2

↑
check-in !



⑨

Eigen-elues-r.ru ≥

DE
#
(n ) = 4-wln +E) ± { 4-Etaient

Ô = wa - cu @tuning parameter between

atour & held fnequeney . ) .

Eigenrectnsaeigenstatesare.IM≥ D.

/ +, m) = ces II le> m) + sinon Ig , nti ){ 1-
, m
) = Sin¥ le, m ) - cost? tg

,
nn )

with tanin = M
.

or

(and for 1g , o ) energy is -4¥ ) .



④
Suppure une infect amateur in initial state

Îæ
two) = [ Cm le > m ) .

M

' Y# D= e-
'ÊÂ
Ho ) = [ en c-

¥Île.ms
↑

State of otant field
at him T

since I e
, m ) = ces¥ It, m > + sinon /→ m )

e- ÎÎ / en > = • e-¥"
"

/ +
, - > +«

j'ÊE"
tn)

⇒

14*3=2 en@E) e-
¥ '"

↳→ ⇒âgé"Ë
" '

↳À
m

Ea



④
From this formule we can shrdy

Rabi oscillations of System
"

atout feld
"

.

For example At ms look et so-called Rahi

IÉa i

e e - m field is initials in [ cm /n > = lo )

@a photons = vacuum initiale ) .

•
atour initial

> in
/ e) = excited state

.

•
Initial state is / e

,
o ) .

Cet un look at turned situation 8=0 ⇔ wa - cu

we her E± = 4¥ ± AI2- .

tourco = 4¥ → +à ⇒ %→ E .

/ e) o ) = ¥ (+, o > + 1- , 1 ))



⑤
ih¥t

⇒ 14kt = e-
"

{ e /ça > + e-
"¥Y⇒)

x cos (¥) l e, o ) - i Sin(¥7 / g.d)

Pé Prob (Kree stable) at time f) = / ( e, o I yet, ) /
2

= @s off)
2

Pg .- Pnl ( to ne skie /g) atbrnt ) =I

- @ ¥)
2

.

Pen suetteÀ

?⃝
↓ "

"
"" "

un
t

E-EFsstaklg.it
@ photon)

.
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Jaymes-cummi-jsladdI-fw-wa.DKnedSinatra
.

-

It
, 2)

19,33 )
,
- le
, 2); 54¥ a- - - - - F-

, - , , >I-h-YFsls.hile.it?Iw--
-
- -

- - - - -
- - -

F-
"" >

IIIE±
._

/→ t>

-

- - -- -
=.

_
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- -- - - -
-

D= ◦ M¥0

↑ ↑

addÂ = Efaqi-h-watattint-tffat.ua )
wa = W

lift dejeneraazw.hr{ or ._ ◦
gars ~ t' ʰ¥ .

→
(Non linear snewth )


