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Quantum Master Equation for driven . dissipative

Jaynes - Cummings model ( in rotating frame) :
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If we define an operator I sink
that

master equation is written as
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a. at → annihilation a creation operators → ca.at]= ,

it = [ level - I g) Cgi] ✓ I. le> ( gl F
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The Hilbert space of the model is 11-1 = Alp④ Htq

Htp → Cavity mode Hilbert space = Span { In> In c- IN}.
Coo - dim)

Htq → Qubit Hilbert space = Spam figs, le>} .
(2- dim)



For numerical purpose ,
let us introduce

a cutoff on the photon Hilbert space .

( Foree Space)

i.e.) Htp x span { 107,117 , . . . IN cut>} .
( (Nine- + 1) -dins)

we shall denote this truncated hilbert space

by Alp . It is to be understood that we

are working im treated space .



a) at art on Hip as
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When we lift these operators onto 1+10×01+19 .

Strictly they are a → a④Iq
#→ Ip④ it

5-→→Ip⑦r
-

at→ at ④ Iq r+→ Ipxoot
Ip → Identity on IHP and Iq → Identity on Hlq .



So
a) at ,

TZ
,
or_,r+ cuts on ICNcut -11) -dins

Hiebert space Http ④Htq .

Similarly ect) - density matrix cuts on 1Hp④1Hq .



Now if we choose an ordered basis

( 10310, 103183 , 11310,113183 , . . . , Innit> les, Inuit>187
) .

The operators eu-ya.at ,r_,r+,oZ are represented

as 2CNwt + 1) ✗ 2CNae- + 1) matrices
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I = Ip④ Iq

Ip = Hurt + 1) ✗(Nauta) identity mdtin
Ia : 2×2 Identity matrix



Similarly density mature ect) is a
2(Nwt+Dx2CNwt+D matrix
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The Lindblad master equation is ng same

form as original , i. e. ,
Jett)
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ect)#

Htc = Ñc ata-wzqit-glatr-tr-AJHd.lu Latta) .

erupt that ect)
, a. at,r3rJr+should be thought

of as 2(Nwt -1s)✗2lNwt + 1) matrices .



Although this equation is linear insects ,

it can be inconvenient
,
as it has

matrices multiplying ect) on both sides .

This equation has the structure of the

LYAPNOUV EQUATION for N ✗N matin ✗ (t) :

✗(t) = A ✗Lt) + ✗ (t) B + CXCTID .



writing this equation in component form
N
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Now rolled- the equation by defininga

vector Xiilt)

:
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This gives
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Now recalling the Kronecker product of

two matrices P and Q given by
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we can write the LYAPNOUV equation as

dat 1×(1-1) = [I④At BT⑦It DT④C] 1×(1-3) .

This process of converting the
mature

equation for ✗(t) to vector equation for

1×(1-1) is called VECTORIZATION .



Now applying this vectorization procedure

to our Lindblad master equation gives

dat tell-D= {-i [I ④ ( Hjc + Hd) - ( Hsc -1 Hd)T④I]
-¥ [I ④ (ata) + Cata)T④ I

-26+5×0 a)

Denote
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• dat Ielts> = I lead ⇒
Formal solution is

tears> = eÉtleloD .



Once we obtain the above solution
,

we can denutoieze Ielts> to get ect .

ect ) can be used to compute observables

as usual ( Fct)> = Tr[ Tech] .

Nite : One has to converge the
memories

with respect to Nat . eco)

Ncut value needed depends MTW~c.ci?s,g,M,k&V .



Algorithm :

→ TuÑphoton Hilbert space (Nait) .r

→ Construct photon and qubit operators .
"

¥
→ Construct

"

vectorized
"

Liouuillian
. .§÷→ some vectorized master equation .

→
"

De -ueetoiezé density matrix .

→ Compute observables .


