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After some algebra we get
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It is useful to analyse
the second exponent in
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Eqzo is a high temperature
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A natural question
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Eq l is treated with a Lindblad Master Equation



We will again start with the original Hamiltonian
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Note that the
rate in Eq 25 is same as Eq 19

which was high temperature
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bath

This shown that the exact result of
spin boson

model matches the Lindblad equation result

in a certain limit
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and many more generalizations
see tutorial 2
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In this lecture we dealt with two lewd

system coupled to bath and in previous

lectures we discussed bosonic modes

coupled to a bath We will now discuss

a combination of the
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famous Jaynes Cummings
JC Model

He fr t sweat a g late't
h c had

singled
qubit photon light

Tater
we will discuss Ea

26

mode interaction

which is still an isolated system
no reservoirs

The above has been realized in various experimental

settings such as cavity QED Circuit
QED

Quantumdot cirquit
QED Here we will discuss

exact solutions
to JC model The model is

defined on a direct product of
two spaces

Two level
Hilbert space

Single mode cavity
Hilbert space

spanned by1g le
spanned by In ew



H is a matrix in the basis In In where

2 9 e and new It is therefore a

20 X 20 Matrix Hence exact solutions might

seem very
hard toget However it turns out that

H Eq 26
has UCI symmetry In other words if

u o eiolata
07 then u o H u o

H and this

follows from
the fact that neata

t to commutes with

H Note that n basically counts
the total excitation

number qubits photons Since I H 0 we can

simultaneously diagonalize
both Let us look

at the spectra 9 N
est I 2

N 197010
o lg log

9 4 I 1

We use any of the

above notations
a

Eq 27

Twofolda

wig In
18 1

degeneracy

n he m D
n e In D g n

Since C 713 0 if Xp 14g correspond to

eigenstate of N with eigenvalues P a then

if p q it implies xp H 4g
0

In other words H does not couple spaces

characterized by different excitation
numbers



Therefore lE8

qubit photon Span 1870107

span Ig 117 le 102

span Ig 127,1081173

span Ig in le In is

The JC Hamiltonian Eq 26 doesnot couple
these

different subspaces
Eq 28

So to find
the

spectra we can simply work
in each subspace

As seen in Eq 28 the subspace
corresponding

to eigenvalue n g N is spanned by
two States

18 In and le In 1 H will be a 2 2 matrix

an
giant H

19701m at at H le In

y
Cela I H Ig In Celan IH le In D

leadWE won gin

gin
w

t we



Eigenvectors and eigenvalues of
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one may wonder what happens if we choose
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In tutorial 2 we will show how to numerically solve

an open version drive and dissipation of the JC
model
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Let us consider a driven JC Model
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