
In this notes
,
we will discuss how to

numerically find the spectrum of closed

Deike model Hamiltonian in the definite

symmetry sector . This is useful for
the

analysis of integrability and
chaos aspects of

the model .



Diane model Hamiltonian is :

H = ↳at a + Wzsz -1¥ (atat ) ( 5++5-1

a. at are photon mode operators .

Sz , 5- , St are
"

spin - ME
"

angular

momentum operators .



A & at out on Hilbert Space ng photon mode ,

Htp -- span{In> 1 new} → a- dim
aln> = Tn In-17 attn> = ☒ In-117

As in Jaynes - Cummings model case ,
we

truncate the photon mode Hilbert space to

tip -- span{ in> In .-0, . . ., Nat } → Wait
-11) dim

then the operators a , at projected onto Htp act

as aln>= Fln-1) attn>= Eln-113

at /Nut>= 0 .



Sz
,
5-

,
S + out on

the
"

Spin- zN
"

tribal- space

Hls = Span{ 11 ,m> Im = - Ni ,-¥+1, - - if → (Nti) -dim

Sz / ¥ ,m) = MINE ,m )

5- IT , m> =É1¥ ,
m - i>

SHE ,m> = IÉÉ+ 1 ! ,m+D .



Using Holstein Piemakost representation :
/ IF ,m>⇐ Is>

Sz =
btb - Nz µs= { Is> Is:O, . - "

N}
↳

5- = Éb b Truncated Bonnie Hilbert

Space.

St = bÉbb Clearly Sz,S-,S+ doesn't
take states outside His

.

where b
,
bt are bosonic operators satisfying [b,b%

Show above representation indeed satisfies
"

spin- Nz
"

algebra .



The Hiebert space of the
model is

(after truncating
photon tilsutrpme .

HI = Help④ Hts

= Span { In>④Is>In
:O
,
- .

. >
Nat}

8=0
,
. .
.

,
N

Hamiltonian in this representation is

H= W.atat wz ( btb-%)

+ JI (at at ) ( btf-b-b-N-b-tb.to
) .



-1 Hamiltonian .

Notice H has Zz symmetry ( parity ) .

Z
,
= {I, it = eiñlatatbtb

)} .

Ñ Ata + btb →
Combi total number of

emulations

F Ñ In>④ Is> = (Nts) In>④Is>

⇒ Ñ In>④ Is> = eiñcnts) In>④ Is> .

= + In>④ Is> if lntsisenen
=
- In>⑦ Is> if (nts) is odd .



As
, [Ñ

,
1+3=0

and Ñ=I ⇒
it has eigenvalues

"
-11
'

and (4+11+14)=0 if ÑN+)= -114+3

14+3,14> C- HI
# 14-3=-14-3

.

So
'

ti doesnot couple even and odd parity
states .

As the symmetry is a Zz symmetry,
we

can direct sum decompose our Composite



Hilbert space into two Hiebert subspaces

with definite symmetry .

IH = 11-1++011-1
,

11-1-1 = Span { In)④ / s> In
:O
,
. .

.

>
Not

S=o, . .
.

,
N

& +sperm} .

IH
-

= Spam { In> ④Is> /
n=Q -

"

> Nantz @+sjodd} .
8=-0,

. - 's N



And Hamiltonian
'

H' does not

couple HL, and 11-1
-

sectors

SO we can construct matrix
representation

of H im each of these definite parity

Héhat subspaces and compute the spectrum. .



* The algorithm involves :

→ Choose a parity sector. and construct the

basis for the Hibat subspace
with the

choosers parity .

→ Construct the Hamiltonian on the
choosers

painty Hiebert subspace
.

→ Diagonalize the
Hamiltonian , obtain the

sputum and post proves the spectrum .



Let us write down the pseudocode for each

of these steps :

: Bains construction step
involves storing

an array of pairs of
labels for the

basis .

{ in>④Is>}.

This can be implemented as follows :

Parity =
"

even
"

→ Choose a painty sector .

BASIS:[] ; → Initialize an empty array
.

counter = counter -11 ;



for n= 0, .
. .

,
Ncut

For
even

sector
for s = 0, . . - , N

if Cnts) 12=0-7
else (n+sI%2

-1-0

jnoddater .

Counter = counter -11 ;

BASIS (canter) = [n,s]; →
In>⑦Is> .

end
end

end

- : constructing Hamiltonian
involves

action of
-

It on the basis generated above
and storing corresponding matrix elements .



H In
'>④ Is

'> = D= In>④ Is> .

to

some
number

to

Cnt⑥Csl Hln
'> ④Is

'> = HE
Sme number .

103×010) 107×011) - ' ' 10>☒IN) . - ' Inuit)% . . . / Nut)%>
103×010)

:

(
#

.

.

-
-

) Fieelte'

-

number's

front> Iw)



Looking at Hamiltonian it has two types of
terms :

→ wfeta , wzfbtb-E) → Doesn't change the

basis label .
Hence Cmtribateloi.e.

, wgta In>④ Is) = Won In>⑦Is>
the diagonal part of

Wzlbtb- Nz) In>④Is> = Wzls-F) In)×¥he Hamiltonian .

→ ¥na+b+F-b+J , '§n ANTI b , Fg atfnbtbb,Irnabtrbb
↳ change the baisEx : FNatbtf.bz In>④ Is) label

= ¥n inEF 1n+D④H+D.Contributes b- off .
diagonal part .



This can be implemented as follows :

H = Zeros ([length(BASIS) , length (
BASIS)) ;

↳ Initialize it with zeros .

for K
•
= 1
,
. . .

, length (BASIS)

[nisi = BASIS ( K '
, :) ;

G. s7= In ; s
'] ;

find G. s] in BASIS→ gives
the column
indu of BASIS .

'

K :
H (k

,k
' ) = won't Wzs

'

;



•1. Tennis originating from Irn at btjnbtb

In , s] = [n'+1,5+13 ;

if 0 E n E Nuit QQ 0£ SEN

find
'

K' such that BASIS Ck, :)= [n.SI;

H ( k,k
' ) = 1pmFE isTNF ;end

% similarly generate other
terms

fwm f-warn-bfbb.fgatF-b.tt b
?

¥ abtnrbtb .

end .



Step #
-

Thus obtained matrix representation of
"

H
"

can be diagonalized wing
standard numerical

linear algebra routines to get
the Eigenvalues .

* These Eigenvalues can he used to compute the

Level spacing distribution%Éh Can be

compared with pcs, = e-
s (Poisson)

= EE És% (Wigner , GOE) .



We can also compute the eigenvalues of

the vectorized Liounilhan Joe Dissipative

Dime model .

→ L* = - i [H ,*] - k[ {ata ,* } -2A* at] .

This is part of an ongoing project . We will
be

updating this - notes to include it -


