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Can measuring the statistics of light
herald the breakdown of the JC
model?
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Jaynes and Cummings, Proceedings of the IEEE 51, 89 (1963).



Quantum Rabi Model vs Jaynes-Cummings

« Two-level atom interacting with quantum field (Xie et al, *17)
1

which justification for the rotating wave e

« Jaynes and Cummings applied a RWA:
. . . . Hyyp = 5000, + wa'a +glo,a+oa’)
approximation ( RWA ) did you learn in school? e S M
Uty = /1w Toe%)
* The quantum Rabi model becomes time-dependent
H{) = %Jq; +wa'atg(oa+oa'+ e + e a)
H«w_‘,m; %Ea_. twa'a+g(oat+oa’) ooy

+ At the time of JC, this was just due to the
weak coupling between light and matter (despite high photon number)

Australian Institute of Physics
seminar by Daniel Burgarth
(MQ/FAU) @ YouTube

Hy = g(& + &T)ﬁx for Fock states RWA introduces error 0 (vVng/w,)

arXiv:2301.02269
arXiv:2111.08961
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further mode splitting w,,+

other signatures?

H210,g) = 9210, g) + 9212, g)



1/ fix the Rabi Hamiltonian, add measurement,

2/ calculate/measure the intensity correlations

MW N e B—

§ R oy = M+ DLO)
v J (1, (& + D)1, (0)

VoLuME 10, NUMBER 3 PHYSICAL REVIEW LETTERS EBRUARY 1963

PHOTON CORRELATIONS*

Roy J. Glauber
Lyman Laboratory, Harvard University, Cambridge, Massachusetts
(Received 27 December 1962)



1/ rewrite the Hamiltonian, add measurement, vector potential < at + a

electricfield « i(at —a)

rewrite the Quantum Rabi Hamiltonian (in the Coulomb gauge):

. 1
Hor = hwoata + Eha)o < 0, COS lzi (at + a)] + g, sin lzi (at + a)D
Wo Wo

Di Stefano et al., Nat. Physics 15, 803 (2019);
Settineri et al., Phys. Rev. Res. 3, 023079 (2021);
Salmon et al., Nanophotonics 11, 1573 (2022);
+ many others!



1/ rewrite the Hamiltonian, add measurement, vector potentia@

electricfield « i(at —a)

rewrite the Quantum Rabi Hamiltonian (in the Coulomb gauge):
Qr = hwoa a"‘z wo | 07 cCOS O(a +a)| # oy sin O(a +a)
A

——
Di Stefano et al., Nat. Physics 15, 803 (2019);
Settineri et al., Phys. Rev. Res. 3, 023079 (2021);
Salmon et al., Nanophotonics 11, 1573 (2022);
+ many others!




1/ rewrite the Hamiltonian, add measurement,

dressed operators Xq = z lwrlpli(a® —a)lv)dv] x5 = Z lWr(ul(aT + o) [v)p(v]

V,U; V,U,
wWy> Wy Wy> Wy

vector potential < at + a

master equation :
electricfield «i(a™ —a)

dip(t) = —%[ﬁQR,p(t)] hermitian evolution

K
+2D,[p(0] +5 D [p(]  TLS and cavity decay

I : :
+§Dx3;[p(t)] incoherent TLS pumping

Salmon et al., Nanophotonics 11, 1573 (2022).



1/ rewrite the Hamiltonian, add measurement, ,‘-—\

=3

dressed operators  xq = > Ime(uli(at — @)Wl xo= ) lalul(ot + o) Wlp(v

-
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V,U; V,lU;
Wy> Wy Wy> Wy
- (ehxdaa)
S(w) = j_oo dr et <x;(r)xa(0)>ss g (0) = <x;xa>2 =
\édvvv\/\ B




Setup

plasmonic single low-Q mode cavity,

vel system

TLS



Setup

plasmonic single low-Q mode cavity,

TLS incoherently pumped at rate I'.

optical
(plasmonic)
cavity

incoherently driven
two-level system
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Setup

incoherently driven
two-level system

plasmonic single low-Q mode cavity, %"l,k - le)

l9)

optical
(plasmonic)
TLS incoherently pumped at rate I'. cavity



Setup

incoherently driven
two-level system

plasmonic single low-Q mode cavity, %"‘4," - le)
19)
[/
optical

(plasmonic)
TLS incoherently pumped at rate I'. cavity



2/ calculate/measure the intensity correlations

incoherently driven
two-level system

e
O

HBT
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optical ‘ ~~~~~~~~ >
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exact calculation
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2/ calculate/measure the intensity correlations

incoherently driven
two-level system

o
O

HBT
interferometer
optical Y - -
(plasmonic)
cavity

weak strong  ultra-strong
coupling coupling coupling
101 - exact calculation
] (QRM)
100 4
] rotating wave
g@(0) approximation
(JCM)
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10_2 T T T T
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i. intensity correlation is expressed through the dressed operators

(xtxlvoxe)
SS

2
(i)
ss

where x, = D VU |M)R(M|i(a+_a)|V>R(V|

wy> Wy

9@ (0) =

ii. approximate the steady state as the statistical mixture of Rabi
polaritons,

pes = ) Ry W)ty
%
Zv,u R, |<.u|xaxalv>R|2

9?0 =
(S Ryl xav)g1?)’
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SS

- Zv,,u Rv |<U|xaxa|V)R|2
= 2
(Zv,,u Rv |<M|xa|V)R|2)

Ry |(1— [xo%a|3 )el?

i (Zv,u R, |(H|xa|V)R|2)2

104 il
102 |

gQKO) 100 4

N

exact
cakxﬂaﬂonf”//
10724 —
diagonal 13 - k|1 - )r
1074 - approx.
10-3 1072 10-1 100
g/wo




g®(0) =

(xtx]

xaxa)
SS

v

2
a)
sS

- Zv,,u Rv |<U|xaxa|V)R|2
= 2
(Zv,,u Rv |<M|xa|V)R|2)

- R3—|<1 - |xaxa|3 _>R|2
-~ 2
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what’s so special about |3 —)z?

104 -
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g®(0) 10°-
1071

10—4_

\

exact
cakxﬂaﬂonf”//
diagonal 13 - k|1 - )r
approx.
10-3 102 ~ 10-1 100

e decays to |1 —)g, emitting a pair of photons

» efficiently populated from the ground state (large R5_)

R(l - |xaxa|3 _>R * 0




in JC model, pumping of higher
polaritons is a sequential process o« I'3

sequential excitation
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in JC model,

pumping of higher

polaritons is a sequential process o« I'3
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sequential excitation
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in JC model,

pumping of higher

polaritons is a sequential process o« I'3
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in JC model, pumping of higher

polaritons is a sequential process o« I'3 10-% 1
32) sequential excitation 107 -
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in JC model, pumping of higher
polaritons is a sequential process o« I'3

sequential excitation
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in JC model, pumping of higher
polaritons is a sequential process o« I'3
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in JC model, pumping of higher
polaritons is a sequential process o« I'3
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what breaks down?

i/ Coulomb gauge quantum Rabi Hamiltonian:

. 1
Hor = hwgata + zhwo ( 0, COS lzi (aJr + a)] + gy, sin lzi (aT + a)])
Wo W

ii/ interaction with environment dressed operators:

Xa) Xg

forg/wy <1  Hyp ~ hwpata + hwgoto + ihg(6 —67)(a® + a) = Hy g@ ) »1
rotating wave approximation and bare operators

Ay = hwgata + hwooto + ig(ast — ats) gP ) <1




Summary

- intensity correlations are a good (better?) probe of the Rabi
Hamiltonian effects,

- g%(0) can herald the breakdown of the RWA even in the WC regime!

Where from here?

- experimental verification?
- revisiting theoretical results of g%(0) calculated with JC,

- more direct proofs of the role of squeezing.
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