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i Photons in Dye-Filled Cavity 7

e Effective photon mass
e Effective harmonic trap

e Thermalisation through interaction with
dye molecules:
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= Thermal gas of massive bosons in 2D harmonic potential



il Photon-Photon Interaction s

Photon Energy: E(t) = Eno+hw. [ d*z [Ang + Anp(t)] [¢]?

Kerr Effect |¢|2 Thermo-Optic Effect
e Change of A e Heating of dye medium due to

refractive index due intensity

to intensity: gk | 9t AT e 3D heat diffusion:

2
Ang ~ [¢] Anp(t) ~ [Ldt! [ @’ Glx—x!, t—t)|(x, V)]
= Contact interaction => Non-local, retarded interaction
A’n Leading mechanism

Stein, Vewinger and Pelster, NJP 21, 103044 (2019)
Stein and Pelster, NJP 24, 023032 (2022)
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single experimental cycle

A thermalisation: 10 ps
—! 1 fast 6@
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photon population cavity decay: 9
1lns
temperature decay: 0.1's
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il Hamiltonian Description Hee e

e Thermo-optic Hamiltonian:
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fast

H(t) = / &z @T{ho(x) 4T (x, t)}xif
energy shift from heating
® Temperature diffusion:

O, = {DV2 = l} T + Bn(x, t)

slow E

-
photons as heat source

e Photon density:
n(x,t) = <xiﬁ<x, 1 (x, t)>

Stein and Pelster, arXiv:2203.16955 (2022)
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https://arxiv.org/abs/arXiv:2203.16955

i Short-Time Approximation: 7

Interaction
e No temperature diffusion in a single cycle: st 4p]® 6%,‘
A A A %
() = [ 8 {hofx) + glonix, 0} 0
e Adiabatic time dependence: E stow [AT]|
g(t) =ty B
e Expansion in eigenmodes of hy(x): 7 é&‘”
An é@o

H(t) = [En(0)8mn + g(t) Fun) @},
" > Diagonalisation Fn = [ d*x 4byn(x, 0)y

Stein and Pelster, arXiv:2203.16955 (2022) 6


https://arxiv.org/abs/arXiv:2203.16955

i Short-Time Approximation: 7

Thermalisation
single experimental cycle At
A thermgllsatlon F?LO ps y H Z 5mn + g(t>F ] ajnan

® Neglect dissipative dynamics
e Only thermal steady state:

photon population cavity decay:

1l ns

temperature decay:0.1s 7 = /d2x (N Z N;(0)||*2n
[
thermal density
<external pump: 500 ns> NA(0) = 1
l< )  PEO) =]

= Hartree-Fock analogue
Stein and Pelster, arXiv:2203.16955 (2022)
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Yool Harmonic Potential: v

Spectrum 2
V=55 (2 +y?)
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QN = 10.000, Ny/N ~1
4% = ® W W= | & " 3 ¥ e Dots: Exact diagonalisation
y ® Lines: Perturbation theory
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Yool Harmonic Potential: HE e

Variational Ansatz Vo= m2 (2 4 gp2)
e Ground state only QN = 10.000, Ny/N =1

e Energy functional:

B [ v {h+g0lwix 0P} o

Ly
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Condensate widths /I,
=
(=)
N

® Ansatz:
N _ :52 92 1.01
w — e 2lxozx 2lyay . ‘ .
0.0 0.5 1.0
ﬂ-lxlyal'ay 1.00 . . . . No? .
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Nog

Condition: z(0) = 1 = ay(0
° onaition x( ) ?J( > e Dots: Exact diagonalisation

Dung et alii, Nature Photonics 11, 565 (2017) ® Line: Variational approach
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Finite Temperatures e

3.0 e 8 a 1.6
. 6-
E2_ Ell
< 1.4
2.5 5 g P
1.2
C'; e 0o 0000 00 o0 E10E01 s ; s
€ 2.0 LA I S AP AP P P P A _::04 O= = = g= - == O= =@
W =]
2
1.5 S 37
oooooooo....EOO 2
1.0 $oo oo oo
1072 1071 10° 10!
T/T. 11t ’ ; ;
02 /o ) 102 1071 10° 10!
V=25 (22 4+ y?) FiTe

QN = 10.000

Stein and Pelster, in preparation 0



= Crossover 2D & 1D

e Trap aspect ratio: )\ — \/Qy/Qx
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il Dimensional Crossover: Hee s
Spectrum
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e Effective 1D interaction strength: e Dots: Exact diagonalisation
~ e Line: Analytical approach
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Dimensional Crossover:
Condensate Width
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Deviation due to
> thermal cloud!

e Effective 1D interaction strength:
gip X A

e Dots: Exact diagonalisation

® Line: Variational approach
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single experimental cycle e Describe finite temperatures:
A thermalisation: 10 ps
_»I I{_ 3'0_ ¢« e o 9 0 9 9 9 v v
: Ey- En
I |
photon population cavity decay: 22
1 ns cx ® © 06 0 0 0 0 0 0 0 o Elo EOl
< 2.0 S8 oo ooo s
temperature decay: 0.1s
L — 1.5
< \* eececco0ccos,, Eqgo
external pump: 500 ns 1'0710_2 = 10.0 : ot
TI/T.
e Adiabatic description of e Relevant at dimensional crossover:
thermo-optic interaction: 1.754 .-
L 1.50] .
T(+) — AT 4 21,
H(t) = g [E(0)0n + g(t) Frupl al ay, g1
. 2 1.00 "
9 X
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