o Quantum Mechanical Description of

® TECHNISCHE UNIVERSITAT
s KAISERSLAUTERN

[ Thermo-Optic Interaction in Photon BECs
Enrico Stein, Axel Pelster

single experimental cycle

Bose-Einstein Condensation of Photons Energy distribution A thermalisation: 10 ps
= Thermal distribution —!
e High finesse cavity: 1000 il by
Provides energy cutoff oo o
o ' temperature decay: 0.1s

 Dye solution: Heat and
particle reservoir

external pump: 500 ns —

NE)

e Pump radiation: Provides
chemical potential

[1]]. Klaers et al., Nature 468, 545 (2010)
[2] ). Klaers et al., Nat. Phys. 6, 512 (2010)

[3] T. Damm et al., Nature Commun. 7, 11340 (2016) expel‘imel‘ltal sequence time

[1], [2]

-100pm 0 100pm -100pm O 100pum

ldeal Bose Gas: Dimensional Crossover Quantum Mechanics of Thermo-Optic Interaction

NJP 23, 023013 (2022) arXiv: 2203:16955 (2022)

Aim: Effective system dimension at dimensional crossover Aim: Description of thermo-optic interaction during a single cycle

mQ2

trap-aspect ratio: A =,/ = + A%y?) Thermo-Optic Hamiltonian: H(¢) = /d%: \iff{ho(x) + ~T(x, t)}\if

energy shift from heating

1 A
Temperature Diffusion: 0,7 = {DV2 — ;} T+ B <\IJT\IJ> (x,1)

: photons as heat source
slow dynamics = neglect

Adiabatic Hamiltonian: H(t) = Z (B (0)6mm + g() Frn] a6 an,

mm, €igenenergies at eigenmodes of ho(x)
beginning
- - time-dependent —
single experimental cycle T g g(t) = tvB

thermalisation: 10 ps
—l |

|

* Neglect dissipative dynamics

A= 14\ ' photon population cavity decay: * Only thermal Steady state
Energy Levels: ]n(A) = e ( +An A 2 ) temperature decay:0.1s INteraction Matrix:
Grand-Canonical 2 2
I = I, + AII — Fon = [ & v, >Nl
Partition Function: external pump: 500 ns
pure 16[)63{ co>ettions to 2D thermal density: Ni(0) = GB[EZ(O)l—,u] 1
Thermodynamic Quantities: = Hartree-Fock analogue for thermo-optic interaction
Specific Heat Effective Dimension
= ED of Photon BEC with Thermo-Optic Interaction
) arXiv: 2204:08818 (2022)
S10n o Aim: Provide theoretical support for spectroscopic measurement
T ~ A=2000 of effective photon-photon interaction strength
/&g 1 ";i;,uz;expéf‘me'ff .. J Method: ED of thermo-optic Hamiltonian in harmonic trap

T/T. A

Energy Spectrum

40{° © o ¢ o o & o o o
- - | e o o6 © o o 3.5 @N = 10.000, No/N =1
Photon BEC with Interaction JEEE 3 ’
307 o e e e 0 0 0 0 _ ﬂ
NJP 24, 023032 (2022) 1 7= 2
AE, .,
X < 2.0 E$¢¢¢‘——o@—ﬁz)—.
wzo 23_ 7 G Gu— ol AE(11.00) AB (5 o0,
U\J E2_ Ell / AE(m 00) AE(m 00)
Aim: Behaviour of photon BEC ground state e . Bo1 Bio o e —————
1 ©@= 0= -0~ -~ -0~ ~o- & e hd * 0.0 0.2 0.4 0.6 0.8 1.0
at dimensional crossover with interaction \\/ 5 ‘ —
1 e e e « Dots: Exact diagonalisation
T = Tinirror T = Thirror 0.0 0.2 0.4 0.6 0.8 1.0 e Lines: Perturbation theory
Photon-Energy Fu nct|°na|: Stein et al., NJP 21, 103044 (2019) Nog
K2 >, mO% L > ‘L 5 s , Finite Temperatures
Blow] = [ @ {5 19ul + P55 (0 4 X0 ol + Bl 5 [ el Glox = <)l Jnite emp
nergy spectrum Photon Gas Width
Kerr effect thermo-optic effect I ETTYIEY . =
| | | | | | - | Ez— Ell 6_ 1.4_
Minimisation with Gaussian Ansatz: s |-
A 1.2 ,,'l
illator length: [, =1/ —= x |
%D\/ o eXp[_i('x—QﬂL)‘Zy )] oeererens ek gzo—""""""-—o—o—o—o—o—o—oEmEm . 1.0 { et
— == S0 o) -2
gy 203 ay Variational parameters: o, “ 3- .
1.51 N /
. /
Resurts- . _ 0000000...“E00 -
o Diffusion length: lqig = V7D 1.0 - 1‘,,"‘““"“""4"“‘""*“‘“‘“"""", T T
Variational Parameters / \ o2 1ol 1e° 1o 10-2 10-1 10° 10°
| — _ . relaxation time  diffusion constant T/T. T/Tc
ncrease ermo-optic err
Y region saturation region . - - I
>0 Ii Effective 1D Interaction Strength DlmenS|onaI Crossover Condensate Width
2.5 II Increase Thermo-optic Kerr Enel‘gy SpECtrum 1.75 -
/ region saturation region
(<] Q. /I / 1.50-
. Tﬂ——/ A = / 3.3 on due to
numerics I“'(“' ,II, @ . ‘:ii__/,/ 3.0 1.25 1 thermal cloud!
1.5 p Q et y . -
j” Ke”// E / | // & 2.5 / = 10071 1 o S 10
ol Ly _,/’ % 101 / / G ™ FE [ x
1.0 Mla.n.u.n — y, / E 2 0.75 - 3
T 100 10 107 10°  10¢  1ios / / S 2.0 = :
Laist/ Ly / o/ | 1.5 bl % oleessneees”
Competition between diffusion and thermo-optics 100 / .// = 0.25- ° 2 30 75 100
Lo < 1 Lo — 1 L > | 10- 10° 10! 102 10° 10* 10° Holth] k oy
dlﬂrA y diff y diff y ldiff/ly 0.5 - 0.00
Large trap anisotropies: o) 20 40 60 80 100
l 7~ Nlaiff 1 g l 0.0 A
! {ﬂ) T \) = < T x) 0 20 40 60 80 100 e Dots: Exact diagonalisation
g gip(A) = gKA +
© @ Ao V.21 Lai A e Lines: Variatonal approach

SFB/TR 185




