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Conclusion: full quantum dynamics of up to millions of sites can be done in the right parameter ranges
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Main result

Positive-P representation v/ U

Normal ordering: positive-P variables

Positive-P stability: (@l (tr) - @b, (ta)g, (51) - -Agp (5p))

M subsystems (modes, sites, volumes) labeled by

determined by single site parameters = <ﬁp1(t1) o Bpar(ta)ag, (1) -+ - g (Sa))stoch
Coherent state basi lex_ local o N —lagl?/2 Of; 0.30 resultant occupation dependence
PHETEIT ST DS, SompIen, Besl |a3>3 ¢ j |VELC> E il : Anti-normal ordering: Q distribution variables
y 23U = of stability region
~ 0;) (0751 \: -------------- E 5 ()-8 St e).at (s
Local operator kernel A(A) — ® ‘ j*>3< J |j 2 2/3 E v > 3UVN (ap, (tlz aphf(tif)aql("’ )’ qM(SJ';”f))
“ket” amplitude j </Bj |j ‘aj)j N ~ (5) / : E = <Cl’pl (t1) - Cl’pN(tN')qul (51)- BqM (5Mm))stoch
“bra” amplitude [} fmmmmm s

full system configuration A={a1,...,an, By, B} Smg]e mode testing: conversion P—Q

e F — U ! . /I *
: : R . oopmm @j—@j+gj 3 /Bj_ﬁj_l_Cj
. . N -~ i tron riven Regime
Full density matrix L P = / dAM Py ()\) A()\) : s : ogz : 10 b+ fmg .
: : ONE B ONEN = (Cj)StDCll =0 ) (Cj(k)stﬂch =0 ; (CJ Ck}st{}ch =1
e T e T T T T T T T T T
O O omm m . oum m
5! OCEEEN
: : o : oo/ = cooomM . :
Correlations between subsystems are all in the distribution of configurations o ogm | T 0000 Mixed ordering:
= o
m = : . . ” :
copmm ® = o3 o b O 1) sample what is possible using positive-P variables
P ()\) The distribution is positive, real — let's SAMPLE IT ! O= Strongly < = a2== 2) convert variables to doubled-Q
o n : : : :
: Interaction o ogmm Damped _ commn . 3) sample what is possible using Q variables
Quantum dynamics (1-mode example): o o oofmms . -5 Jorem
Dominated o7 mm Regime
: L ST : O O ' mm N N
Density matrix p < distribution P, for the fields <« random samples of the fields & /3 10 Bt E '2{* : Coverage
eeeemEssssssssssssseee-- ] 1072 10' 10" 10' 10* 10° 0 N 5 3 A :
oo~ U e h=1 :
Master equation: L H = gaTaTaa — Aata ~/U =y | Order ond T 3d | 2L Order st | 2nd | 3d
dp {A N Y e . Total permutations 2 12 104
- H,p] + L 2(1,0(1* _ aﬁap _ paTa dissipation Total permutations 12 56 240 _ _ _
ot 2 ( ) P ! W' " single time correlations 4 8 16 f;iii;lil: ;z;:;?ﬁzns 2 ! 5
{:i,0,0.’_}( - trun Ca ted Ign er (In)accura CM multi-time accessible with P representation B 1 99
- identities with P representation 4 14 36 additional accessible
Fokker Planck equation additional accessible with Q representation - 4 22
‘ ) — — ith QQ representation 4 14 36 additional accessible
OP . . az — U 82 U F U }f" 3.16U . . . wit
o { 2 (civap+in-D)a- 2 (vap—in-T) g+ ( : ) ot ( ) 52} ’ Accuracy indicator: additional accessible with mixed order (Sec. 5.4) |~ | — | 2
’ o - f - . p - by with mixed order (Sec. 5.4) — 12 72 Total doable 2 12 74
deterministic (ket) deterministic (bra) guantum noise : / A - AU) AU) Total doable 12 48 | 160 time ordered not doable - - 6
N . , ro ™ — man [ SyS? stat time ordered not doable B B B Not time ordered, not doable - - 24
: : . stochastic : - : : a, a' produ utati
Stochastic (Langevin) equations: \ correspondence ? 0.6 Py | poeeed T Rot time ordered, not doable : i B ovalustod with the vs:i?:lijsc:pp:r;r;]c;z ZT:CEZZZ;.QHT/hCear;zE
. . , ) _ ' ' _ () Table 2: A tally of @, a' products involving up to four operators, eral form considered is (A(t,)B(t,)C(t.)), where A, B,C can
doy different noises /) 85t3t0 evaluated at one of two times. The Eeneral form considered is be either of @ or a' (same mode), and the time arguments

. . | — A —
/ ' 5 - ' stat O] (A(ta) B(to)C(t.)D(ta)), where A,
R . . o ; o a b 4)), where B,C, D can be either of a can take up to three distinct times t1 < t2 < t3. Permuta-
dt T ( ZUOﬂﬁ —|_ ZA ) a _|_ ZUQ&( ) ___________________________ 64 ‘ . : - K ‘ - . I I or af (same mode) and the time arguments can take up to tions with the same time topology (e g. A(tl)B(tl)C(tZ) and
dﬁ two distinct times t =0 and t = 7 > 0. A(t2)B(t2)C(ts)) are counted only once.

dt

— (-H'Uaﬁ — A — 5) B+ VHiUBE(L)

mean field part quantum noise part

Unconventional photon blockade

(o]t = 2]e)® + 1/2),
NZ

Complete antibunching, I
Subtle interference effect <7 potential single-photon source

Liew, Savona, PRL 104, 183601 (2010) _
Bamba, Imamoglu, Carusotto, Ciuti, PRA 83, 021802(R) (2011) robustness to background photons:

1.2

1t
------

0.8

White Gaussian noise deals with interparticle collisions | : | o 08 ¥

- - AR v
()& (t))s = 8(t — )0k, (§5(O)ER(E))s = O(t — )0 ST, T B non-uniform pioy o)
S el v 0.2 L
The rest of the equations is basically mean field R i, U LY driving F |
gl Slaw i (.”Iumfnatfon) | . - 9 PD Quantum 5, 455 (2021).
0.1 ' — U = 0.0856, J =3, A = —0.275,
~ =1, F = 0.01

- 85 N -y ’}’W AAJ{A g
(dl Open Svstems Closed Systems = Sk - E = —1 [H- p:l + T Z [ZGTPGJ - GJa ,O .0 ajaj}

(c) J
00

. e . ; p ' ; . ’ . : FY(N + ]-) ‘|‘ .—-..‘1‘,-\\ -~ MTA
y: stabilising . L - -5 -6 -4 - — {2& a; —a;a a:a; } 96
% stationary state can be reached Ua: Noise | 2 § | 2a;pa] ip—paja;| . (96)

Amplification J

. H "
@) and studied | | . mean field
’j) in a full quantum description

full quantum

o S © - s ¥ Have a dissipative system

F = 100007 I F=01U

F}AI.::::JLGU 5 e : - - 7 ' 2 body Correlaﬁons IOC&I dens.f'ty y0u Want tO SiMUIate?
7 approx

0.996

0 | ———— instability ' " site occupationt non-uniform ?
' tri d s T | '
= 100 , r , y 100 low S | _ time-dependent ?7?

Contact us ;-)

0 01 02 03 04 : ‘ ] : : ‘ ] : o1 2 3 4 5 6 7

increasing _ ! ' . the National Science Centre, Poland; the QuantERA program; N NARODOWE
sl the EPSRC; the EPSRC; the HPC resources of CINES N

NAUKI



	Slide 1

