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» Atomok kozti osszefonddas
» Szubradidns kollektiv allapotok
» Kvantumkapuk

» A rendszer atomonkénti manipulalhatésiaga

» Miért elonyos Green-tenzort hasznalni?

» Atomok szdma és pozicidja konnyen valtoztathaté
» Veszteségek a kornyezetben konnyen bevezethetok
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w? =
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» Maxwell-Helmholtz-hulldamegyenlet
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— 1D csatolas kell:
vékony drét

— cslcs eltolasa:
tokéletes lencse
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J. Kastel and M. Fleischhauer, Laser Phys. 15, 135 (2005)
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3 atom nanodrot kozelében
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3 atom, 3 drét
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3 atom, 3 drét

El6Inézet Felllnézet
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Determinisztikus faziskapu

» Két, 3-nivés A atomot
csatolunk Ts 1 leelo = s

2 X

» Csak a |g) — |e)
atmenetek csatolédnak

(n(weg) = —1+1107%) s = |ss)
» |e) nem bomlik |s)-be sg) — |sg)
lgs) — |gs)
Qs = 1/V20 -~ ) :
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Determinisztikus faziskapu
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» Populacidatvitel rezonans .
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» Atomok manipulalasa or
egyenként:
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Osszegzés

Vékony nanodrét (kvazi 1D), ill. negativ torésmutatdji
anyag (3D) igen er6s atom-plazmon csatolast tesz
lehetové

Tobb atom és drét csatoldsa: egzotikus, hosszu
élettartamu, osszefonddott allapotok

Tokéletes lencse esetén lehetséges, hogy dwir > 11
AND |r1 — ra| > Aopt

Tokéletes lencsén alapuld, determinisztikus, magas
fidelitasd kvantumkapu




Koszonom a figyelmet!




Bonus: Formalism |

» Markov approximation
t t
/ drp(r)e=ie=ene=) & p(p) / dre—iw—wa)(t=7)

1
= —iP( ) + 1 (w — wa)
w — WA

» Green's tensor property:

2 = = =
/d?’r'%e”(r’,w)G(rl,r',w)GT(rg, ¢ ) = Im [&(r1.r2,)]




Bonus: Green's tensor of a wire

» Maxwell-Helmholtz wave equation

2 = =
[V x V x —L;e(r,w)} G(r,ra,w) =106(r—rp)

» Solution for a single wire
» Source (atom) outside wire

éo(l’, rA,w) + éR(r, rA,w) r>R
Gr(r,ra,w) r<R

E;(r,rA,w) = {

» Expansion over cylindrical harmonics (to fulfill boundary
conditions)

—




Bonus: Green's tensor of a wire

» Boundary conditions for

cylinder
P X &(r, fA),—g— = F X C:§(r, YA),—R+
F XV X E(r, fA),—gp— =FxX VX C=§(r, tA)—p+

» Eigenmodes (w = const)
R —0:
» Single-mode wire

» Radial confinement
incresases (e’<";

k=K~ K)

» Strong atom-plasmon
interaction expected
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Bonus: Formalism |l

» Green's tensor expanded

- PRPS(r—r') i /°° o2 —bn0
G ! E R A — dk u
o(r,r’,w) p + o z; K2
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Men(kz, 1) © M) (—kzy ) + Nep(kz 1) @ N (< kayr ), r </

G (r,r’ w)—i/mdk i276n70
R T, = or J oo z”:0 krzo
[(ARM) (ke r) + BaNG,) (ke 1)) @ MU (— k1)

+ (RN (ke ¥) + DRME) (ke 1) @ NE(—ke o) @)
. oo

= , i el 2—dnp0

GT(r7 r 7w) - 87 Lﬁkz ngzo kr20

[(ArMga(kz,v) + BrNgn(ke, ) @ M) (—kz,v)

+ (C7Nen(kz, 1) + DT Mon(kz, 1)) ®Né1n)(_kz,r')] (3)




Bonus: Formalism |l

» Cylindrical harmonic vector wave functions
{Me,n(kz,l’)} _ VX[J,.,(I(,OI (cos ne) lkZzA]
Mo n(kz,r) - V><[Jn(l<,071 r)(sin n¢)e:kzzz]
Ne,n(kz,r) _ ﬁVXMe,n(kz,r)
Non(ks¥) [ VM (k) [

> If MD N®: J is replaced by HY




Bonus:3 atoms on a single, thin
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3 atoms, 3 wires

El6Inézet Feliilnézet

» Optical pumping will not
work

11,2) |2,2>I |3,2)I

|1,1) 12,1) 13, 1)

l9g9)




3 atoms, 3 wires

. . . El6Inézet Felilnézet
» Optical pumping will not
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3 atoms, 3 wires

. . . El6Inézet Feliilnézet
» Optical pumping will not

work

é 3 2
» Decay from |eee), M“
then post-selection V 1

» OR: use
low-amplitude m-pulse |eee)
Q=0 =03 I
Foow < 21 < T11 I1,2) |2,2>I 3, 2>I
» System ends up in
1 I1,1) 2,1) 3, 1)
1,1) = —(le + |geg) + |gge
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3-particle
entanglement




Bonus: Experiment |

» Coupling a quantum dot
to SP modes

R =100nm
A =532nm
Ay = 655nm

A. V. Akimov et al, Nature, 450, 402 (2007)




Bonus: Experiment Il

» Particle-wave duality of
surface plasmons

R. Kolesov et al, Nature Phys. 5, 470 (2009)
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