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Transport of electrons through dots in a photon cavity
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Exactly interacting electrons and photons, geometry
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Time-dependent transport
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Equation of motion

Liouville-von Neumann
W = LW, Lp= —%[H, W]

H = Hgs+ Hir + HT(t), Hg = H. + Hgm

el
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TEi01, y-pol.

Zz>A{a+aT} COSEHCg COS<7T2’>’ TEoi1, x-pol.
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Projection on the central system

Reduced density operator

ps(t) = PW(t) = pLr(0)TrLr W (t)

Liouville-von Neumann =- Nakajima-Zwanzig equation (to 2nd order in Hr)

t
Aps(t) = Lsps(t) + /0 dt'K[t,t —t'; ps(t')]

with
K[t s; ps(t')] = Tror { [Hr (1), [U(s) Hr (t)U™ (s),
Us(s)ps(t)US (s)pLpr]] } (1)
" He(t) = le(t) / dg {Tiehydi + (Th) dfeq } (2)
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Spectrum of closed systems, y-polarized cavity photons

@ 51 'TT 6
’S\z’ ........ll..I 5/
ui . 4+
0 mEm %
" £
1 =
1 Ea
R I | |
? 1
ANO-I | I..1 |I 11 | I ] !
e Fld III | 11 II |
a4t ] ob——
2 : : : - : 005 1 15 2
21[” ||”“|||” |||||||||||||||] Gay
0
(b) hw = 2.0 meV
gem = 0.05 meV
B = 01 T
Aoy = 23.8 nm

Vidar Gudmundsson (U of I) t-Transport



Rabi-oscillations seen in transport current
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Initial state: fully entangled 2-e Rabi-split |21) and |22)
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Charge density oscillations

t =10 ps t = 60 ps

Variable probability in contact area — variable current
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Consequences of geometry
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Questions

@ What happens beyond 300 ps?
@ How long time is needed to get 2 electrons into the system?
o Steady state?

@ Are there different time-regimes?
)

@ Time-integration not feasible
@ Consider Markovian instead of non-Markovian system
@ Continue with no rotating wave approximation

@ Start with short quantum wire without embedded dots
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Spectrum of closed system
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x-polarization, fiw = 0.8 meV, ggm = 0.05 meV, Al =2.0 meV, B=0.1T
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Nakajima-Zwanzig

)
atp _ _ﬁ [H57p] — ZA(quaquaXlat)
!

with
AQq, 715 x15 1) = 72 /dq xi(t) {[q1, Qqu(t)] + h.c.}

where,

t) = /0 ds x(s)U(t — s) {T;rlp(s)(l — fa)
_p(S)T;rlfql} UT(t _ S)ei(s—t)wa
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Change of variable t — s — &/, set p(t — s) — p(t)

use

t
/ dsexp [is(E, — E, — €q)] = m0(E, — E, — €q)
0

and

/ dqA(q)5(Ea — Eg — eq)) = / de(dq/de) A(c)5(Ea — Eg — ¢)
= AP pos

Vidar Gudmundsson (U of I)

xi(t) — 0(t)

t-Transport

2016

14 / 24



Leads to
Q5= {Rlol, 5~ Slol,s} 6™
Rlp] = prfr', Slp]==(1—f)r'p

Introduce
App =0 = §(Ey — Eg — €)

to obtain

oA
~ [pa,0,,B, 4
4

z - /DA ~ S[p)) @A} B.
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Fock — Liouville space

Use vectorization and Kronecker tensor product
vec(AXB) = {BT ® A} vec(X)

dim(N) Fock-state-space — dim(N?) Liouville-transition-space
Markovian equation of motion

Oupi = Lot

where
)
L=q-3U®H- H' oD+ > (3x,3x)
X=R,S
and
3y = / (BT © DA) Diag(AT), X =R,S
3R, = /Diag(AT)(I(XJ R)
35, = —/Diag(AT) (ST®1I)
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with solution
p&(t) = [U exp (Laiagt) V] p§(0)
where
LY = VLiag, UL = Lgiagld, UV =VU =T

Steady state can be found as the eigenvalue 0 of
0= Lpg*

but we use
tllglo [U exp (Laiagt) V] ps°(0)

Here, N =120, V;, = —1.6 mV
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Spectrum of closed system
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x-polarization, fiw = 0.8 meV, ggm = 0.05 meV, Al =2.0 meV, B=0.1T
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Conclusions

@ We can identify regimes of different types of transitions,
electromagnetic, non-electromagnetic

@ We can analyze steady state and long-time behavior
of complex cavity systems

@ http://arxiv.org/abs/1605.08248
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Spectrum of the Liouvillian
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