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Quantum Markovian Models

System

The “wires” are quantum fields
and may carry a multiplicity.




Networks and Feedback Control

Measurement Based ;
Feedback Control oo (3]

© cannot happen in the quantum setting!!!
Coherent Feedback

must use unitary junctions (e.g., beamsplitters) Control




Quantum Networks
— .

- How to connect models? | .

» Cascaded models

- Algebraic loops
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The Series Product

System 2

—

The cascaded system in the instantaneous feedforward limit is equivalent
to the single component

(S2, Lo, Hy) < (S1, L1, Hy) = (5251,L2 + SoLy,Hy + Ho + Im {LESQLl}) :
J. G., M.R. James, The Series Product and Its Application to Quantum

Feedforward and Feedback Networks IEEE Transactions on Automatic Control,
2009.




Network Rule # 1
Open loop systems in parallel

Models (S;, Lj, H;)._, in parallel




Network Rule # 2
Feedback Reduction Formula

external external The reduced model obtained by eliminating all
the internal channels (instantaneous feedback)
is determined by the operators (Sfb, LiP, Hfb) given by

internal -

J. G., M.R. James, Quantum Feedback Networks: Hamailtonian Formulation,
Commun. Math. Phys., 1109-1132, Volume 287, Number 3 / May, 20009.




Properties of the
Feedback Reduction Formula

- Mathematically a Schur complement of the matrix of coefficient operators:

—sL*L—4¢H —L*S

& = L S—71 |

- Equivalently formulated as a fractional linear transformation.

- Independent of the order of edge-elimination.




The feedback reduction formula is




The Network Rules are implemented in
a workflow capture package QHDL

'\q

QHDL (MabuchiLab)
N.Tezak, et al., (2012) Phil. Trans. Roy. Soc. A, 370, 5270.




Coherent Quantum Feedback Control

H. Mabuchi, Coherent-Feedback Quantum Control With a Dynamic Com-
pensator, Phys. Rev. A 78, 032323 (2008).




Adiabatic Elimination

» Animportant model simplification split the systems into slow and fast subspaces

» Mathematical this is also a Schur complement of the model matrix G

adiabatic elimination of
fast dynamics at the
network level

instantaneous feedback
limit of interconnecting

original quantum network
sinatd optical fields

instantaneous feedback
limit of interconnecting

original quantum network fast dynamics at the optical fields
individual node level

It commutes with feedback reduction!




Autonomous Quantum Error Correction

o)

PRL 105, 040502 (2010) PHYSICAL REVIEW LETTERS 23 TOLY 205

Photonic Circuits for Autonomous Quantum Error Correction R2

Joseph Kerckhoff,'* Hendra I. Nurdin,"*" Dmitri S. Pavlichin,' and Hideo Mabuchi' T

L.
™
Designing Quantum Memories with Embedded Control: - $
—\
B)

J. Kerckhoff, H. I. Nurdin, D. Pavlichin and H. Mabuchi, Designing quantum
memories with embedded control: photonic circuits for autonomous quantum
error correction, Phys. Rev. Lett. 105, 040502 (2010)




Network rules yield the overall "SLH"
From which we deduce the master equation

7
—i[H, p] + E LipiLi — §{Lq_ Li, pi}

Set up in QHDL VRQITROTIR) X, 1 v/3QmI T X, QHéR1)HéR2)X2

en my Gt o
< (sartzAlpha, beta: complex);

, pvacd 1
. fvace, fvacs, fvach: in Fieldmode; i l 1

. . pvod,
fuol, fvoZ, fvol, Fvod, FvoS, Fuob: out Fieldmode);
QECBitfLip;

ure netlist of QECBitflip is

= ofe S *“(R”“ Az
(Rl)(l — Z1Z3)

ort (Inl, In2: in fieldmode;
Outl, Out2: out fieldmode);

end component;

z prube mmy model to store the QBits 7 b L {o‘
© e dCav r s # i . \/_

vl 3
wl ofl ofz out fieldmode);

end compon:

= M
g —— ETER B B LR L+ 2120))
e nl:l of2, opl, op2: cut fieldmode); 2 —b B i :
{ \X2)(1 + Z3Zs)

-- Coherent displacement / laser source p A T o 2 - |
component Displace 1 (=il H p |
generic Calpha: complex); w |

il 1

(Vucl:n i n ﬂllm
eldmode);

‘Wp'\'l'ﬂ'

signal plaser, pbsigZ, pbslbs?, pbsZbs3, pbsZbsd, FuTha first Baif of & GHOL/M mael comsists of the canposent eclasaticn.

“#a caie amwantage of Modslicys chmc-ariancad aitax with coporests
pbs3rl 1, pbs3rl 2, pbsdrZ 1, pbsdr2 2, +PIOPArtias from thelr TOSPACTIVG Classs ramtars

e - o Compoca pac as
palbs3, pqzbs3, pglbsé @ fieldmode; arguments, for sxampls, a CAVILY Cyps. COMGTSAt £1ald amplitmgs, of Tibare pass =/

-- signals for feedback network #+oca-port. certty deciarstsonss/ N - { (Rz (1 —_— 23 Zz)

signal flaserl, floser2, frigl, fr:qlu! fr2q2q3, frigl, o \/_

fbsiql, fbslq2, fbs2q2, fbslq " e

pbsSql, pbsSq3: fieldmode; Fretond
Photani ca. BiockConpone nta, Bingiecavity 022 (GavityType=Rananh, Wiibectipace=dd)
begin Photontcs. Blockionpone nta, BLnglecavity D23 (CavityType-Ranang, MilbertBpace=Gd)

SolRCE: Dispiace s b F ’ . . I o.c;oe o.c;os . Ry
nsuwce [ EE:@”;;&%;;}"“WJ; Erocans e 't +Hg ) (1 + Zg 22 )}

/+Cobarant fiald daclarationss/

-- Beomsplitters in Probe network
pun: Beamsplitter
port mop(pvac2, plaser, pbslq2, pbsibs2); T

Enotont

“52 ‘W'W‘W"" o ewny QI relsy declarationss/
map(pbslbs2, pvac3, pbs2bs3, pbaZbad); Froton RelayPt Rilows
mmnm BiockCanpone nta nuyup mn-uump-n-m
pBS3: Beamsplitter
cort mor(pglbs3, pbsZbsd, pbs3rl_l, pbsirl ?); Fnetont "“”"""

+Baamsplittes dsclarationas)
pBS4: Beamsplitter ot Bttt bedmtgliztar &1
sort map(pa3bs4, pbsZbss, pbsarz_l, pbsdr2_2);
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