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Overview
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=y Quantum Zeno Effect (QZE)
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B. Misra and E. C. G. Sudarshan, “The Zeno’s paradox in quantum theory,” JMP 18, 756 (1977);
P. Facchi and S. Pascazio, “Quantum Zeno dynamics: mathematical and physical aspects,” JPA 41, 493001 (2008).



Quantum Zeno Dynamics (QZD)
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B. Misra and E. C. G. Sudarshan, “The Zeno’s paradox in quantum theory,” JMP 18, 756 (1977);
P. Facchi and S. Pascazio, “Quantum Zeno subspaces,” PRL 89, 080401 (2002);
P. Facchi and S. Pascazio, “Quantum Zeno dynamics: mathematical and physical aspects,” JPA 41, 493001 (2008).




An Experimental Realization of QZE/QZD

E. Schifer ez al., “Experimental realization of quantum Zeno dynamics,” Nat. Commun. 5, 3194 (2014).
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Difterent Manifestations of QZE/QZD

V repeated measurements
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B. Misra and E. C. G. Sudarshan, “The Zeno’s paradox in quantum theory,” JMP 18, 756 (1977).

dynamical decoupling / bang-bang control / repeated unitary kicks

(UeHE/NYN a0 S PN S 550 P Pt Generalize to CPTP maps

L. Viola and S. Lloyd, “Dynamical suppression of decoherence in two-state quantum systems,” PRA 58, 2733 (1998);
P. Facchi, D. A. Lidar, and S. Pascazio, “Unification of dynamical decoupling and the quantum Zeno effect” PRA 69, 032314 (2004);
J. Z. Bernad, “Dynamical control of quantum systems in the context of mean ergodic theorems’, JPA50, 065303 (2017).

B strong continuous field
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P. Facchi and S. Pascazio, “Quantum Zeno subspaces,” PRL 89, 080401 (2002).
StI’Oﬂg damping/continuous measurement
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P. Zanardi and L. Campos Venuti, “Coherent quantum dynamics in steady-state manifolds of strongly dissipative systems,” PRL 113, 240406

(2014);
V. V. Albert, B. Bradlyn, M. Fraas, L. Jiang, “Geometry and response of Lindbladians” PRX 6, 041031 (2016).

P. Facchi ez 4l., “Control of decoherence: analysis and comparison of three different strategies,” PRA 71, 022302 (2005);
P. Facchi and S. Pascazio, “Quantum Zeno dynamics: mathematical and physical aspects,” JPA 41, 493001 (2008).



Unified theory of Zeno through adiabatic theorem
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Non-commutativity at heart of control theory

Steer

Commutative? {

Drive
Of course not!

[Steer, Drive] = Rotate
[Rotate, Drive] = Slide

Drive + Slide = Any direction
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Lie Algebras, Lie Groups, Trotter theorems, Differential Geometry, ...

These techniques let us understand where we can drive in Hilbert space !

E. Nelson, Tensor Analysis, Princeton University Press, 1967



_ ~®n
H = C; The Power of Zen_(l) for Control

Hy= ) XX+YY+ZZ) 1 + 23+ H,
1 H, Heisenberg spin chain =
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Induced by Noise”, PRA 93, 062308, 2016.



Experimental demonstration at Technion

~5 cm

twWO transmons

E. Blumenthal, C. Mor, A. A. Diringer, L. S. Martin, D. Burgarth, K. B. Whaley, S. Hacohen-Gourgy,
“Demonstration of an entangling gate between non-interacting qubits using the Quantum Zeno effect’,

arXiv:2108.08549



Experimental demonstration at Technion

X =C,Q®C, |nm) :n € {0,1,2}, m € {0,1}
P=1-]21){21] o Don-local

H=i(|D){2|—-12){1|) &1 local
= i(|1)2[ = [2){1]) ® (|0)0] + [1){1])

=i|10)(20] +i|y</21 | —i[20)(10| —i| 2111
PHP = i(|1)(2| — |2){1]) ® |0){0] entangling!

E. Blumenthal, C. Mor, A. A. Diringer, L. S. Martin, D. Burgarth, K. B. Whaley, S. Hacohen-Gourgy,

“Demonstration of an entangling gate between non-interacting qubits using the %antum Zeno effect”,

arXiv:2108.08549



Gate Quality

continuous measurement formalism: Experiment: ~70%
p=—IilH,pl+yDpp)
D p(p) = PpP — (Pp + pP)/2

gate error: Zeno+GKLS works!
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E. Blumenthal, C. Mor, A. A. Diringer, L. S. Martin, D. Burgarth, K. B. Whaley, S. Hacohen-Gourgy,
“Demonstration of an entangling gate between non-interacting qubits using the Quantum Zeno effect’,

arXiv:2108.08549



But there is some friction...

e(VEo+L)t — e”ﬁoteﬁztﬂp + O(1/7)
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o Obviously A(?) = eZ zt<@¢ is CPTP

o A()A(s) = At + s) but A(0) =

o Curiously, e?< is not always CPTP and &, not GKLS

o By Christensen/Evans, it can be modified to &, of GKLS form such that
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o [ don’t know the general strategy to do this. Dariusz?




Conclusions

e Quantum Zeno Dynamics can be used to create new effective generators
through a variety of mechanisms:

YV measurements
@ strongdissipation
J strong fields Adiabatic Theorem

unitary kicks

% CPTP kicks

o These have applications in Quantum Control and Quantum Computation

e Experiments catching up

e We connected two results by Sudarshan, but not without friction



