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Canonical cluster state: a review
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Conversion into a GHZ state: is it robust?

weak ‘tilted’ measurement
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long-range order only appears when

and when the tilt angle is w = 0

the measurement is projective

Lee, Ji, Bi, Fisher, arXiv:2208.11699, 2022.
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Gapless parent of the cluster state
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Gapless parent of the cluster state
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Gapless parent of the cluster state
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Gapless parent of the cluster state
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Gapless parent of the cluster state
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Can we still prepare long-range order from this

gapless Hamiltonian?

Is it robust far from projective measurements and
is there a privileged measurement direction?

Is the decoding protocol still valid?
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® Weak measurements on the gapless parent state



Tomonaga-Luttinger liquid

2 decoupled X X' Z spin chains Tomonaga-Luttinger

Gapless parent state ' with A € [—1, 1] ' liquid (TLL)




Tomonaga-Luttinger liquid
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Weak measurement on a single XXZ spin chain

For Z-basis measurements, see:

: Phys. Rev. X 13, 021026 (2023).
s;: measurement outcome e57PX;

B: measurement strength v/2 cosh 203
(5 — OO): projective limit

Post-measurement state: P)s) = %66 225 53 Pe)
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Weak measurement on a single XXZ spin chain
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...acts only
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Weak measurement ~
“imaginary time”
quantum impurity!
S. J. Garratt, Z. Weinstein, E. Altman,
Phys. Rev. X 13, 021026 (2023).



Weak measurement on a single XXZ spin chain
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B: measurement strength v/2 cosh 203
(5 — OO): projective limit

Post-measurement state:
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“Impurity” action is RELEVANT for K > 1/4.

How are critical properties modified?
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Weak measurement on the gapless parent state (X-basis)

XN XN XN XN XN XN X X
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Post-measurement state:  [Yyni) = %65 25 X3 |ah

S" = Strrlf] + Strlé] + 8 / cos(6) cos(6)]=o

“Impurity” action is RELEVANT for K > 1/2.

-----------------------------------------------------------------------------------------------



Weak measurement on the gapless parent state (X-basis)
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A decoding protocol

s S S i S S S
SIS

Reminder:

Same decoding protocol used for canonical cluster state

yields power-law behavior (not GHZ)!



Weak measurement on the gapless parent state (Z-basis)
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Numerically, we find that the scaling dimension of Z,; is 1/4,
so the measurement is always relevant.



Weak measurement on the gapless parent state (Z-basis)
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Numerically, we find that the scaling dimension of Z,; is 1/4,
so the measurement is always relevant.

<XO,2 x’2>uni ~ ‘x|_ min (4,4]{)
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Tilted weak measurements
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Post-measurement state:

Tilted weak measurements
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Post-measurement state:
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Tilted weak measurements (symmetry-preserving)
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Tilted weak measurements (symmetry-preserving)
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Tilted weak measurements (symmetry-preserving)
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Conclusions...

Can we still prepare long-range order from this
gapless Hamiltonian?
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is there a privileged measurement direction?

Is the decoding protocol still valid?
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Quantum-Enhanced Measurements:
Beating the Standard Quantum Limit

Vittorio Giovannetti,’ Seth Lloyd,** Lorenzo Maccone®

Quantum mechanics, through the Heisenberg uncertainty principle, imposes limits
on the precision of measurement. Conventional measurement techniques typically
fail to reach these limits. Conventional bounds to the precision of measurements
such as the shot noise limit or the standard quantum limit are not as fundamental as
the Heisenberg limits and can be beaten using quantum strategies that employ
“quantum tricks” such as squeezing and entanglement.

Roadmap in criticality & quantum sensing:

e Measurements and quantum critical metrological gain:
application of states with long-range order and power-law decay?
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@ lheory side: Higher-dimensions, critical
(but non-conformal) field theories, fuzzy sphere ...



