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Ramsey Sensing YY
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FIG. 2. Basic steps of the quantum sensing process.
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Ramsey Sensing XY
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Replace a rotation along Y with a rotation along X

) = (]0) + e~1|1)) V2

Rx(m/2)

P(1) =1 —[{0]|y)|? =%(1 + sin Qt)

Linear in Q2 for small rotations 5



Qubit Cavity System
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Coherent State in a Resonator

The evolution of an empty cavity state |a) under the excitation of a resonant drive ¢ is:
" . — _ + k
ih|a) = Hiy |a) where  H.., = A(ea™ + £*a)

For time independent Hamiltonian (interaction picture):

la(t)) = e—i(ea++e*a)t 10)

L2 o A
Defining @ = —I&t ‘OZ> :€—§|a| Z—‘Tl)
erinin n:O m

(b)) = el@a’™~a"a)|q)

Displacement operator D(a)



Coherent State in a Resonator

The average number of photons in a resonator of width k

n=lal* = P;

hw, k



Coherent State in a Resonator

In the following, we focus on the detection of a coherent state generated by a
HFGW releasing the energy of a 5 GHz photon in AT=1 ms corresponding to a
signal power of 3 zZW.
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Measurement Induced Dephasing

Do (t) — gl (0) - ‘C_|_(O) |2 Cavity coherent states when qubit is in |+)
po(t) = p(0) = |e_(0)P _|
t
pr(t) = OO e | 2ix [ ay(s)ac ()
0
poi(t) = p(t),
For kt > 12 o2
Q(t) - 2X§R(Oé_|_ (t)Oé*_ (t)) Precession frequency O (kg/jf_'_ o (k2/4— XQ)
-~ C * Measurement-induced 2v|e|?
r(t) 2X\S‘(Oé_|_ (t)()é_(t)) : dephasing rate i (k2/31<|+|>(2)2 X

J. Gambetta et al., “Qubit-photon interactions in a cavity: Measurement-
induced dephasing and number splitting,” Physical Review A 74, 042318
(2006).
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Weak Measurement: y < k/2

XY protocol
P(H) "
g QXW Precession frequency 06
2 0.5
B SW? Back-action induced dephasing 0.4
Small dephasing 02
Weak measurements are non-projective o 50 100 w9 Time (us)

M qubits evolve independently 2 sqrt(M)
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Weak Measurement: y < k/2

XY protocol
P(H) "
g QXW Precession frequency 06
2 0.5
B Sﬁ? Back-action induced dephasing 0.4
Small dephasing 02
Weak measurements are non-projective o 50 100 w9 Time (us)

M qubits evolve independently 2 sqrt(M)

Table 1: Transient itinerant detection. The parameters are k;,, = k = 27 MHz,
x = 27 /20 MHz, t,, = 10us w, = 2w x 5 GHz.

Psignal hw,/1 ms 3 zW _ 1
n 4Py gnatkin | k2 hw, 6 x 1074 n~ AT
QNOiseTransient hwr \/211‘)(1;(16—1118 100 ZW/ V kH z
k> hw. /AT /11T -

We could reach NEP~3 zW with 10 qubits and longer time coherence time and/or using larger 14



Matched: y = k /2

For an input single photon P(+) = 1
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Strong measurement: y > k/2

In a QND measurement with a operator
Monp:
[Mqnp,HI=0
e.g. ata commutes with H . nator
But it destroys the quantum state

atala) - |n)
Repeated measurements do not increase
the detection probability but help to
reduce dark counts (error correction).
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Successful Fabrication of a Coherent
Al Transmon Qubit

Collaboration of INFN, CNR, TIFPA and the Universities of Milano Bicocca, Milano Statale, Pisa, Firenze, Salerno

17



Phase (rad)

Successful Fabrication of a Coherent
Al Transmon Qubit
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Conclusions

For transient signals Quantum Noise enhanced by larger bandwidth
(k vs wr/Qq).

* The sensitivity is reduced by the shorter signal duration.

Increasing the number of qubits in weak measurements improves the
sensitivity. They are not affected by dark counts and efficiency losses
providing a measurement of the average number of photons in the resonator.

Projective QND measurements have higher sensitivity but are affected by
efficiency loss (50%) and by dark counts. Multiple qubits can be used to
reduce the dark count rate but don’t increase the detection probability.

First “working” Al qubits fabricated in Italy
Qubits purchased from ComScience to start quantum sensing experiments.
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