limited |

R\ g
b e o oum—

Massimiliano Rossi -
Quantum Nanoscience Department .

Kavli Institute of Nanoscience Delft
PP "“."’”E‘;' | SRR . \ Y

3




Macroscopic quantum physics

coherence length ¢ (m)

10° 10° 1010 10" 10% 10%
mass (amu)



Macroscopic quantum physics

quantum-to-classical
transition

coherence length ¢ (m)

10° 10° 1010 10" 10% 10%
mass (amu)



Macroscopic quantum physics

. /
Gravity-Induced
Entanglement

quantum-to-classical
transition

coherence length ¢ (m)

quantum nature
of gravity

10° 10° 1010 10" 10% 10%
mass (amu)



Quantum physics and sensing

W2

A ground state

delocalization

Schrodinger’s cat

N N

position



Quantum physics and sensing

W2

A ground state

delocalization

Schrodinger’s cat

N N

n
»

position

EM fields
\ %

e' collisions
(@)

charge

forces

SN, u
< /
XN Z
W

\ inertial
gravity




Quantum physics and sensing

W2

A ground state

delocalization

Schrodinger’s cat

N N

n
»

position

=)

EM fields
\ %

e' collisions
(@)

charge

\ inertial
gravity

forces

SN, u
< /
XN Z
W




WO continuous force sensor

Q\ﬁé . o
recoil sensing

\\\\\
V outlook



Acknowledgements

Quantum\
I’ Science and
Technology

National Centre of Competence in Research

ore o . * Kk

A. Militaru N. Carlon Zambon M. Skrabulis Q>'<TREM E {03
Macros;ﬁ;‘w\z * ke K
European

Commission

F. Tebbenjohanns

M. L. Mattana
M. S. Colombano Theory collaborators:

M. Frimmer - O. Romero-lsart
- C. Gonzalez-Ballestero
- A. Riera-Campeny

L. Novotny



Quantum-limited position measurements

1550 nm / \ “Heisenberg” microscope

homodyne
detector continuous

Xs T Xn  position measurement



Quantum-limited position measurements

60 70 80 90 100
Frequency (kHz)



Quantum-limited position measurements

60 70 80 90 100 10 60 70 80 90 100
Frequency (kHz) Frequency (kHz)



Quantum-limited position measurements

2.3 zN/v/Hz — Wik

60 70 80 90 100 10 60 70 80 90 100
Frequency (kHz) Frequency (kHz)



Quantum-limited position measurements

N 2.3 zN/v/Hz — Wik

60 70 80 90 100 10 60 70 80 90 100
Frequency (kHz) Frequency (kHz)




Quantum-limited position measurements

2.3 zN/\/Hz — g

AN

60 70 80 90 100 10 60 70 80 90 100
Frequency (kHz) Frequency (kHz)

tot 1 h
SFF ' Simp — WE

n =~ 25%



Quantum-limited position measurements

N } N
= e <
o -24| =
E 10 45 fm/+/Hz el L
A 2’ 10 i AF
o @ 2.3 zZN/A/Hz —"&
10 7| : E
s ; i i ; —42 . H ; i
60 70 80 90 100 10 60 70 80 90 100
Frequency (kHz) Frequency (kHz)
1 A Position estimation accuracy
StOt . S. = — Zpr
FF m ~
\/ P n 2 2Zzpf

Vai
n =~ 25%



Measurement—»bpased ground state cooling

-
()
n
-
o
N

PSD (m?/Hz)
S

occupancy
S

-
(e
N
(@)
-
o
(@)

60 70 80 90 100 10° 10° 10"
Frequency (kHz) linewidth (Hz)

1550 nm

L 1O . Minimum average energy 0.65 + 0.08 phonons

y z
@B—MW Tebbenjohanns et al., Nature 595 (2021)

homodyne
detector FPGA .



() recoilsensing



Recoil sensing

time (us)

2026)

(
10

PRL 136, 233604

H

Skrabulis et al.



o)
=
7P
-
o)
n
Q
O
0
Y

short electric impulse

time (us)

2026)

(
10

PRL 136, 233604

H

Skrabulis et al.



Recoil sensing

short electric impulse
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coherent amplification
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Recoll sensing below the zero-point motion

coherent amplification no squeezing
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Recoll sensing below the zero-point motion
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Outlook — sub-SQL readout
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