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❖ Levitated nanoparticles in the quantum regime 

(c)(a) (b)

❖ Static quartic potential

❖ Optimization of coherence length


• Optimal configurations:

(a) Small noise (Siω ≲ 1, i = 1,2)

(b) Large displacement noise (S1ω ≳ 10)

(c) Large intensity noise (S2ω ≳ 10)
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❖ Optimization of a static potential

❖ Comparison with full quantum dynamics [7]

• Our figure of merit qualitatively captures the Wigner negativity features

• Two potentials: DW and inverted DW

❖ Optimization of cubicity and purity


• Optimal potential: 

[1]

a = − 1, b = 1, d0/d → 0

• Decoherence rate:
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❖ Proposal

Constraints: 

❖ Optimization in the presence of position-dependent noise

• Fluctuations in position and amplitude of the potential

❖ Figures of merit based on Gaussian dynamics

x

p [xc(t), pc(t)]

expand

recapture

‣ Classical trajectory frame: phase-space shift onto a trajectory 
associated with the classical dynamics [6]
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‣ Gaussian dynamics

‣ Figures of merit that allow for fast computation

Ṽ(x, t) = V (x + x0ξ1(t)) [1 + ξ2(t)]
⟨ξi(t)ξj(t′￼)⟩ = 2πSi δij δ(t − t′￼)
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❖ We propose a new method for optimizing static potentials for the 
generation of macroscopic quantum states of levitated nanoparticles in 
the presence of noise.


❖ We introduce figures of merit that allow for fast computation and capture 
macroscopicity and quantum signatures.


❖ We obtain the optimal quartic potential for maximizing squeezing and for 
generating quantum cubic states.


❖ Outlook: 
• Optimization within more general families of potentials

• Optimal potentials for noise metrology 

η(τ) ≡ z2
xx + z2

xp
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2πX2
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• Cubicity and purity:

K(t) = κ3(t)𝒫(t)
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2

mω2n!
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• Fast run 

• Closed classical trajectory
• Feasible potential 



optimization 
parameters

a, b, d0

‣ Ground state cooling achieved [1,2,3]


‣ Towards preparation of macroscopic quantum 
superposition states:  

• Coupling to nonlinear systems is challenging 
• Evolution in dark nonharmonic potentials [4,5]


• Need for delocalization to enhance quantum 
features, which introduces decoherence


      

‣ Optimization of wide static potentials for the 
generation of macroscopic quantum states


‣ Optimization accounting for position-dependent 
noise sources within experimental setups 


‣ Introduction of key figures of merit that allow for 
fast computation and capture macroscopicity and 
quantum signatures    

V (n)(t) = [ ∂n

∂xn
V(x)]

x=xc(t)

Γf(t) =
2πX2

Ω

ℏ2 (S1X2
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squeezing with parameter         
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η(t)
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1
2
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̂VG
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x
(xc(t))[ ̂x cos(ϕ(t)) + ̂p sin(ϕ(t))]3

‣ First quantum correction

t = 0
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Ground-state 
cooled nanoparticle

Evolution in a 
dark potential

t = 0
<latexit sha1_base64="Uu/LTsF3mO6RqkH269ZyFbFUCqI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv3ANpTNdtIu3WzC7kQsof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmkODxzLW7YAZkEJBAwVKaCcaWBRIaAWjm6nfegRtRKzucZyAH7GBEqHgDK300EV4wgwnV26vXHGr7gx0mXg5qZAc9V75q9uPeRqBQi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjqWIRGD+bXTyhJ1bp0zDWthTSmfp7ImORMeMosJ0Rw6FZ9Kbif14nxfDSz4RKUgTF54vCVFKM6fR92hcaOMqxJYxrYW+lfMg042hDKtkQvMWXl0nzrOq5Ve/uvFK7zuMokiNyTE6JRy5IjdySOmkQThR5Jq/kzTHOi/PufMxbC04+c0j+wPn8AZcokNg=</latexit><latexit sha1_base64="Uu/LTsF3mO6RqkH269ZyFbFUCqI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv3ANpTNdtIu3WzC7kQsof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmkODxzLW7YAZkEJBAwVKaCcaWBRIaAWjm6nfegRtRKzucZyAH7GBEqHgDK300EV4wgwnV26vXHGr7gx0mXg5qZAc9V75q9uPeRqBQi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjqWIRGD+bXTyhJ1bp0zDWthTSmfp7ImORMeMosJ0Rw6FZ9Kbif14nxfDSz4RKUgTF54vCVFKM6fR92hcaOMqxJYxrYW+lfMg042hDKtkQvMWXl0nzrOq5Ve/uvFK7zuMokiNyTE6JRy5IjdySOmkQThR5Jq/kzTHOi/PufMxbC04+c0j+wPn8AZcokNg=</latexit><latexit sha1_base64="Uu/LTsF3mO6RqkH269ZyFbFUCqI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv3ANpTNdtIu3WzC7kQsof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmkODxzLW7YAZkEJBAwVKaCcaWBRIaAWjm6nfegRtRKzucZyAH7GBEqHgDK300EV4wgwnV26vXHGr7gx0mXg5qZAc9V75q9uPeRqBQi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjqWIRGD+bXTyhJ1bp0zDWthTSmfp7ImORMeMosJ0Rw6FZ9Kbif14nxfDSz4RKUgTF54vCVFKM6fR92hcaOMqxJYxrYW+lfMg042hDKtkQvMWXl0nzrOq5Ve/uvFK7zuMokiNyTE6JRy5IjdySOmkQThR5Jq/kzTHOi/PufMxbC04+c0j+wPn8AZcokNg=</latexit><latexit sha1_base64="Uu/LTsF3mO6RqkH269ZyFbFUCqI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxgv3ANpTNdtIu3WzC7kQsof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmkODxzLW7YAZkEJBAwVKaCcaWBRIaAWjm6nfegRtRKzucZyAH7GBEqHgDK300EV4wgwnV26vXHGr7gx0mXg5qZAc9V75q9uPeRqBQi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjqWIRGD+bXTyhJ1bp0zDWthTSmfp7ImORMeMosJ0Rw6FZ9Kbif14nxfDSz4RKUgTF54vCVFKM6fR92hcaOMqxJYxrYW+lfMg042hDKtkQvMWXl0nzrOq5Ve/uvFK7zuMokiNyTE6JRy5IjdySOmkQThR5Jq/kzTHOi/PufMxbC04+c0j+wPn8AZcokNg=</latexit>

t > 0
<latexit sha1_base64="Ef8OmB7vT0stl+cygCaMp2NJarg=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMMPJldsrV9yqOwNdJl5OKiRHvVf+6vZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/oiVX6NIy1LYV0pv6eyFhkzDgKbGfEcGgWvan4n9dJMbz0M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQSjYEb/HlZdI8q3pu1bs7r9Su8ziK5Igck1PikQtSI7ekThqEE0WeySt5c4zz4rw7H/PWgpPPHJI/cD5/AJitkNk=</latexit><latexit sha1_base64="Ef8OmB7vT0stl+cygCaMp2NJarg=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMMPJldsrV9yqOwNdJl5OKiRHvVf+6vZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/oiVX6NIy1LYV0pv6eyFhkzDgKbGfEcGgWvan4n9dJMbz0M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQSjYEb/HlZdI8q3pu1bs7r9Su8ziK5Igck1PikQtSI7ekThqEE0WeySt5c4zz4rw7H/PWgpPPHJI/cD5/AJitkNk=</latexit><latexit sha1_base64="Ef8OmB7vT0stl+cygCaMp2NJarg=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMMPJldsrV9yqOwNdJl5OKiRHvVf+6vZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/oiVX6NIy1LYV0pv6eyFhkzDgKbGfEcGgWvan4n9dJMbz0M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQSjYEb/HlZdI8q3pu1bs7r9Su8ziK5Igck1PikQtSI7ekThqEE0WeySt5c4zz4rw7H/PWgpPPHJI/cD5/AJitkNk=</latexit><latexit sha1_base64="Ef8OmB7vT0stl+cygCaMp2NJarg=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qys9dBGeMMPJldsrV9yqOwNdJl5OKiRHvVf+6vZjnkagkEtmTMdzE/QzplFwCZNSNzWQMD5iA+hYqlgExs9mF0/oiVX6NIy1LYV0pv6eyFhkzDgKbGfEcGgWvan4n9dJMbz0M6GSFEHx+aIwlRRjOn2f9oUGjnJsCeNa2FspHzLNONqQSjYEb/HlZdI8q3pu1bs7r9Su8ziK5Igck1PikQtSI7ekThqEE0WeySt5c4zz4rw7H/PWgpPPHJI/cD5/AJitkNk=</latexit>

Γf(t) =
2πX2

Ω

ℏ2 (S1X2
Ω[V′￼′￼(xc(t))]2 + S2[V′￼(xc(t))]2)

What is the optimal potential shape?


