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Conclusions

• We developed novel complementary tabletop quantum sensing approaches to 
search for ultralight dark matter and spin-dependent fifth forces.

• Multilevel NV sensing enhances spin-phase accumulation and suppresses 
common-mode noise, while polarized Casimir platforms provide a differential probe 
of spin-dependent forces with modulation to reduce magnetic backgrounds. 

• Multilevel sensing extends tabletop sensitivity to weakly coupled ultralight dark 
matter, improving performance without increasing the number of sensors.
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aee ∝ |Δm | Nτ .
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Tabletop experiments, particularly quantum sensors, lie at the precision frontier in 
searches for extremely weak signals from wave-like dark matter 

• Dark matter: unknown matter that accounts for approximately 26% energy density of the Universe.
• Variety of well-motivated theories (Axion, Dark photon etc) predict very light dark matter ( ).
• Weak, wave-like dark matter signals require unconventional detection methods, such as NV (nitrogen-

vacancy) center in diamond magnetometry for effective magnetic fields induced by axion dark matter, and 
superconducting qubit of dark photon dark matter.

m ≪ eV

• Many quantum systems possess multiple energy levels, 
conventional quantum sensing often uses only two as qubit.

• The NV center is a spin-1, 3-level system—a qutrit. We show 
NV qutrits can be used for sensitive DM detection.
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Specially designed the protocol for qutrit Ramsey (Direct Current signal) 
or Hahn-echo (Alternating Current signal) sensing.

The qutrit sensing protocol suppresses common-mode shifts thus extending the dephasing 
time.
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NV center spin Hamiltonian

Axion dark matter-electron interaction 
induces effective magnetic field ⃗B eff

Multi-level gain
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: zero field splitting,  electron spin,  bias field,  
electron gyromagnetic ratio  
D ⃗Se B0 γe

• Qutrits could be implemented 
using the balanced double drive 
to excite the  and  
states simultaneously.
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Non-resonance!

Utot = U3U2U1 = D̂(Σ)eisδΦ/2 .
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HI(t) ≡ H0 + V(t) =
χ
2
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Projected dark photon sensitivity with geometric phase protocol

Transforms the squeezed displacement into geometric phase.

Dispersively coupled cavity-qubit Hamiltonian

Geometric phase boosted from Multi-level gain

Effective operation 

Effects of 
the noise

: dispersive couping strength ,  cavity mode operator,  dark photon field,  qubit operatorχ ̂a A ̂σz
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Qutrit system in NV center in diamond

Large displacement  in qubit-oscillator system


