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Summary

We considered using a quantum computer
of the ion trap type to detect DM

and found that the use of entanglement
maximally enhances the signal rate
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Linear Paul traps

* lons are trapped in a vacuum chamber with static and radio-
frequency voltage

« Each ion behaves as a quantum harmonic oscillator

* One of the platforms
of quantum computers

« Gates are implemented @
by laser [Rev. Mod. Phys 87, 1419 (2015)]



States of an ion

« The ion with single valence electron is usually chosen
« Cat, Ba*, Yb™, etc.
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Coupling with ions

* lons couple with an electric field induced by X(= a or DP)

Ey . = €x\/2ppmsin (myt — ¢,) , my ~ 0.1 —100 neV ~ MHz
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Detection scheme for N =1

« Start from |g, 0) and wait the interaction with DM
« Observe the computational qubit: g or e
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Sensitivity

« Thermal photons from electrodes can be noise
e The total probability of e

P(T) = nT + |ox|*T?

» The signal o« T?, while the noise « T

, fSignal 0
T = 1.645 (95% C.L.)

. 1/4 ~1/4 ~1/2
_ n Tiotal T mioN 12/ w, \1/2
E: =36 nV/mx (0.1 s_l) (1 day) (0.4 s) (37 GeV) (10 neV)

~ gy =44x107" GeV™!  e=6.4x10"12




Maximally entangled state

* For example,

|GHZ) —(|OO O)+|11 1
UNo interactio UNo m’[erac’uonU

 We observe either all 0 or all 1
« Quantum operations can prepare this state!



Detection scheme for N > 1

9,9,9,---,9,0)

‘ Operations & moving ions

% l(lgﬁ);ﬁlg, 1>)®N+ (Ig,0>\;§|g, 1>)®N]

Interaction with DM

The inverse operations

|gagagaag70>+ZN,81 |8,g,g,...,g,0)+...

The probability of |e, g, ..., g) is enhanced by N?



Sensitivity
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4 l V#Noise
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Conclusion

 The Paul trap system, which is one of platforms of quantum
computers, is useful to detect a weak electric field from DM

 Quantum entanglement enables to enhance the signal:
N? times larger than the single ion case

» This system can reach State of the Art of g4, and e with the
DM masses of 0(neV)
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