Entanglement of cooled ions for
dark wave search experiment
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Linear Paul trap

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

* The voltages make electric potential, so that ions
are at the saddle point on xy-plane

j'C J'(—\d

T/2 3T/2

[Qmedia webpage]



States

W
Hy = 7002 + a)zaTa

* Spins: |g) and |e)

A 4

~ GHz

d
'
'
'
'

I~MHz

Computational

 Oscillation: |[n=0,1,...)

IRENL z TSI ERT S

« 1 F UHEBDGEILE

y/lLN

-

=3 2 F] A

Vibrational

e, 0)

g, 1)

|g,0)



Gates
) 19, 1)
S |9, 0)
° Hadamard gate Computational Vibrational
) 1g) + |e) e) > |g9) — le)
V2 V2

* Controlled-NOT (CNOT) gate

lg,9) — 19, 9), lg,e) — |g,e),
le,g) — le, e), le,e) = le, g)



Readout

» NETEIIRRE |a) & Em
c L—=Y—"Tle) - |a)

« RRE la) DA F > H wIcH H

“bright”

L EANEY )

fluorescence

o-0-0 %

“dark”

[Bernardini+, 2023]




Mass scale of dark matter

(not to scale)
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non-thermal dark sectors
bosonic fields sterile v

‘ can be thermal [Lin, 2019]
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AXion
* Axion = QCD axion + axion-like particles
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Dark photon
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Dark photon
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Signal
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Noise

o« BRA 15 DEERFT H S ECHY

* Probability of |e, 0) = nT + (Jax|T)?

T < Tpm = 27/MpmVim

* Criteria: #Signal /V#Noise = 1.645 (95% C.L.)
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Axion dark matter
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Dark photon dark matter

Mixing parameter €
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Entanglement
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Mixing parameter €
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Penning trap

* lons are trapped in a vacuum chamber with
static voltage and magnet
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[Gilmore et al., Science 373, 673-678 (2021)]
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Mixing parameter €

Axion-photon coupling g,, [GeV™!]
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