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Characterization of noise is important

Linear Paul trap

Fig.: C. Hempel, thesis (2014)
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Ramsey experiments on Fock-state superpositions

T
BSB

RSB  Microwave
0y field N [0

K. C. McCormick et al., Nature 572, 86 (2019)

CPMG-type experiments on displaced cat states
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A. R. Milne et al., Phys. Rev. Lett. 126, 250506 (2021)

Motional spin-echo experiments on
displaced coherent states
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K. C. McCormick et al., Qu. Sc. Tech. 4, 024010 (2019)

Response measurements to modulated
periodic drives
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J. Keller et al., Phys. Rev. Lett., 126, 250507 (2021)
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1. Spinlocking C

2. Motional spin-locking
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Spin-locking experiment — Basic idea
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Experimental sequence
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Spectroscopic signal

Trajectory depends on initial light phase and power:

b=0

Noise averages
over trajectories
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Rate of decay depends on noise power
spectral density S (€2)

R. Kubo, J. Math. Phys. 4, 174 (1963)



_Linear Paul trap

Side view
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Magnetization (x(t))

Time evolution
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2. Motional spin-locking
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Frequency noise <> phase noise: S, (w) = w?Sy(w)
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Motional noise spectrum
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Spectroscopic signal with partial coherence:

1 1
. _ —5 S, (Q)t
Partially coherent features (04(t)) = cos (56975 e 2 ()
T 10 T T 10 T T
—— Blue sideband | 420(10) Hz 587(13) Hz
o -—~ Carrier 0.5 1 0571 -
10°F ..
X oo0f 0.0} % £
-0.5} 1-05F %=
2L _ L Jd N |
10 103 50 100 *%% 50 100
Pulse length (ms) Pulse length (ms)
1[ 60 T = = T
1l ] — VL 1800
10 1t ,l X sot :?' 1600
1I[ : I - 40 HEH 1400 (:I__
LAY I o K X
Y E 30! H HH Hp-; =
Lok Spiim="T o | > o g 1200
i ' £ £ 7
. . Nt . * 208, . . . . % 4100
0.2 0.5 1 2 5 10 0.4 0.6 0.8 1 1.2 1.4

Rabi frequency (kHz)

ECCTI | 10 July 2024 | Florian Kranzl

Frequency (kHz)

12



Spin-locking spectroscopy for probing motional noise
Uses ion directly as probe

Direct access to noise spectrum
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