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S. Baumann et al., PRL 115, 237202 (2015)
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Figure 10. Coherent spin manipulation of a single Ti atom. a) Experimental setup for pulsed ESR-STM. The STM is equipped with an RF generator and
an AWG. A sequence of RF and DC pulses are delivered to an oxygen-site Ti atom on MgO/Ag(100) via the STM tip. b) Rabi oscillations of the Ti spin
at different RF powers (Vgg). c) Rabi rates and coherence times measured at different tip-atom separations. d) Ramsey fringe measurement of the Ti
spin. ) Hahn echo measurements of the Ti spin, yielding T, = 189 * 23 ns. Reproduced with permission.[m] Copyright 2019, AAAS.

1.0 20 30 40
Distance, r (nm)

b d I = Fe-Fe
<0 —rfit
s « Fe-Co
e — r3fit
= 13 + Fe-tall Fe
&-10 = I — it
Gl vl | 8]
230 231 232 2339 :
Frequency (GHz) 0.14 |
|
Dipole coupled |
Sensor only , ’_ — I
c ’ <<<<< lzsdd/h £ 0L

e
fo ffp
_____ ‘ ‘ Unknown
“ ~~~~~~~~~ ‘ ZEdd/h Sensor 2
Sensor , .
atom

Sensor Target
atom atom

Figure 6. Atomic-scale sensing of dipolar fields from single-atom magnets. a) Schematic showing the sensing of dipole fields from a target atom using
a sensor spin. b) ESR spectrum obtained from an Fe atom (sensor) separated by 2.46 nm from another Fe atom (target). c) Schematic energy diagram
of the sensor atom under the influence of the dipole fields of the target atom. Two ESR peaks in (b) correspond to the two transitions marked by grey
arrows in (c). The Zeeman energy of the target spin is not included in the energy level diagram. d) ESR splitting as a function of atomic separations for
pairs of Fe-Fe, Fe-Co, and Fe-“tall” Fe. The observed r-distance dependence indicates that dipole-dipole interactions dominate at these separations,
while deviations in the grey area (with r less than 1 nm) result from additional exchange interactions. The magnetic moments extracted from the fits
are 5.44 £ 0.03 g for Fe, 5.88 + 0.06 g for Co, and 4.35 £ 0.08 ug for “tall” Fe. €) An STM image of five Fe atoms used in “nano-GPS.” Through trilatera-
tion using three sensor atoms, the location and the magnetic moment of a target, unknown atom can be determined. Reproduced with permission./2
Copyright 2017, Springer Nature.
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Figure 7. Hyperfine interactions of individual atoms on a surface. a) ESR spectra measured on *Fe with zero nuclear spin (blue) and ¥Fe with I =1/2
(orange). The bottom panels show STM images of ®Fe and *’Fe. b) ESR spectra measured on bridge-site Ti atoms with different nuclear spins. A single
ESR peak was observed on *Ti that carries no nuclear spin, while six and eight ESR peaks were seen for “Ti (I = 5/2) and *Ti (1 =7/2), respectively. c)
Binding-site-dependent ESR spectra of the same “/Ti atom moved by lateral atom manipulation. Right: STM images showing the Ti binding sites where
the spectra on the left are taken. The Ti atom was changed from 1) a bridge site to 2) an oxygen site then back to 3) a bridge site. The interception
points of the grid correspond to oxygen sites of MgO. d) ESR spectrum of ®5Cu (I = 3/2) on MgO. Lower panel: Schematic energy diagram of Cu with
S=1/2and | = 3/2. (a—) reproduced with permission.l’] Copyright 2018, AAAS. (d) reproduced with permission.*l Copyright 2018, Springer Nature.



