
This is the accepted manuscript made available via CHORUS. The article has been
published as:

Thermal atom-ion collisions in a K-Yb^{+} hybrid system
Thai M. Hoang, Peter D. D. Schwindt, and Yuan-Yu Jau

Phys. Rev. A 100, 022701 — Published  1 August 2019
DOI: 10.1103/PhysRevA.100.022701

http://dx.doi.org/10.1103/PhysRevA.100.022701


Thermal Atom-Ion Collisions in K-Yb+ Hybrid System

Thai M. Hoang,1 Peter D. D. Schwindt,1 and Yuan-Yu Jau1

1Sandia National Laboratories, Albuquerque, NM 87123, USA
(Dated: July 2, 2019)

We present experimental studies of atom-ion collisions using buffer-gas cooled, trapped ytterbium
(Yb+) ions immersed in potassium (K) vapor. The range of the collisional temperature is on the
order of several hundred kelvin (thermal regime). We have determined various collisional rate
coefficients of the Yb+ ion per K-atom number density. We find the upper bounds of charge-
exchange rate coefficients κce to be (12.7±1.6)×10−14 cm3s−1 for K-171Yb+ and (5.3±0.7)×10−14

cm3s−1 for K-172Yb+. For both isotopes, the spin-destruction rate coefficient κsd has an upper
bound at (1.46 ± 0.77) × 10−9 cm3s−1. The spin-exchange rate coefficient κse is measured to be
(1.64±0.51)×10−9 cm3s−1. The relatively low charge-exchange rate reported here demonstrates the
advantage of using K atoms to sympathetically cool Yb+ ions, and the relatively high spin-exchange
rate may benefit research work in quantum metrology and quantum information processing on an
atom-ion platform using K atoms and Yb+ ions.

I. INTRODUCTION

While free thermal atoms, trapped neutral atoms, and
trapped ions are well established platforms for atomic-
physics research and applications, a hybrid system of
neutral atoms and ions can offer new capabilities and
opportunities that cannot be accomplished with only one
atomic species. In 1960s and 1970s, the spin-dependent
charge exchange between 3He+ ions and Cs atoms was
used to measure the ground-state hyperfine splitting fre-
quency of 3He+ ions, because the narrow-band light
source at 41-eV photon energy was not available to di-
rectly probe the internal state of 3He+ [1, 2]. Up to
date, this Cs mediated method still delivers the best re-
sult of the 3He+ ground-state hyperfine frequency. For
similar reasons, the spin-exchange interactions between
free ions and Rb atoms were used to perform hyperfine
spectroscopy of Sr+, Cd+, and Hg+ ions [3, 4] due to the
unavailable blue to ultra violet (UV), narrow-line light
sources for optical pumping. These atom-ion hybrid sys-
tems demonstrated a great potential for atomic/quantum
metrology applications such as fieldable ion clocks [5],
eliminating the need of miniaturized, low-power, short-
wavelength (. 400 nm) laser sources for interrogating
ion systems. In the past two decades, a hybrid system of
cold neutral atoms and cold ions has become an attrac-
tive platform to study quantum physics of heterosystems
[6, 7], which will advance our knowledge in cold colli-
sions [8], quantum chemistry, many-body physics, quan-
tum simulation [6], and quantum information processing
[9].

In the past decades, various collisional phenomena
in atom-ion systems have been investigated broadly
through theoretical modeling (see citations in Ref[6]) and
experiments[8, 10–20]. Still, there are many atom-ion
pairs that have not been studied, and more relevant ex-
perimental research work will be necessary. In this pa-
per, we study the K-Yb+ hybrid system using helium
buffer-gas cooled, trapped ytterbium (Yb+) ions and free
potassium (K) atoms (vapor). Potassium offers one of

the few fermion atomic species and therefore is interest-
ing to study. To our knowledge, there are no theoreti-
cal and experimental results of the K-Yb+ system being
reported previously. Through our experiments, we de-
termine the charge-exchange, spin-destruction, and spin-
exchange rate coefficients for Yb+ ions and K atoms. Ide-
ally, if the collisions follow the Langevin model[6], the
rate coefficients are nearly independent of the collisional
kinetic energy. While the previous experimental studies
of hybrid atom-ion systems used both cold ions and cold
atoms [10–14, 16, 17, 20], or thermal ions (> 100 kelvin)
[18] and cold atoms, our experiment was carried out with
both thermal ions and thermal atoms. This would help
with further understanding of the collisional interactions
of hybrid systems in a wider temperature range.

II. APPARATUS AND SETTINGS

Our experimental apparatus comprises a vacuum
chamber for the atom-ion hybrid environment, B-field
coils, and various laser sources. Inside the vacuum cham-
ber, there is a linear Paul trap with four 50-mm long
rods (6-mm apart along each side) and two hollow end
caps, and there are two Yb sources (natural abundance
and isotropically enriched) and one natural-abundance
K-getter source (i.e. a potassium dispener). The cham-
ber was baked out to achieve 10−10 torr level and then
was back filled with 45 × 10−6 torr of helium gas for
buffer-gas cooling to the trapped Yb+ ions. The K get-
ter was driven by 2.5-A DC current during the bakeout to
minimize the possible out-gassing sources on the getter.
The trap rods were driven by a 1.95-MHz RF source at
780 Vpk−pk and the end caps were connected to a 15-V
DC source. We were able to trap > 106 ions with an
ion density on the order of 108 cm−3. The Yb+ ion tem-
perature was measured to be around 650 K. When the
trap was loaded with ions, the radial Secular frequency
was around 200 kHz, which is consistent with the sim-
ulation results from our 3D ion-trap modeling including
space-charge effect.
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FIG. 1. a) The Yb+ ions cloud (blue) are trapped in a linear Paul trap. The 369-nm, 399-nm, 935-nm, 770-nm, and 766-nm
laser beams are combined using dichroic mirrors. The fluorescence signal of the Yb+ ions is collected by a PMT. The laser
beams go to a detection system with different wavelength filters. K atoms (gray area) are released into the chamber from a
potassium getter. b) Illustrations of the charge-exchange, the spin-destruction, and the spin-exchange interactions. The up
and down arrows represent an atomic spin. c) Hyperfine polarization of 171Yb+ ions achieved by optical pumping. d) Spin
polarization of 172Yb+ ions achieved by optical pumping.

We used laser sources with five different wavelengths
for experimental studies. The laser sources at 369 nm,
399 nm, and 935 nm are for ion loading, state prepa-
ration, and interrogation of Yb+ ions[5, 21]. The laser
sources at 766 nm and 770 nm are for optical pumping
and probing of K atoms. As illustrated in Fig. 1a, a
369-nm laser beam is delivered to the ion cloud to pro-
vide state detection and optical pumping of the trapped
ions, and the 935-nm laser clears the low-lyingD3/2 state.
Fluorescence at 369 nm or 297 nm is collected with a pho-
tomultiplier tube (PMT). For loading the Yb+ ions, the
combination of the 399-nm laser and 369-nm laser allows
us to selectively load 171Yb+ ions or 172Yb+ ions into the
ion trap. To study the interactions between Yb+ ion and
K atoms, the vacuum chamber was filled with K vapor re-
leased from a potassium getter. The K vapor density was
controlled through the electrical current applied on the
getter. The measured K-atom temperature was around
340 K. In Fig. 1a, a linearly polarized 770-nm laser beam
with a doughnut profile is used as a probe to measure the
K-vapor density and temperature. The same laser beam
with circular polarization is also used to optically spin-
polarize K atoms. The dark center of the doughnut beam
is aligned to the ion cloud axis. A linearly polarized 766-
nm laser beam through the ion cloud is used for an optical
rotation (Faraday effect) measurement[22, 23] to deter-
mine the degree of spin polarization of the K atoms inside
the ion cloud. The number density and the temperature
of the trapped Yb+ ions or the free-space K atoms can
be determined by measuring the signal contrast and the
Doppler profile of the D1 resonances through scanning
the frequency of the 369-nm or the 770-nm probe laser
[22, 23], and the measurement uncertainty was within a
few percent. In the detection system, we used single pho-

todetector to detect the transmission light at 369 nm and
770 nm, and we used a two-photodiode balanced detector
with an optical polarimetry setup to measure the Fara-
day rotation signals from K atoms at 766 nm. We used
dichroic mirrors, spectral filters, and flipping mirrors to
steer and manage different laser beams in the detection
system. We used three orthogonal coil pairs (Helmholtz-
like) to compensate the ambient magnetic field and to set
the B-field magnitude to be around 1 G with preferred
orientations for measurements.

III. MEASUREMENTS AND RESULTS

A. Charge exchange

Figure 1b illustrates different K-Yb+ collisional inter-
actions, such as charge exchange, spin destruction, and
spin exchange. The charge-exchange interaction occurs
when an electron migrates from a neutral K atom to a
Yb+ ion during the collision with or without an involve-
ment of emitting a photon (There could be an interme-
diate state (YbK)+ during the collisional process.):

charge exchange: Yb+ + K→ Yb + K+.

After charge-exchange collisions, the neutral Yb atom
can no longer be trapped. This is the main ion loss mech-
anism. Ideally, we can measure the charge-exchange-
induced ion-loss rate depending on the K-atom number
density to determine the charge-exchange rate coefficient
via the following relation:

γce =
1

τce
= κce · nK, (1)



3

ç

ç

ç

ç
çç

ç
ççç

ç
çç

çç
ççççç

çççç
çç

çç
ç

ç
ççççç

çççç
ççç

çç
çç

çç
ç

ç

á
áá

ááááááááááááááááááááááááááááááááááááááááááááááá

Time HhoursLY
b+

si
gn

al
Ha

rb
.u

ni
ts

L

a
ç

171Yb+: 3.5±0.11 hours

á
172Yb+: 7.6±0.07 hours

0 5 10 15
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

ááááá

á ááááááá

áá
ááá
á
á
á
áá

ççç
ç

ç
ç
ç
çççç

ç

ç

ç

ç

çç

ççç

ç
ç

ç

ç

nK H109 atoms�cm3L

1�
Τ c

e
H1

0-
3
s-

1
L

b
ç

171Yb+: 0.127±0.016
á

172Yb+: 0.053±0.007

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
0.00

0.05

0.10

0.15

0.20

FIG. 2. a) Decay signals of Yb+ ions due to ion loss under
the presence of ∼ 7× 108 cm−3 K-atom number density. The
data are fitted to an exponential function to extract τce. The
numbers represent the charge-exchange time constants and
the fitting errors. b) The charge-exchange rate of a Yb+ ion
under different potassium densities. Experimental data of
171Yb+ (172Yb+) ions are shown in red circles (blue squares).
The data are fitted to a linear function to extract the slope
and to determine the upper bound of κce. The shaded areas
represent 95% confidence interval.

where γce is the charge-exchange rate, τce is the exponen-
tial ion loss time constant, nK is the number density of
K atoms, and κce is the charge-exchange rate coefficient.
Here, the rate coefficient κ = 〈σv〉 is an ensemble average
of all possible velocity-dependent cross section σ(v) and
colliding relative velocity v.

To measure τce, we delivered a 1-mm diameter (1/e2),
3-mW continuous 935-nm laser beam overlapped with a
1-mm diameter (1/e2) pulsed 369-nm laser beam to the
ion cloud. The 369-nm beam was linearly polarized to
avoid spin-polarized optical pumping and was pulsed ev-
ery 11 minutes. We verified that the 369-nm laser power
and its duty cycle were sufficiently low to eliminate any
possible 369-nm laser associated ion-signal-loss effects,
such as F-state trapping [21], laser induced molecular
ion formation from Yb+ ions and the background gas
[24], and laser-enhanced charge exchange (explained in
the end of this section). For 171Yb+ ions, we used F = 1
to F ′ = 0 transition to excite the ions and generate flu-
orescence. By taking advantage of this cycling transi-
tion [5], we can achieve extremely slow hyperfine optical
pumping. We found that for the 369-nm laser power ≤ 1
µW and the pulse duration ≤ 4 seconds, the measured
ion lifetime has no noticeable dependence on the laser
power and pulse duration. For data analysis, we include
experimental data with laser power at 0.2 µW, 0.5 µW,
and 1 µW and with pulsewidth at 0.2 s, 0.4 s, 1 s, 2 s,
and 4 s.

The typical, decaying fluorescence signals of Yb+ ions
are shown in Fig. 2a. To extract τce, we fit the data to an

exponential function. The data indicates that the 171Yb+

ions leave the trap about twice faster than 172Yb+ ions
with the same K-atom density. The reason why is un-
clear at this point. Although 171Yb+ ion has hyperfine
structure in contrast to 172Yb+ ion, the collisional en-
ergy in thermal regime is too large to differentiate the
hyperfine states. In addition, both Yb+ ions and K
atoms mainly remain unpolarized throughout the entire
period of measuring the ion loss rate, therefore it is un-
likely to see polarization-dependent or state-dependent
charge exchange effects, unless different hyperfine man-
ifolds have very distinct charge-exchange cross sections.
On the other hand, when checking the ion-trapping life-
time without the presence of K atoms (the K-getter is off)
every once in a while over several months, the 172Yb+

ions demonstrated consistent trapping lifetime (> 100
hours), but the trapping lifetime of the 171Yb+ ions can
be sometimes longer and sometimes shorter with a dif-
ference up to a factor of 2. We suspect that the some
kind of non-detectable molecular gas background in the
chamber was more reactive with 171Yb+ ions and caused
the phenomenon.

Figure 2b shows the summary of experimental data
of 1/τce for K-171Yb+ and K-172Yb+ with different K-
atom density nK. However the measured data of 1/τce
may not be completely dominated by nK. Although
we had tried to clean up the getter during the bake-
out, and there was no detectable signals from the gas
residual analyzer (RGA) connected to the vacuum sys-
tem, we still cannot rule out the possibility of introduc-
ing some gas background when running the K-getter,
because the RGA was much farther from the ion trap
and the K-getter was closer to the trap. This possi-
ble additional gas background can be positively corre-
lated with nK (determined by the getter temperature)
and can react with Yb+ ions to reduce the ion-trapping
lifetime. Considering this systematic effect and the pos-
sible residual optical effect, with linear fits, we find the
upper bounds of the charge-exchange rate coefficients to
be 171κce ≤ (12.7 ± 1.6) × 10−14 cm3s−1 and 172κce ≤
(5.3± 0.7)× 10−14 cm3s−1. In Fig 2b, the vertical error
bars come from the exponential fitting errors as an ex-
ample in Fig 2a. The horizontal error bars come from the
K-density difference before and after the each ion lifetime
measurement was finished. The K-density measurement
by itself has an uncertainty within a few percent, but the
K-density can drift more than 10% over an ion lifetime
measurement.

It is worth noting that the ion loss rate under the pres-
ence of K atoms increases rapidly when either the Yb+

ions or the K atoms were exposed to a strong 369-nm
laser beam or a strong 770-nm laser beam at correspond-
ing D1 transition wavelengths. We believe this is caused
by a much stronger charge-exchange interaction when the
colliding ion or atom is in the excited state. In our prelim-
inary study, we checked the ion-trapping lifetime using a
continuous 100 mW/cm2 369-nm laser beam (Gaussian
profile) or a continuous 200 mW/cm2 770-nm laser beam
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FIG. 3. a) The red shaded area represents the 50-nW, 0.5-s
pulse of the circularly polarized 369-nm laser light. b) The
data points with a normalized scale represent the areas under
of the fluorescence transient curves for different recovery time
periods, where nK ∼ 7 × 108 cm−3. The numbers represent
the spin recovery time constants and the fitting errors. Each
data point is an average of 200 runs. c) The spin recovery
time constants versus different K number densities. Data of
172Yb+ ions and 171Yb+ ions are shown in blue square mark-
ers and red circle markers, respectively. The 171Yb+ data uses
similar procedure for 172Yb+ except that the 369-nm laser is
linearly polarized at 5 µW with 3.5-s pulse width. The solid
lines represent the linear fitting results. The fitting lines are
with 95% confidence level.

(Gaussian profile) to illuminate the ion cloud, and the
ion-trapping lifetime is significantly shorter (on the or-
der of 10-100 seconds) when the K atoms (∼ 109 cm−3)
are present. We estimated the charge-exchange rate co-
efficient to be on the order of 10−9 to 10−8 cm3s−1 if one
of the colliding species is in its excited state (P1/2). In
the experiments of determining the ground-state charge-
exchange rate coefficients, the highest 369-nm laser power
was 1 µW, which leads to a relative population of ∼ 10−5

in the P1/2 state of Yb+ ion (Note: due to the Doppler
broadening of the thermal ions, the D1 on-resonance ab-
sorption cross section is a few times 10−12 cm2). For the
data shown in Fig. 2b, the duty cycle of the 369-nm laser
pulse is ≤ 0.6%. The equivalent charge-exchange rate
coefficient contributed from the P1/2 state is therefore

≤ 6× 10−(16 to 17) cm3s−1, which is negligible compared
to the measured values.

B. Spin destruction and spin exchange

Atom-ion collisions can induce not only charge ex-
change but also spin flips, including random spin flips
that destroy the spin polarization of the colliding atomic
species, and spin exchange that swaps the electronic an-
gular momentum between the ion and the atom. These
spin-dependent collisional effects on the Yb+ ion leads to
these forms:

spin exchange: Yb+ ↑ +K ↓→ Yb+ ↓ +K ↑,
spin destruction: Yb+ ↑↓ +K→ Yb+ ↓↑ +K.

Here the ↑, ↓ arrows represent the spin state. The dynam-
ics of the Yb+ spin polarization affected by the 369-nm
optical pumping and the K-atom density is described by

ṖYb+ = Rop(1−PYb+)+nK [κse(PK − PYb+)− κsdPYb+ ] ,
(2)

where Rop is the optical pumping rate on the ions, PYb+

and PK, ranging from -1 to 1, are the spin polarization
for the Yb+ ions and K atoms, and κsd and κse are
the rate coefficients for the spin-destruction and spin-
exchange interactions. From Eq. 2, with Rop = 0 and
PK = 0, we find the total spin-relaxation time constant
to be τspin = γ−1spin = [(κsd + κse)nK]−1. To measure the
total spin-relaxation rate γspin, we keep the K atoms un-
polarized (i.e. PK = 0, no optical pumping on K atoms),
and we spin-polarize the 172Yb+ ions by applying a cir-
cularly polarized 369-nm laser to pump the 172Yb+ ion
into the |m = 1/2〉 = | ↑〉 or |m = −1/2〉 = | ↓〉 state in
its Zeeman sublevels as illustrated in Fig. 1d. As shown
in Fig. 3a, when the unpolarized 172Yb+ ions are illumi-
nated by the 369-nm laser light, fluorescence appears at
the beginning and then decays as most of the ions are
spin polarized (PYb+ ∼ 1), where ions are in the dark
state of the pump light and the photon scattering is min-
imized. During the “OFF” period of the pump light (i.e.
Rop = 0), the spin relaxation process reduces PYb+ and
therefore recovers the fluorescence signal when the pump
light turns on again. Figure 3b plots the signal strength
as the ”OFF” period (the recovery time) is varied, where
the signal strength is the area under the transient curve
of the fluorescence signal in Fig. 3a, which is proportional
to the number of unpolarized ions. We determine τspin
(the recovery time constant) by an exponential fit to the
data. By measuring the linear dependence of γspin on
nK, the total spin-relaxation rate coefficient (κsd + κse)
can be acquired. For the 171Yb+ ions, due to the op-
tically resolved hyperfine splitting, the hyperfine optical
pumping is easier to perform. The hyperfine polariza-
tion is achieved by pumping the ions into the F = 0
state as shown in Fig. 1c using F = 1 to F ′ = 1 tran-
sition. With some detailed calculations[23], we find that
we can use the same signal recovery measurement pro-
cedure to obtain (κsd + κse). The experimental results
are summarized in Fig. 3c, which gives a mean value of
(κsd+κse) = (3.1±0.92)×10−9 cm3s−1 for both isotopes.
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confidence level, and its slope allows us to determine the spin-
exchange rate coefficient.

Based on Eq. 2, we can further determine κsd and κse
separately by measuring the steady-state value of PYb+

during the “OFF” period through the following mathe-
matical relation:

PYb+ =
κsePK

κsd + κse
. (3)

The only difference in measurement settings is to have
PK 6= 0 and to have a long enough OFF period, which
can be determined based on the (κsd + κse) value. To
spin polarize the K atoms, we engaged a resonant 770-
nm circularly polarized laser beam with a doughnut pro-
file at the ion cloud, so the ions can be fit inside the
dark volume (5-cm long, > 2-mm diameter) of the dough-
nut profile to minimize the much larger charge-exchange
effect between the Yb+ ions and the excited K atoms
when the 770-nm laser is present. The doughnut beam
was generated using a single-lens imaging technique. The
doughnut profile had a bright ring about 1-mm wide and
6.4 mW total optical power. The 770-nm laser linewidth
was intentionally broadened to about 1-GHz to match
up the Doppler-broadened K-atom D1 resonance. The
measured, achievable maximum positive and negative K-
atom spin polarization at the ion cloud inside the dark
volume is ±0.24 using the optical rotation method with
a weak and optically detuned 766-nm beam. With these
experimental conditions, Fig. 4 shows experimental data
and a linear fit of PYb+ versus PK, where PYb+ can be
well calibrated by measuring the signal levels of the ion
fluorescence that are normalized to the case of unpolar-
ized Yb+ ions as illustrated in Fig. 3b. We look at the
normalized signal strength at the recovery time � τspin.
We find that PYb+ = 1 when the Yb+ signal magnitude
is zero, PYb+ = 0 when the signal magnitude is one, and

PYb+ = −1 when the signal magnitude is two. The Yb+

spin polarization PYb+ is a linear function of the fluores-
cence amplitude. Using Eq. 3 and the fitting slope from
Fig. 4, we find κse = (1.64 ± 0.51) × 10−9 cm3s−1, and
κsd ≤ (1.46± 0.77)× 10−9 cm3s−1.

Since we use spin-polarized K atoms to measure the
spin-exchange rate, the measured κse can only be due to
the interaction between Yb+ ions and K atoms. With
a relative collisional velocity v̄ = 4.6 × 104 cm/s deter-
mined by the Yb+ ion and K atom temperatures, we find
the effective spin-exchange cross section σ̄se = κse/v̄ =
(3.6± 1.1)× 10−14 cm2, which is similar to that of many
alkali-alkali pairs [23] in the thermal regime. On the
other hand, κsd can have additional causes from other
ion-gas-induced spin destruction if some gas background
is still produced when the K-getter temperature increases
(a similar concern for our charge-exchange experimental
results). Therefore, we can only report the upper bound
of κsd here.

IV. DISCUSSION AND SUMMARY

In the applications of using the atom-ion hybrid plat-
form, we would like the spin-exchange rate to be much
greater than the spin-destruction rate and the charge-
exchange rate [6, 25] to benefit quantum metrology,
quantum information processing, and sympathetic cool-
ing schemes. When comparing our experimental re-
sults with the Langevin rate coefficient κL = π

√
4C4/µ,

where C4 is defined by the interatomic potential with
a form of −C4/R

4, and µ is the reduced mass, we find
κL = 2.7 × 10−9 cm3s−1 for a K-Yb+ system. Hence
we have κse = (0.61 ± 0.19)κL, κce/κse < 10−4, and
κsd/κse . 1. The much smaller charge-exchange rate in-
dicates that neutral K atoms can be used for sympathetic
cooling of Yb+ ions because of their favorable mass ratio
and the relatively long Yb+ ion trapping lifetime when K
atoms are present. The spin-destruction rate is especially
important in the quantum-physics applications, because
it limits the coherence time of the internal states of the
trapped ions with the presence of K atoms.

An earlier cold Rb-Yb+ experiment [16] demonstrated
κsd/κse ∼ 1.8, which was able to be explained by a
second-order spin-orbit (SO) model [26]. More recently,
an experimental study on a cold Li-Yb+ system[19]
demonstrates κsd/κse ∼ 0.08, and the work on a cold
Rb-Sr+ system [20] demonstrates κsd/κse ∼ 0.19. The
much smaller κsd to κse ratio in the Li-Yb+ system veri-
fies the theoretical prediction of much weaker 2nd-order
SO interactions with lighter neutral atoms [26, 27]. The
theoretical work in Ref[26] also indicates a T−0.3 temper-
ature dependence of κsd for T < 0.3 kelvin. If the same
temperature dependence extends to T ∼ a few hundred
kelvin, it should lead to a smaller κsd to κse ratio in the
thermal regime. Unfortunately, our work can only set
an upper limit of κsd and cannot provide a firm verifi-
cation of the temperature dependence. But further de-
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tailed modeling of the spin-orbit interactions in the ther-
mal regime will be helpful for understanding better the
atom-ion collisional behaviors.

In conclusion, we have studied several important colli-
sional effects in a thermal K-Yb+ system. Our work may
provide further insight to help develop atomic metrology,
such as an ion clock without a UV light source, and study
quantum physics using atom-ion hybrid platforms. Fur-
thermore, K atoms can provide fermionic isotopes that
may introduce additional advantages to the K−ion hy-
brid quantum systems.
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