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Fig. 1. Apparent ion-atom total-collision-rate coefficient and fitted loading rate as functions of the
ion-trap RF frequency in the extended stability region of the linear Paul trap. The ion-trap RF
amplitude is fixed at Ugrp = 140 V. The left axis shows the apparent ion-atom total-collision-rate
coefficient kzi;fle, extracted using a fixed reference ion-cloud volume, and the right axis shows the MOT
loading rate Lg; obtained from fitting the atom-number evolution. The horizontal dashed line indicates
the independently measured MOT loading rate Lyor obtained from the MOT loading curve without

ions.
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Fig. 2. Time evolution of the 8"Rb" signal with and without cold atoms at different ion-trap RF
frequencies. The ion-trap RF amplitude is fixed at Urr = 140 V, and the RF frequencies are 450 kHz,
400 kHz, and 346 kHz. After ion production, the ionization laser is switched off, and the 8’Rb* signal is
recorded as a function of hold time with the magneto-optical trap on (MOT on, with cold atoms) and off

(MOT off, without cold atoms).
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Fig. 3. Apparent ion-atom total-collision-rate coefficient k:g;;l

and fitted loading rate Lg; as functions of
the auxiliary RF frequency in the dual-RF configuration. The main RF field is fixed at
Qgrp/2m = 550 kHz and Ugp = 140 V, while the auxiliary RF amplitude is fixed at Uuyx = 1 V. The
auxiliary RF frequency is scanned over 380480 kHz. The left axis shows the apparent ion-atom
total-collision-rate coefficient kgggl, extracted using a fixed reference ion-cloud volume, and the right axis
shows the MOT loading rate Lg; obtained from fitting the atom-number evolution. The horizontal

dashed line indicates the independently measured MOT loading rate Lyior obtained from the MOT

loading curve without ions.
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Frequency Dependence of Collision Dynamics between
Multi-component Rubidium Ions and Cold Rubidium
Atoms in the Extended Stability Region of a Linear
Paul Trap and under Dual-RF Fields*
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Abstract

The collision dynamics in hybrid cold atom-ion systems is governed not only by short-range inter-
actions in free space, but also by the time-dependent radio-frequency (RF) field of the linear Paul trap.
The recently proposed picture of trap-assisted ion-atom transient complexes suggests that the RF trap-
ping potential can modify the number of short-range ion-atom encounters and the probability of inelastic
decay through energy and momentum exchange. In this work; based on a multispecies rubidium ion-cold
rubidium atom hybrid trap, we prepare a multispecies ion cloud containing both atomic and molecular
ions by continuous photoionization of cold 8"Rb atoms. We investigate the influence of the RF field on

the collision dynamics in two complementary experimental configurations: one in which the system enters
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the cooperatively confined extended stability region of the linear Paul trap under a single RF field, and
the other in which a weak auxiliary RF field is introduced while the main RF field is kept fixed.

In the single-RF configuration, the ion-trap RF frequency is reduced beyond the conventional single-
species stability region. The multispecies ion cloud remains observable owing to cooperative confinement,
and the apparent ion-atom total-collision-rate coefficient is extracted from the time evolution of the atom
and ion numbers using a fixed reference ion-cloud volume. The results show that exothermic inelastic
collisions between atomic ions and atoms are enhanced in the low-frequency extended stability region,
indicating that the cooperatively confined region beyond the conventional stability boundary provides a
new parameter space for studying RF-field-assisted collision dynamics.

In the dual-RF configuration, the main RF field maintains stable confinement, while the weak auxiliary
RF field acts as an independent periodic perturbation and scans the sideband region of the atomic ions.
The corresponding apparent ion-atom total-collision-rate coefficient shows a nonmonotonic dependence on
the auxiliary RF frequency, indicating that the weak auxiliary RF field does not simply enhance collisions,
but can modify the ion-cloud evolution and ion-atom collision response in a frequency-selective manner.

Together, these two experimental configurations show that the RF field of a linear Paul trap is not
merely a passive confinement background, but can influence multispecies ion-atom collision processes by
modifying ion motion, energy-momentum exchange, and the dynamics of trap-assisted ion-atom transient
complexes.

Keywords: Trap-assisted ion-atom transient complexes, Hybrid ion-atom trap, Apparent
ion-atom total-collision-rate coefficient
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