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The hybrid system of trapped atoms and ions offers key advantages for studying chemical reactions at the most elementary level: ion traps have a
large potential well depth in order to trap the reaction products, while the absence of a Coulomb-barrier allows the particles to collide at short
internuclear distance. Here, we report on the experimental tuning of the exchange reaction rates of a single trapped ion with ultracold neutral
atoms by exerting control over both their quantum states. We observe the influence of the hyperfine state on chemical reaction rates and
branching ratios and monitor the kinematics of the reaction products.

\_ /

/ The hybrid atom-ion tra \ The level scheme
I X il We prepare the Yb* ions in a number of excited states, while the neutral
i t, € >ame  physicd atoms are prepared in the hyperfine F=1 or F=2 state.
location, we trap '*Yb* -
single ions in a radio- i E (eV)
frequency Paul trap and p 935 nm 4
9Rb neutral atoms in a A ~ Dy 14
magnetic or in an optical D, . = )
Qipolar trap. b i
369nm 2P
S 411m ZPj’Z i
4 Physical processes A
CHARGE EXCHANGE:  COLLISIONAL QUENCHING: Y'b'+ 23 ’S. - S 0
Yb*+Rb Yb**+Rb ] -2
| )z:kc | )iﬁ( | Yb+Rb
\ Yb +Rb* Yb* +Rb / / \
Time sequence
/ Tuning the reactions \ With a 2-ion crystal mass
Changing the state of the ion and the atoms we are spectrometry available
able to tune the inelastic collision rate by up to 5 - "‘“;'m e 'W R
orders of magnitude! lon state lon-atoms lon time v e
jsiéio.s Dya 112 Puz Y e L D preparation interaction detection %
€ 0 1.0 £0.2{0.018 +0.004]0.1 £ 0.2{| (35 £ 11)65 1.0+ 0.2 Common mode excitation frequency [kHz]
charged particle lost [65% 87% 84% 50%
Rb™ identified 35% 12% 15% 48%
dark Yb™ identified < 1% < 1%

hot ion (unidentified) 1% 2%
number of events 283 754 225 236 / \
The model

We model the inelastic collisions making use of three asssumptions:
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- We verify the linearity of the By using resonant light, we We directly observe quenching
. reaction rate. The measured are able to observe the of the ion due to collisions with
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