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Motivation and goals Experimental setup

Sympathetic cooling of complex molecules Applications _ = 32
: . Laser cooling transitions of “"Ba

= mass range up to 30 000 amu = High resolution spectroscopy of ultracold molecules

= interesting for chemistry and biology = Chemistry at ultracold temperatures

- Charge transfer
- Chemical reactions with single particle sensitivity

= general method for preparation, storage

and cooling independent of: o _
- magnetic and electrical moments = Cold collisions (e.g. with cold atoms)

- energy level structure = Study of slow internal processes
- size of the molecule = Cooling of inner degrees of freedom
9 9 Electrospray Mass-to- Octopole

- Anti-Stokes Raman cooling lonization charge filter ion guide
- “Molecular thermometer”

= Generation of spectroscopically relevant diatomic
heteronuclear molecules (e.g. ArH™)

= Parity violation in molecules

Linear Paul trap
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1. Loading of AF350" ions: 2. Loading and crystallization of Ba* ions:

1.1 Injection of He buffer gas (1x.0* mbar) Ba crystal heated by surrounding AF350+ ions

1.2 Loading of AF350* ions (6 S) Advantages of the linear RF trap

= ESI source for molecular ions covering a wide mass range

1.3 Removal of the buffer gas = Molecular ion transfer with octopole ion guide (2 m long) - storage of large numbers of ions
> St ol RF t i Paul t - vanishing micromotion on trap-axis
orage in .a l-nea-r rap ( Inear Paul trap) _ - large interaction volume
_ _ = Sympathetic (indirect) cooling of the molecular ions - good optical access
3. Removal of the AF350" ions: 4. After the removal of the AF350" ions: by (directly) laser cooled atomic ions
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Molecular Dynamics simulations

Determination of temperature = Molecular dynamics simulations

NS e i e e Simulation: Exoeriment: - Simulation of rf-heating in time-varying electric fields
' P ' - Simulation of heating and cooling rates in large (up to 1000 ions)
multi-species Coulomb crystals

Barium Coulomb crystals
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Absorption/a. u

- Using UV lasers
(266 and 313 nm)
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Wavelength / nm Fluorescence of AF350 in solution

excited by 266 nm light

= Spectroscopy of ultracold complex molecules

= Prediction of crystal structures
= Exploring high mass range of cooling and trapping

= Explanation of isotope - e. g. DsRed™ or GFP"
separation for Barium -

Experiment

= Reliable production of Ba” Coulomb crystals towards lower temperature
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Various sizes and shapes = Estimate of ion numbers Simulation of sympathetic cooling

of proteins:

Simulation
= Long storage times (several hours) T = Upper limit for translational

500 138Ba* and 4 complex molecules

mper r
temperature (mass 20.000, charge 20)

= Negligible trap losses

Sympathetic cooling of other molecular ions Rovibrational spectroscopy of ultracold HD*

B. Roth, H. Daerr, J. Koelemeij, and S. Schiller
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