Photofragment characterization using electrostatic traps and storage rings
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Photofragmentation experiments on molecular iongeha wide range of applications from
fundamental molecular physics over cluster- angliysics to atmospheric and interstellar chem-
istry. They can be performed as direct laboratdugies of processes important in these fields, as
a tool for studying absorption properties by actspectroscopy, or as a probe for the electronic
and geometric structure of molecular systems.

The use of fast ion beams allows for mass seledtidhe parent ions as well as efficient detec-
tion and characterization of all emerging fragmeAtkditionally, employing storage devices such
as traps or storage rings enables the preparatiotesnal molecular states, the investigation of
delayed photo-processes, as well as an increate o€action rate by bunching and recycling of
the target ions. On the photon side, techniquegerditom visible lasers for studying biomolecules
to large-scale facilities like synchrotrons andefedectron lasers addressing highly excited states
with energetic photons.

An apparatus designed for crossed-beams photofratguien experiments on keV molecular
ions is the TIFF setup (Trapped lon FragmentatioanaFEL) installed at the free electron laser
FLASH in Hamburg, Germany. Using this machine, veweéhperformed a number of studies on
small to medium-sized molecular ions, e.g. HeH (H,0),-1_4 using photon energies in the 35—
90 eV range. The setup allows the identificatiofiragmentation channels through a biased inter-
action region, the measurement of breakup enemgigsgeometries through 3D single-particle
imaging and the preparation of ions in a rovibnadildy relaxed state in an electrostatic ion beam
trap. In parallel with the ongoing activities atA8H, a number of newly developed instruments
are currently under construction:

* An electrostatic saddle point electron spectromeser be inserted at the TIFF interaction
point or used as a standalone experiment in coiwmewtith other light sources. This de-
vice allows the detection and characterization lodtpelectrons in coincidence with the
atomic or molecular fragments produced. An integtabn beam trap facilitates these ex-
periments on stored ion beams.

 Furthermore, a new compact, modular electrostaticage ring is under construction,
which offers additional possibilities regarding ensble instruments, ion beam bunching
and fragment mass spectroscopy by selective starfagecific breakup products.

« For cooling of ions beyond the possibilities of iedide relaxation, a radio frequency ion
trap is being built which will trap molecular ioasrest and thus allow buffer gas cooling.

The talk will give an overview of the currently eloyped techniques, recent scientific results and
ongoing developments.
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