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14 Introduction, summary, and outlook

between two adjacent packets is 2 hexapole elements so that no more than 20
packets can be stored simultaneously. Furthermore, two additional hexapole
elements have to be temporarily turned off in order to let a packet of molecules
enter the ring. Any packet that would be present in these hexapoles would be
lost. Hence, the maximum number of packets that can simultaneously stored
is 19.)

The first attempt to observe collisions was carried out using this third gen-
eration storage ring (second generation synchrotron) [51]. After demonstrating
the storing capabilities of this new synchrotron, it was upgraded with a second
injection beamline that injected packets of molecules flying in the opposite
direction. This allowed it to store up to 13 packets of molecules traveling in
each direction, so 26 in total, limited by the wiring of the injection hexapoles
that are turned off in order to allow the molecules to enter the ring. The idea
here is that every packet of molecules will, during each round-trip, encounter
all packets revolving in the opposite direction twice. Storing the molecules for
hundreds of round-trips thus would lead to a very high sensitivity for detecting
collisions between the ammonia molecules. Unfortunately, the densities of the
stored ammonia packets proved to be too low to result in detectable amounts
of collisions, even after so many encounters.

Shortly after these measurements, the synchrotron was moved to the Vrije
Universiteit Amsterdam, as did I, and a new project to study collisions using
a molecular synchrotron started.

1.5 Summary and outlook

This work draws inspiration from experiments with merged beams that allow
low energy collisions to be studied and experiments with trapped particles that
result in high sensitivities. Cold, velocity controlled packets of ND3 are created
by combining a seeded supersonic expansion of 5% ND3 in xenon (350 m/s)
with hexapoles for transverse focusing, a Stark decelerator for deceleration (to
100–140 m/s), and a buncher for longitudinal focusing of ammonia molecules
in the low-field seeking sublevel of the J = 1, K = 1 ro-vibrational ground
state. The synchrotron itself consists of 40 hexapole elements that continuously
focus (i.e. trap) the molecules in the transverse direction, while appropriate
switching of the high-voltages applied to the hexapoles contain the molecules
in the longitudinal direction (like in the buncher).

We apply the synchrotron to the study of collisions by adding to it an
additional beamline with collision partners. These collision partners will not
have an electric dipole moment, and thus will not be influenced by the fields
that confine the ammonia molecules. Rather, they fly straight through, crossing
the trajectory of the trapped ammonia molecules at the so-called collision zone.

The central idea of this thesis, then, is that aligning the supersonic beams
with collision partners in a tangential and co-propagating fashion, similar to
the merged beam experiments, should allow measurement of the relative, total,
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integrated, collision cross sections for ND3 + Ar collisions at low collision
energies, its sensitivity strongly enhanced by storing the ammonia packets for
many round-trips.

Chapters 2 and 3 describe the experiments on which this thesis is based, and
their results. Both chapters describe the same experiments, and in fact some of
the figures are identical, but their focus is different. While Chapter 2 explains
the general principles of the experiment, its focus is on the result: a proof of
principle in the form of a measurement of the relative, total, integrated cross
sections for ND3 + Ar collisions in the energy range of 40–140 cm−1. These
results are compared with theoretical calculations by Loreau et al. [58].

Obtaining these experimental results, however, required extensive calibra-
tion of our setup. Furthermore, trajectory simulations of the ammonia mole-
cules played a crucial role in the interpretation of the measurements. These
more technical aspects are covered in detail in Chapter 3.

Together, Chapters 2 and 3 give a complete picture of the experiment,
and confirm that these ideas about measuring collisions in a synchrotron are
correct and feasible to execute in the laboratory. By allowing the study of
cold, and specifically elastic collisions, the method of studying collisions using
a synchrotron complements the existing range of techniques to study cold
collisions.

The setup is not without its limitations, however. So far, only ND3 has
been stored in the synchrotron, so that only collision studies with ND3 (and
specifically ND3 molecules in the low-field seeking substate of the J = 1,K = 1
ro-vibrational ground state) can be performed. More important is that the
collision studies are limited to collision energies too high to be able to see
interesting structure such as resonances in the collision cross sections, due to
the low velocity of the ammonia molecules in the ring (100–140 m/s) with
respect to their collision partners (400–600 m/s).

There are several paths forward from here, two of which stay relatively
close to home: A similar synchrotron could be built with a larger radius, so
that faster ammonia molecules can be stored (ideally with a velocity on the
order of 400 m/s). Alternatively, a cryogenic beam source could be used to
create beams of around 100 m/s which can be made to collide with the stored
ammonia packets.

A radically different approach would be to build a magnetic analog of the
synchrotron used for the experiments in this work, capable of storing beams
of hydrogen atoms at velocities up to 600 m/s. Not only does this mean that
the atoms will be able to be injected into the synchrotron directly from a
supersonic beam source, leading to much larger densities, but also that in a
collision experiment much lower relative velocities and thus collision energies
can be reached. This will allow for studying very cold collisions with the most
common species found in space (atomic hydrogen). A possible design for a
magnetic storage ring is discussed in Chapter 4 of this thesis.


