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Science in Support of Astronomy

� European Astronomy is planning 
now for the next 20 years in a 
highly co-ordinated manner

� ASTRONET (European Network 
of Astronomy Funding Councils) 
published its vision statement 
recently and is in public 
consultation over its roadmap 
document, which will complete 
by the end of this year 

http://www.astronet-eu.org/IMG/pdf/Astronet_Infrastructure_Roadmap.pdf



Science in Support of Astronomy

� Astronomers across Europe 
have realised that they have 
data needs to support their 
science that only laboratory 
experiments can deliver

� Some of those experiments 
could be delivered on NLS

� There are calls for future funding 
for laboratory work to be 
integrated into telescope 
budgets and ring-fenced



Science in Support of Astronomy

� NASA likewise have conducted 
audits of the data needs in 
support of US-based astronomy

� These are summarised in the 
white paper originating from the 
NASA Laboratory Astrophysics 
Workshop in 2002

� The requirements are essentially 
the same!
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The Chemically Controlled-Cosmos



Diffuse ISM

Dense Clouds

-!����
�����
�!�.#�+�!�#

��#
��!�#
 �$#����#�*!�#
�#$���$����
��

-* !��
�
&��!�

Stellar Evolution and Death

Photoabsorption and Emission
Photoionisation

Charge Exchange
Ion-Molecule Interactions

Ice Accretion on Grains
Ice Processing
Grain Charging

Ice Processing
Pre-biotic Molecules

Ice Desorption
Grain-Grain Collisions

Stellar Energy Transport

Extreme Temperatures
Highly Excited States

Formation of Molecules
Grain Condensation

The Chemically Controlled-Cosmos



Origins: A Science Package on NLS?

� Under the 4GLS banner, the UK laboratory astrophysics and 
chemistry communities assembled an internationally competitive 
package of science built around five experimental themes
� Spectroscopy of Transient Atoms, Molecules and Ions
� Spectroscopy in an Electron Beam Ion Trap
� Gas-Grain Chemistry: The Surface Science Approach
� Gas-Grain Chemistry: Single Nanoparticle Surface Science
� Ultracold Chemistry

The astronomy drivers for this science package remain as valid 
today as they did when Origins was first conceived!



Origins: A Science Package on NLS?

� Spectroscopic information is crucial to astronomy but there is limited 
availability of laboratory information especially on transient and 
charged species for comparison with observational data

� Spectroscopic measurements are required across the spectrum from
the THz, through IR, visible and UV into VUV and XUV to match 
current and future ground- and space-based telescope technologies

Spectroscopy of Transient Atoms, Molecules and Ions



Origins: A Science Package on NLS?

� Pump-probe experiments on 
neutral transients especially in 
the VUV/XUV

� Spectroscopy of atomic and 
molecular ions in a table-top 
storage ring

� Absolute absorption cross-
section measurements for 
photoionisation from electron 
detachment in anion beams

Spectroscopy of Transient Atoms, Molecules and Ions

DESIREE Ion Storage Ring (Manne Siegbahn 
Laboratory and Department of Physics, 
University of Stockholm)



Origins: A Science Package on NLS?

� Highly charged ions are ubiquitous in high temperature stellar 
plasmas and are important tracers for stellar, galactic and 
cosmological evolution

� Knowledge of their electronic transitions to better than 1 part in 107 in 
wavelength, and associated excitation cross-sections to around 5% 
accuracy is essential for both observation and modelling in the 
astrophysical environment

Spectroscopy in an Electron Beam Ion Trap



Origins: A Science Package on NLS?

� An electron beam ion trap 
coupled with a highly tuneable 
VUV/XUV  light source would 
allow us to support current and 
future observational missions in 
the VUV/XUV

Spectroscopy in an Electron Beam Ion Trap
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Origins: A Science Package on NLS?

� Molecules are important to astronomers
� as tracers of high density material in the interstellar medium and 

consequently indicators of potential or active star-forming regions
� as clocks to assess the evolutionary progress of dense regions into stars
� in maintaining the current rate of star formation
� in ensuring the formation of small, long-lived stars such as our own Sun
� in seeding the Universe with the chemical potential for life

Gas-Grain Chemistry

There are many outstanding astrochemical questions 
in relation to the formation of molecules



Origins: A Science Package on NLS?

� Astronomers are convinced that 
the well-known  gas phase 
chemistry of the interstellar 
medium must be complemented 
by chemistry occurring on the 
surfaces of the dust grains that 
make up around 1% of the mass 
of a typical dense cloud

Gas-Grain Chemistry
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Origins: A Science Package on NLS?

� Assist in the formation of small 
hydrogen-rich molecules 
including H2, H2O, CH4, NH3, ... 
some of which will be trapped 
as icy mantles on the grains 

� Some molecules including CO, 
N2, ... can condense on the 
grains from the gas phase 

Gas-Grain Chemistry



Origins: A Science Package on NLS?

� The icy grain mantle acts as a 
reservoir of molecules used to 
radiatively cool collapsing 
clouds as they warm

� Reactions induced by UV 
photons and cosmic rays in 
these icy mantles can create 
complex, even pre-biotic 
molecules

Gas-Grain Chemistry



Origins: A Science Package on NLS?

� Studying extended ultrathin films 
of model ices on model grain 
substrates (graphite, amorphous 
silica, … ) has already given 
new insights into the role of 
surface processes

Gas-Grain Chemistry: The Surface Science Approach

 

The adsorption, diffusion and desorption behaviour of CO on 
H2O ice under laboratory pseudo-interstellar conditions. 
Adapted from M. P. Collings, H. J. Fraser, J. W. Dever, M. R. 
S. McCoustra and D. A. Williams, Astrophys. J., 2003, 583, 
1058. Cyan is H2O, white is CO and purple is empty space. 



Origins: A Science Package on NLS?

� Experiments on NLS could complement those in university 
laboratories by providing a unique combination of multi-wavelength 
light sources for both excitation and detection

� Photon, low energy electron and thermal ion driven physical 
(luminescence, morphological change and desorption) and chemical
reaction processes in model interstellar ices

� Dynamical studies associated with desorption and molecular formation 
processes at surfaces

� Probing the origins of homochirality

Gas-Grain Chemistry: The Surface Science Approach



Origins: A Science Package on NLS?

� An alternative to extended surface studies is to investigate a single 
trapped sub-micron scale particle

� Couple trapping with vibrational (IR and/or Raman) microscopy to
provide chemical information about the particle and we have a 
powerful tool for studying the gas-grain interaction

� Potentially useful for studying grain-grain interactions too!

Gas-Grain Chemistry: Single Nanoparticle Surface Science



Origins: A Science Package on NLS?

Gas-Grain Chemistry: Single Nanoparticle Surface Science

 

(a) Top view of a typical electrodynamic trap, where a single nanoparticle is 
stored in the centre; (b) z-plane view of the trap; (c) Schematic drawing of 
the Q/M measurement using secular motion of the particle through the 
gaussian laser beam profile. After M. Grimm, B. Langer, S. Schlemmer, T. 
Lischke, W. Widdra, D. Gerlich, U. Becker and E. Rühl, AIP Conf. Proc., 
2004, 705, 1062 . 

� Electrodynamic trapping 
provides a direct means of 
probing chemical change 
provided there is a mass change

� Gating of the trapping voltages 
may allow electron or ion based 
experiments



Origins: A Science Package on NLS?

Gas-Grain Chemistry: Single Nanoparticle Surface Science

� Acoustical trapping may allow us 
to look more readily at 
processes involving charged 
particle excitation but at the 
price of operating in a bath gas

(a) Schematic of the ultrasound trap design illustrating the 
nodal points between transducer and reflector. (b) 
Illustration of three water droplets each separately 
suspended in a nodal region of the trap. After N. J. Mason, 
E. A. Drage, S. M. Webb, A. Dawes, R. McPheat and G. 
Hayes, Faraday Discuss., 2008, 137, 367-376.



Origins: A Science Package on NLS?

Ultracold Chemistry

� The observation of atomic quantum condensates and the 
development of experimental techniques for cooling and trapping 
molecules by electrodynamic or optical means is opening the 
gateway to studies of chemistry in a uniquely cold environment

� The opportunity to develop a versatile cold atom source as a user 
station on NLS should be considered since this will provide a facility 
for the UK Cold matter community to develop a collaborative 
research programme in ultracold plasmas, Rydberg gases and 
ultracold Chemistry that will complement on-going university-based 
studies 



Conclusions

� Astronomy has a real need for laboratory support, and potentially the 
money to support that need

� UK community in this area is at the forefront of this international effort 
and fully engaged with our colleagues in Europe

� European and wider international communities were engaged with 
the Origins Project on 4GLS and may be prepared to engage with 
NLS

� Spectral coverage and flexibility in providing multiple wavelength 
regions at user experiments are key to the needs of the laboratory 
astrophysics and astrochemistry communities


