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General Objectives

CAPS has two main sub-groups, each with 3 faculty members: Solar System and Star
Formation. The Solar System group studies phenomena from planets, to asteroids and
comets, and down to sub-micron interplanetary dust. The Star Formation group studies
molecular clouds, protostars and star clusters. CAPS has grown from 4 faculty members
in 2008 to 6 now with over 22 active researchers including one post-doc, one
experimental officer, 15 postgraduate research students, and other visiting and
associated staff.
Mission Statement. CAPS exists to:
(a) act as a Forum to bring together all those with research interests in Astrophysics
and Planetary Science,
(b) advance the Frontiers of knowledge in astronomy and space science with top
quality research,
(c) Foster interest in the study of our Universe,
(d) Further astronomy to the surrounding community and provide an expert and
accessible resource.
The general Strategy of the Centre is:
1.
2.
3.
4.
5.
6.
7.
8.

To provide a focus for astronomical and planetary science research that
crosses disciplinary borders, and to construct a larger coherent grouping.
To provide an opportunity to exchange ideas and information between
departments and other interested parties.
To raise the profile of Kent in the international community, acting as a host for
short and long term visitors, supporting collaborations and the use of external
facilities.
To act as a body for hosting seminars, workshops and conference.
To raise the profile and awareness of astronomy and planetary science in Kent
by involving schools, amateur astronomers and the general public.
To provide a common infrastructure, sharing archival data, knowledge and
computing resources.
To provide a forum for cross fertilisation of doctoral and postdoctoral training and
support, and to support their interests nationally.
To provide a local host for Astronomy in the South-East of England through the
SEPnet and SEPNet-Astro Community.
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2013 Summary

CAPS continued to prosper in 2013, with a high number of quality publications and
extensive public engagement. A full seminar programme and other research, training
and teaching resources were provided (see the webpages http://astro.kent.ac.uk ).
The Year 2013 saw the Centre staff represent the full Kent physics submission to the
national Research Excellence Framework, the 5-year research evaluation exercise.
Open Access. We endeavor to publish all our journal papers on the open access site
astro-ph.
Growth. The strain due to inflated teaching duties has impacted on research time and
research quality. This has been felt for several years and the balance now needs
redressing to maintain both research and teaching vitality.
Awards. The Centre has received support through the award of time on facilities to the
estimated value of £6 Million over the last five years. This is the allocated in-kind value
to CAPS as Principle Investigators. The University benefits from this invisible income
without any visible expenditure in terms of space, facilities or other human resources.
Hence, this research income is not just turnover but is actually profit. As CoInvestigators, the value cannot be plausibly estimated but is many times higher. In
addition, an STFC consolidated grant has been awarded and directed towards solar
system work b Burchell and pricey (£406k, 2013-2016). Price also holds a STFC/Aurora
grant (£100K).
Teaching. Since 2005/6 the undergraduate population taking Astro-related degrees has
risen from 46 to 172 in 2012, remaining constant in 2013. In addition, the CAPS staff are
heavily involved in the straight physics programmes which have suffered even higher
success.
A wide range of world-leading facilities were utilized. CAPS contributes directly to this
international facility. Facilities which were employed in the reported results include the
Herschel and Spitzer Space Observatories (ESA/NASA), the Very Large Telescope
(ESO, Chile) , VISTA (ESO, Chile), the SMART spacecraft (NASA), the Rosetta
spacecraft (ESA), and UKIRT.
Internally, the High-Velocity Impact Lab and the Forge Supercomputer were in full use.
Both facilities will need some investment to sustain their discovery capabilities. The
Impact Lab is running out of space and a solution must be found. The Forge
supercomputer is heading towards full capacity and we anticipate the need for
replacement in 2016.
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January – April 2013 Triannual Update

Highlights
Phytoplankton research of Dina Pasini and Mark Price was featured in an article
in the American Geophysical Union (AGU). Volume 94, Issue 15, page 143,
http://onlinelibrary.wiley.com/doi/10.1002/eost.v94.15/issuetoc
Kent astronomer, Dr Stephen Lowry, provided leading commentary for a range of
national and international media on the latest news that the origin of the
Chelyabinsk Meteor in February - has been traced. Dr Lowry appeared in articles
on BBC News (UK), Times of India (India), Space Daily (South America), India
Express (India), The Week (USA) and The Inquisitor (USA), as well as New
Scientist Magazine and the Guardian, among many others. In total, he has been
featured in more than 100 Google news sources covering the story.
More than 1,000 people turned out to take part in the BBC Stargazing LIVE
event at The Langton Star Centre, Simon Langton Grammar School for Boys in
Canterbury. They were able to see the outer galaxies of the Universe in the
Astrodrome thanks to staff from the University of Kent.
New Members
Chrysa Avdellidou begun her MSc in January 2013 with supervisor Stephen
Lowry.
Dr Wozniakiewicz left CAPS to take up her Marie-Curie Fellowship position at the
Natural History Museum, but has been given the status of “Visiting Research
Fellow” within CAPS.
Funding
Dina Pasini: Awarded a travel Grant of £100 for ASB5.
Dirk Froebrich:
£400 from University of Kent to attend conference PPVI
£500 from SEPnet-Astro to attend PPVI
Jingqi Miao: Co-submitted a grant application with Chinese Astronomer
Weiguang Ji in Xinjiang Observatory in China to China Nature Science
Foundation.
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Mark Burchell submitted a £135k grant application to UK Space Agency (PI =
Burchell, co-I = Price)
Michael Smith:
£620 from University of Kent to attend conference PPVI
£500 from SEPnet-Astro to attend PPVI
Visitors
Kieran Forde, Univ Herts., January
Chris Davis Liverpool JMU, March
Antonio Chrysosyomou, Univ. Herts., March
Events & Activity
Mark Burchell:
Member of scientific committee for PeterSec2013, a meeting on shock physics
held at the Institute of Physics, London, in Feb 18-19, 2013.
Member Astronomy Grants Panel: Planetary Studies for STFC 2013
Member of Barringer Medal Committee of the Meteoritical Society 2013 - 2016
Dina Pasini:
10th January 201: Presented Poster at the Sciences Research Festival here at
UKC.
8th February 2013: Attended RAS Specialist Discussion Meeting (Mars Science
Laboratory).
19th February 2013: Attended the PETER Shock Physics Conference at the
Institute of Physics.
8th March 2013: Attended RAS Specialist Discussion Meeting (Comet’s
Interactions with other Solar System Bodies).
16th – 19th March 2013: Attended and Presented Poster at ASB5 in Edinburgh.
20th March 2013 Appointed the role of Astrophysics and Planetary Science
Representative for the Executive Board of Graduate Studies Committee.
Will be attending RAS Specialist Discussion Meeting (Observation, Evolution and
Origin of Planetary Satellites), 10th May 2013.
Will also be attending EPSC in September 2013.
Smith: L’Oreal UNESCO Fellowships Reader (Reviewer 2013)
Talks, Visits, Observing Trips
Mark Burchell Talks
1)
Survival of fossils in hypervelocity impacts, 5th Astrobiology Society of
Britain conference, Edinburgh, April 2013.

6

CAPS Annual 2013
2)
Survival of biological materials and biomarkers in high strain rate events
(hypervelocity impacts), PETER conference, London, Feb. 2013.
MJB and MCP both gave talks at the ‘PETER’ conference on shock physics held
at the Institute of Physics.
MCP gave a talk at the Royal Astronomical Society.
Lunar and Planetary Space Conference (LPSC) March 2013:
CAPS attendees: Mark Price (2 oral presentations and 1 poster), Penny
Wozniakiewicz (3 oral presentations). Complete list of (2 page) abstracts
presented in Section below.
EUROPEAN PLANETARY SCIENCE CONGRESS (EPSC, to be held in Sept.
2013): Five abstracts were submitted to the conference by MCP (2), NR, DP and
MJB.
Student news
Georgios Ioannidis has been granted a further 6months extension to write up his
thesis
DF attended mid-term Viva for T.Ferry at University of Hertfordshire (DF is
2nd supervisor)

4

May – September 2013 Triannual Update

Highlights
Many national and international news articles have been published about our
shock synthesis experiments on Amino Acids and Phytoplankton. See Mark
Prices 's Nature Geoscience publication which resulted in news stories in:
The Guardian (UK); The Times (UK); The Independent (UK); The Telegraph
(UK); The LA Times (USA); New Scientist (USA); Sky news (USA); Time
Magazine (USA); Tvi24 (Portugal); Publico (Portugal); Europapress (Spain);
Vesti (Russia); The Australian (Australia); ABC (Australia); Welt der
Physik (Germany) and Top News (New Zealand).
A full list of links to these news stories is archived at
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http://astro.kent.ac.uk/~mcp2/NGlinks.html
Jingqi Miao was awarded joint funding to support a research collaboration with
XinJiang Observatory in China (see Funding below).
BBC’s Horizon has expressed interest in making a show about our cometary
work, and are due to visit the University of Kent at the beginning of
October 2013 for filming.
New Members
Chrysa Avdellidou begun her MSc in January 2013 with supervisor Stephen
Lowry, but has now upgraded to PhD in May, 2013, on Uni GTA.
Justin Donohoe also upgraded from MSc to PhD.
Dr Wozniakiewicz left CAPS to take up her Marie-Curie fellowship position at the
Natural History Museum, but has been given the status of “Visiting Research
Fellow” within CAPS.
New research students are Ricky Hibbert rh443, Lawrence Yolland ly59, and
Karl Landers all associated with the Impact Lab and Space Science.
Funding
Jingqi Miao has been awarded a joint grant with Astronomers in XinJiang
Observatory in China with total funding of 280,000 in Chinese Yuan. The funding
body is the China National Science Foundation. The project title: HII Bubbles:
The feedback of massive stars to surrounding molecular cloud. (2014-2017).
Miao is the key investigator for theoretical simulations.
(Rozek, Deller, Avdellidou) Secured grants to cover registration for EPSC 2013
conference, UCL, London, Sept. 2013.
Pasini was awarded a grant from Astrium to attend EPSC conference.
MCP submitted an incoming Marie-Curie fellowship with Dr. Jon Hillier
(Heidelberg) to work as a Fellow in CAPS from April 2014 for two years.
Results known early November.
Smith was awarded £375 from SEPnet to fund a collaborative research visit to
Munich.
Justin Donohoe was awarded £1000 from SEPnet to support his research on
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radio galaxies and aid his collaboration with SEPnet partners.

Figure 1: Example hydrocode crater for an aluminium projectile impacting ice at
4.01 km s−1. It can be seen that a classic bowl-shaped crater is produced. The
left hand half of the image displays total plastic strain, whilst the right shows
damage. Note that the plastic strain ranges from 0 to 50 and the damage from 0
to 1, both are dimensionless.) From Fendyke et al (2013).
Visitors
Ludwig, associated with the Toulouse Space Centre, presented his innovative
work on “Shock Wave Logic: Exploring Art & Cosmos Poiesis” in May.
Penny Wozniakiewicz visits regularly working on her micro-meteorite
Marie-Curie funded project.
Lowry hosted visit by Dr Aurelie Guilbert-LePoutre, Research Fellow at European
Space Agency’s ESTEC facility, Noordvik, Holland – August 2013.
Lowry hosted visit by collaborator Dr. Colin Snodgrass, Max Planck Institute for
Solar System Research, Germany – Sept 2013
Lowry hosted workshop of the international Castalia science team, at the
University of Kent – Sept. 2013.
9
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Events & Activity
Pasini (1) was interviewed for a podcast by thenakedscientists.com (funded by
STFC)
http://www.thenakedscientists.com/HTML/podcasts/astronomy/show/20130925/
(2) Had a press release of my phytoplankton work at EPSC
(3) Was interviewed for articles in Discover magazine, society of popular
astronomy magazine, and another interview for a Boston journalist for a possible
future magazine article as well.
(4) Had the Phytoplankton work featured on numerous news sites and popular
science sites across the web worldwide, and been included in some blogs and
YouTube videos about panspermia, and was even mentioned on the news on TV
in New Zealand.
Froebrich and Smith are now member of Gaia Science working group on Young
Stars. Gaia is due for launch in November.
Lowry: Co-organiser and speaker at Royal Astronomical Society Specialist
Discussion Meeting on "Comets' Interactions with other Solar System Bodies" –
March 8th, 2013.
Lowry has ongoing Programmes:
- ESO Large Programmes on NTT and VLT.
- Palomar Observatory, 5m Hale Telescope, 6 nights total, Jan-Sept 2013.
Froebrich acted as external PhD examiner at the University of Tel Aviv
Lowry) (Feb-March 2013)
- Interviewed for BBC Material World radio programme.
- Interviewed BBC World Service Science in Action radio programme.
- Interviewed for several science-reporting websites (articles related to
Chelyabinsk meteor – Feb 2013)
Lowry: Co-host and co-organiser of the exhibit entitled ‘Ice Worlds of the Solar
System, at the annual Royal Society Summer Science exhibition, London – July
2013. Event attended by ~10,000 members of the public. Our exhibit was a
collaboration between University of Kent, UCL/MSSL, Imperial College London,
and Queen’s University Belfast.
Rozek, Deller, Avdellidou and Ramkissoon :- Volunteered to help host the exhibit
at the Royal Society Summer Science Exhibition, noted above.
-Lowry: April 2013 – present: Appointed to STFC’s Telescope Allocation
Committee for the UK Liverpool Telescope.
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Lowry and Smith attended SEPnet reception event in the Houses of Parliament,
London – Jul 2013
Talks, Visits, Observing Trips
Anne Buckner attended a conference in Tübingen, Germany to give a talk at the
'Waves and Particles: Multi-Messengers from the Universe- The annual meeting
2013 of the Astronomische Gesellschaft' , September 24 - 27 (talk: 26/09/2013)
J. Miao delivered an invited talk in the physics & astrophysics department in
Exeter University.
Deller Now visiting Max Planck Institute for Solar System Research, Germany,
for 2nd half of PhD.
Pasini attended EPSC - European Planetary Science Conference
at UCL, where she presented a poster on spacecraft shielding, and gave a talk
on survival of phytoplankton under impacts.
M. Price also gave a talk and a poster, Agata Rozek, Mark Burchell, Jakob
Deller gave talks, and Nisha Ramkissoon presented posters.
Burchell’s talk was entitled: Impact Cratering Experiments in Rock Targets Over
The Temperature Range 150 – 1000 K.
Burchell also gave an RAS talk: Catastrophic Disruption of Rocky, Icy and Mixed
Ice:Rocky Minor Bodies – What We Learn in the Laboratory. Royal Astronomical
Society “G” Meeting on Observation, Evolution and Morphology of Planetary
Satellites, London, May 2013.
M. Price: Keynote Invited speaker at "Dusty Visions" conference (Stuttgart).

(talked on Hypervelocity Impacts)
Duddy: - Invited Lecture at Queen Mary University of London, Feb 2013.
Duddy: Presented research seminar at Max Planck Institute for Solar System
Research, Germany - Mar 2013.
Lowry: SEKAS invited public talk, Simon Langton Star Centre – Feb. 2013
Froebrich gave the following talks:
21.05.2013, CAPS Meeting, "Roemer and the speed of light"
25.06.2013, public talk at U3A, "Roemer and the speed of light"
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11.07.2013, Seminar at Thüringer Landessternwarte Tautenburg,
"Characterisation of the FSR star cluster sample "
19.07.2013, Seminar at Astronomisches Rechen Institut, Heidelberg,
"Characterisation of the FSR star cluster sample "
Froebrich: Visit of Thüringer Landessternwarte Tautenburg, Astronomisches
Rechen Institut, Heidelberg
Froebrich and Smith attended conference Protostars & Planets VI in Heidelberg,
presenting posters "UKIRT Widefield Infrared Survey for H2" and “Feeding and
Feedback of Massive Stars”.
Lowry, Rozek, Deller, Avdellidou attended international EPSC Conference, UCL,
London, Sept. 2013.
Lowry: Co-organiser of session at the 2013 UK National Astronomy Meeting, St.
Andrews, Scotland – July 2013.
Lowry: July 2013: Visited collaborators at NASA Jet Propulsion Laboratory’s
Science Division/California Institute of Technology, Pasadena, California, USA.
Invited under their Science Visitors and Colloquium Programme. Also completed
observing run at Palomar Observatory, California.
Burchell: Attended STFC Astronomy (Solar System) Grants Panel Meeting in
Sept. 2013.
Rozek, Duddy: Participated in astronomical observing run at the European
Southern Observatory’s NTT telescope facility, Chile - February 2013.
Avdellidou: Completed collaborative visit to Max Planck Institute for Solar System
Research, Germany – Feb. 2013.
Duddy: Completed collaborative visit at Max Planck Institute for Solar System
Research, Germany - Mar 2013.
Duddy: Completed astronomical observing run at TNG, Mar 2013.
- (Lowry) Completed astronomical observing run at the European Southern
Observatory’s NTT telescope facility, Chile - April 2013.
- (Duddy) Participated in astronomical observing run at the European Southern
Observatory’s NTT telescope facility, Chile - May 2013.
Smith visited the European Southern Observatory and the Munich Observatory in
September where he held talks.

12

CAPS Annual 2013

Evolutionary snapshots of the column density of an interstellar cloud with its
major axis initially inclined 15° to the direction of the ionizing radiation flux from a
hot star located far above the cloud. The six time steps from left to right, then top
to bottom are 0.0077, 0.11, 0.32, 0.72, 0.78, and 0.80 Myr (millions of years).
From Fukuda et al (2013).
Student news
Georgios has submitted his thesis
ASM Buckner has published her first paper
Agata Rozek got married in August!!
D Froebrich attended mid-term Viva for T.Ferry at University of Hertfordshire (DF
is 2nd supervisor)

13

CAPS Annual 2013
Kieron Forde (Herts) defended his thesis (Smith is 2nd supervisor).
Anne Buckner presented a poster at the UoK postgraduate research festival on
18/06/2013. She was also invited to (and did) participate in a careers day
(science/astrophysics) at the Isle of Sheppy Academy on 05/07/2013 via
Inspiring the Future (http://www.inspiringthefuture.org/)

5

October – December 2013

Highlights:
Mark Price’s Nature Geoscience paper received wide publicity. According to the
Nature Geoscience website it is covered in 35 news articles (including the
Guardian, FT, LA Times, New Scientist etc.) and is ranked in the 99th percentile
of 9995 tracked articles of a similar age in all journals.
http://www.nature.com/ngeo/journal/v6/n12/ngeo1930/metrics
In addition, Mark Price, Penny Wozniakiewicz (and Mike Cole's hands) made an
appearance on BBC's "Horizon: Comet of the century" and also the Discovery
Channel's "Supercomet Ison" programme.
Dirk Froebrich reports that the major UWISH2-E survey that he leads has
finished; 75% of the approved observing time has been used. The superb data
offer fantastic opportunities for investigation and discovery.
Jakob Deller is the recipient of the Pierazzo International Student Travel Award
for his PhD project work. The prize is accompanied by a travel award of
US$2000. Jakob will be presented with the award at the 2014 international Dept.
of Planetary Sciences conference (AAS) in Tucson, USA, in
November 2014. He is also invited to give a talk on his PhD work on "SPH
modelling of impact events on non-spherical rubble-pile asteroid simulants".
There is just one recipient from the US, and just one from outside the US.
Awarded by the Planetary Science Institute, Tucson, USA. Press Release
issued by PSI, another will follow at Kent.
Departures/arrivals: none
Awards/grants/Applications:
Mark Price won an incoming Marie-Curie fellowship. Dr. Jon Hillier from the Uni.
of Heidelberg will be joining CAPS in June 2014.
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Mark Burchell was appointed to be a member of the Strategic Advisory Board for
the UK Institute of Shock Physics (at Imperial College).
Dirk Froebrich obtained observing time (as CoI) for a number of campaigns:
GAIA Transient follow up (5n ESO-NTT; 5hs Liverpool Telescope)
VVV eruptive variable YSOs (2n Magellan/FIRE)
GPS variables (16hrs LT Liverpool Telescope)
T-Tauri monitoring (43hrs LT Liverpool Telescope )
Lowry:
Stephen Lowry obtained observing time (as CoI and PI) for a number of
campaigns:
- Palomar Observatory, 5m Hale Telescope, 4 nights total awarded for
SEMESTER 2014A (Co-I).
- ESO 8m VLT: 4.5 nights awarded to study comet Rosetta target comet (Co-I).
- ESO 8m VLT: 8 hrs awarded to study the Oort-Cloud comet C/2013 A1 (Siding
Spring) before its flyby of planet Mars (Co-I)
- Liverpool Telescope - 37 hrs, SEMESTER 2014A (PI).
As a co-investigator, Jingqi Miao submitted a proposal to use ALMA and ACA for
a project 'The nature of coures and peaks in the Tips of the M16 Pillars' with
Anthony Marston, Glenn, Tracey Hill, Fredrique Motte and Pascal Tremblin.
Visits/travel/visitors:
Alex Scholz, University of St. Andrews, visited, held a colloquium updating CAPS
on brown dwarves..
Guillem Anglada-Escuda, QMUL, visited, held a colloquium, updating CAPS on
exoplanets.
Lowry attended the annual Dept. of Planetary Sciences conference (AAS), held
in Denver, USA, in October 2013.
Agatha Makiela made a collaborative visit to the Open University – Oct 2013.
Lowry organised and attended ESO-LP science team workshop on YORP
studies, held at the Open University, Dec 2013.
Conferences/Workshops:
Mark Price gave a talk to the South East Kent Astronomical Society – Dec. 2013.
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Dina Pasini submitted an abstract to the UK Planetary Forum and was awarded
a talk. He also submitted an abstract for LPSC 45, and applied for a travel grant
(awaiting outcome).
Mark Burchell gave an invited talk on Asteroid science at a Royal Astronomical
Society meeting on “Science Enabled by the Global Exploration Roadmap” held
in London on Nov 8th 2013.
Dirk Froebrich also has just (11.01.2014) talked at the BBC Star Gazing Live
Event, "Roemer and the speed of light"
Michael Smith attended the Royal Society Symposium “Frontiers in Astronomy:
from the beginning of the Universe to the outer reaches of the Solar System”
on Wednesday 20 November and “The UK-Japan 150 year anniversary, Science,
Technology and Innovation symposium - Astronomy & Space Science” on Friday,
6 December, as well as the SEPnet Expo, all in London.
Student news/progress:
Congrats to Georgios Ion has passed his Viva subject to minor corrections
OTHER PLANS:
Explore the possibility of replacing the current gunpowder ignition system on the
light gas gun with an electronic one. This will give more control over, and access
to, lower velocities than currently possible. If successful, this lead to a larger
application to get a second gun built and will allow simultaneous impacts into
targets.
(Lowry - future news) ESO press release to be issued on Feb 5th, 2014, on
research related to asteroid Itokawa.
(Lowry) ESA Rosetta encounter will occur in 2014, with the spacecraft expected
to 'wake up' on January 20th. University of Kent involvement with optical camera,
OSIRIS. Stay tuned.
Mark Price is also lobbying/coordinating further fellowship applications.
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See also:

Publications 2013

http://astro.kent.ac.uk/publications.html

Floss C., Stadermann F.J., Kearsley A.T., Burchell M.J., Ong W.J. The abundance of
presolar grains in Comet 81P/Wild 2. Astrophysical Journal 763:140 (11 pages), 2013.
doi:10.1088/0004-637X/763/2/140
Price M.C., Solscheid C., Burchell M.J., Josse L., Adamek N., and Cole M.J. Survival
of yeast spores in hypervelocity impact events upto velocities of 7.4 km s-1. Icarus 222,
263-272, 2013.
Price M.C., Kearsley A.T., & Burchell M.J. Validation of the Preston-Tonks-Wallace
strength model at strain rates of 1013 s-1 for Al-1100, Tantalum and Copper using
hypervelocity impact crater morphologies. International Journal of Impact Engineering
52, 1 – 10, 2013.
K. Loft, M.C. Price, M.J. Cole, M.J. Burchell. Impacts into metals targets at velocities
greater than 1 km s-1: A new on-line resource for the hypervelocity impact community
and an illustration of the geometric change of debris cloud impact patterns with impact
velocity. International Journal of Impact Engineering 56, 47 – 60, 2013.
Scholz, A., Froebrich, D., Wood, K., 2013, A systematic survey for eruptive
young stellar objects using mid-infrared photometry, MNRAS, 430, 2910
Duddy, S. R.; Lowry, S. C.; Christou, A.; Wolters, S. D.; Rozitis, B.; Green, S. F.;
Weissman, P. R., Spectroscopic observations of unbound asteroid pairs using the WHT,
Monthly Notices of the Royal Astronomical Society, Volume 429, Issue 1, p.63-74
Zhang, M.; Brandner, W.; Wang, H.; Gennaro, M.; Bik, A.; Henning, Th.; Gredel, R.;
Smith, M.; Stanke, T
Proper motions of molecular hydrogen outflows in the ρ Ophiuchi molecular cloud,
Astronomy & Astrophysics, Volume 553, id.A41, 37 pp
Olmi, L., et al. inc. Smith, M.D., On the shape of the mass-function of dense clumps in
the Hi-GAL fields . I. Spectral energy distribution determination and global properties of
the mass-functions, Astronomy & Astrophysics, Volume 551, id.A111, 14 pp.
Wozniakiewicz, P. J.; Bradley, J. P.; Ishii, H. A.; Brownlee, D. E.; Kearsley, A. T.;
Burchell, M. J.; Price, M. C., Erratum: "Grain Sorting in Cometary Dust from the Outer
Solar Nebula", Astrophysical Journal Letters, Volume 764, Issue 1, article id. L18, 1 pp.
Triggered star formation in BRC 5, ApJ, August 2013
http://adsabs.harvard.edu/abs/2013ApJ...773..132F
10.1088/0004-637X/773/2/132
Fukuda, Naoya; Miao, Jingqi; Sugitani, Koji; Kawahara, Kentaro; Watanabe, Makoto;
Nakano, Makoto; Pickles, Andrew J
Froebrich, D., 2013, New Candidate Massive Clusters from 2MASS, IJAA, 3, 161
http://adsabs.harvard.edu/abs/2013IJAA....3..161F
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International Journal of Astronomy and Astrophysics, vol. 3, issue 02, pp. 161-173
Froebrich & Smith in: Magakian, T.Y., Nikogossian, E.H., Movessian, T., Moiseev, A.,
Aspin, C., Davis, C.J., Pyo, T.-S., Khanzadyan, T., Froebrich, D., Smith, M.D.,
Moriarty-Schieven, G.H., Beck, T.L., 2013, V2494 Cyg (HH 381 IRS): A new FU Ori
type object in the Cygnus OB7 complex, MNRAS, 432, 2685
Buckner, A.S.M.,Froebrich, D., 2013, Properties of Star Clusters - I: Automatic
Distance and Extinction Estimates, MNRAS, 436, 1465
Froebrich, D., Scholz, A., 2013, The Main Sequence of three Red Supergiant
Clusters, MNRAS, 436, 1116
Lee, H.-T., Liao, W.-T., Froebrich, D., Karr, J., Ioannidis, G., Lee, Y.-H., Su,
Y.-N., Liu, S.-Y., Duan, H.-Y., Takami, M., 2013, Near Infrared H2 and Continuum
Survey of Extended Green Objects. II. Complete Census for the Northern Galactic
Plane, ApJ, 208, 23
Fendyke S.F., Price M.C., Burchell M.J. Hydrocode modelling of hypervelocity impacts
on ice. Advances in Space Research 52, 705-714, 2013.
Foster N.F., Wozniakiewicz P.J., Price M.C., Kearsley A.T., Burchell M.J., Identification
of Mg – Fe Content of Olivine Samples (by Raman Spectroscopy) After Impact at 6 km
s-1 onto Aluminium Foil and Aerogel: In the Laboratory and in Wild-2 Cometary Samples
Returned by Stardust. In press in Cosmochimica et Geochimica Acta 121, 1 – 14, 2013.
Rozitis, B., S.R. Duddy, S.F. Green, and S.C. Lowry. (2013). A thermophysical analysis
of the (1862) Apollo Yarkovsky and YORP effects. Astronomy & Astrophysics 555, A20
(12pp).
Fernandez, Y.R., M.S. Kelley, P.L. Lamy, I. Toth, O. Groussin, C.M. Lisse, M.F. A’Hearn,
J. M. Bauer, H. Campins, A. Fitzsimmons, J. Licandro, S.C. Lowry, K.J. Meech, J.
Pittichova, W.T. Reach, C. Snodgrass, H.A. Weaver. (2013). Thermal Properties, Sizes,
and Size Distribution of the Nuclei of Jupiter-Family Comets. Icarus 226, p1138-1170.
Kelley, M.S., Fernandez, Y.R., Licandro, J., Lisse, C.M., Reach, W.T., A’Hearn, M.F.,
Bauer, J., Campins, H., Fitzsimmons, A., Groussin, O., Lamy, P.L., Lowry, S.C., Meech,
K.J., Pittichova, J., Snodgrass, C., Toth, I., and Weaver, H.A. (2013). The Persistent
Activity of Jupiter-Family Comets at 3-7 AU. Icarus 225, p475-494.
Meech, K.J., Kleyna, J., Hainaut, O.R., Lowry, S.C., et al. (2013). The Demise of
Comet 85P/Boethin, The First EPOXI Mission Target. Icarus, 222, p662-678.
M. C. Price, N. K. Ramkissoon, S. McMahon, K. Miljkoviæ, J. Parnell, P. J.
Wozniakiewicz, A. T. Kearsley, N. J. F. Blamey, M. J. Cole and M. J.
Burchell. “Impact generated methane: experimental constraints and
implications for Mars”, Int. Journal of Astrobiology (accepted, in press).
S. Fendyke, M. C Price and M. J. Burchell. (2013). “Hydrocode modelling of
hypervelocity impacts on ice”. Advances in Space Research, 52, 705.
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M. J. Burchell et al. “Identification of Mg – Fe Content of Olivine
Samples (by Raman Spectroscopy) After Impact at 6 km s-1 onto Aluminium
Foil and Aerogel: In the Laboratory and in Wild-2 Cometary Samples
Returned by Stardust”, Geochimica et Cosmochimica Acta, 121, 1 – 14.
A. J. W. Morris, M. C. Price and M. J. Burchell. “Is the large crater on
asteroid (2867) Steins really an impact crater?” The Astrophysical Journal
Letters, 774.1, L11.
M. Avanaki et al “Two applications of solid phantoms in performance
assessment of optical coherence tomography systems”, Applied Optics, 52,
29, 7054.
Z. Martins & M. C. Price et al “Shock synthesis of amino acids from
impacting cometary and icy planet surface analogues”,
Nature Geoscience (DOI: 10.1038/NGEO1930)
P. Lindgren et al. Mark C. Price “Constraining the pressure threshold of impact
induced calcite twinning: implications for the deformation history of
aqueously altered carbonaceous chondrite parent bodies”,
Earth and Planetary Science Letters, 384, 71 - 80.
M. Avanaki et al Mark C. Price “Two applications of solid phantoms in performance
assessment of optical coherence tomography systems”,
Applied Optics, 52, 29, 7054.
P. J. Wozniakiewicz, J. P. Bradley, H. A. Ishii, M. C. Price and D. E.
Brownlee. “Pre-accretional sorting of grains in the outer solar nebula”.
The Astrophysical Journal, 779, 164

7

Other Miscellaneous Publications 2013/14

Non-refereed conference papers and published abstracts etc.
MHO catalogue for Serpens and Aquila (Ioannidis+, 2013
2013yCat..74213257I D
Ioannidis, G.; Froebrich, D.
UKIRT Widefield Infrared Survey for H2
2013prpl.conf1K047F
Froebrich, D.; Ioannidis, G.; Davis, C., J.; Uwish2 Survey Team
The feeding and feedback of massive protostars
2013prpl.conf1B064S
Smith, Michael
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Lowry, S. C., P. R. Weissman, S. R. Duddy, B. Rozitis, A. Fitzsimmons, S. F. Green, M.
D. Hicks, C. Snodgrass, S. D. Wolters, S. R. Chesley, J. Pittichová, P. van Oers. (2013).
Direct Detection of YORP Spin-up on Asteroid (25143) Itokawa and Implications for its
Internal Structure. American Astronomical Society, DPS meeting #45, #304.04.
Weissman, P.R., S.C. Lowry, A. Rozek, S. R. Duddy, B. Rozitis, S. D. Wolters, C.
Snodgrass, A. Fitzsimmons, S. Green, and M. D. Hicks. (2013). Shape and Rotation
Modeling and Thermophysical Analysis of Near-Earth Asteroid (1917) Cuyo. American
Astronomical Society, DPS meeting #45, #112.15.
Fitzsimmons, A., Lacerda, P., Lowry, S., Jones, G., Ramanjooloo, Y., Marchant, J.
(2013). Comet C/2012 S1 (Ison). IAU Circ., 9261, 3 (2013).

Deller, J., S. Lowry, M. C. Price, H. Sierks, and C. Snodgrass (2013). SPH
simulations of impacts on rubble pile asteroids. European Planetary Science
Congress 2013, 9-13 September 2013, London, UK. (id. EPSC2013-918).
Rożek, A., S.C. Lowry, S.R. Duddy, C. Snodgrass, P.R. Weissman, S.D. Wolters,
A. Fitzsimmons, S.F. Green, M.D. Hicks, and B. Rozitis (2013). Physical
Properties of Asteroid (1917) Cuyo. European Planetary Science Congress
2013, 9-13 September 2013, London, UK. (id. EPSC2013-943).
White paper: (Lowry)
Jones, G., et al. (2013). The Case for an ESA L-Class Mission to Volatile-Rich
Asteroids. Cosmic Vision: White papers submitted in response to ESA's Call for
Science Themes for the L2 and L3 Missions. July 2013. (http://sci.esa.int/cosmicvision/52030-white-papers-submitted-in-response-to-esas-call-for-sciencethemes-for-the-l2-and-l3-missions/#)

Some Publications to come in 2014
Refereed accepted or submitted:
Evolutionary tracks of massive stars during formation
2014MNRAS.tmp....8S
1.000 01/2014 A E F
Smith, M. D.

X

Robert C. Lennox, Mark C. Price, William Jamieson, Marek Jura, Aziz
Daoud-Aladine, Claire Murray, Chiu Tang, Donna C. Arnold. "Strain driven
structural phase transformations in dysprosium doped BiFeO3 ceramics".
Journal of Materials Chemistry C (in press).
Lowry, S.C., P. R. Weissman, S. R. Duddy, B. Rozitis, A. Fitzsimmons, S. F. Green, M.
D. Hicks, C. Snodgrass, S. D. Wolters, S. R. Chesley, J. Pittichova, and P. van Oers.
(2014). The Internal Structure of Asteroid (25143) Itokawa as Revealed by Detection of
YORP Spin-up. Astronomy & Astrophysics, accepted. To be published on Feb 5th
(ESO Press Release to be issued).
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O. R. Hainaut, H. Boehnhardt, C. Snodgrass, K. J. Meech, J. Deller, M. Gillon, E.
Jehin, E. Kuehrt,
S. C. Lowry, J. Manfroid, M. Micheli, S. Mottola, C. Opitom, J.-B.
Vincent, and R. Wainscoat. (2014). Continued activity in P/2013 P5 PANSTARRS: The
comet that should not be. Astronomy & Astrophysics, submitted.
S. D. Wolters, P. R. Weissman, A. Christou, S. R. Duddy, S. C. Lowry. (2014). Spectral
Similarity of Unbound Asteroid Pairs.
MNRAS, submitted.
Extreme Infrared Variables from UKIDSS - I. A concentration in Star Forming
Regions Contreras Pe&ntilde;a, C., Lucas, P.W., Froebrich, d., Kumar, M.S.N.,
Goldstein, J., Drew, J., E., Adamson, A., Davis, C.J., Steeghs, D., Wright, N.J.
MNRAS, 2014, accepted
Miao & Tim Kinnear re-submitted a paper to MNRAS.
Miao re-submitted a paper ' Near-IR Imaging Polarimetry toward a Bright-Rimmed
Cloud: Magnetic Field in SFO 74' to ApJ with the following authors: Takayoshi Kusune,
Koji Sugitani, Jingqi Miao, Motohide Tamura, Yaeko Sato,Jungmi Kwon, Makoto
Watanabe, Shogo Nishiyama, Takahiro Nagayama, and Shuji
Froebrich: Global Survey of star clusters in the Milky Way III. New open clusters at high
Galactic latitudes Schmeja, S., Kharchenko, N.V., Piskunov, A.E., Roumser, S.,
Froebrich, D., Scholz, R.-D., A&A, 2014, subm.
M. J. Burchell, K. H. McDermott, and M. C. Price. “Survival of Fossils
Under Extreme Shocks Induced by Hypervelocity Impacts”. Philosophical
Transactions of the Royal Society (submitted).
Micron-scale hypervelocity impact craters: dependence of crater
ellipticity on impact trajectory and projectile size.
P. J. Wozniakiewicz, M. C. Price, S. P. Armes, M. J. Burchell, M. J. Cole,
L. A. Fielding, J. K. Hillier and J. R. Lovett.
Meteoritics and Planetary Science (submitted).
B. Steer, B. Gorbunov, M. C. Price & A. Podoleanu “Raman identification
of size-selected ZnO nanoparticles for health risk evaluation”.
Aerosol and Air Quality Research (submitted).
[ALL THE BELOW ARE IN A SPECIAL ISSURE OF METEORITICS AND PLANETARY
SCIENCE, TO BE PUBLISIHED EARLY 2014].
8) D. R. Frank et al. “Stardust Interstellar Preliminary Examination II:
Curating the Stardust interstellar dust collector: Picokeystones, the
Stardust interstellar preliminary exam (ISPE), and beyond,
Meteoritics and Planetary Science, DOI: 10.1111/maps.12147.
9) A. Westphal et al. “Stardust Interstellar Preliminary Examination I:
Identification of tracks in aerogel”
Meteoritics and Planetary Science, (in press)
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10) H. A. Bechtel et al. “Stardust Interstellar Preliminary Examination
III: FTIR analysis of interstellar dust candidates from the Stardust
mission”
Meteoritics and Planetary Science, (in press)
11) A. L. Butterworth et al. “Stardust Interstellar Preliminary
Examination IV: X-ray absorption analyses of major rock-forming elements
in candidate interstellar dust impacts by Scanning Transmission X-ray
Microscopy”
Meteoritics and Planetary Science, (in press)
12) A. Simionovici et al. “Stardust Interstellar Preliminary Examination
VI: Analyses of eight impact candidates from the Stardust Interstellar
Dust Collector using quantitative synchrotron hard X-ray imaging”
Meteoritics and Planetary Science, (in press)
13) G. Flynn et al. "Stardust Interstellar Preliminary Examination VII:
Synchrotron X-ray Fluorescence Analysis of Six Stardust Interstellar
Candidates Measured with the Advanced Photon Source 2-ID-D Microprobe"
Meteoritics and Planetary Science (in press).
14) Z. Gainsforth et al. “Stardust Interstellar Preliminary Examination
VIII identification of crystalline material in two interstellar dust
candidates from the Stardust mission.”
Meteoritics and Planetary Science, (in press)
15) F. Postberg et al. “Stardust Interstellar Preliminary Examination IX:
High speed interstellar dust analogue capture in Stardust flight-spare
aerogel”
Meteoritics and Planetary Science, (in press)
16) V. Sterken et al. “Stardust Interstellar Preliminary Examination X:
Impact speeds and directions of interstellar grains on the Stardust dust
collector”
Meteoritics and Planetary Science, (in press)
17) R. Stroud et al. “Stardust Interstellar Preliminary Examination XI:
Identification and elemental analysis of impact craters on Al foils from
the Stardust Interstellar Dust Collector”
Meteoritics and Planetary Science, (in press)

LPS Conference Abstracts 2013
1) [Oral] SECONDARY EJECTA CLOUDS FROM HYPERVELOCITY IMPACTS ON
ALUMINIUM AND GLASS TARGETS: COMPARISON BETWEEN EXPERIMENTS AND
HYDROCODE MODELLING
M. C. Price, P. J. Wozniakiewicz, M. J. Cole, M. J. Burchell
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2) [Oral] SURVIVAL OF NANNOCHLOROPSIS PHYTOPLANKTON IN HYPERVELOCITY
-1
IMPACT EVENTS UP TO VELOCITIES OF 4 KM S
D. L. S. Pasini, M. C. Price, M. J. Burchell, and M. J. Cole.
3) [Oral] OBLIQUE IMPACT CRATERS: MORPHOLOGY DEPENDENCE ON IMPACTOR
SIZE.
P. J. Wozniakiewicz, M. C. Price, M. J. Burchell, M. J. Cole and A. T. Kearsley
4) [Oral] PRESERVATION AND MODIFICATION OF FINE-GRAINED COMETARY DUST
CAPTURED BY STARDUST: THE FATE OF AGGREGATE COMPONENTS IN
HYPERVELOCITY IMPACTS ON ALUMINIUM FOIL.
T. Kearsley, T. Salge, P. J. Wozniakiewicz, M. C. Price, R. Terborg, M. J. Burchell, and
M. J. Cole
5) [Oral] PRE-ACCRETIONAL SORTING OF GEMS IN THE OUTER SOLAR NEBULA
P. Wozniakiewicz, J. P. Bradley, H. A. Ishii, D. E. Brownlee, M. C. Price, M. J. Burchell
and A. T. Kearsley
6) [Poster] GAS RETENTION IN BASALTIC ROCKS FOLLOWING HYPERVELOCITY
IMPACT: IMPLICATIONS FOR METHANE ON MARS.
M. C. Price, J. Parnell, P. J. Wozniakiewicz, A. T. Kearsley, S. McMahon, N. J. F. Blamey
and M. J. Burchell
7) [Poster] IMPACT-INDUCED DEVOLATIZATION OF NATURAL GYPSUM AND
PLASTER OF PARIS: AN INFRA-RED AND RAMAN SPECTROSCOPIC STUDY.
K. Miljković, M. C. Price, P. J. Wozniakiewicz, N. J. Mason and J. C. Zarnecki.
8) [Poster] A MORPHOMETRIC INVESTIGATION OF MARTIAN VALLEY NETWORKS.
N. K. Ramkissoon & P. Elsner.
9) [Poster] FIB-TEM INVESTIGATIONS INTO THE CONDITION OF REFRACTORY
PRESOLAR PHASES UNDER STARDIST-LIKE CONDITIONS
T. K. Croat, C. Floss, S. Sosothikul, F. J. Stadermann, A. T. Kearsley, M. J. Burchell
10) [Poster] HELIOCENTRIC VARIATION OF COSMIC DUST FLUX MEASURED BY THE
IKAROS-ALADDIN BETWEEN THE EARTH AND VENUS
H. Yano, T. Hirai, C. Okamoto, M. Fujii, M. Tanaka, N. Moriyama, M. J. Burchell,
IKAROS-ALLADIN Team

23

CAPS Annual 2013

8

CAPS: Resource Details

INVESTMENT, SPECIALIST INFRASTRUCTURE AND FACILITIES.
Since 2008 the University has invested ≈£5M in SPS in building refurbishment and new,
research level, laboratory equipment, including a scanning electron microscope, a 128core high performance computer cluster and a micro-Raman spectrometer (with four
lasers) – all operated by CAPS.
SPS has also bought a 400 MHz NMR spectrometer, X-ray fluorescent spectrometer,
powder X-ray diffractometer, FT-IR spectrometer, SEC/GPC system, BET nitrogen
adsorption and ball-milling instruments to which CAPS members have full access. A pool
of 11 experimental officers/technicians supports research in SPS, one of whom works in
the Impact Laboratory. Centrally, the University has a well-stocked library with a
specialist science librarian and extensive electronic access to major journals relevant to
CAPS research.
The initial SEPnet consortium of seven university physics departments (Kent,
Portsmouth, QMUL, RHUL, Southampton, Surrey & Sussex) has encouraged and
sustained growth in Physics across all of its the members. SEPnet was awarded £12.5M
from HEFCE Strategic Development Fund for 2008-13 and as part of this provided a
boost of ≈£3M in total to Astrophysics. This included appointing lecturers (including
Lowry), PhD students, LoFAR Telescope subscriptions, joint computing facilities and
technicians. The expanded SEPnet-2 consortium (2013-18) now has nine members (the
original 7 plus the Open University and Hertfordshire) and was awarded £2.75M from the
HEFCE Catalyst Fund. This will be invested in an innovative Graduate School
(GRADnet, see above) and enhanced Outreach and Employability programmes, with the
consortia members contributing another £10M in total.
University funds have supported four CAPS PhD studentships in the last four years (in
addition to STFC funded PhDs). The University also contributed matching funds for the
128-core computer cluster (SGI Altix ICE, total cost £150K), the establishment of an
MPhys UNIX Computational Astrophysics Laboratory (a suite of 10 UNIX PCs for final
year UG research projects) and Astro, the Centre’s web, e-mail and license server.
CAPS has access to SEPnet’s SCIAMA high performance cluster located in Portsmouth.
In addition, the SEPnet physics kit list published on-line allows all members access to
regional resources across the network.
Use of major facilities
CAPS staff employ ground and space based telescopes for their research. Much of this
is done within large-scale (billion dollar) long-term (up to 30 year) collaborations. The inkind value of time awarded on these instruments just with CAPS members as the
Principle Investigators amounts to about £6 Million in the last five years. All this income
and value are achieved without any cost to the University in terms of equipment, space
or human resources apart from the PI.
ESO (VLT, VISTA, NTT)
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UK: UKIRT, JCMT, INT, TNG, Gemini, Liverpool Telescope
World: Palomar Observatory, 5m Hale Telescope,
Heidelberg Dust Accelerator
NASA Stardust mission.
Diamond beamline I18
Spitzer Space Telescope:
Herschel Space Telescope
Gaia Space telescope
LoFAR Radio Telescope Array
Locally, the Impact Lab with its Light Gas Gun is a major facility run at Kent. It regularly
attracts visitors from across the world. The Impact Lab has external collaborations with
many UK groups (e.g. Aberdeen, Glasgow, Imperial, Leeds, Leicester, Manchester and
the Natural History Museum) and internationally (e.g. ESA, NASA, JAXA, the Stardust
consortium, Mississippi State, Virgina Tech, US Navy Research Lab and US Naval
Academy amongst others).
RESEARCH FUNDING PORTFOLIO
In the Solar System group, three STFC standard grants were held in 2008-2013, by
Burchell (£543k, 2008-11 and £440k, 2011-14) and Lowry (£315k, 2010-13). A STFC
consolidated grant has now been awarded for solar system work by Burchell & Price
(£406k, 2013-2016). Price also holds a STFC/Aurora grant (£100K, 2012 – 2015).
CAPS held an STFC Visitor Support Grant for Theoretical Astrophysics (£10K) and a
Starlink Manager Grant was held until 2009. IT support is now provided from SEPnetAstro to maintain the research webpages. A PATT rolling grant for the astronomers was
held until September 2008, now replaced by individual funding requests. CAPS has also
been awarded research grants from SEPnet, the University of Kent and the Leverhulme
Trust. We also participate in an FP7 IRSIS programme coordinated by Porto
astronomers.
Industrial links by CAPS include an award of £115k under the Knowledge Transfer
Programme (applying star formation modelling to design of smoke/fire detectors). There
have been contracts to the Impact Laboratory which include ballistic impact work from
the Netherlands Forensic Science Service (£11k, 2012-13) and NASA ($12,500, 200809) to test impact sensors. The University Enterprise Unit also helps arrange meetings
with potential partners, e.g. AWE, DSTL and Qinetiq.
.
.
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9

CAPS Strategy: Summary

RESEARCH OBJECTIVES
To continue a world-leading and highly productive research programme via stable
funding, to permit a focus on long-term challenging objectives across a wide range of
Galactic and solar system phenomena. The specific aims of the work proposed here are
of equal priority:
1a) to understand the physics and dynamics of star formation regions as they evolve
1b) to understand the origins of the solar system and the evolution of the objects within it
2) to uncover how protostars, proto brown-dwarfs and protoplanets are born and
interact with their environment through radiation and mass feedback
3) to investigate the critical role of hypersonic flow in producing structure in the Universe
on a wide range of scales
4) to investigate the physics of potentially destructive impacts
The Revised 2013 Research Portfolio for CAPS
The Kent researchers aim to remain at the forefront of world science through an
integrated programme of infrared and optical observations, three dimensional numerical
simulations. advanced theoretical modeling and unique high-speed experiments, all
aimed at exploring the physics governing the evolution of clouds into stellar systems,
and the consequent evolution of our solar system.
The Universe is now described as violent, with shock waves, supersonic motion and
impacts often replacing earlier hydrostatic concepts. Speeds are faster than sound,
pushing the behaviour beyond our normal experience. And the phenomena within
galaxies also evolve rapidly with, for example, giant molecular clouds existing only for
millions of years while protostars within develop on even shorter timescales. However, in
many aspects, we hold stubbornly to our equilibrium ideas: prescribed initial conditions,
fixed boundaries and tightly constrained evolutionary paths.
Our themes are aimed at constructing new foundations for our local structure:
A: Star and Cluster Formation: Infrared observations and the interface with models.
B: Computer Simulations of Feedback: involving clouds and feedback through radiation,
shock waves, jets and hypersonic flow.
C: Galactic Astronomy: the physics of the interstellar medium and interacting nebulae. In
particular, we will investigate the most common molecule in the Galaxy, molecular
hydrogen.
Within our Solar System:
D: Solar System Impacts: laboratory experiments and computer simulation to
understand how the objects and surfaces in the solar system evolve.
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E: Asteroids and Comets: observations and interpretations of small bodies leading to a
new view of how our Solar System works

New Research Strategy 2013 : The Themes Explained
History: 2005 – 2007: reorganisation of portfolio into: The Home Ten Kiloparsecs.
2008 – 2010: SEPNet Astro expansion, Hefce and STFC grant funding
2009: International Year of Astronomy programme, expansion of Research
Student Programme
Strategy 1: Environment. The nature of the CAPS research environment will be
modified to promote new ideas and novel concepts. Meetings will be mainly discussion
of new concepts and recent developments, SEPNet lectures will be increasingly used for
graduate training.
Strategy 2: Leadership. CAPS members will be seeking leading roles in both facility
collaborations and pioneering research. Continuing to secure access to leading external
telescope facilities and involvement in space missions.
Strategy 3: Research Impact: Crucial to CAPS strategy is the dissemination of
research findings. As a small Centre, members must regularly attend meetings or visit
collaborating institutes (not requiring expensive equipment or considerable laboratory
space). Therefore, external out-of-the-box thinking for research collaborations and
research funding will be sought.
Strategy 4: Expansion: We seek to boost our capability by increasing grant income for
facilities and staff by exploiting a broad base of opportunities with the intention of
increasing our staff to 8 FTE.
The Astronomy Advisory Panel Report to STFC (Nov. 2012) includes “Theme 3.2 The
formation of stars and planets in the Milky Way and other galaxies”. Accordingly, our
Star Formation Group focusses on: i) understanding the physics and dynamics of star
formation regions as they evolve (Smith & Froebrich: MDS1-2, DF4), ii) uncovering how
protostars, proto brown-dwarfs and protoplanets are born and interact with their
environment through radiation and mass feedback, iii) probing the physics of the
interstellar medium, dust and molecular hydrogen, and iv) the critical role of hypersonic
flow in producing structure on a wide range of scales.
Theme A concerns observations of the effects of the physical and dynamical processes
which lead to the formation of massive stars and clusters. We intend to utilise a range in
infrared telescopes to reveal the distributions with mass, in space, and time, of young
stars and their supersonic outflows. We will explore protostellar environments at two
extremes: with high resolution and over wide fields.
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Themes B and C concern understanding the physics of star formation. The modern
concept of star formation is one in which molecular structure and chemical reprocessing
proceed faster than the crossing time of sound waves. Yet our understanding of the
physics is rudimentary. As a Complex System, feedback is vital.
Much numerical work in the UK is devoted to global simulations leaving the physics
within simple models. However, supersonic radiative magnetohydrodynamics may
involve ambipolar diffusion, catastrophic instabilities, and MHD shocks waves. Detailed
numerical simulations of the physics are vital to explore the relationship between
complex dynamical interactions in regimes we cannot otherwise explore.
The Solar System Group focusses on understanding the origins and evolution of the
planets, satellites and minor bodies within the Solar System, as well as considering the
origin and distribution of complex molecules and life, via space missions (including
sample return missions), laboratory impact studies, computational simulation and
astronomical observations. The STFC Solar System Advisory Group Roadmap
(published Nov 2012) included Lowry as a member. Priority areas in the roadmap
include areas Kent specialises in, such as: impact studies including the leading UK use
of light gas guns (Burchell & Price: MJB1-4, MCP1), the formation and evolution of small
planetary bodies (Burchell & Lowry: MJB1, SCL1-3) and how they are affected by solar
radiation (Lowry) and astrobiology including the origin and distribution of complex
organic molecules (Burchell & Price: MCP1). Space missions are also specifically
mentioned including NASA’s Stardust sample return mission to a comet (Burchell &
Price: MJB2-4), Rosetta – an ESA cornerstone cometary mission (Lowry, SCL4),
Hayabusa - a Japanese sample return mission to an asteroid (Burchell & Price are
analysing samples from this) and ExoMars – an ESA mission to Mars (Burchell & Price
now work on Mars related projects).
Theme D explores hypervelocity flows in diverse contexts. Once evolved into the solar
system, hypervelocity continues to play a prominent role in shaping the components.
Kent offers the opportunity to explore impacts at speeds far in excess of one kilometre
per second, crucial to many topics in space science and exploration.

10 Academic Beneficiaries
The fundamental CAPS research benefits other researchers by providing a legacy of
experimental and observational data that can be used by others in combination with their
own data and models in order to verify broader theories. In addition, the interpretation of
the data, including those from computer simulations, will benefit other researchers by
providing evidence that can be quoted in the context of the major issues within the
theme.
The work has a broader context in that by learning about our Solar System and about
other Galactic Stellar systems, we provide a more certain background knowledge to lead
the discussion on more speculative fields such as primordial star formation, extrasolar
planetary systems and galactic evolution.
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To achieve the above benefits, we make our data accessible in user-friendly forms, as
we do now, such as on searchable databases, ADS catalogues, web interfaces, code
sharing, and collaborative sharing. The studies are also be disseminated through
workshops, seminars and conferences which range in audience from narrow to broad,
both in location and subject.
To engage the general interest of academic, we submit results to IAU Colloquia,
American Geophysical Union Fall meetings, which has in excess of 15,000 delegates
from many disparate fields, Joint European National Astronomy Meetings and the annual
NASA Lunar and Planetary Science Conference (the most important annual conference
in its field and where Kent regularly presents work).
All publishable results appear in journal papers and, on a regular basis, be also available
on free-access archives world-wide. We endeavor to publish all our journal papers on
the open access site astro-ph.
Multi-disciplinary aspects are involved in the experimental impact studies. Hyper-velocity
impact studies are essential for various commercial and industrial companies related to
space, aircraft and aeronautical concerns. Shock waves are of growing interest in
defence and space sectors. Thus many academics work in these areas. We liase closely
with our university and other institute/laboratory contacts in these fields, and are open to
new collaboration.
Computer code development, evaluation and testing is also undertaken and the
improvements shared with colleagues working in other adjacent areas. The research
proposed here will further benefit research within the AUTODYNE and ZEUS user
communities in particular.
As part of SEPnet, we participate in a Capabilities programme in which our research
facilities and capabilities are made available for sharing under the appropriate
conditions. Thus, it is made open and clear what kit and expertise is available not only
within the south-east of England but elsewhere. SEPnet can thus respond to enquires in
the name of seven physics departments.
The research teams are generally international and several involve large communities,
such as Rosette, Stardust, UKIDSS, Hi-Gal, Spitzer Large Surveys and Deep
Impact/EPOXI. Many other less formal but strong collaborations benefit astronomers
from many countries such as Armenia, China, Japan and South Korea. The roles the
collaborators take are too varied to state simply: from healthy debate, to sharing
knowledge, synergizing ideas, providing techniques and instruments, donating algoritms,
codes and specialized materials.
The ground-based observational study conducted by Lowry results in much-needed
observational measurements of the YORP effect on a range of asteroid compositional
classes. These measurements will drive theoretical developments in this area by
providing critical calibration points for the theoretical calculations. The asteroid science
community will benefit greatly from the results obtained from the study, as it will lead
towards a more detailed understanding of how the YORP effect affects the physical
evolution of small asteroids.
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11 Impact Summary
CAPS research has many Beneficiaries:
Astrophysicists
Industry and New Technology: aeronautical and space industries
Fluid dynamicists and software developers
Commerce and finance
Artists and poets
Public
Schools
Engagement with these is facilitated though dedicated staff in the School of Physical
Sciences and the University. Here, we provide specific information concerning CAPS.
1. Astrophysicists. Astrophysical research is by nature a complex interdependent
Universe of phenomena with interrelated physical and dynamical processes. We learn
about concepts such as shock waves, turbulence, discs and jets, and then often adapt
and apply the understanding in completely different situations, spatial scales and
timescales. The communication is achieved through conferences, literature trawling,
etc.. We intend to continue to invite visitors on the visitor programme, some working in
areas such as cosmology and dark matter, to facilitate the broad view.
2. Industry and technologies. As described in the Pathways to Impact document, CAPS
research connects with spacecraft and related technologies as well ascommercial
software and a KTP. Recent contracts have involved Lockheed-Martin and NASA. In
addition, we note here that the telescope and space mission exploitation provides the
motivation and need for new generation technology to meet the extremely high
observational demands. Hence, the fundamental research drives technology that
benefits society.
3. Fluid dynamics, impacts and software. New gas dynamical problems leads to new
techniques to solve problems efficiently. We expect our expertise to continue to benefit
industry as it does now.
4. Commerce and finance. The research programme promotes a research environment
which aids the training provided to students. Our students are in demand in various
sectors, ranging from the motor industry to the financial sector. The know-how, critical
analytical, quantitative and problem-solving skills of our students are transferred through
the researchers and post-docs within the Centre.
5. Artists and poets. CAPS provides intellectual material (but not property) for art and
poetry. This has been encapsulated in two Artists-in-Residence (2006 and 2011), the
latter leading to a series of exhibitions and recitals directly involving the astronomy
images, texts and language used within Kent Astronomy. Further collaboration, events
and a festival are planned led by artist and ex-astrophysicist Dr Duncan MacKay.
6. Culture/public. The research is communicated in open public lectures and observing
sessions, in collaboration with local astronomical societies, schools, scout groups etc.
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there are many opportunities for press releases in our area of science and the
newspapers are quite eager to take them up especially when there is almost always a
dominance of bad news. CAPS members will continue to speak each year at University
Open Days, to parents at UCAS days, as well as diverse media calls. Talks to amateur
societies, physics organisations and the general public are held. 2009 saw an extensive
programme of well-attended public lectures as part of the UNESCO/IAU International
Year of Astronomy 2009. We intend to run a further programme in 2014.
7. Schools/education/inspiration. The research is embodied in our Schools Outreach
programme, encapsulated in the CAPSule project, especially in talks on the Origins of
Stars, Extraterrestrial Life, and Planets but going much further including talks on careers
in space and astronomy and colonisation of Mars. The Kent Astrodome has provided a
3-D attraction and we want to acquire new movies and, eventually, a larger dome to
enhance the experience. Above all, the unique annual Kent Space School develops in
potential scientists a taste for more.

12 Pathways to Impact
PATHWAYS TO IMPACT STATEMENT: Industrial engagement
Impact Lab: The Impact Lab is an experimental facility where we can fire projectiles and
record their impact into various media, from oceans and deserts to spacecraft. The Lab’s
international profile attracts a constant stream of external users. This and other facilities,
including archive resources, are publicised via CAPS webpages, IoP, PhysicsConnect
initiative and the SEPnet Kit List which lists technologically advanced capabilities
consultable by any enterprise with demands for particular scientific equipment. The onestop shop nature makes technology shopping less daunting. Bodies that have taken up
our impact expertise include NASA, Lockheed-Martin and the Netherlands Forensic
Science Service.
Smoothed Particle Hydrodynamics is employed by Jingqi Miao. Expertise with the SPH
techniques can be applied to particle detectors such as smoke detectors. Miao won a
Knowledge Transfer Partnership (KTP) award to develop an application related to the
Smoothed Particle Hydrodynamics code. The joint project with Dr Winston Waller, of the
School of Electronic and Digital Art, is entitled Development of a Single Circuit Board
Radio Smoke Detector and is of value. £127,467. It demonstrates how astrophysical
expertise can lead to a promotion of the economic well- being of our society. In this
proposal, we intend to extend such activity. Moreover, under the SEPnet Capability
Programme run by Smith the contact and uptake which may lead to new applications
becomes considerably strengthened.
AUTODYN: A major piece of software used by M. Price is AUTODYN, a commercial
hydrocode to model high velocity impacts. The code is developed and supplied by
ANSYS UK. Dr Price has a symbiotic relationship with the developers, exchanging
knowledge through tracing errors in the code not seen by standard users. In return for
technical assistance with the code, Dr Price updates ANSYS on their material strength
models through standard hydrocode validation tests.
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Research projects involve hypervelocity impacts into water ice and rock mixtures.
Little data exist for such impacts, and these data will be used to enhance the AUTODYN
code and expand its functionality. Price is regularly asked to attend ANSYS ‘launch
days’ where he presents research undertaken using the software sold by ANSYS. This is
mutually beneficial as it showcases the capability of the Company’s software (thus
potentially increasing sales) and, in turn, they provide technical support and advice and
the PI’s work is included in sales literature, publicising the research across a wide variety
of fields.
SEPnet Outreach: SEPnet provides a strong platform for Outreach. A full-time Outreach
Director coordinates many of the activities of a team of Outreach Officers, one based in
each department. Sharing resources and experience enables SPS to develop and
disseminate best practice which has contributed to the increased numbers and diversity
in the UG and PG populations. CAPS members are constantly invited to schools and
events requiring science demonstrations, theme-led discussions or lectures.
SPS has also hosted SEPNet GCSE Physics Revision Events. CAPS staff have
considerable public speaking experience giving talks to local astronomy groups on
astrophysical topics, particularly their own research.
The Astrodome is a very popular portable, inflatable Astrodome acquired in 2008. It
‘sets the scene’ for space science events. The campus observatory, consisting of two
telescopes and domes, is mainly used for outreach.. It is used by external bodies on
request and by the Student Astronomy Society (IoP ‘Best Overall Student Society’
award, 2008).
CAPS research also makes extensive use of a state-of-the-art Raman spectrometer
supplied by Horiba. This instrument is one of the highest specified Raman spectrometers
in the UK, and Horiba are very keen to show off its capabilities to future potential
customers. This has lead to a collaborative agreement with Horiba who will have
(conditional) access to the instrument, and in turn, the University will get discounts on
accessories as well as additional technical assistance. Additionally, the instrument will
be used as a test-bed instrument by Horiba for any new accessories and instrumental
development and it is possible that such prototypes might be supplied to the University
free-of-charge.
Results from the asteroid observations project (Lowry) have the potential to identify
worthy targets for future asteroid rendezvous spacecraft missions. Space industries
within the UK and beyond could therefore benefit indirectly from this research. Future
investments in spacecraft missions to solar system bodies depend upon the success of
those missions and its supporting science, and the UK space industry is highly involved
in instrumentation development for these missions. That success is determined by the
quality of science that will result from the mission, for which important groundwork is laid
via the proposed research programme.
Although the proposed work in Star Formation is to support astronomical research and is
not directly related to commerce or industry, we do anticipate indirect benefits that we
can promote. We find that the research programme aids the training provided to
students which are in demand in various sectors, ranging from the motor industry to the
financial sector. In particular several of our students have recently joined Astrium. The
know-how, critical analytical, quantitative and problem-solving skills of our students is
transferred through us. Vice versa, many of our students become valuable teachers and
academics, and are thus able to pass on their knowledge to a new generation, which
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provides positive feedback into astronomy.
PATHWAYS TO IMPACT STATEMENT: Public engagement
i) Society in general
Fundamentally all people are intrigued by the question: “Are we alone in the Universe?”
Any research which directly, or indirectly, helps answer this question therefore has the
potential to excite the imagination of the public at large – this, in turn, stimulates interest
in science and technology leading to an increase in people pursing scientific and
engineering based careers.
The general public will have the opportunity to be engaged in this research via Open
Lectures (and Forums) as well as University Open Days. During the Open Days, talks
are given by academics (including the PI and Co-I) outlining the research of the groups
within the School. The PIs have considerable experience in giving talks to local
astronomy groups regarding their own research, and the research of the School.
Additionally, the University has a dedicated media office and it is strongly encouraged
that science results of potential public interest are passed onto them for dissemination to
the public through the local media. Given the nature of the proposal, the applicants are
confident that the results will be of significant public interest to be advertised through
both the media office and to local schools.
Articles are submitted to popular magazines (e.g. Astronomy Now, New Scientist). Local
radio and TV contacted for high profile announcements. Social networking sites, such as
Facebook and Twitter will also be employed to further engage the public.
CAPS provides opportunities to use telescopes at the on-campus University
Observatory. The Centre also collaborates with the local astronomical society (SEKAS)
and the student society to promote astronomy in the community.
ii) Schools and Colleges.
Students and staff at local Schools and Colleges are engaged with the research via
ongoing Outreach activities. These Outreach activities vary (depending on the age
group), but generally consist of science demonstrations, theme-led discussions and a
series of talk to the students. The School has a portable, inflatable Astrodome which is a
major part of this activity and ‘sets the scene’ for talks about space science. In addition,
we have hosted several SEPNet GCSE Physics revision Events; this programme is
being further developed and the targets refined.
Outreach activities also include the very successful weekend long residential ‘Space
Schools’ aimed at children in the age range 11 – 18 (or further information see:
http://astro.kent.ac.uk/mds/Spaceschool ). Over the past 5 years it is estimated that
more than 18,000 local school children have been involved in the School’s Outreach
activities and these sorts of activities are ideal venues to engage young people who may
be thinking about potential careers in STEM subjects.
UK Science is promoted throughout the world in presentations by our many
collaborators. One close collaborator (Anton Kearsley) works at the Natural History
Museum, and various display and exhibits at the Museum already feature research
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carried out by CAPS. This highly successful collaboration will continue, and talks could
be given during school visit days to the Museum.
Support. The CAPS Outreach activities are supported by a SEPnet Outreach Officer, Dr
Vicky Mason, for the School of Physical Sciences. The Space School applications are
coordinated by a member of the School administration team.
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