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Artemis Operational Statistics

During the reporting year April 2009 - April 2010 a total of
5 experiments were delivered in the Artemis facility, which is
under development, as shown in Table 1. At the user request the
experiments were scheduled in recurring short, ~2 week slots. In
total 21 experimental weeks were delivered to users excluding
set-up weeks. 18 development weeks were allocated for the
Artemis project. 3 weeks were allocated for the installation and
commissioning of new equipment. 4 weeks were allocated to
laser-services. Artemis facility overall availability was 142%
when including the out of normal hours operations. Laser
reliability was 88%.

I.C.E.Turcu
edmond.turcu@stfc.ac.uk

Table 1. Artemis schedule 2009/10

Artemis 2009-2010

30-Mar-09 05-Apr-09

Marangos
HHG with 2-colour laser

Rapid Access

06-Apr-09 12-Apr-09

13-Apr-09 19-Apr-09

20-Apr-09 26-Apr-09

Artemis engineering 
XUV beamline

27-Apr-09 03-May-09

04-May-09 10-May-09

11-May-09 17-May-09

18-May-09 24-May-09

25-May-09 31-May-09

01-Jun-09 07-Jun-09

08-Jun-09 14-Jun-09

15-Jun-09 21-Jun-09

22-Jun-09 28-Jun-09

29-Jun-09 05-Jul-09

Set-up week 06-Jul-09 12-Jul-09

Poletto - 90000
XUV beamline commissioning

13-Jul-09 19-Jul-09

20-Jul-09 26-Jul-09

Mat Sci acceptance tests 27-Jul-09 02-Aug-09

Poletto - 90000
XUV beamline commissioning

03-Aug-09 09-Aug-09

10-Aug-09 16-Aug-09

PI laser Service 17-Aug-09 23-Aug-09

Artemis engineering

24-Aug-09 30-Aug-09

31-Aug-09 06-Sep-09

07-Sep-09 13-Sep-09

Cavalleri – 90001
Material Science end station

commissioning

14-Sep-09 20-Sep-09

21-Sep-09 27-Sep-09

Artemis engineering 28-Sep-09 04-Oct-09

Red Dragon Laser Service 05-Oct-09 11-Oct-09

Artemis engineering 12-Oct-09 18-Oct-09

Cavalleri – 90001
Material Science end station

commissioning

19-Oct-09 25-Oct-09

26-Oct-09 01-Nov-09

Artemis engineering 02-Nov-09 08-Nov-09

09-Nov-09 15-Nov-09

TOPAS laser installation: UV/Vis 16-Nov-09 22-Nov-09

Set-up week 23-Nov-09 29-Nov-09

Underwood 81003
Ultrafast dynamics of molecules

30-Nov-09 06-Dec-09

Red Dragon laser repair

07-Dec-09 13-Dec-09

14-Dec-09 20-Dec-09

21-Dec-09 27-Dec-09

Christmas and New Year 28-Dec-09 03-Jan-10

Red Dragon laser repair
04-Jan-10 10-Jan-10

11-Jan-10 17-Jan-10

Red Dragon laser service 18-Jan-10 24-Jan-10

Artemis engineering 25-Jan-10 31-Jan-10

Cavalleri – 90001
Mat Science end station

commissioning
01-Feb-10 07-Feb-10

Topas laser service 08-Feb-10 14-Feb-10

Petersen - 92000 EU
Ultrafast dynamics in complex

materials
15-Feb-10 21-Feb-10

Underwood 81003
Ultrafast dynamics of molecules

22-Feb-10 28-Feb-10

01-Mar-10 07-Mar-10

08-Mar-10 14-Mar-10

Petersen - 92000 EU
Ultrafast dynamics in complex

materials

15-Mar-10 21-Mar-10

22-Mar-10 28-Mar-10

Hollow-fibre installation 29-Mar-10 04-Apr-10

Artemis engineering –
vacuum system

05-Apr-10 11-Apr-10

Underwood 81003
Ultrafast dynamics of molecules

12-Apr-10 18-Apr-10

I.C.E. Turcu (CLF STFC, Rutherford Appleton Laboratory, UK)
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Table 2 and Figure 1 are an experiment by experiment break
down of the Artemis facility performance for the reporting year
and show a very good availability and reliability. The Artemis
laser-beams were used for many long hours every day – while
observing the standing orders for late-night working. 5 weeks
around the end of 2009 were necessary for repairing the Red
Dragon laser after one of the cryostats developed a vacuum  leak:
these weeks were also used for Artemis engineering in parallel to
repairing the laser. This experimental time (Underwood
experiment) was rescheduled in the New Year 2010 as shown in
Table 1. The last week of this experiment was scheduled in April
at the request of the user. 

Artemis proved very flexible in providing many combinations of fs
pump-probe beamlines: Red Dragon, Topas (1300nm and UV),
XUV beamlines (broadband and monochromatic), into end-
stations: Materials Science end two visiting end-stations.

Availability
in normal
hours (%)

Overall
Availability

(%)

Reliability
(%)

Marangos 78 133 86

Poletto 81 142 88

Cavalleri 81 126 87

Underwood 75 141 85

Petersen 84 169 92

Figure 1. Artemis availability and reliability in 2009-10
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Astra Operational Statistics 

During the reporting year April 09 – April 10 a total of 3 complete
experiments were delivered to the Astra-Gemini Target Area. In
total 23 high power laser experimental weeks were delivered the
Gemini target. The delivered schedule is presented below in
figure 1.

The availability of the Gemini laser system (delivery to the Gemini
Target Area) was 63% during normal working hours, rising to
104% with time made up from running out of normal working
hours. The reliability of the Gemini laser was 73%. (represented
in figure 3).

Following the Zepf experiment a number of changes were made
to the Gemini operational model. Firstly the role of the
designated Astra and Gemini operators were changed. The Astra
operator now starts the Astra system up early, at 08:00 and brings
up the Astra optical chain. The Gemini operator, as previously,
brings up the Gemini systems, both operators then bring up full
system shots. The Gemini operator now takes over sole
responsibility for the system. The Gemini operator also maintains
a presence at all times possible in the Gemini control room, such
that there is a single local point of contact during the day. The
presence of an operator at all time in control room means that
system problems can be actively maintained and adjusted during
the day rather than in a reactionary way to failures. There has
also been an introduction of late operations cover 3 nights of the
week, this allows the system to be maintained after 17:00 (a time
identified when laser issues are more likely to occur) and into the
early evening (as represented in figure 2 below). In order to
improve communications the Astra operator for the following day
meets briefly with the users at ~16:30 to discuss requirement for
the next day.

Gemini 

06-Apr-09 12-Apr-09

M Borghesi (LIBRA) 81025

13-Apr-09 19-Apr-09

20-Apr-09 26-Apr-09

27-Apr-09 03-May-09

04-May-09 10-May-09

11-May-09 17-May-09

18-May-09 24-May-09

25-May-09 31-May-09

01-Jun-09 07-Jun-09

08-Jun-09 14-Jun-09

15-Jun-09 21-Jun-09

Contrast enhancement

22-Jun-09 28-Jun-09

29-Jun-09 05-Jul-09

06-Jul-09 12-Jul-09

13-Jul-09 19-Jul-09

20-Jul-09 26-Jul-09

Macholite replacement and Amp 3 re-build27-Jul-09 02-Aug-09

03-Aug-09 09-Aug-09

10-Aug-09 16-Aug-09 Constrauction works

17-Aug-09 23-Aug-09

Macholite replacement and Amp 3 re-build

24-Aug-09 30-Aug-09

31-Aug-09 06-Sep-09

07-Sep-09 13-Sep-09

14-Sep-09 20-Sep-09

21-Sep-09 27-Sep-09
Set up

28-Sep-09 04-Oct-09

05-Oct-09 11-Oct-09

M Zepf 91009

12-Oct-09 18-Oct-09

19-Oct-09 25-Oct-09

26-Oct-09 01-Nov-09

02-Nov-09 08-Nov-09

09-Nov-09 15-Nov-09

Jade 2 installation and contrast enhancement

16-Nov-09 22-Nov-09

23-Nov-09 29-Nov-09

30-Nov-09 06-Dec-09

07-Dec-09 13-Dec-09

14-Dec-09 20-Dec-09 Coseners meeting

21-Dec-09 27-Dec-09
Christmas

28-Dec-09 03-Jan-10

04-Jan-10 10-Jan-10
Set up

11-Jan-10 17-Jan-10

18-Jan-10 24-Jan-10

D Jarozynski 91032

25-Jan-10 31-Jan-10

01-Feb-10 07-Feb-10

08-Feb-10 14-Feb-10

15-Feb-10 21-Feb-10

22-Feb-10 28-Feb-10

Contrast investigation and improvement
01-Mar-10 07-Mar-10

08-Mar-10 14-Mar-10

15-Mar-10 21-Mar-10

22-Mar-10 28-Mar-10
Dual beam commisioning

29-Mar-10 04-Apr-10

Figure 1. Experiment by experiment breakdown of statistics Figure 2. Revised Gemini operational model

S.Hawkes
steve.hawkes@stfc.ac.uk S. Hawkes   (CLF STFC, Rutherford Appleton Laboratory, UK)



During the reporting year a number of changes were made to the
Astra systems in order to improve the system reliability. The
major project during the year was to replace the macholite pump
laser for the third Astra amplifier with 4 new Quanta Ray lasers.
This project also involved a complete re-build of the amplifier.
Previously the third amplifier straddled 2 optical tables, resulting
in beam alignment stability issues. Additional optical tables were
installed to accommodate the new pump lasers so the additional
space created by the Macholite removal allowed the amplifier to
be rebuilt on a single optical table. The beam expansion pipes for
Gemini and ATA2 were lowered to bench height to improve
access for optical alignment and to remove the need for
periscopes, improving safety aspects of the amplifier. 

The JADE pump laser for the KHz front was replaced with a more
reliable JADE2. At the same time the Femtopower front end was
reconfigured to give improved ASE contrast. A large number of
aging optical components in the Astra chain were replaced with
new optics with improved V-coatings. This removed a number of
discreet picoseconds pre-pulses.  

The Verdi pump laser for the Gemini oscillator was replaced with
a new Verdi system; the replaced system had run for ~9000 hours
without failure.

A number of periods of contrast characterization and
improvement work were undertaken during the reporting year,
the results of which are describe elsewhere in the annual report.

Figure 3. Experiment by experiment breakdown of statistics
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Lasers for Science Facility
Operational Statistics

RAL-based experiments
The reorganisation of the LSF has been completed with
scheduling lines organised across the Functional Biological
Imaging (FBI) and the Molecular Structural Dynamics (MSD).  In
response to requirements of the LSF to support cross Harwell
Campus activity a line of resource has been put in place to reflect
this and one can be confident that this section of the LSF will
grow in the coming years as the LSF joins the Research Complex
at Harwell. Both the MSD and FBI have made major new additions
to their operational strengths. MSD turned on the BBSRC/STFC
funded ULTRA laser system seeing its first User activity in July
2009, and following relocation of the single-molecule imaging
capability from Daresbury to support the FBI biological
applications of the LSF a new set of Users was welcomed in July.
The year has also seen an enormous level of activity with the

division moving the suite of LSF laser systems into the Research
Complex, the operation will be completed in Sepetember 2010. In
the reporting period (April 2009 to March 2010), 21 different
User groups performed a total of 23 experiments in the LSF
laboratories at RAL. A total of 3110 hours laser time was
delivered to the UK User community and European Users
throughout the year, with only 46 hours downtime. The majority
subject group scheduled was biological related science, see figure
1. A full breakdown by subject number of weeks applications
versus weeks scheduled is shown in figure 2 showing a 2 - 3
times level of oversubscription. The RAL-Based schedule is shown
in table 1. The average User satisfaction marks obtained from the
scheduled Users are shown in figure 3. There were a total of 20
formal reviewed publications produced from the years efforts,
with the LSF programme supporting 4 students working towards
a PhD in the reporting year. 
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Loan Pool
In March 2009 the new EPSRC Loan Pool grant commenced, this
is for £2.6m over 5 years and will see the replacement of many of
the laser systems within the facility.  This year saw the
introduction of a Steering Committe to the Loan Pool which will
meet annually to provide advice on direction and purchases for
the facility.  Following the first meeting a number of purchases
are in progress many of which will enable the facility to target a
broader community.  The delivery of the first system a quasi-cw
supercontinuum source is expected in summer 2010.  Further
details on the developments can be found in the article

“Developments within the EPSRC Laser Loan Pool”.
The Loan Pool delivered 324 weeks of laser time in the reporting
period with a ratio of weeks applied for to weeks scheduled of
1.33:1. Downtime was 32 weeks which is unusually high; the vast
majority of this was for a fault with the UFL2 system which
required two factory repairs before the fault was rectified, losing
an entire loan period. The year’s activity saw 4 new research
groups use the Loan Pool. The chemistry community was once
again the biggest User with 33% of allocated time. The
breakdown is shown in figure 4. The Loan Pool schedule is shown
in table 2. There were a total of 8 publications.
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Figure 1. RAL-based bids by subject group Figure 2. RAL-based experiments by subject Figure 3. RAL-based average User
satisfaction scores

Figure 4. Loan Pool bids by subject group Figure 5. Loan Pool experiments by subject Figure 6. Loan Pool average User
satisfaction scores

T. Parker
tony.parker@stfc.ac.uk B.C. Coles, D.T. Clarke, I.P. Clark, A.W. Parker   (CLF STFC, Rutherford Appleton Laboratory, UK)



Table 1. Lasers for Science Facility RAL-based Schedule 2009/10
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Table 2. Lasers for Science Facility Loan Pool Schedule 2009/10
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RAL Experiments
A total of one Astra Gemini and eight Vulcan experiments were
supported by Target Fabrication in the reporting period April 2009
to April 2010. All these experiments were ‘solid target’
experiments.  Target Fabrication provided a total of 49 weeks of
experimental support for Vulcan and 4 weeks for Astra Gemini on
solid target experiments. The report does not include the
extensive amount of filter and pinhole support provided from
Target Fabrication for some gas jet experiments. 

1) Target Numbers
For the reporting year, the total target numbers produced are
shown in Table 1. The table is broken down into separate
experiments and gives data on total target numbers produced and
the subset consisting of high specification complex 3D targets
that have been produced. High specification 3D targets are
defined as targets that have taken significant highly skilled
microassembly or micromachining to be produced over and
above standard target manufacture. The total number of targets
for use at RAL produced by the group in 2009-2010 was 1,424
compared to 1,023 in 2008-20091.  During 2009-2010, the
number of high specification targets produced was 379
accounting for 27% of the total targets made which is consistent
with the figure of 29% for 2008-20091.

2) Target Types
The high specification targets can be separated into 6 main types
as shown in Table 2 and Figure 1. Most notably, 53 multilayered
microsquare targets were delivered to the July 2009 TAP
experiment and 95 thin wire targets were delivered to the January
2010 TAW experiment requiring extensive highly skilled
microassembly.

3) Experimental Response
It is seen as a significant strength of Target Fabrication to be
rapidly responsive to experimental results and conditions by
working collaboratively with experimental groups. The Target
Fabrication group responds to experimental changes during a run
and often implements a number of modifications or redesigns to
the original requests. The number of modifications and variations
usually fluctuates widely across a year and is dependent on the
type of experiment and also on experimental conditions such as
diagnostic and laser performance. On average, during
experiments in the reporting period, 42% of the targets that were
shot were modified or redesigned from the planned target
specifications.  This is higher that the figures for the previous 2
years, which were 30% in 2008-20091 and 32% in 2007-20082.
Figure 2 shows the proportion of targets that were redesigned or
modified during the experiments supported in 2009-2010.

Target Fabrication
Operational Statistics

Experiment Targets Produced
High Specification

Targets

May 2009 TAP 143 2

May 2009 TAW 116 48

July 2009 TAP 101 53

July 2009 TAW 197 82

Oct 2009 GTA 97 0

Nov 2009 TAP 60 43

Nov 2009 TAW 153 56

Jan 2010 TAW 274 95

Mar 2010 TAW 283 0

TOTAL 1424 379

Table 1: Target production summary for 2009-2010.

Target Type
Targets

Produced

Multilayered Microsquares
(100um x 100um)

53

XRTS 41

Multilayered Opacity Targets 28

Thin Wires 95

Ultra Thin DLC 35

Other 0

Table 2: High Specification Target Delivery Summary.

Figure 1: High Specification Target Delivery Summary.

H.F. Lowe,
hazel.lowe@stfc.ac.uk H.F. Lowe, C. Spindloe, M.K. Tolley   (CLF STFC, Rutherford Appleton Laboratory, UK)



The redesign of targets during experiments means that there are
often a number of targets that have been fabricated but that are
not shot by the end of experimental campaigns. As shown in
Figure 3, throughout the year an average of 39% of targets that
were fabricated were either returned un-shot to Target
Fabrication or were unused having been made in preparation for
the experiment but not required due to changes. This is slightly
higher than the figures of 35% for 2008-20091 36% for 2007-
20082.

External Contracts
Scitech Precision Ltd, a spinout company from Target Fabrication,
also supplied microtargets, specialist coatings and consultancy to
a number of external contracts.  A total of ten experiments were
supported at external facilities including LULI, PALS, GEKKO and
GSI.  

Summary
Target Fabrication has supported nine internal and ten external
experimental groups in the last year as well as providing an
increasing amount of characterisation services and acting as a
knowledge base for Target Fabrication activities throughout
Europe.  There was an increase in the number of targets delivered
to experiments on Vulcan compared to 2008-2009 even though
the number of experiments scheduled was the same.

References
1. H. F. Lowe, C. Spindloe & M. Tolley, Target Fabrication

Operational Statistics, CLF Annual Report 2008-2009,
p326-327

2. H. F. Lowe, C. Spindloe & M. Tolley, Target Fabrication
Operational Statistics, CLF Annual Report 2007-2008,
p306-307.

Figure 2: The percentage of pre-requested targets compared to
redesigned targets fabricated throughout the year for each experiment.

Figure 3: The average proportion of targets shot, returned and unused
during solid target experiments on Vulcan in 2009-2010.
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Vulcan Operational Statistics
A.K.Kidd
andy.kidd@stfc.ac.uk A.K. Kidd, T.B. Winstone   (CLF STFC, Rutherford Appleton Laboratory, UK)

Introduction
Vulcan has completed an active experimental year, with 48 full
experimental weeks allocated to target areas TAW and TAP
between April 2009 and March 2010.  This figure is down on
previous years for two reasons :

1) The Vulcan laser was shut down for three months from
August to November 2009 for the rod amplifier upgrade and
recommissioning1.

2)  Single area operations were adopted in January 2010 to
enable front end tests to be undertaken. 

Table 1 below shows the operational schedule for the year, and
illustrates the shot rate statistics for each experiment.  Numbers
in parentheses indicate the total number of full energy laser shots
delivered to target, followed by the number of these that failed.

PERIOD TAW TAP

4 May – 14 Jun

G Tallents 
EUV probing of solar opacity

(41, 5)
(87.8%)

M Borghesi 
Plasma jets driven by petawatt pulses

(48, 7)
(85.4%)

29 Jun – 9 Aug

J Fuchs 
Influence of overlapping high-intensity laser beams on electron

and ion generation and transport
(83, 10)
(88.0%)

M Zepf 
Measurement of enhanced coupling in

counter-propagating fast electron beams
interaction in high-intensity laser-plasma

experiments
(42, 12)
(71.4%)

10 Aug – 8 Nov Rod amplifier upgrade

9 Nov – 20 Dec

D Riley 
Short range screening in warm dense matter

(51, 5)
(90.2%)

Z Najmudin 
Ion acceleration from ultra-thin targets

and near critical density targets
(43, 8)

(81.4%)

11 Jan – 21 Feb

Hoarty (AWE)
A proposal to use laser produced proton beams to isochorically

heat materials for warm dense matter studies
(75, 10)
(86.7%)

8 Mar – 18 Apr

M Borghesi
Laser-driven ion-acoustic solitons in tenuous plasmas

(62,8)
(87.1%)

Table 1. Experimental schedule for the period April 2009 – March 2010

(Shots fired, failed shots)
(Reliability)



The total number of full disc amplifier shots that have been fired
to target this year is 445.  This is a decrease compared with
recent years (Table 2) for the reasons given above.  65 shots
failed to meet user requirements.  The overall shot success rate to
target for the year is 85%, compared to 91%, 90%, 85%, 86%
in the previous four years. Figure 1 shows the reliability of the
Vulcan laser to all target areas over the past five years.  

The shot reliability to TAW has remained roughly constant
compared with 2008-2009 at 88%.  This is encouraging
considering that all of the experiments in TAW in this reporting
year were carried out after the upgrade.  The shot rate in Vulcan
has dropped this year due to the shutdown for the rod amplifier
upgrade.  Again following this upgrade the overall reliability of
Vulcan has remained unaffected.  The shot reliability to TAP is
around 80% and efforts in the coming year will be focused on
increasing the number of good shots to TAP.  

Analysis of the failure modes reveals that, as in recent years, the
two overriding causes of failed shots are alignment and front end
related issues.  It is difficult to distinguish these two causes and in
the coming year we will be commissioning further diagnostics on
the rod amplifier chain (energy monitors and beam profiling after
each amplifier).  Issues with the front end system over the past
year have included timing issues with the shaped long pulse
oscillator, the spectrum of the silicate / phosphate chain and the
opcpa pump laser.  

There is a requirement which was originally instigated for the
EPSRC FAA that the laser system be available, during the four
week periods of experimental data collection, from 09:00 to
17:00 hours, Monday to Thursday, and from 09:00 to 16:00 hours
on Fridays (a total of 156 hours over the four week experimental
period).  The laser has not always met the startup target of 9:00
am but it has been common practice to operate the laser well
beyond the standard contracted finish time on several days
during the week.  In addition, the introduction of early start times
on some experiments continues to lead to improvements in
availability.

On average, Vulcan has been available for each experiment to
target areas for 76.4% of the time during contracted hours and
105.6% overall.  These figures compare with 78.8% and 108.2%
in 2008-2009 to all target areas.  The time that the laser is
unavailable to users is primarily the time taken for beam
alignment at the start of the day.  Over the past twelve months,
each experiment has also experienced an average of 5.7 hours
during the standard working week when the laser has been
unavailable, or just over one hour per day.

Reference
1. A K Kidd et al, “Vulcan rod amplifier upgrade”, CLF Annual

Report 2009-2010.

Table 2. Shot totals and proportion of failed shots for the past five years Figure 1. All areas shot reliability for each year 2005-6 to 2009-10

No of shots Failed shots Reliability

05 - 06 672 93 86%

06 - 07 1043 149 85%

07 - 08 977 98 90%

08 - 09 646 61 91%

09 - 10 445 65 85%
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Laser for Science Facility Access Panel
2009/10

Reviewers

Professor Dame L. N. Johnson FRS (Panel Chair)
Diamond Light Source

Professor C. R. Bagshaw
Department of Biochemistry
University of Leicester

Dr W. S. Brocklesby
Optoelectronics Research Centre
University of Southampton

Professor G. Hancock
Physical & Theoretical Chemistry Laboratory 
University of Oxford 

Professor E. Vauthey 
Physical Chemistry Department Sciences II
University of Geneva, Switzerland

Professor P. O’Neill
Gray Institute for Radiation Oncology and Biology
University of Oxford

Dr E. Peterman
Department of Physics and Astronomy 
Vrije Universiteit Amsterdam, Netherlands

Dr A. C. Jones
School of Chemistry
University of Edinburgh

Professor A. Vlcek
School of Biological and Chemical Sciences
Queen Mary, University of London

Professor L. Frasinski 
J J Thomson Physical Laboratory
Reading

Professor R. Bisby
School of Enviromental and Life Science
University of Salford

Dr A. Beeby
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Science & Technology Facilities Council 
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Science & Technology Facilities Council 

Professor M. Towrie (Molecular & Structural Dynamics)
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Central Laser Facility
Science & Technology Facilities Council 

Dr A. D. Ward (Outgoing Panel Secretary)
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University of Southampton

Professor E. Seddon
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Dr U. Bovensiepen
Department of Physics
University of Duisburg-Essen

Science & Technology Facilities Council
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Dr E. L. Springate (Artemis Section Leader)
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Centro de Fisica de Plasmas/GoLP, Portugal
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Department of Physics
University of York
Dr M. Zepf
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LULI – Director
Ecole Polytechnique
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PALS/Institute of Physics
Academy of Science of the Czech Republic

Research Council Representatives
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Science Programme Office

Science & Technology Facilities Council Representatives

Professor A. M. Dunne (Director)
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Miss C. Hernandez-Gomez (Vulcan Group Leader) 
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Science & Technology Facilities Council

Professor D. Neely (Experimental Science Group Leader)
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Central Laser Facility
Science & Technology Facilities Council 

Dr R. Pattathil (Panel Secretary/Astra Group Leader)
Central Laser Facility
Science & Technology Facilities Council 
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