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12.4 Cryogenic Plant 

12.4.1 Cryogenic refrigerator 

The cryogenic system consists of the cryomodules, cryo-plant, cryogen distribution network and 
a control system. Details of the linac cryomodules are given in Section 3.6. Table 12-4 
summarizes the cryogenic heat loads for the complete linac, which after multiplying by a factor 
of 1.5 for safe and reliable operation determines the design specification for the helium 
refrigerator. NLS therefore requires a refrigerator with a capacity of 4.13 kW at 1.8K. Operation 
of large refrigerators with a capacity of 2.4 kW at 1.9 K has been successfully demonstrated for 
LHC [9,] and these systems are now available commercially. The XFEL refrigerator will also be 
of a similar capacity [10].    

Table 12-4: Heat loads (W) for the complete linac 

  
1.8 K 
static 

1.8 K 
dynamic 

5-8 K 
static 

5-8 K 
dynamic 

40-80 K 
static 

40-80 K 
dynamic

Complete linac 224 2530 202 195 866 1785 

Static + dynamic load  2750  397  2651 

Total design ( x1.5)  4131  596  3978 
 

12.4.2 Cryogenic plant configuration 

Figure 12-16 shows typical components of the cryogenic systems required by NLS.  It consists 
of a 4 K helium refrigerator, set of low and high pressure compressors (warm compressors), a 
set of cold compressors operating at a temperature close to 3 K, 2 K heat exchanger, gas storage 
and control system. The cryogens from the cryoplant will be transported to and exchanged with 
the linac cryomodules via suitable transfer lines. Table 12-5 summarizes basic information of 
the NLS cryo-system. The cooling power required at intermediate temperatures 5 K and 40 K 
will also be provided by the same plant. Liquid nitrogen will be required only in the pre-cool 
stage of the 4 K refrigerator. 

The theoretical refrigerator model developed for TESLA [11] can easily be adapted for NLS. 
Translating these concepts into engineering design however will require significant effort. Even 
if the technology of large refrigerators has developed significantly, the critical operational 
requirements of NLS for a pressure stability of ± 0.1 mbar, for achieving a low level of 
microphonics, and large dynamic range in response to large variation in heat loads, have not 
been demonstrated by any of the existing installed systems.  

In principle a single large refrigerator of 4.13 kW at 1.8 K would be able to provide the cooling 
power required by NLS linac. However, in order to achieve maximum availability and 
reliability sufficient redundancy will be required. The use of two refrigerators, or a systematic 
combination of multiple refrigerator components, are some of the options for consideration. The 
choice will depend upon the availability of reliable components and cost benefit analysis. A 
detailed study will be required to determine the necessary modifications to the design of the 
components of the refrigerators but also to consider the cryogenic distribution scheme and the 
control system.  
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Figure 12-16: Components of the cryogenic systems for NLS 

 

Table 12-5: Basic parameters of the NLS cryo-system. 

Refrigeration (Cooling ) power at 1.8 K 4.13 kW 

Cooling power  at 5-8 K 0.6 kW 

Cooling power at 40-80 K 4 kW 

Electrical consumption 4.13MW 

Size of Cryo-plant hall  (excl. auxiliary services) Approximately 144 m x 32 m 

Total liquid helium in the system 1.3 T 

Helium storage (at room temperature at 20 bar) 400 m3 
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13 Radiation Safety 

13.1 Dose Limits 

NLS will be required to operate with due regard to all relevant radiation safety legislation.  
Initially this will require compliance with the Ionising Radiations Regulations 1999 (IRR99) 
and the Radioactive Substances Act 1993 (RSA93). 

In keeping with the spirit of IRR99, doses to all staff, users and visitors must be kept as low as 
is reasonably practicable (ALARP). As a new facility, the dose limit of 1 milliSievert to any 
person in any year should be adopted. For staff, a derived working limit of 0.5 microSieverts per 
hour is usually adopted, based on 1 milliSievert over a 2000 hour working year. This criterion 
will be the most significant influence on the shielding design. Additional dose constraints [1] 
will apply at the NLS site boundary. If NLS is built on the site of an existing facility from which 
radioactive discharges are made, it must be designed in such a way that the total site boundary 
dose from all facilities must not exceed 0.5 milliSieverts per year. If it is built on a site from 
which no radioactive discharges are currently made, the dose constraint for NLS alone is 0.3 
milliSieverts per year. These limits may therefore have further impact upon the shielding of the 
facility once the location has been determined.  

13.2 Shielding Calculations 

13.2.1 Prompt Radiation 

Preliminary shielding calculations [2] have been carried out using the SHIELD-11 code which 
considers bremsstrahlung and neutrons generated from beam loss on a thick target. These 
calculations indicate that, for the given operational parameters of: 

• Energy 2.2 GeV 
• Charge 200 pC 
• Repetition rate 1 MHz 
• Beam loss 0.01 % 

bulk shielding for the linac vault will need to be of the order of 3.8 metres of ordinary concrete, 
or 0.5 metres of concrete plus 4.3 metres of earth. These are based on reducing the dose outside 
the shielding to less than 0.5 microSieverts per hour. It has been shown [3] that doses arising 
from skyshine radiation can be a significant factor in determining shielding thickness for 
facilities which are located close to the site boundary, so these figures will need to be reviewed 
when the location of NLS has been determined. Further calculations will be required to specify 
the dimensions of entrance labyrinths and ducts. 

13.2.2 Induced Activity 

In addition to shielding the prompt radiation hazard, consideration will need to be given to 
management of induced activity, in machine components such as beam dumps, in air and in 
cooling water. Depending on the location and construction methods employed, the potential for 
activation of groundwater may also need to be assessed.  

Since NLS will not be directing its electron beam onto solid targets for extended periods of 
time, it is likely that most of the activity induced in machine components will be due to short-
lived isotopes. Whilst these components remain part of the machine they are relatively easy to 
control, although special arrangements are required if they need to be transported for repair 
whilst still radioactive, and also for their eventual consignment as waste. 

Above the (γ,n) photoneutron reaction thresholds of 11 MeV in nitrogen and 16 MeV in oxygen, 
radioactive isotopes can be produced in air and water. These represent a potential environmental 
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hazard if released, and a detailed environmental impact assessment will need to be carried out 
once a location for NLS has been agreed and the details of ventilation and drainage systems are 
known. It may be necessary to apply to the Environment Agency for an Authorization to 
discharge liquid or gaseous radioactive waste unless it can be shown that the quantities 
discharged are truly below the level of regulatory concern. 

The principal isotopes produced by air activation are H-3, Be-7, C-11, N-13, O-15, Cl-38 and 
Cl-39, produced by photoactivation, and Ar-41, produced by thermal neutron capture on Ar-40. 
Of these, H-3 and Be-7 are relatively long-lived and their yield is negligible in comparison with 
the other products. The longest-lived product which is produced in any quantity is Ar-41, with a 
half-life of 1.83 hours. These isotopes are removed from the air in the vault through ventilation 
and radioactive decay. 

Table 13-1 shows production source terms in air of the principal products. A power loss of 44 
kW is assumed, based on the operational parameters given at the start of this Section. For 
photoactivation products, a bremsstrahlung path length in air of 2 m is assumed. To calculate 
production of Ar-41 by thermal neutrons, the internal surface area of the concrete vault must be 
known, and is estimated as 3000 square metres. 

Table 13-1 : Yields of principal isotopes produced by photoactivation and thermal neutron capture (Ar-
41 only) in air 

Isotope Half-life Parent elements Yield (with 44 kW power loss, 2 m air path 
length for photoactivation) 

C-11 20.5 min C, N, O 9.7 108 Bq 

N-13 10 min N 9.7 109 Bq 

O-15 2.1 min O 4.9 107 Bq 

Cl-38 37 min Ar 6.0 107 Bq 

Cl-39 55 min Ar 7.5 108 Bq 

Ar-41 1.83 hr Ar 6.8 108 Bq 

 
The (γ,n) interaction in cooling water produces primarily O-15, N-13, C-11 and H-3, the longest 
lived of these being H-3 with a half-life of 12.3 years. The bremsstrahlung path length in a 
cooling water circuit is likely to be only a few centimetres (as opposed to possibly several 
metres in air). If the cooling water circuit is a closed system, the environmental implications for 
its routine operation are likely to be minimal, although the possibility of radioactive water 
released by leakage or accidental damage to the system should be considered. 

Activation of groundwater has not proved a problem at other facilities, however it must be 
demonstrated that the design of NLS does not create possibilities for this to occur, either 
routinely or through a reasonably foreseeable accident. Although activity induced in shielding 
such as concrete is not easily transported, if the concrete is adjacent to earth shielding which is 
itself in contact with groundwater, there is a route by which radionuclides could enter water 
supplies. Additionally, a tunnel design with a relatively thin concrete shield and the remainder 
of the shielding provided by earth opens up the possibility for high energy neutrons to activate 
the earth directly, with consequent transfer of activity to groundwater. 

13.3 Designation of Areas 

Regulation 16 of IRR99 requires an area to be designated as a Controlled radiation area if a 
person entering that area is likely to receive an annual dose in excess of 6 mSv, or if they are 
required to follow special procedures intended to restrict their radiation dose or the effects of an 
accident. As at synchrotron facilities, the radiation hazard inside the shielded enclosures of NLS 
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will generally be negligible when they are not interlocked by the personnel safety system 
(although consideration must be given to components such as beam dumps which have the 
potential for high levels of induced activity after the beam has been switched off). If the model 
used at the SRS and DLS is adopted in designating areas, it is likely that the injector hall, linac 
tunnel, FEL hall and any shielded and interlocked experimental hutches within the experimental 
hall will be designated as Controlled radiation areas on a permanent basis.  

IRR99 defines a Supervised radiation area as one where it is necessary to keep the conditions of 
the area under review to determine whether it should be designated as Controlled, or where a 
person is likely to receive an annual dose in excess of 1 mSv. The surroundings of the 
experimental hall and the klystron gallery may be designated as Supervised radiation areas, at 
least for an initial period whilst environmental dose measurements are taken in the area. 

13.4 Radiation Monitoring  

The installed (active) radiation monitors used at NLS will be based on gamma and neutron 
sensitive ion chambers of a similar type to those currently used at DLS and ALICE. They must 
be able to respond reliably in a 1 kHz – 1 MHz pulsed radiation field. They will be interlocked 
so that beam is tripped or shutters closed as appropriate when the radiation dose / dose rate limit 
outside the shielding is exceeded. 

An environmental monitoring programme using thermoluminescent dosimeters (TLD) will be 
implemented in the Supervised radiation areas and areas outside the shielding which are not 
designated radiation areas. 

13.5 Personnel Safety System 

The Personnel Safety System will be similar to the existing DLS system in that it will be 
compliant with IRR99 and its ACOP and in accordance with EN61508 [4]. The architecture of 
the system will be subject to the analysis of the hazards and probabilistic modelling of safety to 
achieve the target safety levels for the facility. The design of the system will be advised by 
current "best practice" for accelerator access control and key exchange systems, and will 
include the requirement for shielded areas to be searched prior to operation of the light source. 

The processes necessary to comply with EN61508 include the following: 
• Identify the acceptable safety levels required for the facility 
• Identify the hazards using a technique such as HAZID including severity, initiating 

event, frequency of occurrence, non-EEPE control measures and EEPE control 
measures. (HAZID: HAZard IDentification study; EEPE: Electrical, Electronic and 
Programmable Electronic safety system). 

• Identify (from the HAZID) the functional requirements for EEPE  
• Model the safety requirements to generate probabilistic requirements for the safety 

functions, leading to SIL rating. (SIL: Safety Integrity Level). 
• Undertake detailed design work 
• Review the design work with respect to functions 
• Build the Safety System 
• Test functional performance with respect to functional specification 
• Undertake proof tests to ensure continued correct operation. 
• Collect data and review performance against the assumptions in the safety model and 

HAZID 
 

A safety system that is compatible with IRR99 and the “generic prior authorization” will 
include: 

• Hierarchy of control measures 
• “Emergency  Off” buttons 
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• Search systems 
• Key transfer system, with the ability to leave the system disabled 
• “Fail safe” annunciators (signs) 
• Tests at suitable intervals 
• Maintenance 

and is likely to include: 
• PA announcments 
• Blue lights 
• Other warning signs 
• Redundancy and diversity of safety control measures 
• Redundancy and diversity of safety systems 
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APPENDIX A 

Glossary and Common Abbreviations 

ADC Analogue-to-Digital Converter 
ALS Advanced Light Source 
APPLE Advanced Planar Polarized Light Emitter 
ARPES Angularly Resolved Photoelectron Spectroscopy 
as Attosecond 
ASTRA A Space charge Tracking Algorithm 
ATP Adenosine triphosphate 
BAM Bunch Arrival time Monitor 
BCS resistance Bardeen, Cooper and Schieffer resistance 
BESSY Berliner Elektronenspeicherring-Gesellschaft für 

Synchrotronstrahlung 
BPM Beam Position Monitor 
CASTOR Coherent Atto-Second Two-electron Optical Reconstruction 
CCD Charge Coupled Device 
CDI Coherent Diffraction Imaging 
CEBAF Continuous Electron Beam Acceleration Facility 
CM Condensed Matter 
CMOS Complementary Metal-Oxide-Semiconductor 
COTR Coherent Optical Transition Monitor 
CPA Chirped Pulse Amplification 
CSR Coherent Synchrotron Radiation 
CW Continuous Wave 
DAC Digital-to-Analogue Converter 
DC Direct Current 
DESY Deutsches Elektronen Synchrotron 
DFT Density Functional Theory 
DLS Diamond Light Source (Oxfordshire) 
EBPM Electron Beam Position Monitor 
EDFA Er-Doped Fibre Amplifier 
EM Electron Microscopy 
EMMA Electron Machine for Many Applications 
EO Electro-Optic 
EOS Equation of State 
EPICS Experimental Physics and Industrial Control System 
ERL Energy Recovery Linac 
EU XFEL  European X-ray Free Electron Laser Project (Hamburg) 
eV/keV/MeV Electron volt/ kilo electron volt/Mega electron volt 
EXAFS Extended X-ray Absorption Fine Structure 
FEL Free Electron Laser 
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FFAG Fixed-Field Alternating Gradient 
FIR Far Infra-red 
FLASH Free electron LASer Hamburg 
FM Focusing Mirror 
FPGA Field Programmable Gate Array 
FODO Focus-Drift-Defocus-Drift lattice type 
FROG Frequency Resolved Optical Grating 
fs Femtosecond 
FWHM Full Width at Half Maximum 
GENESIS A particle tracking code 
GMD Gas Monitor Detector 
HDM Hot Dense Matter 
HGHG High Gain Harmonic Generation 
HHG High Harmonic Generation 
HiPER European High Power Laser Energy Research 
HOM Higher Order Mode 
HOPG Highly Ordered Pyrolytic Graphite 
HVAC Heating, Ventilation, Air-Conditioning 
HVPS High Voltage Power Supply 
ICF Inertial Confinement Fusion 
ICT Integrated Current Transformer 
IOT Inductive Output Tube 
IR Infra-red 
IXS Inelastic X-ray Scattering 
JLAB Jefferson Laboratory – See entry for TJNAL 
K-B Kirpatrick-Baez 
ks killosecond 
LBNL Lawrence Berkeley National Laboratory 
LCLS Linac Coherent Light Source (Stanford) 
linac Linear Accelerator 
LLRF Low Level Radio Frequency 
LSC Longitudinal Space Charge 
MCP Micro Channel Plate 
MXCD Magnetic X-ray Circular Dichroism  
NEG Non-Evaporable Getter 
NEXAFS Near Edge X-ray Absorption Fine Structure 
NLS New Light Source 
NPC Nuclear Pore Complexes 
NMR Nuclear Magnetic Resonance 
ns nanosecond 
OFHC Oxygen Free High Conductivity 
OPA Optical Parametric Amplifier 
OTR Optical Transition Radiation 
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PAD Photoelectron Angular Distribution (see ARPES) 
PES Potential Energy Surface 
PFM Post Focussing Mirror 
PG Plane Grating 
PITZ Photo Injector Test Facility at DESY, Zeuthen, Germany 
PM Plane Mirror 
ps Picosecond 
QD Quantum Dot 
QE Quantum Efficiency 
R&D Research and Development 
RF Radio Frequency 
RGXBPM Residual Gas X-ray Beam Position Monitor 
RHHG Relativistic high harmonic generation 
RIXS Resonant Inelastic X-ray Scattering 
RMS Root Mean Square 
RP Resolving Power 
S/N Signal to Noise 
SASE Self Amplified Spontaneous Emission 
SNOM Scanning Near-field Optical Microscopy 
SPIDER Spectral Phase Interferometry for Direct Electric field 

Reconstruction 
Soft X-ray/SXR No universally accepted definition- taken here to encompass 

the range 100eV-5keV 
SR Synchrotron Radiation 
SRF Superconducting Radio Frequency 
STED Stimulated Emission Depletion 
STFC Science and Technology Facilities Council 
TBA Triple Bend Achromat 
TDC Transverse Deflecting Cavity 
TEM Transverse Electromagnetic Mode 
TESLA TeV Energy Superconducting Linac Accelerator 
THz Terahertz 
TJNAF Thomas Jefferson National Accelerator Facility 
TOF Time of Flight 
TTF2 TESLA Test Facility (2) 
TZP Transmission Zone Plates 
VLS Varied Line Spacing 
VMI Velocity Map Imaging 
UHV Ultra High Vacuum 
UPS Uninterruptible Power Supply 
UV Ultra-Violet 
WCM Wall Current Monitors 
WDM Warm dense matter 
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XANES X-ray Absorption Near Edge Structure 
XAFS X-ray Absorption Fine Structure 
XAS X-ray Absorption Spectroscopy 
XES X-ray Emission Spectroscopy 
XFEL European X-ray Free Electron Laser Project (Hamburg) 
XHV Extreme High Vacuum 
XPCS X-ray Photon Correlation Spectroscopy 
XPES/XPS X-ray Photoelectron Spectroscopy 
XUV Extreme Ultra-Violet (10-100eV) 
YAG Yttrium-Aluminium-Garnet 
 

Useful Conversions 
Photon energy E= 1 keV Wavelength λ=1.24nm E∝1/λ 

5fs pulse duration Δt ~  0.4eV energy spread ΔE * ΔE∝1/Δt 
 ϖ 10 cm-1 ν 0.3 THz ϖ∝ν 

 * transform limited pulse  
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APPENDIX B 

Repetition Rate 

This issue is rather technical, and needs to be carefully considered for every individual 
experiment, and here we only analyse the situation rather generically. 

The science outlined in the case is organized into the four categories:  

1. IMAGING NANOSCALE STRUCTURES.  
2. CAPTURING FLUCTUATING AND RAPIDLY EVOLVING SYSTEMS.    
3. STRUCTURAL DYNAMICS UNDERLYING PHYSICAL AND CHEMICAL 
CHANGES.   
4. ULTRAFAST DYNAMICS IN MULTI-ELECTRON SYSTEMS.  
 
In 1. Imaging nanoscale structures , the majority of the research falls into the category of single 
shot imaging where the chief requirement is that there are sufficient photons in a very short 
pulse. This therefore puts demands upon peak brightness but not on average brightness. Some 
variants on non-living samples involving two time images could be best achieved by splitting 
and delaying a single pulse – which again puts demands only on the peak rather than average 
brightness/rep-rate. We do not see any serious restrictions placed upon this work by 
constraining the machine to operate at a <500Hz repetition rate, indeed sample handling already 
may make higher repletion rates challenging to utilize. 

For 2. Capturing fluctuating and rapidly evolving systems, the requirement is often to record 
scattering at two moments relatively close in time is critically dependent upon the properties of 
a single pulse and the possibility to split and delay. These measurements would benefit from a 
higher data acquisition rate but could probably still be done at 500Hz. However there is a 
potentially very important class of measurement where rare fluctuations are sought in isolated 
nanoscale objects, and for these an extended series of repeated measurements at 10-100kHz 
repetition frequency are required, this would only be possible using a high repetition rate 
machine. For high density plasma work the handling of high repetition rate (above 100Hz) is 
likely to prove more problematic and counter any signal advantages that might arise from a 
higher available repetition rate. For such measurements it is probably sufficient just to block the 
unwanted pulses from the beam so low or high rep-rate machines are equally effective. 

In contrast much of the science in 3. Structural dynamics underlying physical and chemical 
changes, and in, 4. Ultrafast electron dynamics, will be benefit if a higher repetition rate is 
available, and for some experiments a higher repetition rate is essential. Most of these studies 
are by their nature repetitive measurements, typically utilising a pump-probe arrangement. At 
each pump-probe delay a good signal/noise needs to be acquired and then the measurement 
must be repeated at many delays, and to achieve this in a timescale before sample degradation 
or other changes occur is imperative. Thus in almost all conceivable measurements, whether 
they involve X-ray absorption, IR/THz non-linear optics/emission spectroscopy or photo-
emission, best results are obtained by using a higher repetition rate with pulses of brightness 
below the threshold to cause sample damage. Moreover certain categories of experiment crucial 
to this part of the scientific mission - such as photoemission from solids and coincidence 
measurements probably demand >1kHz repetition rate to make them feasible. In these cases, 
because the count rates must necessarily be very low to avoid fatal distortion to the information 
content of the signal, it is not possible to compensate for a low repetition rate simply by 
increasing the single pulse brightness. Therefore we concentrate here upon these limits to 
indicate what science may become unfeasible unless a repetition rate >>1kHz is available.  
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The solution-phase XAS work depends on an overall fluence of around 1012 photons/s, but, 
mostly because the sample is refreshed continuously, and detection is by transmission (or 
possibly fluorescence in future), i.e. not electrons, to first order it is not critical how this is 
divided up.  There would be clear advantages in a higher rep rate if this increases overall 
fluence, but the fs experiment is currently performed (although heroic) at 1 kHz rep rate on 3rd 
generation femtosecond-sliced sources, so it is clearly possible at 500 Hz on NLS.  (Essentially 
the effect would be to pin the maximum benefit to the difference in numbers of useful 
photons/pulse between a 3rd generation and a 4th generation source which is very large in any 
event). 

It is likely that for most of the longer wavelength vibrational and multi-dimensional 
spectroscopy a higher repetition rate would be beneficial as rather weak features in the spectrum 
are anticipated. Here it would be important to avoid exposing the samples to peak intensities 
that are too high to avoid exciting unwanted channels or promoting too rapid sample 
degradation. 

For XPS in gas phase and from surfaces and in surface sensitive XAS (relying on Auger decay 
from surface sites) that is important in heterogeneous catalysis there will be more severe limits 
placed upon the distortion caused by a high peak brightness that produces too many 
photoelectrons simultaneously. In work on solid state samples involving electron detection, 
space charge effects have a severe effect for a low repetition rate, high intensity source.  A 
number of studies of space-charge effects in photoemission for both ps and fs source (including 
FLASH) are available [1-3].  For example, we know that in core level photoemission of a metal 
at FLASH, space-charge experiments make the experiment untenable at fluences above around 
109 photons per pulse.  Basing an estimate on these numbers for a single spectrum from a bulk 
crystal in the FLASH experiment we can estimate that for a measurement from a more typical 
monolayer at low concentration ~1014 photons would be required to measure the emission at 
each photon energy with acceptable S/N. Assuming 100 different energies are recorded at each 
of 10 different time delays we infer ~1017 photons   are needed to make a full time resolved 
measurement i.e. ~108 pulses. So whereas a 10 kHz rep-rate machine could complete the 
measurement in ~1 hour (a reasonable duration) on the order of 1 day would be required for a 
500Hz machine, this would be more challenging once sample degradation and other 
experimental drifts are accounted for.   

This consideration affects all condensed matter spectroscopies where electron detection is 
involved.  This includes, for example, the ARPES photoemission outlined in Part II Section 
2.3.1 (and as pointed out at the relevant workshop, because of this, a 10 – 100 kHz rep rate is 
desirable).  However it is also critical to the XPS and XAS of surfaces discussed in the catalysis 
section.  XPS is clearly affected, as it involves electron detection.  In XAS, following 
absorption, the most likely process is electron emission.   At surfaces, XAS of (in particular) of 
light elements generally uses surface-sensitive Auger electron yield detection (transmission is 
clearly not appropriate), and this will be subject to space-charge effects in a similar way to 
photoemission.  In this experiment, the species probed will be dilute (as it is at the surface).  
Auger yield signals are normally comparable to transmission EXAFS, but (because of the low 
pathlength of the electrons) come mostly from the surface (typically around 90% of the signal 
comes from the first few tens of Å).   

Very broadly this means the work in homogeneous catalysis is feasible at lower rep-rate, but for 
the work in heterogeneous catalysis higher rep rate is probably essential in many cases.  Both 
categories of catalysis are very important, heterogeneous being at least as important to industrial 
chemical catalysis as homogeneous. 

For applications in valence band photo-emission spectroscopy, which is used to measure 
electronic structures in complex solids and at surfaces, the possibility of having a high-
repetition rate machine with a narrow transform limited energy spread would open new 
horizons. Both energy and temporally resolved measurements (limited only by the uncertainty 
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principle) would then be possible that address hitherto unresolved problems. A high average 
flux, spread over many pulses, is essential to ensure measurable signals that are not completely 
degraded by space charge effects. It is estimated that high resolution ARPES measurements 
require >1013 photons/s and since the number of photons per pulse incident upon the sample 
should be kept to <<109 to avoid severe space charge effects a repetition rate of ~10kHz appears 
to be a minimum requirement to satisfy these constraints.   

The possibility of having ultra-narrow linewidths with a high average flux within that linewidth 
will impact inelastic scattering. Conventional light sources cannot provide this so here would be 
a new opportunity for NLS. The need is for a substantial average flux as the scattered signals are 
weak, but this flux needs to be delivered in many pulses so as to avoid significant sample 
damage. It is estimated that to obtain 10 counts per second in the scattered signal (the threshold 
where these experiments become feasible) requires a flux within the desired linewidth of ~1014 
photon/sec. It is estimated that after spectral selection a 500Hz machine would deliver only 
~1013 photons/second which is possibly insufficient whereas for a 10 kHz machine this rises to 
~2 x 1014 photons/sec which is more acceptable.  So we see this work too is best performed at a 
high repetition rate.  
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APPENDIX C 

New Light Source Consultation Participation 

The first phase of the NLS project was to determine, through wide consultation, the key 
long-term scientific objectives for the UK light source strategy and establish the light source 
capability we need to implement that strategy. 

This consultation aimed to reach existing users of UK light source facilities (DIAMOND, CLF, 
SRS), supporters of recent proposals (4GLS, Sapphire) and the science community in general. 

Consultation Process 
The consultation process included the following: 

• A project launch, 11th April 2008, Royal Society London, 113 attendees excluding 
meeting administration, advertised by email to STFC and DLS lists and on the STFC 
web 

• A series of workshops in five key science areas during May and June, convened by 
co-ordinators drawn from the science community, advertised by email to STFC and 
DLS lists, by flyers to university departments and on the STFC web. These were 
informal meetings with significant time for discussion and debate. 

• Working groups in each of these science areas to further consult within their 
specialisms and to collate the community views, distilling key drivers and 
requirements (through June-August). Membership was by invitation to leading UK 
scientists in each field and international experts 

• Individual input was sought via an email invitation on STFC and DLS lists; this 
input could be either to the project leader, science area co-ordinators, or via a web-
based form 

• Meetings with Research Council representatives (July) 
• Additionally, a workshop on Advanced Photon Sources, bringing together experts to 

discuss the technological capabilities and limitations of both the conventional laser 
and accelerator based light sources on which it may be based 

 
Analysis of input 

Method Registrations 
Attendance at Launch (11th April 2008) 122 
Registered general interest on web (available ~21st March 
2008) 

33 

Attendance at workshops  
Ultrafast Electron Dynamics and Attosec Science; 13th May 
2008 

74 

High Energy Density Science; 20th May 2008 69 
Condensed matter; 21st May 2008 50 
Chemical science 62 
Advanced Photon Sources 81 
Life sciences 51 
Attendance at NLS Community Meeting 24th April 2009 123 
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Membership working groups 
 

Condensed matter (co-ordinator Andrea Cavalleri) 
Andrea Cavalleri Oxford, STFC 
Ian Robinson UCL, DLS 
Gabriel Aeppli UCL   
Elizabeth Blackburn Birmingham 
Gerrit van der Laan STFC 
Paolo Radaelli STFC 
Felix Baumberger St, Andrews 
Peter Hatton Durham 
  
Chemical science (co-ordinators Jonathan Underwood and Wendy Flavell) 
Jonathan Underwood UCL 
Wendy Flavell Manchester 
Jon Marangos Imperial 
Justin Wark Oxford 
Peter Barker UCL 
Majed Chergui EPFL 
Anders Nilsson SLAC 
Helen Fielding UCL 
Ivan Powis Nottingham 
Gopinathan Sankar RI 
Martin McCoustra Heriot Watt 
Julia Weinstein Sheffield 
John Evans Southampton 
Sven Schroeder Manchester 
Christian Bressler EPFL 
Mike Towrie STFC 
Klaus von Haeften Leicester 
Stuart McKenzie Oxford 
  
Ultra fast (co-ordinator Jon Marangos) 
Jon Marangos Imperial 
Jonathan Underwood UCL 
John Tisch Imperial 
Matt Zepff QUB 
Will Bryan Swansea 
Leszek Frasinski Reading/Imperial 
Ian Walmsley Oxford 
Brian McNeil Strathclyde 
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Riccardo Bartolini DLS 
Justin Wark Oxford 
Misha Ivanov Imperial 
Fred Currell QUB 
Nigel Mason Open University 
Emma Springate STFC 
Mark Roper STFC 
David Holland STFC 
  
  
HEDS (co-ordinator Justin Wark) 
Justin Wark Oxford 
Steve Rose Imperial 
Roger Evans Imperial 
Dave Riley QUB 
Gianluca Gregori Oxford 
Malcolm McMahon Edinburgh 
Nigel Woolsey York 
Greg Tallents York 
Dirk Gerricke Warwick 
Dick Lee LLNL 
  
Life Science (co-ordinators Louise Johnson, Peter Weightman) 
Louise Johnson DLS/Oxford 
Peter Weightman Liverpool 
Tony Parker STFC 
David Klug Imperial 
Nigel Scrutton Manchester 
Tony Ng Kings 
Colin Nave STFC/Diamond 
Donna Lammie Cardiff 
Tim Wess Cardiff 
Alan Michette Kings 

 

List of those who responded to inquiry on potential use of flash imaging 

Clive Bagshaw (Leicester) 
Louise Cramer (University College London) 
Ilan Davis (Oxford) 
Hugh Dickinson (Oxford) 
Michael Ferenczi (Imperial College) 
Malcolm Ferguson-Smith (Cambridge) 
Mike Hanon (Birmingham) 
Samar Hasnain (Liverpool) 
Chris Hawes (Oxford Brooks) 
Martin Humphries (Manchester) 
Malcolm Irving (Kings College London) 
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Achilles Kapanidis (Oxford) 
Mark Marsh (University College London) 
Keith Meek (Cardiff) 
Justin Molloy (NIMR, London) 
Harvey McMahon (Cambridge) 
Tony Ng (Kings College London) 
Peter O’Neil (Oxford) 
Nigel Scrutton (Manchester) 
Tony Stead (Royal Holloway College) 
Ashok Venkitaraman (Cambridge) 
Boris Vojnovic (Oxford) 
Peter Cook (Oxford) 
Jason Raff (Oxford) 
 
 
 
UK distribution of involvement 
 

                        
 

 

 






