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1. Introduction 

The XES Atomic Physics End-Station is a suit of equipment that comprises the 
experimental instrumentation required for initial LCLS experiments in atomic physics – 
referred to as atomic, molecular and optical (AMO) science throughout the rest of this 
document.  The initial experiments in AMO science are aimed at understanding the 
interaction of the intense x-ray FEL pulse from the LCLS with the simplest forms of matter: 
atoms, molecules and clusters.  X-rays in the photon energy range produced by the LCLS, 
800-8000 eV, interact with the electrons in atoms, molecules and clusters either through the 
photoelectric process or by scattering elastically or inelastically from them.  High-field and 
multi-photon interactions with these isolated targets will result in multiple ionization of the 
core or inner-shell electrons of the target and the momenta of electrons and ions ejected in 
the process will provide a means to understand the fundamental interaction mechanisms.  
Scattering of x-rays from individual large clusters or collections of smaller clusters will 
provide a means to experimentally investigate the geometries of these tenuous targets in their 
free form (i.e. in the gas phase). The ~100fs duration LCLS x-ray pulse will also provide 
opportunities to study time-evolving states of atoms, molecules and clusters using x-rays 
with unprecedented temporal resolution. 

 Experiments on atoms, molecules and clusters using the LCLS beam will be carried out 
in vacuum chambers connected directly to the soft x-ray branch of the LCLS beamline in 
NEH hutch 2 as shown schematically above in Figure 1.  The apparatus, which is shown 
schematically in Figure 2, will include focusing optics to produce a small x-ray beam in the 
interaction region and several distinct chambers.  Differential pumping will be required to 
protect the optics and downstream experimental chambers from contamination from the 
beamline if the vacuum is not considerably better than the 10-5 Torr quoted in the “Physics 
Requirements for the LCLS X-Ray Endstation Systems”, PRD 1.6-001-r0.  The first 
experimental chamber, the high field photoionization (HFP) chamber, will include a pulsed 
gas source, an array of five electron time-of-flight spectrometers, one of three different ion 

Figure 1: Layout of the soft x-ray lines of LCLS in hutches 1 & 2 of the Near Experiment Hall (NEH).  The AMO 
experiment will be on one of the branches of the soft x-ray line. 
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spectrometers and potentially one or two x-ray spectrometers to measure fluorescent x-rays.  
A diagnostics chamber immediately downstream of the high field photoionization chamber 

Figure 2: A schematic 
representation of the AMO 
end-station equipment to be 
mounted in LCLS NEH 
Hutch 2.  Not shown is the 
Particle Imaging end-station. 
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will include equipment for measuring the x-ray energy, pulse duration and/or temporal 
overlap with an external laser, size, position and angle of the beam at the focus, and total 
energy in the pulse.  A third chamber, not shown in Figure 2, for x-ray scattering from 
clusters (XSC), will include a pulsed gas source, ion spectrometer and large area detector to 
measure the scattered x-ray distribution and be located in place of the HFP chamber when in 
use. 
 A variety of lasers will be required and might be used in one or more locations within the 
experiment at any given time.  A high-power Ti:Sapphire laser will be used during 
commissioning to produce electrons and ions in the experimental chamber in the absence of 
LCLS pulses.  Following commissioning, the laser will be synchronized with LCLS pulses 
and used to ablate atoms and clusters from solid targets, photoexcite temporally evolving 
states in molecules and clusters, dissociate molecules into neutral and charged radical 
fragments, provide a high temporal resolution source for cross-correlation measurements, etc.  
The 800nm fundamental from the laser will be used in some experiments but doubling and 
tripling crystals will be required to produce shorter wavelengths for others.  Additionally, an 
OPA will eventually be needed to produce desired wavelengths of laser radiation to pump 
specific molecular states for further experiments, although it is not required for initial 
operations.   
 A sophisticated control system will be required to align the instrumentation and lasers, 
control the spectrometers, acquire data from the spectrometers on a shot-by-shot basis, and 
provide a means of visualizing the data in a quasi real-time mode for optimization of the 
experimental conditions.  All critical degrees of freedom of the instrument alignment will 
need to be remotely controlled from a user end-station for optimization of user-selected 
signals since the experimental apparatus may not be accessible during operations.  Instrument 
control will include interlock and control of the vacuum equipment, high-voltages, gas jet, 
laser, etc. to provide inherently safe and convenient operation of the apparatus for users 
regardless of their experience.  Data acquisition applications will be required to accumulate 
data from various detectors on a shot-by-shot basis and store it in a tagged format so that data 
can be associated with characteristics of individual LCLS pulses as well as the condition of 
various controlled and monitored aspects of the apparatus.  On-line data viewing and analysis 
routines should be made available for real-time evaluation of the data and conditions by the 
users. 
 

2. Requirements: 
 

2.1. Differential pumping: 
The optics and experimental chamber will require ultrahigh vacuum (UHV) conditions 
of 10-9 to 10-10 Torr whereas the specification for the beam transport tubes is only 10-5 
Torr.  Differential pumping capable of separating these two vacuum requirements with 
out the use of windows or filters may therefore be required.  Note that this requirement 
might be removed if the pressure in the beam transport tube from the FEE deflection 
mirrors to the focusing optics is specified to be <10-9 Torr.  In this case it may be 
necessary to implement differential pumping to isolate the experimental chamber from 
the beam transport line if pressures greater than 10-8 Torr are required. 
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2.1.1. Differential pumping capable of four to five orders of magnitude differential 
pumping is required.  One known system that is capable of these levels of 
differential pumping is the X-Ray Instruments differential ion pump 
(http://www.xia.com/Differential_Pump.html). 

2.1.2. The front aperture of the differential pump should be made of a material capable 
of withstanding the incident power of the full LCLS beam at normal incidence. 

2.1.3. A minimum clear aperture of 5mm × 5mm should be preserved through the pump. 
2.1.4. The differential pumping apparatus should be isolable from the beamline with up- 

and down-stream gate valves to allow for servicing of the pump. 
2.1.5. At least one interlocked ion gauge should be included to assure adequate 

protection of the equipment. 
2.1.6. A video image of the front of the differential pumping aperture and a removable 

fluorescent screen should be included in the control system, together with remote 
control of the transverse positions (X&Y where Z is the beam propagation 
direction) and angles of the pump along with a video image of a removable 
fluorescent screen downstream of the differential pump to ensure clear passage of 
the beam through the pump apertures during alignment. 

2.1.7. The pump stand should be stable and reproducible to ~100μm in the transverse 
dimensions and ~1mm in the beam propagation direction. 
 

2.2. Focusing Optics: 
The divergent LCLS beam will be focused into the experimental interaction region using 
two mirrors in a Kirkpatrick-Baez configuration, with the first mirror deflecting the 
beam vertically and the second deflecting the beam horizontally as shown below in 
Figure 3 (although the directions of deflection may be reversed). The mirrors will each 
be given the appropriate elliptical shape in one dimension using a dynamic bender 
mechanism.  
 

 
Figure 3: Layout of the Kirkpatrick Baez pair focusing optics. 

 

2.2.1. The focusing optics should be able to focus the LCLS x-ray beam to transverse 
dimensions of <1μm2 in the interaction region of the HFP chamber in their initial 
configuration and closer to 100nm × 100nm if possible in a later configuration. 
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2.2.2. The optical surface should be large enough to accommodate a 6σ footprint of the 
beam on the clear aperture of the optic. 

2.2.3. Reflectivity of the surfaces should be as high as possible over 800-2000 eV, at 
least equivalent to B4C at 15mrad incidence angle which is >90% over that range. 

2.2.4. The optical surface should be adaptive in order to change the focal position from 
the interaction region in the HFP chamber to the center of the Diagnostics 
chamber.  The shaper mechanism should be reproducible when switching between 
the two modes in order to facilitate fast changes without time lost to re-
optimization of the focus. 

2.2.5. The optics should have sufficient range of motion to completely remove them 
from the beam with enough clearance to allow the beam to pass cleanly through 
the optics tanks and associated valves and bellows. 

2.2.6. Transverse and angular stability and reproducibility of the stand and alignment 
mechanism should be sufficient to maintain the beam position at the focus to 
within 10% of the focal spot size. 

2.2.7. Baffles/collimators that can withstand the full power of the LCLS beam should be 
positioned ahead of the optical surfaces to prevent normal incidence illumination 
of the optical substrate or bender mechanism. 

2.2.8. The two optics may be mounted together in one vacuum tank or independently in 
two separate tanks.  Position (insertion) of optic in direction of deflection and 
angle of deflection should be under remote control with <1μm positional stability 
and <1μrad angular stability regardless of how they are mounted. 

2.2.9. Vacuum quality in vacuum chambers containing the optics should be better that 
10-9 Torr to preserve the optical surfaces, monitored by a vacuum gauge and 
interlocked to up- and down-stream gate valves and LCLS beam permission. (i.e. 
if the vacuum is not sufficient, LCLS pulses should not be allowed.  A bypass 
mode may have to be designed to allow LCLS pulses to pass through but not 
illuminate the optics if the pressure is >10-7 Torr). 

2.2.10. The control system should be able to shape the optics for different focal lengths 
from 0.1-10m, set the pitch angle of the optics and the insertion depth of the optics 
based on feedback from the diagnostics described below in 2.4.4 
 

2.3. High Field Physics Experimental End-Station (referred to as X1 in the P3 schedule): 
The High Field Physics (HFP) experimental end-station will be the first AMO 
experiment to be commissioned at the LCLS.  It will be used to study the interaction of 
the intense LCLS x-ray pulse with atoms, molecules and clusters.  Specifically, it will 
have capabilities to detect and analyze electrons, ions and fluorescent x-ray photons 
produced by the interaction of the LCLS x-rays with samples of one or more atoms, 
molecules or clusters.  The end-station is comprised of several sub-systems; 1) the 
vacuum chamber and stand, 2) sample gas source, 3) electron spectrometers, 4) ion 
spectrometers, and 5) x-ray spectrometer(s); each of which is separately outlined in 
greater detail below. 
 

2.3.1. Vacuum Chamber & Stand: 
The vacuum chamber and stand will function as the support structure for the rest 
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of the HFP apparatus with the gas source and spectrometers attached to 
appropriate ports.  The stand will be under complete 6-axis remote control in order 
to provide the required alignment capabilities. 

2.3.1.1.  Pressures of as low as ~10-10 Torr will be required in the HFP chamber and 
associated spectrometers.  UHV techniques and compatible materials should 
be used throughout. 

2.3.1.2.  Turbomolecular pumps will be used to pump the main vacuum chamber 
since helium carrier gas will be used with some samples.  A cryopump may 
also be added for additional pumping speeds for heavier species. 

2.3.1.3.  Pressure will be monitored, recorded and interlocked to valves and high 
voltages on the detectors.  The vacuum control system should also have 
functions to safely pump the system down from atmosphere, bake the 
chamber, and vent it to atmosphere. 

2.3.1.4.  A Residual Gas Analyzer (RGA) should be attached to the vacuum chamber 
and continuously monitored and recorded to track the vacuum history of the 
chamber 

2.3.1.5.  A magnetic shield will be fitted inside the chamber and properly connected 
to all of the protruding spectrometers to reduce the ambient magnetic field 
over the electron and ion flight paths to ≤1mG. 

2.3.1.6.  The stand should have a stability of ±1μm over a period of one hour and 
±10μm over one day. 

2.3.1.7.  The stand should provide six axes of motion under remote control with at 
least ±5cm of linear motion and ±5º of angular motion around the nominal 
values.  The reproducibility of the motion should be ≤1μm and ≤1μrad. 

2.3.1.8. Collimators made of materials that can withstand normal incidence 
illumination with the full LCLS beam should be fitted into the chamber to 
prevent the accidental illumination of the vacuum tank or internal 
instrumentations with subsequent ablation of the materials.  The collimators 
can also function as differential pumping apertures for the chamber. 

2.3.1.9. A retractable beam stop should be built into the end of the chamber (i.e. 
before the downstream gate valve) to allow independent operation of the 
high-field physics end-station when the diagnostics chamber is not ready to 
accept beam.  

2.3.1.10. A retractable viewing screen (as outlined below in 2.4.4) should be located 
so as to be able to view the beam at the interaction region when the LCLS 
beam is sufficiently attenuated so as to prevent damage to the screen. 
 

2.3.2. Sample Gas Source: 
Atoms, molecules and clusters will be introduced into the interaction region, where 
the LCLS light pulse interacts with the sample, via a skimmed supersonic expansion 
jet.  Continuous and pulsed jets will be used for different experiments. Future 
sample sources will include ovens for producing beams of involatile samples, laser 
ablation from solid targets, discharge cells for producing radicals and laser 
excitation of sample gases.  Initial experiments will use a pulsed gas jet of simple 
atoms and molecules, so the initial design should focus on this capability.  Hardware 
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for mixing sample gases with carrier gases (i.e. sample molecules at a few percent 
concentration in He or Ar) should also be included in the design together with the 
plumbing for delivering the sample to the pulsed valve. 

 
Figure 4: Schematic sketch of the main elements of the pulsed gas sample jet. 

 
2.3.2.1. Sample densities ranging from several atoms in the ionization volume (a 

cylinder approximately 1μm in diameter and 5 mm in length), corresponding 
to an equivalent pressure of ~10-10 Torr, up to 106 atoms in the ionization 
volume. 

2.3.2.2. The sample nozzle will be located in a vacuum chamber that communicates 
with the main experimental chamber only through the skimmer nozzle.  It 
should be isolable from the main chamber using a gate valve as it will require 
more frequent access for repair and cleaning than the main chamber.  To 
prevent large differential pressure across the skimmer when venting or 
pumping down the sample chamber, a bypass valve should be included.  A 
conflat flange should be used to connect the sample chamber to the 
valve/main chamber but ISO flanges would be more appropriate for the 
remaining flanges on the skimmer chamber. 

2.3.2.3. The skimmer nozzle should be aligned to the interaction region in the center 
of the chamber where the LCLS pulses will interact with atoms and 
molecules from the sample jet to within 0.25mm. 

2.3.2.4. A large capacity magnetically levitated turbo pump (~2000L/s) will be 
required to accommodate the high gas loads in the sample chamber. 

2.3.2.5. A high throughput oil-free corrosive gas resistant primary pump should be 
used to back the turbo pump in order to handle high gas loads from 
continuous beam nozzles and facilitate the production of large clusters with 
the pulsed nozzle 

2.3.2.6. Vacuum gauging capable of measuring the pressure in the sample chamber 
from atmospheric pressure down to 10-10 Torr, albeit not necessarily using a 
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single gauge, should be provided on the skimmer chamber along with 
gauging on the primary pump input and the sample feed lines. 

2.3.2.7. A piezoelectrically actuated pulsed valve will be used to produce pulses of 
sample gas.  The valve needs to be capable of operating at frequencies of 120 
Hz and below with variable opening times from 1μsec to 200μsec.  The size 
of the nozzle aperture should be adjustable – though the replacement of an 
aperture disk or some similar mechanism. 

2.3.2.8.  The position of the pulsed valve relative to the skimmer aperture should be 
remotely adjustable over a range of at least ±5mm in the two transverse 
dimensions and ±10cm in the insertion direction.  The additional range of 
motion in the direction along the axis of the gas jet (defined as Z here) should 
be able to bring the nozzle almost into contact with the skimmer cones as well 
as withdraw it up to 20cm away.  Larger adjustments will require venting the 
sample chamber to access mounting hardware.  A few degrees of angular 
adjustment of the nozzle alignment under remote control would be 
advantageous if possible. 

2.3.2.9.  Additional mounting points should be provided in the skimmer chamber to 
be able to attach ovens or laser ablation hardware. 

2.3.2.10.  Flanges should be provided on the sample chamber to bring in a laser 
beam for laser excitation of the sample at the tip of the nozzle, or to desorb 
material from a solid rod.  Additional flanges should also be provided for 
electrical feed-throughs to power ovens or motors, etc. 

2.3.2.11.  Plumbing connecting the gas jet to the sample bottle will include a 
manifold and shut off valves to: safely interlock the pressures of the sample 
chamber and main chamber to the gas delivery; control the pressure of the 
sample gas with high stability; monitor the pressure delivered to the valve; 
change between two sample reservoirs; and evacuate the manifold using a 
connected pump.  The manifold pump should be an oil free corrosive gas 
resistant pump capable of base pressure of <100mTorr.  An example of such a 
manifold hat has been used previously at the ALS at LBNL is given below in 
Figure 5. 

2.3.2.12. All pumps should be exhausted to an appropriate pump gas exhaust 
system, particularly when hazardous gases are used. 

2.3.2.13. The control system for the sample source should have two components; a 
machine protection system that ensures proper operation of the valves, ample 
selection, pump controls, and monitors the vacuum pressures; and an 
experimental control system that controls the sample pressure, pulsed valve 
timing, position of the nozzle, etc. 

2.3.2.14. The possibility of adding one or more additional stages of skimmer 
chambers between the sample nozzle and the interaction region should be 
considered in the design.  Although there is currently no plan to include more 
than one skimmer, sample density requirements might require additional 
skimming and collimation of the beam.  An additional skimmer chamber 
would have much lower gas throughput requirements and could be 
considerably shorter than the primary skimmer chamber. 
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Figure 5: Example of a gas mixing manifold to mix low pressure hazardous gases with high 
pressure rare gas for use in a gas jet.  This manifold was used for experiments at the ALS at 
LBNL and required manual controls of the valves – unlike a t LCLS. 
 

2.3.3. Electron Spectrometers: 
Five time-of-flight (TOF) electron spectrometers, each approximately 0.5m in 
length, will be arranged around the interaction region at the angles specified below 
in order to measure both dipole and non-dipole angular distributions.  The 
spectrometers will incorporate electrostatic lenses to retard fast electrons in order to 
achieve resolutions (E/ΔE) of up to 10,000 for electrons for electron kinetic energies 
up to 4000 eV.  Higher electron kinetic energies, at least up to 8kV, will also need to 
be accommodated, albeit with relaxed resolution requirements, to observe 
multiphoton ionization processes.  Initial experiments will focus on photoionization 
of single isolated atoms and molecules but eventually larger species such as clusters 
will be studied, resulting in significantly higher signal rates. 

 
Figure 6: Sketch of the electrostatic elements in one of the electron time-of-flight spectrometers. 
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2.3.3.1. The electron spectrometers will be approximately 0.5m in length and 
incorporate a four element electrostatic lens to decelerate fast electrons 
without significant loss of transmission over the deceleration range 1-99% of 
the initial kinetic energy. 

2.3.3.2. Electrons with kinetic energies of 1 – 4000eV should be measured with an 
energy resolution of up to 104.  The retardation lens will be used to slow the 
electrons to provide sufficient dispersion to meet this resolution criteria while 
not seriously degrading the transmission of the spectrometers. 

2.3.3.3. Retardation of fast electrons of up to 4000eV down to kinetic energies of 
1% of the initial kinetic energy should be possible using appropriate 
electrostatic design of the lens elements and dispersion section. 

2.3.3.4. Referring to the figure below, the five spectrometers should be oriented at 
the angles given in the table below. Note that the chamber will not be 
rotatable, so alternative means of calibrating the relative efficiencies of the 
detectors will need to be developed. 
 

 
Figure 7: Coordinate system for the electron spectrometer orientation.  In this coordinate system 
z is the photon propagation direction and x is the direction of polarization of the light. 
 
Table 1: Orientation of the five electron spectrometers. 

 θ φ ψ comment 
1 0º 0º 0º Along y-axis 
2 0º 0º -35.3º Magic angle in xy dipole plane 
3 0º 0º -90º Along x-axis 
4 35.3º 0º 0º Non-dipole 
5 35.3º 0º 125.3º Non-dipole 

2.3.3.5. Mechanisms should be provided to align the noses of the TOF’s with the 
interaction region with a travel of ±5mm in the two transverse directions.  
The motion should be under computer control with applications for scanning 
the position of the TOF’s while measuring signal from the detectors in order 
to align them to the interaction region.  If possible, motion in the direction 
along the TOF axis should also be provided, with a range of 10mm. The 
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noses of the TOF’s will be tightly packed around the interaction region, so a 
means of preventing the TOF’s from damaging each other should be provided 
in the hardware/software. 

2.3.3.6. Electrons traveling down a time-of-flight electron spectrometer will arrive at 
the detector at different times, depending upon their kinetic energies.  Spectra 
will be obtained by detection of the time of arrival of the electrons at the 
detector relative to the time they were liberated from the sample in the 
interaction region, i.e. the time when the photon pulse passes through the 
interaction region.  Electrons will be detected as a current pulse on a metal 
anode following amplification in a pair of 40mm microchannel plates.  
Depending on the signal rate, one of two different time analysis schemes will 
be used.  If one electron or less is detected per pulse in a 1ns time window, 
time-to-digital conversion can be used where the current pulse from the 
detector anode is amplified in a pre-amplifier, converted to an ECL or NIM 
pulse by a constant-fraction discriminator and time stamped by a time-to-
digital converter.  When more than one electron is incident upon the detector 
in a short time window (~1ns) an analog method must be used to determine 
the number of electrons hitting the detector.  The current pulses are amplified 
with (20× – 50× gain) analog preamplifiers and the voltage versus time signal 
measured with a high-speed digitizer.  Voltage resolution of the digitizer must 
be sufficient to discriminate between one, two, three,… electrons striking the 
detector simultaneously and the temporal resolution must be sufficient to not 
degrade the energy resolution of the TOF (≤100ps). 

2.3.3.7. Vacuum quality at the interaction region must not be compromised by the 
inclusion of the electron TOF spectrometers.  Only UHV compatible 
materials may be used in the construction.  To prevent locally high pressure at 
the detector, which must be maintained at a pressure of ≤10-6 Torr, and to 
prevent pressure build-up due to inadequate conductance to the end of the 
TOF which will then act as a virtual leak in the main chamber, a small 
turbopump may need to be fit to the end of each spectrometer.  The turbos 
could be backed into the mouth of the large chamber pump to ensure good 
vacuum levels. 

2.3.3.8. Magnetic fields in the flight path of the electrons from the interaction region 
to the detectors in the TOF’s should be low enough to not affect the 
transmission of the analyzers by more than 1%.  Mu-metal shielding of one or 
two layers can be used to reduce the magnetic field in the chamber and the 
spectrometers, but care must be taken in the design to ensure that joints in the 
shielding match very well to prevent field leakage at the joint to ensure that 
field penetration though openings and apertures is minimized through the use 
of protruding sleeves and hole arrays where necessary. 
 

2.3.4. Ion Spectrometers: 
Measurements of ion charge states and momenta can provide a great deal of 
information about the interaction of the LCLS pulse with the sample atoms, 
molecules or clusters.  For example, simply measuring the charge state of ions of Ne 
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at a given photon energy can provide insight into the degree of multiphoton 
ionization in the intense LCLS beam.  More sophisticated measurements of the 
momenta of the ions can provide information about the partitioning of the 
photoionization energy into different channels and probe the dynamics of the 
processes.  A set of three different ion spectrometers are required for the LCLS 
AMO instrument: 1) an integrating Wiley-McLaren spectrometer that measures only 
the flight times of the ions, 2) a velocity map imaging spectrometer that projects 
ions of different momenta to different positions on the detector and 3) an ion recoil 
momentum spectrometer that measures the time and position of each ion’s impact 
on the detector and therefore uniquely identifies the momentum of the ion in three 
dimensions.  Changing from one type of spectrometer to the next is envisioned to 
require venting the end-station, removing and replacing the spectrometer.  If they 
are each mounted on a common sized flange, changing the spectrometer should be 
quick, requiring only a short time at atmosphere for the end-station. The orientation 
of the ion spectrometers should be coaxial with the x-axis, in the polarization plane 
of the FEL beam, as shown above in Figure 7.  The major pros and cons of each 
type of spectrometer are given in the individual descriptions below. 
 
2.3.4.1. Integrating ion spectrometer (Wiley-McLaren type):  This spectrometer will 

be used to measure mass-to-charge ratios, m/q, for ions produced in the 
interaction of the LCLS pulse with atoms, molecules and clusters.  It requires 
an electric field to accelerate the ions towards the detector followed by a field 
free dispersion section where ions with different m/q values disperse in time 
before hitting the detector.  It has the advantage of being a simple technique 
with the ability to detect individual ions hitting the detector or large numbers 
of ions hitting the detector simultaneously.  The main disadvantage of this 
detector is the information that is lost about the position of the ion impact on 
the detector which can provide knowledge about the momenta of the ions. 
 

 
Figure 8: Schematic sketch of the Wiley-McLaren momentum integrating ion TOF.  Two 
separate fields, Es and Ed are used to accelerate ions created in the interaction region into the 
field free (E=0) flight tube where they are dispersed depending on m/q. 
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2.3.4.1.1. The spectrometer should be designed to achieve sufficient resolution 
to uniquely identify all charge states of Ne, 1+ - 10+, with m/q ratios 
ranging from 2 to 20.  Atomic resolution of larger clusters should also be 
achievable for clusters up to 100 atoms – i.e. requiring a resolution of 
100:1. 

2.3.4.1.2. Wire grids are typically used as ion optic elements in TOF 
spectrometers.  The transmission of the grids should be as large as 
practically possible, preferably >95%. 

2.3.4.1.3. Clear apertures should be provided in the repeller electrode to allow 
electrons created in the interaction region to reach the five electron 
detectors.  Note it might be necessary to move the repeller electrode to 
achieve this goal.  If the gas jet is used in a non perpendicular geometry, 
the electrodes should not interfere with the propagation of the jet. 

2.3.4.1.4. Only UHV compatible materials that are completely non-magnetic 
(particularly close to the interaction region) should be used in the 
construction of the spectrometer. 

2.3.4.1.5. Voltages applied to the ion optics (grids) may either be constant, in the 
case where there is no interest in detecting electrons from the interaction 
region, or pulsed, when coincident electron detection is desirable.  
Voltages are typically in the 1-2kV range.  When pulsed, the electric field 
in the interaction region must be sufficiently small (essentially zero) to 
not interfere with electron trajectories for ~100’s of nanoseconds 
following the LCLS photon pulse.  The potential pulse should then have a 
very sharp rise, <100ns, with a plateau long enough to allow the ions to 
reach the detector before switching off and discharging the electrodes in 
time for the next LCLS pulse. 

2.3.4.1.6. A large (~120mm diameter) position integrating (i.e. solid metal 
anode) microchannel plate ion detector will be used to detect the ions.  It 
is expected that multiple ions with a given m/q ratio will typically strike 
the detector per LCLS pulse, so transient pulse detection will be 
appropriate (as described above in 2.3.3.6).  The electronic parts required 
to measure the signal in TDC mode should also be available, however. 

2.3.4.1.7. Magnetic shielding, while not strictly required for ion TOF 
spectroscopy, should be integrated into the detector to reduce the field 
penetration from the large hole in the magnetic shielding of the main 
chamber required to insert the ion spectrometer. 

2.3.4.1.8. Any ceramic (or other) insulators should be shielded so as to not be 
visible to the flight path of the ions down the spectrometer. 

2.3.4.1.9. Ideally the entire spectrometer should be mounted on a single flange 
that has a common size with the other two ion spectrometers to facilitate 
swapping them. 
 

2.3.4.2. Velocity Map Imaging Ion Spectrometer: Significantly more information 
about the momenta of the ions can be obtained by measuring the positions 
where the ions hit the detector.  One method commonly used has been given 
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the name “velocity map imaging” where the expanding sphere of ion 
momenta is projected onto a flat circular detector using appropriate 
electrostatic potentials.  Using mathematical tools such as Abel 
reconstructions, the original sphere can be reconstructed.  This technique has 
the advantage of maintaining information about the momenta of the ions, and 
it is simple to distinguish between beta values of +2 and -1 for example.  It is 
also well suited to situations where many ions will strike the detector in a 
single shot, since the detector is comprised of a pair of channel plates to 
amplify the ion signal onto a subsequent phosphor screen that is imaged with 
a CCD camera.  The one significant drawback of the technique is that it is not 
time-resolving and hence cannot determine the momenta of the ions in the 
direction of the detector nor separate species based on their m/q ratios. 
 

 
Figure 9: Schematic sketch of the velocity map imaging ion spectrometer.  The phosphor 
screen is imaged by the CCD camera on a shot-by-shot basis. 

2.3.4.2.1. Velocity map imaging techniques are typically limited to energy 
resolutions of approximately 1%.  Any lensing or retardation schemes 
that can improve that resolution to 0.1% should be incorporated in the 
design. 

2.3.4.2.2. Open aperture ion optics are typically used in ion imaging techniques.  
The small size of the interaction volume should be exploited to use the 
smallest reasonable apertures to mask signal from interaction of the 
LCLS pulse with background gases over its trajectory.  Typical values 
found in the literature are 70mm diameter lens elements with 20mm 
apertures separated by 15mm. 

2.3.4.2.3. A solid repeller is typically used in velocity map imaging.  Holes will 
need to be provided to allow use of the electron spectrometers in the 
presence of the repeller.  Electrostatic modeling will be required to 
determine the effect of the grounded electron TOF noses on the focusing 
properties of the velocity map imaging spectrometer. 

2.3.4.2.4. Pulsed electric extraction fields will be required for some operational 
conditions as in section 2.3.4.1.5. 

2.3.4.2.5.   The length of the flight tube will depend upon the desired energy 
dispersion.  Typically flight tubes of 30-70cm have been used for lower 
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energy laser ionization experiments.  Electrostatic modeling will be 
required to identify the ideal tube length for LCLS operations.  It is 
expected that different lengths will be appropriate for different situations, 
so the ability to change the flight tube, and likely vacuum chamber, 
length should be considered in the design. 

2.3.4.2.6. The detector consists of a chevron mounted pair of channel plates 
followed by a phosphor screen which is imaged by a CCD camera.  Ions 
striking the front of the channel plates are amplified to ~106 electrons 
which are then accelerated onto the phosphor screen where they produce 
a flash of light that is recorded by the CCD camera.  Ideally the camera 
should be read out at the LCLS frequency of 120 Hz.  Data reduction 
techniques can be used to reduce the images by applying threshold limits 
to the data and forming a binary image.  Focusing the entire phosphor 
screen onto a separate photomultiplier tube can provide a measure of the 
number of ions striking the detector with each LCLS shot, a useful 
diagnostic.  Finally, the current pulse at the back of the MCP stack can be 
decoupled, amplified and recorded, providing a measure of the m/q signal 
as well. 

2.3.4.2.7. Velocity map imaging ion spectrometers can also be used to image 
electron emission in photoionization with a change in the polarity of the 
optics and detector.  Due to the design of these spectrometers to image 
fairly low kinetic energy ions, they are typically only suited for use with 
low energy electrons (up to ~50 eV).  Additional power supplies should 
be included to provide this capability.  Electrostatic modeling will be 
performed to determine the optimal voltages and electrode geometries for 
electron spectroscopic operation. 

2.3.4.2.8. Magnetic shielding should be incorporated into the design and 
integrated with the magnetic shielding of the main chamber to maintain 
the required low magnetic field in the interaction region and down the 
length of the flight tube, particularly for operation with electrons. 

2.3.4.2.9. The spectrometer should be designed to be swappable with the Wiley-
McLaren type and momentum resolving ion spectrometers, using 
common mounting flanges, etc. as outlined in section 2.3.4.1.9. 
 

2.3.4.3. Ion Momentum Spectrometer: This class of ion spectrometer has been made 
very popular by the successful application of the Reaction Microscope 
instrument to many fundamental problems in atomic and molecular 
photoionization.  At its heart is a unique detector that measures the time and 
position of the impact of each ion at the detector, thus uniquely identifying 
the three dimensional momentum of the ion.  When the ion originates from a 
cold atomic or molecular beam (i.e. from a supersonic nozzle) the momentum 
resolution is sufficient to measure the recoil momentum of the ion from the 
ejected photoelectron.  Use of these detectors at the LCLS will be limited by 
their inability to detect many particles simultaneously.  To measure the 
position of impact of the ion, these detectors use anodes with two or three sets 
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of helically wound wires as anodes.  When the charge cloud from the MCP 
strikes the wires, signal propagates towards either end of the wire.  By 
measuring the time required for the signal to travel to each end of the wire, 
the location of the impact can be determined.  In this method, however, a 
large number of simultaneous impacts will confuse the signals and make it 
difficult or even impossible to disentangle which signals correspond to others 
at each end of each wire and between different wires.  To overcome this 
limitation, experiments performed using this detector will require low count 
rates, limited to ~4-10 ions per LCLS shot. 

 
Figure 10: Schematic of the momentum resolving ion spectrometer utilizing a delay line 
anode to detect the time and position of arrival of each particle. 
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2.3.4.3.1. The wound wire anode is the unique component of the momentum 
spectrometer.  A hex anode, with three separate windings resulting in 
improved multiparticle detection will be used.  The 120mm diameter 
version of the detector HEX120 from RoentDek Handels GmbH is the 
detector of choice unless a more capable one can be identified. 

2.3.4.3.2. Wire mesh electrodes are typically used to provide a uniform electric 
field across the interaction region to extract the ions towards the drift 
region.  Addition of an aperture lens to focus the ions onto the detector 
greatly improves the momentum resolution. Interferences between the 
grids and their supports and the electron TOF spectrometers will need to 
be carefully considered.   

2.3.4.3.3. Recoil ion momenta spectra are typically measured using a constant 
electric field in the interaction region.  Capabilities to pulse the electric 
field and hence measure electron spectra simultaneously with the recoil 
ion momenta spectra with each LCLS pulse are desirable.  Detailed 
electrostatic modeling will be required to investigate this possibility. 

2.3.4.3.4. The spacing between the grids and aperture lens and length of the field 
free drift region will depend on the experimental goals and should 
therefore be designed to be modified with complete disassembly of the 
instrument (i.e. on the bench).   

2.3.4.3.5. A wire mesh will also be used in front of the detector’s MCP to 
provide a uniform potential in the field free ion drift region. 

2.3.4.3.6. Power supplies should be provided to run the instrument as either an 
ion or electron spectrometer, requiring opposite polarities on the 
electrodes and detector biases. 

2.3.4.3.7. Detector electronics and data acquisition software should be provided 
to operate the anode in either a pulse counting mode, where current pulses 
at the ends of the wires are amplified, discriminated and converted to 
digital time signals, or in an analog mode where signals from the ends of 
the wires are amplified and then recorded with a high-speed digitizer. 

2.3.4.3.8. Magnetic shielding should be incorporated into the spectrometer in 
order to minimize field penetration into the interaction region similar to 
the other ion spectrometers. 

2.3.4.3.9. The spectrometer mounting flange should be consistent with the other 
two ion spectrometers allowing relatively simple change over between the 
different types of ion spectrometers as in section 2.3.4.1.9.   

2.3.4.3.10.  An offline vacuum storage chamber should be included in the design 
and fabrication effort to provide a chamber for proper storage of the 
channel plates while maintaining the UHV cleanliness of the ion optics 
etc.  This off-line chamber could also be used as a test stand for the 
spectrometers when they are not in the main chamber.  
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2.3.5. X-ray Emission Spectrometers: 

Following the interaction of the intense LCLS pulse with a sample of atoms, 
molecules or clusters, inner-shell vacancies will be created with the ejection of 
electrons and creation of ions.  Some of these inner-shell vacancies will decay via x-
ray fluorescence.  X-ray spectrometers that can collect, disperse and detect that 
radiation will provide an additional means with which to view the 
photoionization/photoexcitation processes.  X-ray emission spectroscopy (XES) has 
key advantages over charged particle analysis and is complementary in other ways.  
Firstly, XES is not particularly sensitive to charge in the interaction region, and 
higher pressures can therefore be used in the interaction region, ensuring adequate 
signal at the low repetition rate of the LCLS.  XES is complementary to charged 
particle analysis since it probes de-excitation pathways that do not emit additional 
electrons or ions.  Two emission spectrometers are envisioned for the high-field 
experimental end-station in order to be able to measure the asymmetry of the x-ray 
emission directly. 
 
 
 

 
Figure 11: Commercially available GammaData XES350 x-ray emission spectrometer.  This 
spectrometer was originally designed for 2nd generation light sources and might not be best 
suited for the LCLS project. 
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2.3.5.1. The emission spectrometers should be capable of detecting photons in the 
energy range from 200eV up to at least 2000eV, covering the range of Ar L-
shell emission to the highest incident photon energy available on the soft x-
ray branch of the LCLS, approximately 2000 eV. 

2.3.5.2. The energy resolution of the spectrometers should be 0.1% of the detected 
photon energy, matching the bandwidth of the unmonochromatized incident 
radiation. 

2.3.5.3. Multichannel detection should be employed covering an energy range of 
±10% of the detected photon energy.  Some means of calibrating the linearity 
of the detector will have to be developed. 

2.3.5.4. The detector should be capably of being read on a shot-by-shot basis with 
the full detector image stored for each shot unless some online data reduction 
techniques can be developed, in which case it should be retained as an option. 

2.3.5.5. The spectrometer does not require an entrance slit, since the photon beam 
will be focused to a small waist in the interaction region.  An XY aperture 
would be helpful to mask scattered radiation from the many other 
instrumentation  pieces sticking into the interaction region. 

2.3.5.6. Ideally the spectrometers should be installed in conjunction with the 
electron and ion spectrometers.  It seems unlikely that they will all fit at the 
same time around the interaction region, however.  A secondary plan to 
install at least one spectrometer at an angle but in the gravity plane during 
electron spectrometer operations should be investigated.  If the emission 
spectrometer can be designed to utilize the electron spectrometer ports, the 0º 
and 90º dipole plane electron spectrometers could be removed and replaced 
with the emission spectrometers for XES operations.  Alternatively, placing 
the emission spectrometers in the downstream diagnostics chamber could also 
be explored.  In the diagnostics chamber they might require entrance slits for 
adequate resolution when the LCLS beam is focused in the high-field 
chamber. 

2.3.5.7. The instrument control system should appropriately interlock high voltages, 
vacuum pumps and valves for safe operation of the instrument.  Furthermore 
it may need to be configurable if the position and number of spectrometers is 
changed with experimental conditions. 
 

2.4. Diagnostics Chamber: 
Taking advantage of the low density and hence transparency of the atomic and molecular 
samples in the high-field physics chamber, properties of the LCLS pulse can be 
measured in a downstream chamber, the diagnostics chamber.  There are many 
properties of the LCLS pulse that would be useful to know on a shot-by-shot basis, 
including: 

• peak power 
• temporal properties (duration, temporal overlap with external laser…) 
• photon wavelength & bandwidth 
• beam position and trajectory 
• beam size and divergence 
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Instrumentation in the diagnostics chamber used to determine these parameters will 
include a magnetic bottle electron time-of-flight spectrometer, fluorescent screens imaged 
with video cameras and a cryogenic bolometer.  The diagnostics system should be self-
contained and be capable of being relocated to other locations in the LCLS hutches if 
necessary.  In addition, the fluorescence spectrometers might need to be located in this 
chamber due to spatial constraints in the high field experimental chamber. 
2.4.1. Vacuum Chamber & Stand: 

The vacuum chamber requirements are similar to those of the high field 
experimental end-station with UHV conditions and strictly oil-free pumping.  The 
vacuum chamber and instrumentation must also be moveable in at least four degrees 
of freedom, X and Y (where Z is the direction of beam propagation), and the 
corresponding angles to align the chamber with the photon beam from the focusing 
optics.  

2.4.1.1. A base pressure of ~10-10 Torr will be required in the diagnostic chamber 
although higher operating pressures (up to 10-6 Torr) may be used to produce 
sufficient signal.  UHV techniques and compatible materials should be used 
throughout. 

2.4.1.2.  Turbo molecular pumps will be used to pump the vacuum chamber since 
helium carrier gas will be used with some samples.  Only oil-free backing 
pumps will be used. 

2.4.1.3. A differential pumping section aligned to the interaction region in the 
diagnostics chamber will be required to isolate the UHV high field physics 
chamber from the moderate pressures in the diagnostics chamber.  
Differential pumping apertures should be made of materials capable of 
withstanding normal incidence illumination by the LCLS beam. 

2.4.1.4. Vacuum will be monitored, recorded and interlocked to valves and high 
voltages on the detectors.  The vacuum control system should also have 
capabilities to safely pump the system down from atmosphere, bake the 
chamber, vent it to atmosphere, and respond to the failure of various 
pumping components or line power. 

2.4.1.5. The diagnostics chamber should be connected to the upstream high field 
physics chamber through a bellows with gate valve to be able to isolate the 
two vacuum systems. 

2.4.1.6.  A Residual Gas Analyzer (RGA) should be attached to the diagnostics 
chamber and continuously monitored and recorded to track the vacuum 
history of the chamber 

2.4.1.7. The stand should have a stability of ±1μm over a period of one hour and 
±10μm over one day. 

2.4.1.8.  The stand should provide at least four axes of motion under remote control 
with at least ±5cm of transverse linear motion and ±5º of angular motion 
around the nominal values.  The reproducibility of the motion should be 
≤1μm and ≤1μrad. 

2.4.1.9. A beam stop capable of surviving the full LCLS pulse energy at 120 Hz 
should be fitted to the back of the diagnostics chamber and should be large 
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enough to be hit by the beam over the full range of motion of the 
chamber/stand with or without the focusing optics in place. 

2.4.1.10.Collimators made of materials that can withstand normal incidence 
illumination with the full LCLS beam should be fitted into the chamber to 
prevent the accidental illumination of the vacuum tank and subsequent 
ablation of the tank walls. 
 

2.4.2. Diagnostics Sample Source: 
In some instances an effusive gas jet may be the source of choice and in others a 
skimmed supersonic beam might be required.  Rather than reproduce the skimmed 
supersonic gas jet and skimmer chamber, however, it might be advantageous to 
provide a simpler gas jet system for the diagnostics chamber and provide a port 
where the source from the high-field chamber could be used in those circumstances 
where it is required 
2.4.2.1. A pulsed jet identical to that described in section 2.3.2.7 should be designed 

for the diagnostics chamber, albeit operating at lower gas throughput. 
2.4.2.2. The gas jet will be similarly skimmed, although probably with a larger 

diameter skimmer located closer to the interaction region, resulting in easier 
alignment and higher chamber pressure. 

2.4.2.3. A vacuum isolation gate valve with bypass should also be provided.  In this 
case the skimmer will probably be on the UHV side of the gate valve, so 
some mechanism of locking the valve open for access (with our hands) and to 
prevent the gate from crashing into the source nozzle. Maybe manually 
actuated? 

2.4.2.4. The nozzle should be mounted on an XYZ stage cable of bringing the nozzle 
close to contact with the skimmer and sufficiently withdrawn to allow the 
gate valve to be closed.  Transverse motion of ± 5mm should also be possible. 

2.4.2.5. Pressure gauges to measure pressure from atmosphere to 10-10 Torr should 
be provided in the skimmer chamber. 

2.4.2.6. A gas manifold on the input line to the jet should be designed to provide a 
steady pressure of sample gas from a few mTorr up to 20 atmospheres.  
Different pressure controllers can be used for different ranges.  

2.4.2.7.The sample skimmer chamber should be pumped with a magnetically 
levitated turbo molecular pump with at least 1000 L/s capacity.  A high 
capacity dry primary pump should be used to back the turbo.  All pump 
outlets should be vented to an exhaust system. Appropriate gauges, valves 
and interlocks should be applied to the system. 
 

2.4.3. Magnetic Bottle Electron Spectrometer: 
Magnetic bottle electron spectrometers utilize an axially symmetric inhomogeneous 
magnetic field to collect photoelectrons emitted over initial trajectories within a 2π 
solid angle.  A strong magnetic field in the interaction region is reduced to a lower, 
constant field in the time-of-flight (TOF) region. Electrons generated in the 
detection region undergo cyclotron motion and follow the magnetic field lines to the 
detector.  Velocities of electrons directed away from the TOF tube are parallelized 
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as they pass from high to low magnetic field regions.  The improved collection 
efficiency allows single shot spectra which will provide an important diagnostic for 
the LCLS pulse.  Magnetic bottle spectrometers have typically been used with low 
energy photon sources such as He lamps or high power lasers and have not typically 
required electron retardation.  For use at the LCLS, however, the resolution of the 
instrument would be greatly enhanced with the incorporation of retardation fields 
and electrostatic lenses, such as those used in the electron TOF spectrometer 
described in section 2.3.3 of this document. 

 
Figure 12: Schematic drawing of a magnetic bottle electron spectrometer.  The highly 
anisotropic magnetic field focuses electrons over a wide angular range into the flight tube. 
 

2.4.3.1. The magnetic bottle electron spectrometer should have a resolution better 
than 1.5 eV at kinetic energies around 900eV in order to be able to resolve the 
800nm sidebands on the Auger lines of Ne following photoionization with the 
LCLS pulse in a strong laser field.  This technique can be used to determine 
the temporal overlap of the LCLS pulse with an external laser pulse.  Ideally, 
a resolution exceeding 1/1000 would allow direct observation of the LCLS 
pulse bandwidth via photoelectron spectroscopy of some narrower 
photoelectron line. 

2.4.3.2. Referring to the geometry in Figure 7, the magnetic bottle spectrometer 
should be oriented along the x-axis. 

2.4.3.3. The high field magnet used to generate the inhomogeneous field in the 
interaction region should be mounted on an XYZ translation stage to allow 
tuning of the magnetic field and complete withdrawal when other 
spectroscopic techniques are utilized in the chamber. 

2.4.3.4. Electrons reaching the end of the TOF tube should be detected using a large 
area microchannel plate electron amplifier with an integrating metal anode.  

2.4.3.5. Owing to the large number of electrons expected to hit the detector with 
each pulse, analog detection will be required using a preamplifier to amplify 
the current pulse from the metallic anode.  The amplified pulses will then be 
recorded with a high-speed digitizer following each LCLS photon pulse. 

2.4.3.6. The detector will need to be maintained at pressures below 10-6 Torr.  
Depending on the length of the TOF tube and conductance to the main 
chamber, additional pumping may be required at the detector. 
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2.4.3.7. While a magnetic field is used to guide electrons from the interaction region 
to the detector, increasing the acceptance of the spectrometer, stray magnetic 
fields will have a deleterious effect on the transmission of the instrument.  
Magnetic shielding may be required to ensure uniform magnetic fields over 
the length of the spectrometer. 

2.4.3.8. Access ports to bring in laser pulses from an external ultrafast laser 
coincident with the LCLS pulse in the interaction region of the magnetic 
bottle spectrometer are important for temporal measurements in the 
diagnostics chamber.  Multiple ports should be provided to bring laser light 
into the interaction region in several different orientations: almost coincident 
with the LCLS beam, orthogonal to it from appropriate angles, and at other 
angles that area available in the design. 
 

2.4.4. Beam Diagnostics: 
Wavefront analysis of the beam in the far field would be the ideal way to verify the 
focus of the beam in the high-field physics end-station.  Recently “Imagine Optics” 
posted a preliminary  data sheet for the “HASO X-EUV” wavefront sensor that 
operates at photon energies from 1keV to 4 keV. Further information is being 
sought from the company to ensure that the instrument will be compatible with the 
intense LCLS beam.  Fluorescent screens with video cameras imaging the LCLS 
pulse on the screen are also expected to provide feedback for the Kirkpatrick Baez 
focusing mirrors.  Since the power density of the LCLS pulse in the focus will 
exceed the damage threshold for all solids, imaging the beam at several places in the 
far field offers the best chance to monitor the focal properties of the beam on a shot-
by-shot basis. 
2.4.4.1. The ideal screen to image the LCLS beam would be a fluorescent material 

that can withstand the full beam (unfocussed), provide sufficient fluorescent 
intensity to be imaged in a single shot, and be partially transparent so as to 
allow multiple screens to be used to determine the beam position and shape at 
two or more positions simultaneously.  A 100nm thick silicon nitride window, 
for example, is >90% transmissive over 800-2000eV. 

2.4.4.2. Two or more positions for the screens should be selected to provide enough 
sensitivity to determine the beam size in the interaction regions with a limit of 
25% error. 

2.4.4.3. The screens should be mounted on XYZ manipulators so as to be fully 
removable from the beam path while providing the flexibility to find the 
beam position. 

2.4.4.4. CCD cameras read out at up to 120 Hz should be used to image the beam at 
the screens and provide a resolution of 5% of the beam size at the screen, or 
approximately 50μm, whichever is less. 

2.4.4.5. The control system reading the cameras should reduce the image to a 
centroid, and beam dimensions on a shot-by shot basis.  The control system 
should also be capable of performing simple geometric calculations to 
provide the beam size and position of the focus on a shot by shot basis. 
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2.4.4.6. The screens should not compromise the vacuum quality of the diagnostics 
chamber, utilizing only UHV compatible materials for in-vacuum 
components. 

2.4.4.7. Alternative means of determining the position and size of the focus such as 
wavefront analysis will continue to be explored for use in the AMO 
experiment and if found to be compatible, will be added to the PRD in greater 
detail. 
 

2.4.5. Total Pulse Energy Monitor: 
The final element in the diagnostics chamber should be a monitor of the pulse 
energy.  Such a device is being designed and built by the XTOD group for use in the 
front-end enclosure as outlined in PRD 1.5-009-r0 and will use a cryogenic 
bolometer.  The bolometer measures the total energy of the pulse through the rate of 
rise of the temperature in the bolometer substrate (silicon). 
2.4.5.1. The bolometer needs to be capable of measuring the FEL power from 800 – 

2000 eV for the soft x-ray line.  The pulse power should be measured with 
10% accuracy over the range 0.2μJ – 2mJ corresponding to the full power of 
the FEL pulse attenuated by 104 up to the full power. 

2.4.5.2. The bolometer should be able to withstand the full power of the beam when 
it is not focused, with beam diameters exceeding 1mm. 

2.4.5.3. The device should be constructed of UHV compatible materials. 
2.4.5.4. The total pulse energy monitor should be mounted on an XYZ manipulator 

to be able to withdraw it from the LCLS beam for calibration and position it 
in the appropriate position in the beam when in use. 

2.4.5.5. The total pulse energy monitor should be the most downstream item in the 
diagnostics chamber, allowing it to be used while other upstream experiments 
are in progress. 
 

2.5. Particle Imaging Experimental End-Station (also referred to as X2 in the P3 
schedule): 
In addition to photoionization and photoexcitation experiments, the AMO group would 
like to be able to study the structure of molecules and clusters using x-ray scattering with 
the LCLS.  There are numerous systems of low target density or short lifetime where the 
brilliance and high temporal resolution of the LCLS photo pulse will be required to 
image the system.  X-ray scattering from exploding clusters that have been driven into a 
Coulomb explosion by stripping electrons from the cluster with a high field laser pulse is 
one possible application.  In another, size selected clusters from an ion beamline could 
be aligned in the LCLS beam using a laser field and x-ray diffraction from the aligned 
system measured.  Parallel x-ray pixel detectors are outside of the scope of the AMO 
end-station development, but could potentially be used collaboratively with other groups 
at the LCLS.  The system should therefore be designed to use a variety of different 
detectors depending upon the application – i.e. a channelplate amplified fluorescent 
detector with a CCD camera could be used for small angle x-ray scattering, while a full 
pixel detector capable of being read out at 120Hz would be required for x-ray diffraction 
experiments.  Many of the same components used in the high field physics end-station 
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can be used for the particle imaging end station, including the sample source, ion 
spectrometers, etc. 

2.5.1. A vacuum chamber with requirements similar to those outlined in section 2.3.1 
will be required to contain the experiment.  Strictly UHV compatible materials and 
methods should be used for all components.  

2.5.2. A stand that is completely remotely alignable with sufficient range of motion to 
align the chamber with the beam will be required as described in sections 2.3.1.6 
and 2.3.1.7.  

2.5.3. Ports should be provided in the chamber for the cluster sample source, the x-ray 
detector, pump and alignment lasers, and additional diagnostic spectrometers such 
as electron and ion spectrometers.  Additional ports for pressure monitoring and 
venting, etc. should also be provided. 

2.5.4. The system should be pumped with turbo molecular and cryogenic pumps using 
only oil-free backing pumps with enough throughput for cluster production in the 
gas jet while maintaining 10-10 Torr background pressure. 

2.5.5. A pulsed gas source similar the one used for the high field physics end station will 
be required.  The gas source will be used at higher pressures and lower temperatures 
to produce large clusters of atomic and molecular species. 

2.5.6. Ions from an ion source and beamline (provided separately) will need to be 
delivered to the interaction region using ion optics.  Ports with sufficient clearance 
that are compatible with the ion source should be provided. 

2.5.7. A CCD camera imaging a fluorescent screen behind a pair of channelplates will 
be used to detect the low intensity radiation scattered from clusters.  The detector 
will require a straight through path for the high intensity unscattered beam.  The 
chamber should be designed to allow the unscattered beam to be passed through to 
the diagnostics chamber. 

2.5.8. For x-ray diffraction of aligned targets, a pixel detector will be required.  The 
detector being developed by Cornell for the Coherent X-ray Imaging end-station 
would be appropriate for this application and capability to mount it in the particle 
imaging chamber should be provided. 
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