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1. Introduction 
The two XTOD Gas Detectors are located in the Front End Enclosure (FEE), 

upstream and downstream of the Attenuator.  The Gas Detectors measure u, the 
FEL pulse energy, pulse-by-pulse, by measuring the amount of energy deposited 
in a small volume of gas by the FEL.  If the probability of an x-ray interaction in 
the gas is known, one can obtain the total pulse energy, as long as the gas 
composition and its columnar density are also known.  
 

The method used to measure the energy deposited in the gas is not specified 
here.  
 

The FEL photons interact with the gas and produce primary photoelectrons 
and positive ions. At low gas pressures (< 1 mTorr), the primary photoelectrons 
and positive ions can travel several centimeters without additional interaction in 
the gas.  This allows them to be collected with electrodes and counted, which 
provides a direct measurement of the number of x-ray photon interactions in the 
gas.  At higher pressures, ~ 1 Torr, the primary photoelectrons and ions interact 
with other gas molecules before traveling appreciable distances, which leads to the 
production of additional electrons, ions and atomic/molecular excited states.  
Some of these excited states emit optical photons.  The x-ray energy deposition 
can be inferred from measurements of these secondary species.  But as these 
processes are complex and involve many states, they cannot be accurately 
calculated; some means of calibrating the detector must be provided in this case. 

When the LCLS FEL is operating, the spectrum of photons entering the Gas 
Detectors will include not only FEL radiation but also the spontaneous spectrum 
from the undulator and Bremsstrahlung gamma rays.  The probability of photon 
absorption in a gas is strongly weighted towards those photons of lowest photon 
energy.  Therefore, for many operational situations at the LCLS, photons from the 
FEL fundamental will dominate the response of the Gas Detectors.  Nevertheless, 
photons from other than the FEL fundamental must be considered.  In some 
circumstances, for example when the Attenuator is operated at a high level of 
attenuation, the response of the downstream Gas Detector may not reflect the 
energy in the FEL fundamental.  The range of conditions under which the Gas 
Detectors provide a valid response, i.e. one representative of the total energy in 
the FEL fundamental, must be determined in advance. 
 The chosen gas must be contained at the chosen pressure by a vessel which 
allows free passage of the FEL beam in and out of the detector.  Since the low-
energy FEL photons are strongly absorbed by solid materials, the entrance and 
exit of the vessel must have one or more small apertures, in-line with the FEL 
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beam, to allow its free passage.  Differential pumping across these apertures will 
be needed to remove the gas which escapes through the apertures.  
 The measured FEL pulse energy determined by the Gas Detectors will be 
available on a pulse-to-pulse basis.  During commissioning, the Gas Detectors will 
be used to monitor FEL stability during the performance of other measurements.  
The measured FEL pulse energy will be correlated with measurements from other 
detectors, to understand their performance and to troubleshoot problems.  The 
Gas Detectors will be used to measure and monitor the performance of the 
Attenuator by comparing, on a pulse-to-pulse basis, the FEL pulse energy before 
and after attenuation. 

2. Fundamental Requirements 
2.1. Overall Dynamic Range:  The Gas Detectors will provide a beam-pulse 

synchronous measurement of u, the total energy in the FEL pulse.  The 
overall dynamic range can be photon-energy dependent but must include 
the level of the fully-saturated FEL, down to the apertured energy in the 
undulator spontaneous fundamental.  This requires a span of 0.1 µJ to 10 
mJ for photon energies of 826.5 eV and 1 µJ to 10 mJ for photon energies 
of 8265 eV.  At intermediate photon energies, the dynamic range must 
span at least 1 µJ to 10 mJ. 

2.2. Range of Validity:  The range of conditions under which the Gas Detector 
output signal is representative of the total energy in the FEL fundamental 
shall be determined in advance.  Relevant determining conditions include: 
the photon energy and degree-of-saturation of the FEL beam, the average 
bunch charge of the electron beam, the aperture defined by the Slit System 
and the setting of the Attenuator.  Utilizing this range-of-validity 
information, perhaps with the aid of the Control System, misinterpretation 
of the Gas Detector output signal can be avoided. 

2.3. Absolute Accuracy:  The absolute accuracy of the total pulse energy 
measurement must be within ± 25% at 200 µJ.  It is not expected that this 
accuracy would be obtained through a first-principles analysis, but rather 
through cross-calibration with a more accurate pulse energy detector, e.g. 
the Total Energy Measurement System calorimeter. 

2.4. Instantaneous Dynamic Range:  The span of the output range given in 
Section 2.2 may be covered in distinct range settings, through the variation 
of some parameter which controls the gain, such as voltage or pressure.  
The instantaneous dynamic range of any given gain setting shall be > 256. 

2.5. Instantaneous Field of View:  When in position, the system should be 
sensitive to FEL beam pulses located anywhere within a diameter of 3 mm 
centered on the ideal FEL beam axis. 
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2.6. Field of Regard:  Means must be provided to remotely reposition the axis 
of the detector sensitive area to any transverse location within at least ±3 
mm of the survey-defined FEL beam axis. 

2.7. Repeatability:  Individual measurements must be repeatable to within 1% 
of full scale of the given gain setting on a short-term basis.  This relates to 
this statistical signal-to-noise ratio required within the overall dynamic 
range. 

2.8. Output Readout Rate:  The Gas Detectors shall provide measurements of 
the total FEL pulse energy for every pulse, at pulse rates up to and 
including 120 Hz.   

2.9. FEL Beam Degradation:   
2.9.1. In passing through each Gas Detector, the FEL beam must lose no 

more than 5% of its total pulse energy.  
2.9.2. The entrance and exit of the Gas Detector vessel shall be windowless, 

when required.  Therefore, the system must be equipped with one or 
more small apertures, in-line with the FEL beam and provided with 
differential pumping systems to remove the gas which escapes 
through these apertures. 

2.9.3. In the event that thin solid windows are used to contain the gas for 
high-photon-energy operation, the window surfaces must be polished 
so as to minimize any effect on FEL wavefront or coherence.  

2.10. Stay-Clear Area: The Gas Detector must be designed such that, when not 
in operation, it can be remotely commanded into a configuration that does 
not obstruct radiation within the stay-clear zone defined by the XTOD 
Fixed-Mask clear aperture. 

2.11. Fault Tolerance:  It is likely that the Gas Detectors will be an important 
operational element of the LCLS, and will be used whenever the LCLS is 
delivering photons.  As a result, the design of the Gas Detectors must 
anticipate likely fault situations in the system and include redundant 
elements and components to enable continued operation without 
substantial downtime.  This also has implications for the Control System. 

2.12. Periodic In Situ Recalibration: Periodic examination of the Gas Detector 
sensitivity and calibration may be essential.  An in situ method shall be 
developed to accomplish this. 

2.13. Component Survivability under FEL Irradiation: Any component of the 
Gas Detector which can be directly illuminated by the incident FEL beam 
shall be designed to sustain such irradiation indefinitely without damage.  
This includes the entrance and exit apertures and thin solid windows 
described in section 2.10 above, and perhaps internal electrode structures. 
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3. Other Requirements 

3.1. The Gas Detector design shall adhere to all elements of PRD 1.5-002, 
XTOD Mechanical-Vacuum Systems. 

3.2. Compatibility with Adjacent Instrumentation: Operation of the Gas 
Detector must not interfere with the operation of other instrumentation in 
the beam line upstream or downstream.  The Gas Detectors may be 
integrated into the Gas Attenuator but the operation of the Gas Detectors 
shall be independent of the operation of the Gas Attenuator. 

4. Controls 
4.1. The Control System for the Gas Detectors shall be EPICS.  The gain 

settings, detector axis and clear-aperture configuration shall be remotely 
controllable.  The measured value of the total pulse energy in each FEL 
pulse shall be available as a beam-synchronous EPICS process variable for 
archival and display purposes. 

4.2. Fault-Tolerant Operation:  Where possible, the Control System shall 
enable fault-tolerant operation of the Gas Detector System, to minimize 
system downtime.  This should be possible through utilization of 
redundant components and elements provided in the design. 


