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Brief Summary: 
This document describes the data exchanged between the photon beam controls/DAQ 
systems and the electron beam controls system. 
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1 Introduction 
The purpose of this document is to define the data exchanged between the X-Ray End Station 
(XES) Photon Control & Data Systems (PCDS in the following) and the LCLS Electron Beam 
Systems Controls. We'll use the term MCC (Main Control Center) to describe the latter entity in 
the remaining of this document. 
Refer to ICD 1.1-516 for a description of the physical interface between PCDS and MCC and for 
the assignment of the different responsibilities. 
The current document describes the data exchanged between PCDS and MCC in regard to two of 
the interfaces introduced in 1.1-516: 

 EPICS data 
 120 Hz Beam line data (BLD) 

1.1 Beam Synchronous Acquisition 
An operator in MCC may access predefined quantities measured by PCDS IOCs through the 
Beam Synchronous Acquisition (BSA) technique. The BSA mechanism allows an operator to 
acquire the beam-dependent scalars across multiple IOCs on the same pulse over multiple pulses 
of a certain kind, not just n pulses in a row, up to 120 Hz. The operator can acquire up to 2800 
values per scalar in one acquisition request. Each acquisition request can specify: 

 Beam code. 
 Machine conditions of interest (rate, TS, permits, etc). 
 Maximum severity for which the data are considered good. 

The array with the collected scalar values is then accessed as an EPICS waveform PV and 
matched with the relative array containing the pulse ID and time-stamp information from the 
Event Generator. 

1.2 Beam Line Data 
All the diagnostic information which needs to be associated with the science data on a per-pulse 
basis, uses the BLD mechanism as communication protocol. The transmission of BLD 
information between different entities is implemented as a UDP multi-cast packet to maximize 
scalability and minimize latency. The format of the header and payload of a BLD packet and the 
organization of the BLD multi-cast groups will be detailed in a separate ICD. 

1.3 Entities 
The photon beam system includes instrumentation in the Far End Enclosure (FEE), the Near 
Experimental Hall (NEH), the X-Ray Tunnel (XRT) and the Far Experimental Hall (FEH). The 
NEH consists of three experimental hutches numbered from 1 to 3. The FEH consists of three 
experimental hutches numbered from 4 to 6. 
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Most devices in FEE and some devices in XRT and hutch 1 of NEH are covered under the X-Ray 
Transport Optics Diagnostics (XTOD) control system. Experiments in hutch 3 of NEH and hutch 
4 and 5 of FEH are part of the LCLS Ultrafast Science Instruments (LUSI).  The Atomic 
Molecular & Optical Science (AMO) experiment is in hutch 1 of NEH and is managed under 
XES. 

1.4 Network Infrastructure 
The physical interface between PCDS and MCC consists of four pairs of single mode 1 Gb/s 
Ethernet fibers: two redundant pairs with automatic fail-over for the EPICS traffic and two 
redundant pairs with automatic fail-over for the BLD traffic. These fibers connect to networks 
firewalls on the PCDS side and the MCC side in order to satisfy the Cyber Security Plans of both 
enclaves. 
On both sides, the EPICS connection goes through a network router and an EPICS channel 
access gateway. The gateway in NEH selects which of the PVs from the PCDS EPICS subnets 
are accessible from the MCC network. On the other hand, the MCC gateway selects which of the 
MCC PVs are accessible from PCDS. 
Note that the BLD traffic requires that all Ethernet switches along the BLD communication paths 
support IGMP in order to be able to distribute BLD data to all entities that subscribe to a given 
multi-cast group. 

2 XTOD 
The measurements of interest to the Electron Controls Group come from the following set of 
detector elements in XTOD: 

1. Gas Detectors 
2. K Monochromator 
3. Pulse Energy Thermal Detector (Total Energy) 
4. Direct Imager 

Note that item 1 above is available all the time, while instruments 2 through 4 prevent 
transmission of the beam to the end-stations. 

2.1 Gas Detectors 
The x-ray beam enters the front end through a primary slit, then it passes through the first gas 
detector, a gas attenuator, a solid attenuator, and then a second gas detector. The gas detectors 
contain nitrogen gas which fluoresces when exposed to the beam. The fluorescence is measured  
and digitized by a 10 bit 1 GHz sampling ADC. The waveform is analyzed by a processor to 
extract the fluorescence strength and thus the x-ray beam pulse intensity. The fluorescence signal 
is calibrated against the XTOD pulse energy thermal detector. An intensity measurement is 
produced for each beam pulse up to 120 Hz. BSA is used to collect the intensity measurements 
and send the data to MCC. 
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2.2 K Monochromator 
The x-ray monochromator consists of two pairs of crystals which divert a distinct energy x-ray 
beam (~8.3 keV) around an insertable beam stop. The monochromatic x-ray beam then passes 
through an insertable four piece photodiode to measure the intensity of the filtered beam pulse. 
An intensity measurement is produced for each beam pulse up to 120 Hz. The monochromatic 
beam pulse intensity is used in the Electron Controls Group procedure for tuning the undulators. 
The four quadrant structure of the K spectrometer photodiode provides additional information on 
the monochromatic beam centroid position. BSA is used to collect the pulse intensity and the 
centroid position and send the data to MCC. 

2.3 Pulse Energy Thermal Detector (Total Energy) 
This detector consists of an insertable element of x-ray absorbing material whose temperature 
rise is measured for each beam pulse at rates as high as 30 Hz depending upon the choice of 
insertion element material. The temperature rise is measured by a thermistor and digitized by a 
~1 MHz sampling ADC. The beam pulse intensity is extracted from the waveform by a 
processor. This detector produces the absolute x-ray pulse intensity upon which the Gas Detector 
is calibrated. The beam pulse intensity is sent to MCC through EPICS PVs containing the 
average over hundreds of pulses and through BSA. 

2.4 Direct Imager 
This detector consists of a YAG screen composite which may be inserted into the beam and is 
viewed by two scientific grade cameras. These cameras are 16-bit 512 x 512 pixel EMCCD 
devices capable of 30 Hz readout. The direct imager is used to measure the profile of the x-ray 
beam. A reticule (wire cross-hairs) can be inserted into the beam upstream of the direct imager to 
infer the trajectory of the beam. Additionally, the K-spectrometer monochromator can be used to 
isolate the stimulated emission component of the beam which has a much narrower profile. The 
profile of the beam is sent to MCC through EPICS PVs. 

3 Phase cavity 
The phase cavity timing system lives in the PCDS network and generates information which is 
useful to both PCDS and MCC. The phase cavity system will multi-cast a BLD packet 
containing the relative timing of RF and electron bunch arrival. Any PCDS or MCC entity may 
receive this packet by registering with the appropriate multi-cast group. 

4 AMO 
AMO uses the BLD mechanism to receive e-beam information from MCC at 120 Hz. Three 
pieces of informations are sent from MCC to AMO through BLD: 

1. Total electron bunch charge. 
2. Energy of the electron bunch. 
3. Position and angle. 
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The AMO DAQ system event builds the BLD data with the science data, uses it for vetoing and 
processing each event and saves it together with the science data for off-line analysis. 
AMO can also access the following EPICS variables from MCC: 

1. Beam status (no beam, beam for data taking, tuning). 
2. MPS status. 

5 LUSI 
The LUSI experiments use the BLD mechanism to receive e-beam information from MCC at 120 
Hz. Three pieces of informations are sent from MCC to LUSI through BLD: 

1. Total electron bunch charge. 
2. Energy of the electron bunch. 
3. Position and angle. 

The LUSI DAQ system event builds the BLD data with the science data, uses it for vetoing and 
processing each event and saves it together with the science data for off-line analysis. 
The LUSI experiments can also access the following EPICS variables from MCC: 

1. Beam status (no beam, beam for data taking, tuning). 
2. MPS status. 


