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LCLS-II Timing System and synchronous bunch data acquisition

Agenda

Beamline MAP

LCLS-II Timing System, DESIGN:

• Timing Requirements

• Timing Distribution

• Timing Pattern Frame (individual pulse)

Timing Pattern Requirements

Beam Synchronous Acquisition services

• Beam Synchronous Acquisition (BSA)

• Beam Synchronous Scalar System (BSSS)

Timing Pattern Generator Graphical User Interface (TPGGUI)

• Patterns Classification

Timing Pattern Receivers

Commissioning Experience
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Beam Line Map of the two timing systems serving LCLS and LCLS-II

SLAC Accelerator Complex: LCLS/CLTS/LCLS-II

LCLS-II will add a superconducting accelerator, occupying one-third of SLAC’s original 2-mile-long linear accelerator 

tunnel.

LCLS-II will provide a major jump in capability – moving from 120 pulses per second to 1 million pulses per second.

In addition to the new accelerator, LCLS-II requires a number of other cutting-edge components, including a new 

electron source, a powerful cooling plant that produces refrigerant for the accelerator, and new undulators to 

generate X-rays.
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Beam Line Map of the two timing systems serving LCLS and LCLS-II

SLAC Accelerator Complex: LCLS/CLTS/LCLS-II

Map of LCLS / CLTS / LCLS-II highlighting the kickers and dumps
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DESIGN: REQUIREMENTS

LCLS-II TIMING SYSTEM
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ValueTiming Attribute

1300 MHzPhase Reference (Linac RF)

185.71 MHzClock (Gun RF = Linac RF/7)

0.92857 MHzNominal Beam Rate (Clock/200)

0.07143 MHzFiducial Resync Freq (Clock/2600)

360 HzFiducial (Power Line Phase)

0.4 nsStability - Standard (fiber)

1 fs/sec, 1 ps/dayStability – Phase reference line (PRL)

30 psJitter – Standard (fiber)

0.005º or 10.7 fsJitter – PRL (50Hz to 5kHz)



Timing Pattern Receivers

LCLS-II TIMING SYSTEM

Every control system crate has a timing receiver.

The hardware is ATCA or PCIe platform. 

Timing Pattern is analyzed based on modules: tprTrigger, bsaDriver and other libraries.

The devices are triggered (total 16 configurable triggers) based on the appropriate filters for the given location, 

defined in one of the 16 channels.
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DESIGN: REQUIREMENTS

LCLS-II TIMING SYSTEM
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AC Rate compatibility for some of the devices, like Klystrons (XTCAV and STCAV). The triggering system for these 

devices needs to be synchronized to the AC Power line timeslots and up to a max 120Hz.

The requirement of the diagnostics devices along the machine is to take clean measurements. Since 

the performance of the above listed devices depends on the triggers being synchronized to the AC power line phase. If 

this isn't aligned the Klystron impulse will have a jitter in amplitude, not producing a clean measurement. 

An example is in the Diagnostic Line destination, just after the gun where we'll expect to trigger on AC patterns limited 

to 120Hz.

The TCAV diagnostics provide a transverse kick of the electron beam. Their triggers must be aligned to the AC power 

line to minimize jitter.



DESIGN: TIMING DISTRIBUTION

LCLS-II TIMING SYSTEM

LCLS-II Timing System is completely decoupled from LCLS-I Timing System. 

Timing Pattern Generator (TPG) sends Timing Frames to each Timing Pattern Receiver (TPR) over a dedicated fiber 

network at 1MHz.

Challenge: signal stability over this long fiber network. Active Fanout devices operate at three strategic locations along 

the linac to provide drift compensation.
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S2 (Timing Pattern Generator) S20 B005 (Undulator area)



DESIGN: TIMING DISTRIBUTION

LCLS-II TIMING SYSTEM
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Figure shows the drift over 6 channels in S20 due 
to length and heat load.



DESIGN: TIMING FRAME (at glance)

LCLS-II TIMING SYSTEM

o Time stamp
o PulseID  ->Label each pulse with global pulseID for correlation across devices
o Destination  -> destination tag for each pulse
o Fixed Rates  -> Fixed Rate Markers 0-9 one bit each computed by dividing 186MHz refclk by one of 1,13,91, 910, 

9100, 91000
o AC Rates  -> Power Line Synchronized markers (req. option to sync to power line)
o Beam Request  -> Beam is requested by Inj gun
o Requested Charge  [pC]
o Machine Protection System (MPS) Valid 
o Beam Containment System (BCS) Fault 
o MPS Limiting 
o MPS Limits 
o Beam Synchronous Acquisition (BSA) fields ( Init; Active: AvgDone; Update)  *
o Sequence Control Bits 288 
The timing pattern consists of a sequence of timing frames, which contains data set by firmware and software.
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*This will be explained in the next few slides



Timing Pattern Requirements

LCLS-II TIMING SYSTEM
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AC RATE Patterns
0Hz
1Hz
10Hz
30Hz
60Hz
110Hz
119Hz
120Hz

Burst bunch(es)Burst Spacing
1002-20
2;5;10;20;50;1009
1;2-
21;50;100;200;500;
1000;2000

1,2

210000

FIXED RATE Patterns
0Hz
Single shot
1Hz
10Hz
50Hz
100Hz
1KHz
10KHz
100KHz
496KHz
930KHz



Timing Pattern Requirements

LCLS-II TIMING SYSTEM
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Timing Pattern Generator has 3 main types of 

Engines on FPGA:

• Beam Engines: Schedule beam patterns

• Allow Engines: Handshake MPS/Timing

• Allow table – agreement on 

(spacing between pulses with beam, 

charge and window to evaluate the pattern)

• Experimental/Control Engines: Controls bits to 

support multi-destination beam, beam 

synchronous acquisitions, experiments 

requirements…



Timing Pattern Requirements

LCLS-II TIMING SYSTEM
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Timing Pattern Requirements – Compatibility lookup table

LCLS-II TIMING SYSTEM
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Type Patterns MPS AllowedSC19SC18SC17SC16SC15SC14SC13SC12SC11SC10Mode

SC1 
S30XLSC1 DUMPSXRSC1 DUMPHXRSC1 TDUNDSXRSC1 

TDUNDHXRSC1 DumpBSYSC1 DIAG0SC1 TDINJSC1 GunSC1 LaserDestination
Per modes

Override All-SC1 LaserSC10

Screen limit 10Hz-SC1 GunSC11

Full rate and charge-SC1 TDINJSC12

AC Rates up to 120Hz-SC1 DIAG0SC13

Full power but below 120KW-Comp, Interl.SC1 DumpBSYSC14

10Hz
-Comp, Interl. Comp, Interl. SC1 TDUNDHXRSC15

10Hz
-Comp, Interl. Comp, Interl. Comp, Interl. SC1 TDUNDSXRSC16

Full rate-Comp, Interl. Comp, Interl. Comp, Interl. Comp, Interl. SC1 DUMPHXRSC17

Full rate-Comp, Interl. Comp, Interl. Comp, Interl. Comp, Interl. Comp, Interl. SC1 DUMPSXRSC18

Special case has 3 modes-Comp, Interl. Comp, Interl. Comp, Interl. Comp, Interl. Comp, Interl. Comp, Interl. SC1 S30XLSC19



BEAM SYNCHRONOUS DATA SERVICES

LCLS-II TIMING SYSTEM

This is a Single Pulse machine: The data acquisition requirement is to have all devices acquiring on the same bunch

SC BSA provides data buffers time stamped by the SC Timing System (Timing Pattern Generator – TPG ). 

SC BSA provides data filtering according to user needs. 

SC BSA provides data buffers: 

Maximum of 20000 data points. 

Each data point can be an average of up to 8000 beam pulses 

Maximum rate up to 1MHz  

Beam Synchronous Scaler Service (BSSS) provides pulse by pulse scalers up to 100Hz for control room displays 
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BEAM SYNCHRONOUS DATA SERVICES

LCLS-II TIMING SYSTEM

• 29 User Defined Buffers

• 15 SYS Buffers

Example:

SCD1H =

SC -> Super Conducting

D -> Diag0

1H -> 1Hz

1H is for the archive 
TH is for displays 
HH is for physics apps
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Beam Rate to beam destination(s)Beam Destination(s)System BSA Buffer

1 HzD= Diag0SCD1H

10 HzD= Diag0SCDTH

100 HzD= Diag0SCDHH

1 HzL=LINAC (= SC_BSYD OR SC_HXR OR SC_SXR)SCL1H

10 HzL=LINAC (= SC_BSYD OR SC_HXR OR SC_SXR)SCLTH

100 HzL=LINAC (= SC_BSYD OR SC_HXR OR SC_SXR)SCLHH

1 HzB= SC_BSYDSCB1H

10 HzB= SC_BSYDSCBTH

100 HzB= SC_BSYDSCBHH

1 HzH= SC_HXRSCH1H

10 HzH= SC_HXRSCHTH

100 HzH= SC_HXRSCHHH

1 HzS= SC_SXRSCS1H

10 HzS= SC_SXRSCSTH

100 HzS= SC_SXRSCSHH



Timing Pattern Generator

LCLS-II TIMING SYSTEM

Patterns Classification:

• Standard Patterns: Single destination patterns for Fixed Rates, AC Rates and bursts.

• Complex Patterns: 

• Pulse Stealing: all pulses with beam land on the Fixed Rate Markers distributed as part of the timing pattern. 

In case of multiple destination requesting beam, destination priority assigns beam pulses

• Interleaved Patterns: each destination is assigned an offset from the closest fixed rate marker to the 

requested beam rate. The subharmonic frequency that allows to lock the two LINAC (LCLS-I and LCLS-II) is 

71.5KHz. Between two fixed rate pulses at 71.5KHz there are 13 empty pulses. The offset of empty pulses 

from a Fixed Rate marker, per destination, is then selected to be one of the prime numbers <13. Such as: 3 for 

DIAG0, 5 for HXR and 7 for SXR. This logic allows to resolve the beam request conflict when requesting 

beam to two destination.

• Bunch Train: user defined interval between beam patterns (uses the patterns from the first and second bullet)
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Timing Pattern Generator (TPG) Graphical User Interface (GUI)

LCLS-II TIMING SYSTEM

• The timing system sends out a timing pattern that contains relevant information 

to trigger the LASER system to generate beam and to the timing clients and 

devices along the SC LINAC.

• The timing pattern consists of a sequence of timing frames, which contains data 

set by firmware and software.

• The firmware defines information that is constantly sent out to identify frames, 

such as rate specific markers, pulse ID. Other bits in the timing frame are 

machine operation sensitive and need to be configured at a higher level.

• The TPGGUI is the software tool used to program timing frames, updating 

information to the timing pattern to fulfill Operation requirements.

• The TPGGUI allows operations to program more complex patterns and schedule 

beam going to multiple destinations while meeting machine and personnel safety 

requirements.
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Timing Frame

TPGGUI

MPS/BCS

Firmware



Timing Pattern Generator Graphical User Interface (TPGGUI)

LCLS-II TIMING SYSTEM
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Equally spaced pattern where beam is schedule to both 

destination in DIAG0 and BSYD.  

BSYD having higher priority. 

Scheduled pattern will be 100Hz to DIAG0 and 10Hz to BSYD 

with result to have 90Hz to DIAG0 and 10Hz to BSYD.

Commissioning Experience: SC_DIAG0 and SC_BSYD pulse stealing 
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LCLS-II TIMING SYSTEM

Commissioning Experience: SC_DIAG0 and SC_BSYD Interleaved

*Not* equally spaced pattern where beam is schedule to 

both destination in SC_DIAG0 and SC_BSYD.

SC_DIAG0 is off by 3 pulses from Fixed Rate Marker 100Hz.

Scheduled pattern will be 100Hz to DIAG0 and 10Hz to 

BSYD with result to have 100Hz to DIAG0 and 10Hz to BSYD.



*Not* equally spaced pattern where beam is schedule to both 

destination in SC_HXR and SC_SXR.  

SC_HXR here is off by 5 pulses from Fixed Rate Marker 1Hz and 

SC_SXR is on the mark.

Scheduled pattern will be 1Hz to SC_HXR and 1Hz to SC_SXR 

with result to have 1Hz to SC_HXR and 1Hz to SC_SXR.

Commissioning Experience: SC_HXR and SC_SXR Interleaved
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Carolina Bianchini Mattison
carolina@slac.stanford.edu

Thank you

23
Carolina Bianchini Mattison (SLAC) LCLS-II Timing System and synchronous bunch data 
acquisition



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice




