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Beam Synchronous Timing (BST) Purpose

• Distribute beam synchronous clocks to beam instrumentation around 
the LHC and SPS rings (and transfer lines)
• 40 MHz “bunch clock”

• 11/43 kHz “turn clock” (n.b. also called “Frev” by RF and “orbit” by exp.)

• Distribute a small number of “messages” containing machine status 
and triggers
• LHC: https://wikis.cern.ch/display/BEBI/LHC+BST+Message

• SPS: https://wikis.cern.ch/display/BEBI/SPS+BST+Message

https://wikis.cern.ch/display/BEBI/LHC+BST+Message
https://wikis.cern.ch/display/BEBI/SPS+BST+Message
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BST Architecture

• Three BST masters in CCR RA0907

SPS LHC B1 LHC B2



BST Architecture

• Distribution on (1-6x) fibers from 
CCR to each LHC/SPS surface 
building and labs
• SPS: BA1, BA2, BA3, BA4, BA5, BA6, 

BA7, HCA4, SR2, SR8, 865, 866, 867
• LHC: SR1, SR2, SR3, SX4, SR5, SR6, SR7, 

SR8, 865, 866, 867

• 1:16 passive optical splitters in the 
surface building
• Fiber patch cords for surface racks
• Long fibers to underground racks

• ~500 receivers



BST Master

• CTRV (BE-CEM)
• Inputs GMT events to CTG over 

backplane flat cable

• CTG-BST (BE-CEM)
• Assembles BST message from 

inputs based on programmed 
“tasks”

• TTCex (EP-ESE)
• Encodes BST message + clocks into 

a TTC frame

• TTCtx (EP-ESE)
• Transmits TTC signal over fiber

• BOBR (SY-BI)
• BST receiver used for local 

monitoring

CTRV

CTG TTCex

TTCtxBOBR



BST Message

• Information automatically 
populated by the CTG (updated 
every turn)

• Information taken directly from 
the GMT telegram (update at 
1Hz by FESA class)

• Some static information

• External triggers
• Byte 56: UTC synchronous clocks

• Byte 57-58: direct replication of 
16x CTRV inputs



UTC synchronous clocks

16x CTRV inputs



BST Message

• External triggers are used to 
generate “acquisition trigger” bytes 
for different instruments
• BOBR only allowed 2 bytes to be sent to 

the DAB over P0 bus

• Grouping of triggers together per 
instrument was required

• Generated using “tasks” running on a 
CPU in the CTG written in a custom 
assembly language
• Require 1 task per trigger

• Maximum 16 tasks – we have 0 free!
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BST Receiver – BOBR

• Dual channel BST receiver in VME form factor
• Design from 2002-2005

• Generates interrupts for CPU on message reception

• Distributes signals on P0 (BI VME crate required)
• Bunch/turn clocks
• Two selectable message bytes
• Eight “bunch selector” signals – does anyone use them??

• Standard VME crates can be used (no P0 distribution)
• 3 slot RTM adapter designed as a proof of concept:

https://wikis.cern.ch/display/BEBI/BI+P0+Fanout

• On board fine delay does not work with MEN A20/A25

• ~40 spares in lab (and fewer users since LS2)

https://wikis.cern.ch/display/BEBI/BI+P0+Fanout


BST Receiver – VFC/others

• IP core available for integration of BST reception into VFC or other 
FPGA designs

https://gitlab.cern.ch/bi/HDL_Cores/BST_FPGA/-/tree/master/bst_decoder

• Provides beam synchronous clocks (160MHz, BC, TC) and all message 
bytes to FPGA

https://gitlab.cern.ch/bi/HDL_Cores/BST_FPGA/-/tree/master/bst_decoder


BST Issues

• Complex architecture based on many old/obsolete components 
reaching end of life
• BOBR, TTC components, CTG-BST

• Limited possibility for expansion without major reworking
• No free tasks in the LHC masters

• Limited number of bytes can be sent per turn (especially in SPS)

• BOBR clock recovery (jitter) performance is not good

• No automatic compensation of delay drifts and beam time of flight

• For SPS ion operation: can only follow “average” frequency of the FSK 
RF which is not bunch synchronous (limitation for FBCTs, WS?)



WR2RF

• Post-LS2 SPS RF is based around 
transmission of FTWs over WR

• Allows DDS in any receiver to recreate 
exactly the (FSK) RF/BC/TC 

• Compensates automatically for delay 
and TOF changes

• “WR2RF” VME receiver available
• Very high performance (sub-ps jitter)

• High cost per board (~4kCHF)
• RF/BC/TC in ECL levels
• No other messages/triggers/etc
• Initial testing for BI ongoing (FBCT, HT)

https://ohwr.org/project/wr2rf-vme/wikis/home

https://ohwr.org/project/wr2rf-vme/wikis/home






Green : Frev
Red: FBCT signal



Green : Frev
Red: FBCT signal



GMT Renovation

• Renovation of GMT system is planned for LS3 by BE-CEM

• Existing RS485 cabling →WR network

• New timing receivers in various form factors

• The move to WR gives the possibility to send both the timing events and RF 
FTWs over the same WR network

• Can think about a single network and receiver for “GMT” and “BST”

• CEM not in favour of implementing GMT receiver in BI FPGAs
• And we probably don’t want that – any change to timing would require a 

recompilation/revalidation of our FW

• WR core takes a lot of resources which may be an issue
• For example: ALPS where FPGA is ~full

https://wikis.cern.ch/display/TIMING/White+Rabbit+Timing

https://wikis.cern.ch/display/TIMING/White+Rabbit+Timing
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BSToWR Option 0

Advantages

• No change from today!

Disadvantages

• No change from today!

• Need to keep the existing BST 
master and TTC network alive
• Replacement of obsolete CTG-BST 

master?

• Replacement of obsolete TTC 
components?
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BSToWR Option 1

Advantages

• Potential for completely in-VFC 
solution as we have now

Disadvantages

• Workload for BI:
• Design of BSToWR master
• Design of BSToWR protocol
• Design of BSToWR receiver (VFC)
• Design of BOBR replacement?

• Long term maintenance!

• Jitter performance of VFC receiver 
(sans-DAC)

• Number of FPGA resources needed in 
VFC for WR

• Probably need to keep the existing 
BST network for legacy clients?
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BSToWR Option 2

Advantages

• Little work for BI ☺
• Everything up to “CTR” maintained by 

BE-CEM
• No FW change for existing projects

• No need to maintain global BST 
network

• Automatic delay compensation

• No extra VFC resources required

• Increased redundancy
• No single point of failure in CCR

Disadvantages

• Same bandwidth limitation as now 
in final BST segment
• But do we actually need more?
• Note each system could have a 

custom message layout with only 
relevant bytes sent

• Some extra infrastructure may be 
required for truly standalone 
clients (DOROS/HL-BPMs/etc)



BST User Survey

• Request for input from equipment experts to decide what the post-LS3 BST 
system will look like. 

• Aim to capture all users and requirements for the post-LS3 BST.

• Things that we try to clarify:
• What are our jitter requirements?

• Aim to be similar to the BST? (n.b. WR2RF available for clients needing better)

• Do we still need P0 distribution?
• Do we need both LHC beams in a single CTR?
• Do we need a PMC/XMC CTR or is VME sufficient?

• Thanks to everyone for filling it in!
• No answer from some systems (e.g. ALPS, LHC BPMs) so I assume they will no longer 

need BST after LS3 ☺

https://wikis.cern.ch/display/BEBI/BST+user+survey+2022

https://wikis.cern.ch/display/BEBI/BST+user+survey+2022




BST User Survey Preliminary Analysis

• Few systems with jitter requirements << than today
• Head-Tail already using WR2RF

• Most users are/will be on VFC or custom platform
• Major exception LHC BLMs and BPMs still with BOBR/P0 distr.

• How to handle these? Keep the existing BOBR? New design?

• Quite a lot of systems requiring B1/B2 in the same crate
• Need to analyse the impact in more detail

• Question of PMC/XMC vs. VME CTR still open



Conclusion & next steps

• BST network is aging, many components obsolete, limited expansion 
possibilities

• Having timing events + RF FTWs on a single WR network gives us the 
opportunity to think about a single GMT/BST network

• (My personal) aim to have as much of the network outside of BI’s 
responsibility as possible!
• BSToWR “option 2” seems like a good solution to me ☺

• Any ideas/input welcome!


