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LHCB ONLINE LS3 ENHANCEMENTS

➢ LHCb Online LS3 enhancements

➢ EB expansion in cavern

➢ implementation of PCIe400

➢ PCIe400: 47x lpGBT links, 440 Gb/s Output

for RICH (and ECAL) readout.

LS3 enhancements

Upgrade II

LHC long-term schedule (http://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm)

“LHCb Data Acquisition Enhancement Technical Design Report”

https://indico.cern.ch/event/1571894/contributions/6622541/attachme

nts/3126503/5545495/LHCC_open_session_LHCb.pdf

“Future LHCb upgrade”, Phillip Rolof, 2024

https://indico.cern.ch/event/1571894/contributions/6622541/attachments/3126503/5545495/LHCC_open_session_LHCb.pdf
https://indico.cern.ch/event/1571894/contributions/6622541/attachments/3126503/5545495/LHCC_open_session_LHCb.pdf
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(YT. Lai)
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PCIe400 Application to Belle II ?
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FPGA : PCIE40:ARRIA10 -> PCIE400:AGILEX 7

GX1150 AGM 039

Logic elements (LEs) 1,150,000 3,851,520

Adaptive logic modules (ALMs) 427200 1,305,600

M20K memory blocks 2713 18,960

M20K memory size (Mb) 53 370

MLAB memory size (Mb) 12.7 40

HBM2E High Bandwidth DRAM Memory (Gbytes) Size 16 / 32

COMPARISON BETWEEN PCIE40 AND PCI400

Interface with host server (PCIExpress)

➢ PCIe40 : 2x PCIe gen3 8lanes  ～ 100Gbps

➢ PCIe400 : PCIe gen4 16lanes ～ 400Gbps

# of XCVR

➢ PCIe40 : 48ch(bidirectional) up to 10Gbps

➢ PCIe400 : 48ch(bidirectional) up to 25Gbps
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PCie400 as a spare of PCIe40

Location # of PCIE40

Used in readout PCs 21

Test benches in KEK 3

Shandong Univ. 1

VTX test in IFIC 2

Available spares ～4

There are one or two prototype(?) 

version boards in KEK and UH.

➢ So far, there have been no significant board failures.

➢ One rklm1 PCIe40 board was replaced to check the frequent b2llost issue 

between ch0 of rklm1 and dc38 although it is unclear if this issue came from the 

PCIe40.

➢ However, once these boards start to fail, we can easily expect a desperate need to 

increase the number of spare boards, even by one or two.

➢ It would be meaningful to get a PCIe400 card as a spare card

Current PCIe40 availability

LHCb Data Acquisition enhancement TDR CERN-LHCC-2024-001
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B2TT INTERFACE ..

➢As far as I know, unlike the PCIe40, the PCIe400 has no connector for accessing the 
FPGA GPIO.

➢ Therefore, data transmission and reception must be done through the FPGA 
transceivers.

➢ We need to send data to the FTSW synchronously with the original FTSW clock, but 
that clock is not available. 

➢ Same problem with the current optical b2tt project for PCIe40.

➢ If the FTSW (Vertex-5 FPGA) can receive data via its transceiver and perform CDR, 
could that solve the issue?

Connector for b2tt interface on PCIe40
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READOUT : VARIOUS IMPROVEMENTS IN PCIE40 FIRMWARE AND SOFTWARE
(D. Levit)PCIe40 FPGA Software in readout PC
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Each channel’s data are sent 

to ROPC w/o event-building 

n=Max. 48

Sue-events from FEEs 

are merged here.

➢ Throughput up to ROPC : FEE->PCIe40->ROPC software : 3.5GB/s

➢ Note : Data were not sent to HLT in this measurement 

➢ In a high-rate test including data-transfer to HLT, 800MB/s/ROPC 

at 32kHz was achieved.

➢ Trigger holdoff is the current bottleneck.

Performance improvements

Recent improvements in CPU usage in a readout PC

3.5GB/s < 40Gbps=5GB/s

The performance of the current readout 

system is limited by CPU usage.

So, replacing PCIe40 with 

PCIe400(=400Gbps) is too much ?
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Other usage ?
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SPLITTING DATA FOR INDEPENDENT ANALYSIS : 
ONE -> HLT, THE OTHER TO PCIE400
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Readout 

PC
PCIe40

PCIe40

PCIe40

PCIe40
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Data-serverPCIe400 
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In this case, no need to 

have b2tt interface ?

Pros : does not affect the current 

DAQ system so much.

Since b2link line rate is limited by 

the FEE FPGA, a few links 

between PCI40 and PCIe400 

could be enough to transfer all 

data from FEEs to the PCIe40.

Copy of all data/ specific trigger type(e.g. low multiplicity)

belle2link



DUPLICATING DATA : HELP OF QIDONG-
SAN’S HARDWARE HLT ?
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PCIe400



EXTRACT MORE THAN L1-TRIGGERD DATA 
FROM FEE VIA READOUT SYSTEM?
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Specific 

detector’s FEEs

eve1eve2eve3

Hits w/o 

trigger

PCie40

eve0
HLT

belle2link

PCIe400
➢ Currently, the FEE sends only L1-triggered 

data to the readout system.

➢ If there are ideas for physics research using 

non-triggered hits, this modification could be 

a reasonable way to realize them, since it 

doesn’t require much hardware modification, 

which could affect the normal Belle II data-

taking.

Normal 

analysis

Needle search

Hits w/o 

trigger

Hits w/o 

trigger



SUMMARY

➢LHCb will produce PCIe400 boards in the coming years for the LS3 
enhancements and Upgrade II.

➢The PCIe400 will feature a larger FPGA and a higher-bandwidth 
PCI Express interface.

➢The number of spare PCIe40 boards for Belle II DAQ is limited, and 
no additional production of PCIe40 is foreseen.

➢The PCIe400 could serve as a spare for the PCIe40 and may also be 
applicable to other high-speed readout systems.
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backup



BELLE II TRIGGER-DAQ WORKSHOP 2025 : OCT. 24, 2025 15



BELLE II TRIGGER-DAQ WORKSHOP 2025 : OCT. 24, 2025 16



BELLE II TRIGGER-DAQ WORKSHOP 2025 : OCT. 24, 2025 17


	スライド 1: PCIe400
	スライド 2: LHCb online LS3 enhancements
	スライド 3
	スライド 4
	スライド 5: FPGA : Pcie40:Arria10 -> pcie400:Agilex 7
	スライド 6
	スライド 7: B2tt interface ..
	スライド 8
	スライド 9
	スライド 10: Splitting data for independent analysis :  one -> HLT, the other to PCIe400
	スライド 11: duplicating data : Help of Qidong-san’s hardware HLT ?
	スライド 12: Extract More than L1-triggerd data from FEE via readout system?
	スライド 13: Summary
	スライド 14
	スライド 15
	スライド 16
	スライド 17

