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-Share and discuss requirement from TRG to VTX
-optical transceiver bandwidth to send TTT data from VTX backend to TRG

-L1 event timing resolution for VTXDAQ
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Requirements on the Interface between
VTX back-end and Belle II Trigger 



-1. all hits should be sent from VTX to VTXTRG with pipeline
(=no deadtime, fixed latency, independent from hit occupancy)

-2. VTXTRG efficiency is >~95% or more for single charged particle from IP

-3. fake track rate is < ~1000kHz(~10% per 100ns) for CDCTRG matching
(in the case of standalone VTXTRG, it is well less than 30kHz)

-4. VTXTRG φ resolution is better than ~5degree for CDCTRG matching

-5. VTXTRG z resolution is better than a few cm to reject off-IP particles

-6. track trigger latency from VTX to GRL is 7~8μs
(assuming 9μs is required to entire TRG after LS2)

requirement for VTXTRG
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This (and Strixels segmentation) will determine needed 
total bandwidth between VTX backend and TRG

taken from
1st VTX workshop

https://indico.belle2.org/event/16350/contributions/103796/attachments/38400/57041/koga_vtxtrg_2025_12_17.pdf
https://indico.belle2.org/event/16350/contributions/103796/attachments/38400/57041/koga_vtxtrg_2025_12_17.pdf
https://indico.belle2.org/event/16350/contributions/103796/attachments/38400/57041/koga_vtxtrg_2025_12_17.pdf


-TTT data is sent from OBELIX chip to ipGBT+VTRx+

-TTT data is sent from ipGBT+VTRx+ to backend board

-TTT data is send from backend board to TRG module
-no trigger logic on backend board, all hit data is passed to TRG(UT4,UT5,UT6)

Assumption for discussion

5figure taken from 1st VTX workshop (link)

https://indico.belle2.org/event/16350/contributions/103793/attachments/38388/57024/20251217_VTX_back-end_irmler.pdf


-Information from Christian Irmer (thanks!)

-From IpGBTs to backend, total bandwidth for TTT is 150 links × 10 Gb/s

-We have about 300 optical links from IpGBTs to VTX backend

-each have 2 e-links with 10Gb/s, about 50% data will come from TTT

-In total, 300× 10Gb/s × 50% = 150 × 10 Gb/s

-(does this 300 include inner VTX, which does not have TTT ??)

-Same total bandwidth (＋α, chipID etc.) is needed from backend to TRG 

Bandwidth from IpGBTs to backend

6

300 links × 10Gbps

(half come from TTT)

150 links × 10Gbps or
60 links × 25Gbps or
46.875links × 32Gbps



-The number of needed UT4/UT5 board depends on transceiver speed
-UT4 has:       32 link × 25Gbps and       32 link × 12Gbps
-UT5 has: 64-96 link × 32Gbps and 16-32 link × 58Gbps   (not fixed)

transceiver speed from backend to TRG(UT)
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Speed between
backend and TRG

Needed #link Needed number of UT
(#needed link/#UT link)

10Gbps 150 UT4×5 or UT5×5

20Gbps 75 UT4×3 or UT5×1-2

25Gbps 60 UT4×2 or UT5×1

32Gbps 46.875 UT5×1

-※This table does not consider
-the number of available VTX backend input/output transceiver port
-the bit number of ＋α information on backend (chipID etc.)

-higher transceiver speed is preferred for TRG
-32Gbps per link ?   I want to know feedback from you.



-If we would like to use 32Gbps(or more) between VTX backend and TRG,
data from different IpGBTs should be merged on backend

Example of backend board input/output: 25Gpbs
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IpGBT

possible example configuration with 25Gbps

10Gbps×4 (50% TTD)

merge TTT
add＋α

UT4×3
or

UT5×1

25Gbps×1

…

25Gbps×1
…

75 links

-merge TTT from four IpGBT into one

300 links

IpGBT
IpGBT
IpGBT

IpGBT
IpGBT
IpGBT
IpGBT

…

merge TTT
add＋α



-If we would like to use 32Gbps(or more) between VTX backend and TRG,
data from different IpGBTs should be merged on backend
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IpGBT

possible example configuration with 32Gbps

10Gbps×6 (50% TTD)

merge TTT
add＋α

UT5×1

32Gbps×1

…

32Gbps×1
…

50 links

-merge TTT from six IpGBT into one

300 links

IpGBT
IpGBT
IpGBT
IpGBT
IpGBT

IpGBT
IpGBT
IpGBT
IpGBT
IpGBT
IpGBT…

merge TTT
add＋α

Example of backend board input/output: 32Gpbs
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Requirements on event timing resolution



-Belle II TRG system will send trigger signal to VTX and other detector

-The timing resolution(1σ) of trigger signal is a few--20ns, 
depending on event multiplicity and ECL energy deposit.
Tail is spread to about ±~50ns at maximum.

TRG event timing resolution
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ECLTRG
hadron skim
σ1=~6ns
σ2=~20ns

ECLTRG
mumu skim
σ1=~8ns
σ2=~20ns

offline eventT0 – trigger timing (ns)

CDCTRG
hadron skim
σ1=~8ns
σ2=~100ns

CDCTRG
mumu skim
σ1=~9ns
σ2=~100ns

double gaussian fit on DQM

offline eventT0 – trigger timing (ns)



TRG event timing resolution
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-Belle II TRG system will send trigger signal to VTX and other detector

-The timing resolution(1σ) of trigger signal is a few--20ns, 
depending on event multiplicity and ECL energy deposit.
Tail is spread to about ±~50ns at maximum.

TRG does not plan to improve timing resolution at LS2.
Please assume the same or worse timing resolution than now.



-How much is the reference clock of transceiver on VTX backend board ?
(Is the clock driven by RF ?)

-How much is maximum latency of VTXDAQ ?
(L1 latency will be extended to 9μs or more at LS2)

-Do you have any update of Strixels segmentation size discussion 
since the last workshop ?
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Other question



-Discuss TRG requirement to VTX

●optical bandwidth to send TTT data from VTX backend to TRG:

-higher transceiver speed is preferred for TRG to reduce number of UT

-32Gbps per link by merging TTT from several IpGBT data on backend ? 
I want to know feedback from you.

●L1 event timing resolution for VTXDAQ

-The timing resolution(1σ) of trigger signal is a few--20ns, 
depending on event multiplicity and ECL energy deposit.
Tail is spread to about ±~50ns at maximum.

-TRG does not plan to improve timing resolution at LS2.
Please assume the same or worse timing resolution than now.

Summary
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backup
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-So far, CDCTRG is a main system to trigger charged particles

-SVD/PXD does not have trigger functionality

Present TRG system
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BelleII



-Low trigger efficiency due to CDC detector issue/change
-low hit efficiency by low gas gain and low HV
-possible removal of inner layers

possible CDCTRG issue after LS2 (1)
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-low-multi trigger rate may exceed 30kHz limitation due to beamBG
-fake track: high detector occupancy or cross talk:       ∝ (beamBG)2

-off-IP particle: real charged particle outside from IP  ∝ beamBG

possible CDCTRG issue after LS2 (2)
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Expected trigger rate after LS2

three tracks for BB

fake track off-IP particle

two tracks for BB
single track
for lowmulti

30kHz



-limited angular acceptance for low-multi physics and PID calibration
-”full track”(f) at barrel is always required for trigger decision
-standalone ”short track”, “inner track” triggering is impossible due to high rate

possible CDCTRG issue after LS2 (3)
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efficiency of full track (MC)



-By introducing VTXTRG and taking VTXTRG-CDCTRG matching, we solve:
-CDCTRG low efficiency issue
-CDCTRG high trigger rate issue
-CDCTRG angular acceptance issue by using short/inner track

Motivation of VTXTRG
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VTX backend

VTXTRG-CDCTRG track matching on GRLVTXTRG tracking

-VTXTRG standalone triggering might be possible too, but not must.

tracking

hit track



-1. all hits should be sent from VTX to VTXTRG with pileline
(=no deadtime, fixed latency, independent from hit occupancy)

-2. VTXTRG efficiency is >~95% or more for single charged particle from IP

-3. fake track rate is < ~1000kHz(~10% per 100ns) for CDCTRG matching
(in the case of standalone VTXTRG, it is well less than 30kHz)

-4. VTXTRG φ resolution is better than ~5degree for CDCTRG matching

-5. VTXTRG z resolution is better than a few cm to reject off-IP particles

-6. track trigger latency from VTX to GRL is 7~8μs
(assuming 9μs is required to entire TRG after LS2)

requirement for VTXTRG
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-Jerome has kindly communicated with Koga time to time,
when he has VTXTRG related update

-Maximilian mainly consider the design of TTT and Strixel segment

-Matteo(IPHC) and Jerome designed VTXTRG tracking logic by simulation.
Performance is evaluated and summarized at 2025 Feb. B2GM (link).
(just software simulation, not firmware)

-Yiwei (Nankai U.) and Junhao, Koga are going to design VTXTRG-CDCTRG
matching logic on GRL. 
He finishes to implement Matteo’s code to basf2 framework.

-(Sorry I think I am missing many contributers..)

VTXTRG development status
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https://indico.belle2.org/event/13863/contributions/88882/attachments/32828/48457/Pr%C3%A9sentation%20VTXTRG%20B2GM%20parallel%20Fev%202025.pdf


-We have assumed 8 x 1 Strixels per sensor for our VTXTRG simulation
-every 29.6ns, all hit information of Strixels will be send to TRG

Assumed sensor segment for TTT
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-Question: is this segmentation and #layer determined ?  
how/when will you determine ?



-VTXTRG tracking is simulated by look-up-table method by Matteo

VTXTRG tracking on simulation
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-Efficiency, z/φ resolution requirements are satisfied

-Fake track rate is 100~500kHz with 3 layer, it is OK for CDCTRG matching
-standalone VTXTRG triggering is difficult

VTXTRG performance on simulation
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-Markus’s Presentation at TRG-DAQ workshop

-I think you are considering to use a Back-end Electronics to prosessing
TRG and DAQ data together on the board

VTX->VTXTRG->GRL dataflow
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https://indico.belle2.org/event/15311/contributions/101113/attachments/37402/55562/20251023_VTX_readout_TDAQ_ws_irmler_friedl-V2.pdf


-Markus’s Presentation at TRG-DAQ workshop

-Candidate of back-end electronics
-PCIe40
-PCIe400
-CEPC TDAQ board
-UT4 is one of candidate I think

-Where trigger tracking logic can be implemented ? 
-①If you choose large FPGA (CEPC/UT4?), it can be implemented on

the back-end electronics, probably. Better option in terms of cost.

-②If you choose small FPGA, another trigger board (UT4?) is needed I guess

backend electronics choice ?
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VTXTRG
tracking

backend
electronics

VTXTRG/
CDCTRG
matching

TRG UT4
(GRL)

①

backend
electronics

VTXTRG/
CDCTRG
matching

TRG UT4
(GRL)

②
VTXTRG
tracking

UT4 ?
(VTXTRG)

Question: how/when
will you determine ?

https://indico.belle2.org/event/15311/contributions/101113/attachments/37402/55562/20251023_VTX_readout_TDAQ_ws_irmler_friedl-V2.pdf


-Let me introduce UT4 as one of candidate

-FPGA: Virtex Ultrascale XCVU080/160
-975-2350k logic cell

-QSFP optical transceiver/receiver
-GTY(25Gbps)×32 lanes 
-GTH(16Gbps)×32 lanes

-VME 6U

-I/O of RJ45, LVDS(64ch), LEMO, clock 

-Detail is in backup or contact me

-Price: 3~5,000,000 JPY per a board
(※KEK does not have funding to purchase additional UT4..)

UT4
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光通信
QSFP optical
transceiver

UT4
LEMO, clock

RJ45 

LED

LVDS



responsible institute

29

-So far, only Jerome(IPHC) and Koga(KEK) are main staff for VTXTRG R&D

-Backend is responsible by OAW ? (or other VTX institute?)
-VTXTRG is responsible by IPHC ?
-VTXTRG-CDCTRG matching on GRL is responsible by KEK (or Nankai U.)

-link
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https://xwiki.desy.de/xwiki/bin/view/BI/Belle%20II%20Internal/Detector%20WebHome/Trigger%20WebHome/Trigger%20Group%20Organization/


funding
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-So far, subtrigger institutes have responsibility of budget for 
their own subtrigger system

30

VTX

fund covered by KEK
fund covered by VTX/VTXTRG group

VTX backend tracking

hit track



-Motivation and requirement for VTXTRG
-improve charged particle’s trigger efficiency/rate/acceptance
-requirements in page7

-Development status
-First VTXTRG tracking simulation is performed by Matteo(IPHC), Jerome.
performance looks enough to satisfy requirements. 

-VTXTRG-CDCTRG matching simulation is on-going by Yiwei(Nankai U.),
Junhao, Koga (GRL group).

-Questions:
-Are segmentation of Strixels and #layer for TRG  determined ?  
How/when will you determine ?

-How/when will you determine back-end electronics board ?
Could we discuss dataflow design of VTX->VTXTRG->GRL in detail ?

-Could we share information of TTT and VTXTRG related development status
more  closely ?
(We can attend some VTX meeting, or you can attend TRG upgrade meeting)

Summary 31



backup
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UT4 FPGA
-Vertex Ultrascale XCVU080,160,190

-common pin package
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