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requirement for VTXTRG

-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 ¢ 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~ taken from
(assuming 9us is required to entire TRG after LS2) | 1ZVIX workshop

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


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

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

Bandwidth from IpGBTs to backend

-Information from Christian Irmer (thanks!)

-From |pGBTs to backend, total bandwidth for TTT is 150 links X 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, 300X 10Gb/s X 50% = 150 X 10 Gb/s

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

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

“150 links X 10Gbps or
60 links X 25Gbps or
46.875links X 32Gbps

300 links X 10Gbps
(half come from TTT)



transceiver speed from backend to TRG(UT)

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

Speed between Needed #link Needed number of UT
backend and TRG (#needed link/#UT link)

10Gbps 150 UT4 X5 0r UT5 X5
20Gbps 75 UT4 X 3 or UT5 X 1-2
25Gbps 60 UT4X2o0r UT5 X1
32Gbps 46.875 UT5X1

-2XThis table does not consider
-the number of available VTX backend input/output transceiver port
-the bit number of + a information on backend (chiplD etc.)

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



Example of backend board input/output: 25Gpbs

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

possible example configuration with 25Gbps
-merge TTT from four IpGBT into one

10Gbps X 4 (50% TTD)

DGBI__| >
* merge TTT 25Gbps X1
BT > add+a ”
: UT4 X3
RGBT ] . or
%:» merge TTT 25GbpsXx1 UT5 X1
RGBT | > add+a >

300 links ’ 75 links




Example of backend board input/output: 32Gpbs

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

possible example configuration with 32Gbps

-merge TTT from six IpGBT into one

10Gbps X6 (50% TTD)

. g
* merge TTT 32Gbps X1

PGBT > add+a g

GET :

ﬁL >

pGBT ] . UTS X 1
%» merge TTT 32GbpsXx1

pGBT | > add+a g

OGBI -

" 300 links | 50 links




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

-The timing resolution(10o) of trigger signal is a few--20ns,

depending on event multiplicity and ECL energy deposit.
Tail is spread to about =~50ns at maximum.

Belle II Exp 41 Run 337 RunType physics

double gaussian fit on DQM

i ECLTRG \ CDCTRG
. " 0o \ .
hadron skim . hadron skim
ol="6ns ) “ 01="8ns
— 02="~20ns rhinit ‘ |i.] ln.l.l.l Ly 62=~100ns
i ECLTRG SE CDCTRG
mumu skim I mumu skim
01="8ns “E H‘ 01="9ns
=~ ot —~
w—ilill - 02="20ns sumaifiliiill J‘LL,M,,J“ | 02="100ns

offline eventTO — trigger timing (ns) offline eventTO — trigger timing (ns)
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TRG event timing resolution
-Belle Il TRG system will send trigger signal to VTX and other detector

-The timing resolution(10o) 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.

12



Other question

-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 9us or more at LS2)

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



Summary
-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 I[pGBT data on backend ?
| | want to know feedback from you.

® L1 event timing resolution for VTXDAQ

-The timing resolution(1o) 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.

14



backup
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Present TRG system

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

-SVD/PXD does not have trigger functionality
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-Low trigger efficiency due to CDC detector issue/change

possible CDCTRG issue after LS2 (1)

-low hit efficiency by low gas gain and low HV
-possible removal of inner layers

lowerHV (50% lower gain )
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possible CDCTRG issue after LS2 (2)

-low-multi trigger rate may exceed 30kHz limitation due to beamBG

-fake track: high detector occupancy or cross talk: x (beamBG)?
-off-IP particle: real charged particle outside from IP o« beamBG

fake track off-IP particle Expected trigger rate after LS2

LS2
30kHZ

fake trackl
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possible CDCTRG issue after LS2 (3)

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

efficiency of full track (MC)
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A

Motivation of VTXTRG
-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

-VTXTRG standalone triggering might be possible too, but not must.
VTXTRG tracking VTXTRG-CDCTRG track matching on GRL
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requirement for VTXTRG

-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 ¢ 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 7~8us
(assuming 9us is required to entire TRG after LS2)

21



VTXTRG development status

-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 | think | am missing many contributers..)
22


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

Assumed sensor segment for TTT

-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

VII. Strixel segmentation

= A major problem:
» 896 x 464 pixels per sensor
» =1,000,000,000 pixels in the detector
O An excessive number of combinations

MAMARRMAMERTRDM
= Solution :
» Strixel (Stx) : reduced spatial accuracy
» 8 x 1 Strixels per sensor |
v' Considerable reduction in the number of combinations |
v Reduction of the Pattern table size o EE N
» Faster to search through a small table P ) T R D

-Question: is this segmentation and #layer determined ?
how/when will you determine ?

23



VTXTRG tracking on simulation

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

= Look-Up Table (LUT) logic:
1. Pattern table : Stored physical track patterns from simulation
2. Detector/Table pattern comparison : Triggered track if recognized from the table

-

Detector pattern Comparison

Recognized : Kept

Unknown : Rejected

24



VTXTRG performance on simulation
-Efficiency, z/¢ resolution requirements are satisfied

Z-vertex Acceptance : |z| <2.5cm ¢ Accuracy : Gaussian o = 3.17°
Efficiency depending on 8 Efficiency with respect to Z-vertex Density histogram of Ag
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-Fake track rate is 100~500kHz with 3 layer, it is OK for CDCTRG matching
-standalone VTXTRG triggering is difficult

= Initial Fake Trigger Rate

=== Maximal trigger output rate
500 mmm Layer used : 3
Bl Layer used: 4
| EEE Layer used: 5

Fake Trigger Rate (kHz)

BG V1 BG V2 BG V3 25



VTX->VTXTRG->GRL dataflow
-Markus’s Presentation at TRG-DAQ workshop

Hit data BELLE 1l
processing DA
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|pGBT data

receiver and decoder
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VTX Sensor Module

Back-end Electronics

-I think you are considering to use a Back-end Electronics to prosessing
TRG and DAQ data together on the board
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https://indico.belle2.org/event/15311/contributions/101113/attachments/37402/55562/20251023_VTX_readout_TDAQ_ws_irmler_friedl-V2.pdf

backend electronics choice ?
-Markus’s Presentation at TRG-DAQ workshop

-Candidate of back-end electronics

-PCle40 Question: how/when

-PCle400 will you determine ?
| -CEPC TDAQ board
-UT4 is one of candidate | think

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

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

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

VTXTRG VTXTRG/ : VTXTRG VTXTRG/
@ tracking CDCTRG @ tracking CDCTRG
matching matching

backend backend uTt4?
electronics TRG UT4 : electronics (VTXTRG) TRG UT4

(GRL) | (GRL)


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

UT4

-Let me introduce UT4 as one of candidate

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

-QSFP optical transceiver/receiver
-GTY(25Gbps) X 32 lanes

-GTH(16Gbps) X 32 lanes

-VME 6U Yol |

-1/0 of RJ45, LVDS(64ch), LEMO, clock

#® QSFP optical
| transceiver

-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..) 28



responsible institute

-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

sub-trigger | category

stage | sub-category

Coordinater, liaison

FW developer

SW (TSIM etc.) developer

Gldou ok T

(ETaichiro Koga) (KEK), (@Junhaoin (NankaiU.),

Gdughaoio itiaoks et Dion tactoas i)

{@Taichiro Koga (KEK]

(ETaichiro Koga (KEK)

[KEK)

ElaichiroKoga) (KEK)

@¥uxinLiu' (SOKENDAI) --= Yang Yi (Fudan)

empty
empty
{@lLea Reuter (KIT)

@Unno Yuji (Hanyang.U)
@Unno Yuji (Hanyang.U)
@Unno¥uji (Hanyang.U}
@EunjiJang) (GNU)

@lsabel Haide (KIT)

empty

@Vladimir Savinoy (Pittsburgh U.)
@Richard Peschke (HawaiU.)

@Anthony Craig Little (Sydney U.)
————

TRG leader leader: (@Taichire Kogal (KEK)
deputy: | @Hideyuki Nakazawa (NTU)
— ==L L
GRL Matching @Taichiro Koga (KEK) @laichiro Koga) (KEK) |@Hanwook Bae (KEK)
Neualnet Shecoli (o)
cDC Merger @Jing.Ge Shiy (NTU) (ETaichiro Koga' (KEK), @Yun-TsungLai (KEK)
TsF n]Taichim Koga (KEK) EuzTa\chlro Koga (KEK) @Hanwook Bag | (KEK)
D Elaichiro Koga) (KEK)
kD @Zepeng ¥u (UTokyo)
ETF ETaichiro Koga ' (KEK)
MNeuro-30 @Torben Ferber (KIT), Christian Kiesling (MPI) {@HKai Lukas Unger (KIT)
@Yuxin Liu {SOKENDAI) -->Yang ¥i (Fuan)
3D Hough {@Kai Lukas Unger (KIT)
Displaced vertex empty
GNN R&D Marc Neu (KIT)
ECL FAM @Unno Yuji (Hanyang.U) @Unno Yuji (Hanyang.U)
TMM @Unne Yuji (HanyangU)
ETM @Unno Yujil (HanyangU)
Calibration
GNMN-ETM Marc Neu (KIT)
BG study, ShaperDSP Upgrade empty
TOP @vladimir Savinou| (Pittsburgh U.) @Viadimir Savinoy (Pittsburgh U.)
@Kimika Arai (Pittsburgh U.)
KLM Tracking @Richard Peschke (Hawai L) @Richard Peschke (Hawai U.)
NN R&D @Anthony Craig Little (Sydney U.)
VTX (R&D for upgrade) @Jerome Baudot (IPHC) (@Matteo Maushart (IPHC),

@Maximilian Babeluk (HEPHY, trigger out electronics)

(@Matteo Maushart {IPHC),

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

funding

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

fund covered by VTX/VTXTRG group
fund covered by KEK

VTX backend tracking
hit track

MNatiorfal Central U.
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—1 Energy Sum i § E

U. Pittsburgh - - =
Hawaii U. TOoP < N

Virginia Tech
Hawaii U. KLM __IT}—ICIuster Findin.g}_l Tracker

~ 5 U sec after heam crossing




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

-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 ?

31

(We can attend some VTX meeting, or you can attend TRG upgrade meeting)
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UT4 FPGA

-Vertex Ultrascale XCVU080,160,190

-common

pin package

Virtex® UltraScale™ FPGAs

Device Name XCVUDBS XCWUODB0D XCVUD95 XCVUL25 HCWU1E0 ¥CWU190 ¥CWU440
Logi Resowroes System Logic Cells (K) 783 a75 1176 1567 2,027 2,350 5541
CLB Flip-Flops 716,160 891,424 1,075,200 1,432,320 1,852,800 2,148,480 5,065,920
CLB LUTs 358,080 445,712 537,600 716,160 926,400 1,074,240 2,532,960
Maximum Distributed RAM (Kb) 4,830 3,980 4,800 9,660 12,690 14,490 28,710
Block RAM/FIFD w/ECC (36Kb each) 1,260 1,421 1728 2,520 3,276 3,780 2520
Memory Resources
Block RAM,FIFO [18Kb each) 2,520 1,842 3456 5,040 6,552 7,560 5,040
Total Block RAM [Mb) 44 3 50.0 608 286 115.2 13249 B85
CMT (1 MMCM, 2 PLLs) 10 16 16 20 28 30 30
Clock Resources Ifoown 40 B4 B 20 120 120 120
Transceiver Fractional PLL 5 8 8 10 13 15 0
Maximum Single-Ended HP 1/0s 468 T80 T80 T80 650 650 1,404
Maximum Differential HP 1/O Pairs 216 360 360 360 300 300 GA8
1/0 Resources : )
Maximum Single-Ended HR 1/0s 52 52 52 52 52 52 52
Maximum Differential HR 1/0 Pairs 24 24 24 24 24 24 24
DSP Slices 600 672 Ted 1,200 1,580 1,800 2,880
Cystem monitor T T T . T T T
PCle® Genl/2/3 2 4 4 4 4 1 -1
'";Eiauﬁip Interlzken 3 6 5 6 8 9 )
100G Ethernet 3 4 4 B 9 9 3
GTH 1A lﬂ.hur:TrW Pl 1 i ﬂ'l L2 fill ﬂ
e G230, 2005 TR LEINELS al il al i ol &l g
Commercial = = = = = = -1
Speed Grades Extended -1H-2-3 -1H-2-3 -1H-2-3 -1H-2 -3 -1H-2-3 -1H-2-3 -2-3
Industrial -1-2 -1-2 -1-2 -1-2 -1-2 1-2 -1-2
Package ~  Package Dimensions HR 1/0, HP 1/, GTH 16.36b/s, G]Y 30.5Gb/s
Footprintid &3 {rmm)
) 1517 A0x40 52, 468, 20, 20 52, 468, 20, 20 52, 468, 20, 20
CDrnF;:‘ttipb::"f\lith D1517 A0xdl 52, 286,32, 32 52, 286,32, 32 52, 286, 40, 32
Kintex® UltraScale B1760 42.5x42.5 52,650, 32, 16 52, 650, 32, 16 52, 650, 36, 16
Devices A2104 47 52475 52,780, 28, 24 52, 780, 28, 24 52, 78O, 28, 24
B2104 47.5x47.5 52,650, 32, 32 52, 650, 32, 32 52, 650, 40, 36 52, 650, 40, 36 52, 650, 40, 36
C2104 47 5x47.5 52, 364,32, 32 52, 364, 40, 40 52, 364,52, 52 52, 364,52, 52
B2377 S0x50 52,1248, 36,0
A257T 52 5x52.5 0, 448, 60, 60
A2892 55x55 52, 1404, 48, 0
Nabes:

1. Packages wilh the same package foalprind designalor, &g, A2 104, are foalpint compatiblie with all other UliraScale devices with the sames ssquencs. Ses the migraton lah

2. For full part number delsils, see ihe Ordenng Information section in DSE30, UifraScale Archifechye and Product Ovarview.
3. See UGSTS, Kinfex LWraScale and Vinkex UitraScale FPGAs Packaging and Pinowis User Guide for more information.

= for delails on inlesfamily migralion.




X. VTXTRG : Recap

OBELIX n°2435

OBELIX n®2435 TTT Output Event Bitword
- 10000001 - 000100011100100010....00010100
re . LUT Comparison

Pattern Table :

’aﬂ" - =~ -\\ Index  Pattern e(°) @(°) pr(Gev)
PP bt D N 1 001...010....0001 67 259 156
!" ’,’; /:\:\ \\ 2 010...010....0001 125 23 0.89
/
; f]‘ !/ /;m.?\‘\ \!‘ \1 126304 100...010....0100 43 344 234
T \r Yoo 126305 100..010..0010 175 88  1.71
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