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Trigger Parallel Session @ 50t B2GM

« There are two sessions in 19t and 24t Feb.
19 presentations in total 19th Feb

* |In this presentation, we will o e — ====3
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Speaker: Youwen Xue (BELLE (BELLE Il Experiment))
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BG overlay

Speaker: Giacomo De Pietro (Karlsruhe Institute ofTech"UoSW & D Q M
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KLMTRG

Speaker: Richard Peschke (BELLE (BELLE Il Experiment)) K L M I R(

2025-02-24 Peschk...

QSFP transceiver radiation test

Speaker: Hanwook Bae (BELLE (BELLE Il Experiment))

20250224_Hanwoo..

Upgrade of the L1 Neural Network Trigger for Run 2

Speaker: Prof. Christian Kiesling (Belle/Bellell (MPP))

StatusPlansNeuroTr...

Status of Versal project

Speaker: Yun-Tsung Lai (Belle (SuperKEKB Experiment)) W
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GNN-ETM: A Hardware Perspective
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GNN-ETM Clustering Performance and Next Steps

Speaker: Isabel Haide (Karlsruhe Institute of Technology)
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ECLTRG

Speaker: Torben Ferber (Karlsruhe Institute of Technology (KIT))
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Speaker: Till Raedler (Karlsruhe Institute of Technology)
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Level T Trigger Rate Summary (T. Koga)

« The L1 rate per luminosity in 2024c is 2024/6 (2024ab) 2024/11 2024/12
about the same order. — 10000—— SRS
+ No changes in the trigger menu T o000} o
40_)) 80005—
) -
| oC 7000
« Better <& than 2024ab - =
» Introduction of ADC cuts of CDCTRG = F
oo . + 5000 —
« Improved injection veto (less leakage) © =
400055- o ‘
4o 3000 f—w :‘ .
 Worse & than 2024ab 20007 -
e The beam background was 1.5-4 times (000E SR -
1 ‘.“:‘;.- ‘:
Stronger than that In 2024ab 0 “l“:‘l;dl‘ lz‘l | 'l.;“l‘l | ‘l‘l‘l I | l‘l l‘l“l‘l_l“l‘ | l‘l‘l l‘ I‘.Ll 1 1 |Ll 1 1 | 11 1 I 11 |
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Trigger

« The trigger efficiencies were stable
over the 2024c run period in overall

« ECLTRG and CDCTRG show stable plot,
but HLT and KLMTRG have anomalies

e Most anomalies are understood and
marked as RECOVERABLE runs.

- Total length of BAD runs: about 2 hrs.
Example:

* r911/912 : HLT hadron ratio due to ECL
e r1836: KLMTRG issue due to detector
« r2321:Too big hadron ratio (x40 bigger)

=fficiency Summary (C. Liu and . Yuan)

exp35 N(hadron)/N(bhabha_all)
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Trigger Operation in 2024c (H. Nakazawa)

» Trigger was stable during 2024c Major downtime

exp 35 (10/25-12/27, 2024) during physics runs (Major problem in parentheses)

e Clock unification (S|IdeS @ 49th BZGM) SVD I BESRTeREn d readout error )
improved the stability of GDL cbe | | (leakage current “blowrup?)
- . TOP N (b2llost, but doesn't cover all b2llost-associated downtime)
o TRG d Owntl m e red U Ced ! ARICH I (recovery procedure) totoal downtime: 1182min,
ECL (FEE hardware failure) 2.9% of 2024c physics time.
KLM I (recovery procedure)

TRG | (ECLTRG SLC)
DAQ I (NSM trouble)

0 50 100 150 200 250 300 350
Downtime (min)

 TRG caused delays in Data Production due to the following troubles
« Data quality flags in rundb and payload production for GDL

« We planned some improvements to avoid the above troubles:

« The progress for data quality and payloads will be reported in the weekly TRG meeting
« Improve SLC to detect and monitor errors or anomalies (e.g., Injection veto and so on)
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Injection Veto

« Enabling ECL partwise-cut for active IV reduced leakages of injection BG (H. Bae)

« Partwise-cut for N(TQ): (Slides @ 49th B2GM)

« The leakage rate significantly reduced after
enabling the partwise-cut (8" Nov. 2024)

« BG-Overlay generation for the active
injection veto (G. De Pietro)

* A new basf2 module is implemented to
overlay the digits within the active IV window

« Red: Passive IV == 0 (Not vetoed events by IV)
Blue: Passive IV == 1 && Active |V ==
(Inside AlIV window)
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Status of ECLTRG (Y. Unno and H. Lee)

EVent tO pIOtS Of 2024C TRGECL] Event TO mean

« Optical link instability of ECLTRG - o : fo
« We confirmed the reason. Countermeasure ool -
will be implemented R | b S
+ GNN-ETM included to the DAQ readout | £ e e
« Bugs in the DQM plots were fixed ‘ L b B . .o .

Mean of t, of Trigger Cells

« Energy-dep. t, correction for Trigger Cell (TC) 2 E No COrT. i
« New method: Using a global coef. to compensate S sE ~ | Previous - Toby Toon
insufficient statistics of individual TCs g : New Mean=0: No bias
» Significantly reduced bias of t, timings for TCs A e e S
with the low energies! S =l L
U— et T g s et e T
o °F
C S
« Improving ECLTRG timing decision logic is ongoing é “E
0 50| - |1(;01 - I1S|'0| - IZ(;OI - IZFLOI - lj}l()l)(():l[cr;]
Energy of TC [ADC ch.]
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Updates of GNN-ETM (l. Haide and T. Ferber)

'GNN output using data
 GNN-ETM: New ECL trigger logic using e e

Graph-Neural-Network. Under devel. ., FW (from data)
| Model study (calc.ed

.| using data)

« We took a special physics run at Dec. 2024
with FW of GNN-ETM (e35r2882)

 recording input data for GNN-ETM: can be
used for the GNN studies with various models =i

« Agreement studies between FW sim. & QKeras

Clusters / 0.05051

X from Simul.

x from QKeras

1 1
o : 500+ Belle Il (own work) !
1 1
fL dt = 0.0593 fb~?! , exp35 , run2882 , GNNETM -vil inputs , offline-fine-gorge -1256 (Python) fL dt = 0.0593 fb~?, exp35, run2882, GNNETM-v31 ingfits, offline-fine-gorge-1256 (Python)
0.4 <E(e) <10GeV, E(y) > 0.2GeV, af(isolation) > I(ad, —500 < t(cluster) < 500ns, veto hot ECL crate 0.4 <E(e) <10GeV, E(y) > 0.2 GeV, a(isolation) > 0. 3'[ d} —500 < t(cluster) <500 ns, veto hot ECL crate
L1: stt, fyo, syo, ffy 1 L1: stt, fyo, syo, ffy
I HLT (beam_reco_filter): any HLT (beam_reco_filter): any
t(TRG, start) - 0 < t(cluster) < t(TRG, start) + 25| 400 | t(TRG, start) - 0 < t(cluster) < t(TRG, start) + 256
I
b
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« Performance analysis using e35r2882
« GNN-ETM shows better resolution for the TC

positions than the current ETM (ICN) | ==
 Additional studies are ongoing
(e.g., validation for the signal classifiers) = 100]
XTRG — Xoffline [M] YTRG — Yoffline [M]
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Impl. Studies for GNN-ETM (M. Neu and T. Radler)

 GNN-ETM is successfully implemented w/ UT4
« working well in the data-taking (@ Dec. 2024)
 3us latency: need to be reduced

e Simulation framework for GNN FW is ready.
« FW simulation and QKeras shows good agreement

e Output from hardware (UT4) and simulation does
not match. Investigation is ongoing

« Studies to implement GNN-ETM on Versal

* |Increasing the number of input TCs from 32 to deal
with the higher beam BG environment

 On the Versal architecture, we can achieve 128 TC
inputs with the lower utilization!

Energy

QKeras-Sim
W B 9]

RTL-Sim (UT4)
w B Ul

]
o™
.I

!

2 a
C-Sim (UT4)

2 4 6
Post-Route-Sim (UT4)

Comparison of UT4 and VCK190 implementations

w S
o o
1

Utilization in %
N
o
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Hardware Infrastructure

. UTS5 and Versal (Y. Lai and Z. Zhao) Al Engine (AIE): ML-designated cells of the Versal arch.

ongoing: NN of the existing triggers tested g o oW~ ot VITIS.

 Active student activity (5 students) and basic
infrastructures are being prepared.

 Studies for Al Engine in the Versal arch. are T Exact math form v XILINX

[
/bl
bufl:

buf20d
buf20

mmmmmmm

¢ Irrad|at|0n tests Of the QSFP"’ mOdU|ES mponents are skipped) _l [

for the new CDCFE electronics (H. Bae) | LAN Cable g Control sig m: power

A test board for 0Co
QSFP+ modules Source

 y-ray tests with over 1 kGy total doses & foseberP |
_ sassa USB to o
» neutron tests with 10*# fast neutrons |\|LAN capie  [HEN] —VME _COpuclsie, |
« We selected a proper QSFP+ module to [ UT4 RCpTea S8, ="
endure 10 years w/ our radiation cond.  onitoring pc Saferegion | Radiation region  Distance: about 20 cm
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sSummary

 TRG operation and L1 rates were stable in the previous run period (2024c)
« The L1 rate increasing due to the higher BeamBG (x4) is suppressed thanks to some upgrades

« Many upgrades and studies have been performed during 2024c
 Partwise-cuts for the active IV reduced the injection BG leakage a lot!
 GNN-ETM implemented on HW and showed good position resolution than current logic
* |rradiation tests of optical modules for the future CDCTRG performed and a proper one found
e Other many upgrades and plans for TOPTRG, KLMTRG, VXDTRG, and CDCTRG (See backups!)

«  We will implement upgrades to ensure the stable operation in the next run period
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Injection Veto (H. Bae)

« We enabled the partwise-cut for the number of ECL Trigger Cells (Link @ 49 B2GM)
« Separate cuts on the number of ECL TC from barrel or end-caps. Enabled from 8th Nov 2024.

] ) b(<16)ms
- The leakage rate has significantly =~ = F® ded@ﬁﬁ:z%:ECL#mo
reduced after enabling the N(TC).
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Update of VXDTRG (M. Maushart)

« Dimension of a sensor:
18.8 mm x 30.2 mm (8mm)

 Number of total pixels:
464 x 896 pixels

« Merge pixels in a stripe pattern ,
for VXDTRG ’

i A O L
Pixels of VXD Merged px. for VXDTRG

« We evaluated the fake-track rate and efficiencies w/ various conditions
Eff . ¢ d / 00 Efficiency as function of pr Slngle trk. trlgger rate
ICIenCy S u y W e i WM' ° -—- Maximal trigger output rate
multiple trk. events X ok - About 100-200 kHz oy = s
e single trk. rate is oo 5
g wf - Avg. track efficiency: expected g
The tracks can be s L 9814+£0.03% g
matched w/ CDCTRG | g,
o/l e %
R N o | wisboutdupliatep.
0.0 0.5 1.0 1.5 2.0 2.9 3.0

PT (GeV/C) ° BG V1 BG V2 BG V3



GDL and GRL (H. Nakazawa and D. Misra)

e Status of GDL RJ_CLK (b2tt

 Clock unification (Slides @ 49th B2GM) improved
the stability of GDL € TRG downtime reduced!

GT_GC

» Timing decision module will be updated to provide
more accurate L1 timing signals B2L
g Sig 6T GC  B2L Sysclk

Revoclk

« Tau trigger in GRL: Improving the ROC Curves for thm,e tau trigger

performance of neural network =

» Adopting another method for quantization

* Improved AUC from 0.95 to 0.99!
Current New
-/ AUC~0.95 | - AUC ~0.99

Background Efficiency (FPR) Background Efficiency (FPR)
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GDL and Infrastructures (H. Nakazawa)

e Status of GDL

 Clock unification (Slides @ 49th B2GM) improved
the stability of GDL € TRG downtime reduced! e

« Timing decision module will be updated to provide
more accurate L1 timing signals

RJ_CLK (b2tt

Afte
GT_GC Sysclk
—

Revoclk

« VME boards and OS of the “btrgsrv” servers
* New VME boards: OS for VMECPU and VME drivers

are ready.
« We planned updating the OS version of trigger W—— Sl oD o &
DAQ servers

btrgsrvO, 1 Rocky8

btrgctrO, 1 SL6 Rocky8
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DCTRG: Update of 3

The bugfix of the DNN firmware: A bug of
z, Value in the DNN firmware fixed

 Studies to improve the z, resolution from the
DNN 3D trigger is ongoing

Plan: 3D-Hough Tracking (3DHDNN)

« Extension of the 2D Hough transformation to
3D using deep neural networks

* Improved z, resolution and less bckg. tracks

Plan: Displaced Vertex Triggers (DVT)

[
o

» Triggering long-lived particles with extended £_ |

track segments and many Hough trans.

 Basic algorithms are ready, and further
studies are ongoing
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Summary from TOPTRG and KLMTRG

PDFs for TOP hits by indicent x

« TOPTRG (K. Arai and V. Savinov): .
Improving t, performance ° I
* Likelihoods for TOPTRG t, determination: = . ;" Y

MC-generated (Current) — Real data (New) “ I o *

« Basic methodology and tools are ready: We
make the likelihoods by using the TOP digits
of extrapolated tracks from inner detectors

—

/Forward

« KLMTRG (R. Peschke):
Update of Simulation and firmware

« Abuginthe KLMTRG simulation is addressed 1000 -

« Overflow in a component of KLMTRG is
confirmed: update will be made

y [mm]
o

-1000 -

-2000 -

-3000
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List of Slides

e C. Liu's B2GM TRG parallel:
https.//indico.belle2.org/event/13863/contributions/88469/attachments/32835/48460/

TRG Efficiency on DOQM Mirabelle.pdf

* J.Yuan's TRG Weekly meeting:
nttps.//indico.belle2.org/event/13858/contributions/86608/attachments/32094/48092/

DataFlag Dec2024.pdf

M. Neu’'s B2GM TRG Parallel:
https.//indico.belle2.org/event/13864/contributions/88484/attachments/329/72/48690/

2025 02 24 B2GM Marc Neu(2).pdf
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List of runs with trigger related problems C. Liu’'s Slide
Run number Quality flag Problem
011,912 BAD ECL detector issue, hadron/Bhabha etc. is out of limit
1317 RECOVERABLE Efficiency of f is low
1521 RECOVERABLE Injection BG is very high
1836 BAD KLM efficiency is low due to KLM detector issue
1971-1976 RECOVERABLE CDCTRG short track efficiency is low due to bad MGR
2273-2274 BAD BKLMTRG efficiency is low (Reason is not understood yet)
2321 BAD Strange hadron/Bhabha (Probably it is not TRG issue)
2564 RECOVERABLE hadronb2, mumu?2trk, hadron are out of limits
2566 RECOVERABLE hadronb2 is out of limit
2581 RECOVERABLE ImI10 is out of limit
2654 RECOVERABLE mu_b2b, cdcklml and cdcklm?2 are out of limits
2772 RECOVERABLE ImI12 is out of limit
2833,2835,2840,2876,2903 RECOVERABLE hadronb2 is out of limit
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» Flag the exp35run1521 as RECOVERABLE. Injection BG was very high at that time.

exp35 fy efficiency, N{ffy&(c4|hie)}/N(c4|hie)

exp35 fyo efficiency, N{fyo&(c4|hie)} /N(c4|hie)
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» Flag exp35run1836-1836 as BAD. KLM efficiency was low due to KLM detector issue.
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J. Yuan's Slide

Bad runs

» Efficiency of fin run1317 is low as below. Strangely, another bit (like fyo) is fine. Pre-scale of f is very large, so Koga-san
thinks the data can be used for analysis. Flag the exp35run1317 as RECOVERABLE. (it is short, 3minutes run.)
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J. Yuan's Slide
» Flag the exp35runl521 as RECOVERABLE. Injection BG was very high at that time.
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» Flag exp35run1836-1836 as BAD. KLM efficiency was low due to KLM detector issue.
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| |. Yyan's Slide
» Flag exp35run1971-1976 as RECOVERABLE. CDCTRG short track efficiency was low dueto bad MGR

» Flag exp35run2273-2274 as BAD. BKLMTRG efficiency was low. Reason is not understood yet.

» Flag exp35run2321 as BAD. Strange hadron/Bhabha. (Probably it is not TRG issue.)

expds 1Mo etliciency, Nito&|Imiecimumu)NImgscimumu)

0.9

EMmcency

?"?J 4 Forlat s

0.3

0.2

o
0 o ' A l ' A A " 1 ' A " '
500 1000 1500 P, |
LA 1} lq

» Flag exp35run2528~2529 as BAD. Low KLMTRG efficiency.
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Trigger rate status in 2024c

T. Koga's Slide

-Trigger rate in 2024c was 17~1.5 times larger than 2024ab
-Beam background in 2024c was 1.574times larger than 2024ab

-Trigger rate in 2024c¢ was ~8kHz at maximum.
-Lower than DAQ limit (~20kHz)
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. M. Maushart’s Slide
XVI.Background Scenarios

» 3 BG Scenarios considered at L=6.0 X 103> cm~%s 1in CDR:
—V1/V2/V3 : Optimistic/ Intermediate/ Conservative

Pixel Hit Rate per Layer
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Bl BG Scenario V3
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The GNN-ETM
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Karlsruhe Institute of Technology
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M. Neu's Slide
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The GNN-ETM M. Neu's Slide
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VCK190 Implementation M. Neu’s Slide A(IT

Karlsruhe Institute of Technology

® | have implemented the CaloClusterNet on the AMD VCK190.
® No utilization of Al-Engines.
® The implementations required around 3 h.
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Control-Level Behavioral Simulation M. Neu’s Slide Q(IT

Karlsruhe Institute of Technology

= We identify test cases for various operation conditions: Writing registers, link instabilities, transmission

of B2Link packets.

® | have written test cases in CoCoTb using Python. QuestaSim 2023.4 for all simulations.
® |n the future, solved bugs will receive a specific test case which covers the issue.

B T T T T T s N T T T s

-

(=]«

Report

L
el —> CaloClusterNet l—-= Sl

Preprocessing _I_.> Postprocessing
_L> Dummy

(Evaluate Packet
ConS|stency

Database

Belle2Link
Subsystem

|

Device Under Test (GNN-ETM)

T o - e EEEEE-a-e-e--EeEeEEeEese=" Ny eeeaeae-eeeeeee e -

14/24 2025/02/24 Marc Neu - marc.neu@kit.edu: B2GM 2025 Marc Neu

..............

Monitor

_________________________________

KIT ITIV

TRG Summary @ 50" B2GM | Hanwook BAE

29



