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Trigger Rate due to the Beam Backgrounao

Trigger rate
Trigger condition (£ ~ 4.0%10%%)

« Currently, the trigger rate is under the DAQ limit
 Trigger rate: 5-8 kHz in 2024c

 Inthe target luminosity (£ ~ 6x103>cm™1sec™?),
some of trigger bit may exceed the limit

e i.e., the single-track trigger may be prescaled, which
affect the efficiency of Dark Matter or T events

« Alarge portion of the beam background (BG)
induced CDCTRG rate in the future (~50%?)

* If we can upgrade the CDCTRG to reduce the BG rate,
we may save possible lost in the future!
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A pair of FEs in SL

Radiation Damage of Optical Transceiver

« Optical transceiver in the current CDCFE may
dead around 2026-2027 due to the radiation

« We suppose three scenarios:
1. One of FEs in the pairs for SLO/1 is dead
2. Both of FEs in the pairs for SLO/1 are dead
3. FEs after SL2 is dead

* |mpact in CDCTRG efficiency:
1. Mitigatable by channel masking (Koga's slide)
2. Degradation about 1% per one pair
3. Significant degradation may be present

< First priority plan to implement
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https://indico.belle2.org/event/15311/contributions/96592/attachments/37339/55467/koga_cdctrg_20251021.pdf

2D Track Efficiency

Trigger Efficiency with Lower CDC HV [ =~ | [~ .~
n.m_ g -'ﬁ»*f LY R H‘HI} H: Iy
* The CDC team tested the lower voltage for the - m* |
CDC HV in 2024c (Y. Nakazawa's Slide) miéexp35run2098 mi exp35un2100
| 1 nominal HV 1" lower HV
« The rate of Track Segment detection from SLO N Jooo
0 0 05 1 15 2 25 3 35 4 45 & K l'3'-5l I1| .1‘5.2..2-.5.‘3“.1.3'.51“4,..&..5...5“..
decreased by 30% b (GeV) b, (GeV)
« No significant degradation (< 1%) in the 2D | 3D Track EfflClencx
efficiency - P P
n.m— .m | Pﬂ&% D.gat- o .h J;l-.}lqu'
. The 3D efficiency degraded by ~2% oof ”“\\w;g%@[jﬁ]r
+ There are no critical effects of radiation damages | exp3orun2098| | +exp35run2l00
for now, but the countermeasure may be needed ~ "{..nominal HV | "} lower HV
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https://indico.belle2.org/event/15311/contributions/96603/attachments/37412/55576/20251023.cdc.trg-daq-workshop.yunakazawa.pdf

Upgrade of CDC Frontend Electronics

l|||||||||IMI|I|| |||||||

» RECBE-2 will have improved components Current CDCFE
- Optical transceivers and ASICs for ADC e
ADC Opt. module for

‘ tri gger

« Improvements of the new QSFP modules: FP‘”S [ (5 Gbps x4 ch)
- Bandwidth for CDCTRG: 3.2 = 10.3 Gbps B i T
e Discontinued product = Common modules £
- 1-kGy radiation hardness: 10-year operation
(Tested with gamma and neutron rays) e .
(" Upgraded opt. Y'|
»  Improved ASIC will provide ADC counts with (Qstggnfgg"gg .
shorter latency (300 ns reduced) P
1 kGy-resistance) il 0P x2
° Latency bUdth for CDCTRG loosen ~ CLLRngLazJTTTAG
« Double-threshold functionality: Reduce noise and New CDCFE board BX )L | |
time-walk jitters
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Upgrade on Datapath of CDCTRG

«  We will upgrade CDCTRG with the new datapath to utilize the high speed of new FE
« Main plan: Remove Mergers (MGR) and connect FE <> Track Segment Finder (TSF) module directly

Qurrent: ----------------—----< . .Upgraded: - --------------—--+ \
f |

2.5G GTP 5G GTX | |

I = B ver Pl > BN s

' LE X 72 m x9 I X 288 e .I e |

l nks |

: 1168 links 288 links ; : | )

* Number of the TSF modules: 9 = 18~20 modules (UT4 modules for those are ready)
* Lane conf.: 4 lanes for CDCTRG — 2 lanes for CDCTRG and 1lane for B2L (1 lane for spare)

« Expected improvements:
« The number of bits from one CDCFE per a 32-MHz clock: 320 bits — 512 bits
 Latency reduction: 600 ns expected
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Current Inputs for CDCTRG

« Currently, only part of CDC hit information is sent to TSF

Hit existence ADC

@axial send to TRG
i+3

2 ADC(i) > threshold?
i

 |ndicates hits in a wire  |ndicates exceeding the

thresholds in frontend

« Summation of ADC of ~3
points for part of wires

Accounts 5 layers from 1
SL (covers only ~80%)

TDC

@axial send to TRG

Receives TDC with 2ns
resolution from 2 layer
(covers only ~30%)

Belle Il Trigger / DAQ Workshop 2025 | Hanwook BAE



Inputs with Improved Bandwidth

* |f the bandwidth from CDCFE is doubled, we can upgrade the information as follows:

Hit existence ADC

@ axial

i+n

. 16-ste
zADC(l) - valuef

« Coverage: 5 — 6 layers « Summation over all wires

« Sending all wires with
2ns resolution

« Window for summations
may be enlarged

e Some innermost wires in
SLO is unclear

 Resolution: 4 bits
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Tentative Bitmap Design

« The upgraded optical link can contain all the upgraded inputs

47146 145|144 |43|42(41(40|39(38(37(36(35 33|32
31|30|29(28(27|26(25(24|23|22(21|20|19 16
15/{14|13(12{11|10( 9 |8 |7 (6 | S5 | 4 0

Cu rrent Figure 10: Part of CDC outer SL inside wire cell configuration [6]. U pgradEd
per 32-MHz clk. per 32-MHz clk.
Hit existence map (5 lyr.) 48 bits Hit existence map (all lyr.) 48 bits
ADC threshold flag 1 bit x 48 wires TDC count of all layers 5 bits x 48 wires = 240
TDC count of 1 layer 5 bits x 16 wires = 80 ADC sum. of all layers 4 bits x 48 wires = 192
The fastest TDC count 5 bits x 16 segments Clock counter 9 bits
in the track segments =80 Total number of bits 489 bits (< 512 bits)
Edge information 10 bits
Clock counter 9 bits

Total number of bits 275 bits (< 320 bits) 9



Latency Improvements

« We expect we can reduce CDCTRG latency by ~1 us by the CDCFE upgrade
« More accurate CDCTRG logic will be available (e.g., more complex NN or Hit cleaning w/ GNN)

CDC CDCFE |12.5Gpbs 20Gpbs aX|aI TSE | 25Gpbs
288 /2 50Gpbs 5Gpbs

2D finder 3D trackers |iomg
4 (4 conventional)
(4 neural net) GRL

5Gpbs (1)
ETF
1
Iatency 4 25Gpbs
< > < > < > 4¢—r 4+—r> « > <« > < » +—> < +—r
~500ns *“260ng ~600ns "’TO@ns’“.SQOnE ~100ns ~250ns ~100ns ~250ns "'400ns ~32ns
100 ns 0ns Total latency: 3.3 ys = 2.4 ys
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Cabling Design and Material Demands

« Example design for the cabling configuration for the upgraded CDCFE < CDCTRG

LC cables
MPO cable x 1
HlIN ——

(4 lanes)
CDCFE B

« (Cable and patch panel demends

()-
I\/IPO cable x 1 Patch

p

(4 Ianes)

CDCFE | Patch panel Te Patch panel TSE
(MTP (MTP to cables (4 LCs to modules
cables) 4 LCs) MTP) (QSFP trans.)

Total # 288 288 ch. 364 288 ch. ~20

Length: 4 MTP ch. Length: 4 MTP ch. 5-12 QSFPs

Remark 0(10) m in1panel O(1)m in1panel in1 module 11



Gamma-ray tests

1.17/1.33  9%Co
QSFP+ modules MeV y Source

Radiation Hardness for New F

« We tested the radiation resistance of the
QSFP modules for the new CDCFE

. Target radiation: y-rays from °°Co, n-rays
from “Be(d, n) from a deuteron accelerator

Distance: ~20 cm

Neutron-ray tests

« Test items: Radiation tolerance of products

) + ’Be Target
and the lot-number dependencies QSFP+ modules - k_

« Selected item: Dell-compat. QSFP-SR4-40G . s i
» Dose: 1.2-1.5 kGy for y and 10'# for 1 MeVeq.-n ; -
(equivalent for the 10-year operation) ~ e, Y

- 714 transceivers have been purchased e
(Goal stock: 700)

Distance: 1-2 cm
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Long-term Schedule

2024 - Early 2025: Trigger rate analysis with the latest dataset
« What does make Beam BG-induced trigger rates? fake tracks? off-IP tracks?
« We use the result from this analysis to decide upgrade items for CDCTRG

« Mid 2025-2026: Preparation of the TSF firmware for new scheme

« Confirming the bitmap from CDCFEs and upgrading TSFs

« Goal: Make TRG ready against the optical transceiver breaking
(If Belle Il decided to change CDCFE to the new one, we should be able to deal with it)

« 2025-: Upgrading the CDCTRG logic (Adding Hit-filtering using GNN, DNN, etc...)
« Based on the beam background study result, we will devise new logic or upgrades for CDCTRG

« The design for the new TSF should be flexible for upgrades of later modules
(Original author left Belle Il, poor FW design for the high-speed transmission, etc...)
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sSummary

« Motivation:
* The rate of some CDC trigger condition may exceed the 30 kHz limit in the future
« The CDC will upgrade front-end electronics w/ improved opt. transceivers and ADC chips
« Performance degradation due to the radiation damages must be considered

« Upgrade contents:

« FE and dataflow upgrade will enable CDCTRG to utilize more large bits per clock (320 — 512 bits)
« The inputs for CDCTRG can be improved a lot: Covering all layers, sending ADC sum, and so on...
- Radiation hardness is enough to operate for 10 years with the Belle Il radiation condition

« Plan:
| will investigate the source of CDC trigger rate, and upgrade TSF firmware to the new version
« CDC Hit-filtering using GNN, Neural Network 3D-Trackers, and so on is ongoing
« Retaining the efficiency in the future is the most important item, we will do our best for this
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2024 Nov. 20t-22"d by Y, Nakazawa and H. Bae
Gamma Irradiation Test: Results by Models

« We tested various models for the modules. Two modules meet our requirements
« Considering the selling agencies, we selected the Dell-compatible model from FS.com

Model & Manufacture Sample pair number / Lethal dose Resistance
#1 #2 #3 #4 #5 at least

FiberJapan 8515 500 (PC) 650 1400 (PC) 1300 (PC) 1500 (PC) >400 Gy

FiberJapan 85-015 1400 (PC) 1300 (PC) 1100 (PC) 1256 (PC) 1200 (PC) > 1000 Gy
FS.com FS compatible

R ok 500 (PC) 400 (PC) 500 (PC) 400 (PC) 400 (PC) > 300 Gy
;\fg S Shabe ' 1300 (PC) 1400 (PC) 1300 (PC) 1200 (PC) 1200 (PC) > 1100 Gy
O e e € 1000 (P) 1 Not tested > 900 Gy
e TP '€ 1000(PC) 11> 1300 (PC) 1200 (PC) 1300 (PC) > 900 Gy

Color of figures indicates the dose rate (100 Gy/h and 200 Gy/h)

(PC) means the corresponding sample dead after the power-cycle

In the (PC) case, we consider the dose in the previous successful
power-cycle as the final resistance as a conservative approach 16



2025 Feb. 10th-12nd by Y. Nakazawa and H. Bae
Gamma Irradiation Test: Results per Lot-Numbers

« We performed another test to check the dependency of the lot numbers.
« The module model is “Dell compatible QSFP-SR4-40G"” from FS.com

« Three module pairs from two different lot number has been tested
« Dose rate and total dose: 40 Gy/hour for 32 hours: 1280 Gy

« Result: No significant variations and all pairs from the both lot numbers can meet our
requirements.

« Some pairs showed unstable link status during the test, but after power-cycling at the end of test,
all modules established the stable link!

Lot. No. of Dell-compatible | Sample pair number / Lethal doses | Resistance
QSFP-SR4-40G modules #1 #2 #3 at least

CG2409245468 >1280Gy 1200Gy  1200Gy 1200 Gy
CG2408268338 1200Gy  1100Gy  1200Gy 1100 Gy
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2025 Jan. 6t-13"d by Y. Nakazawa and H. Bae
Neutron Irradiation Test: Results

« As we considered the optical transceiver is not affected much by the neutrons, we
tested two pairs of the optical transceiver

« The module model is “Dell compatible QSFP-SR4-40G"” from FS.com

- We irradiated 104 neutrons to the module, and there were no optical link instability
during the test.

« The module was normal after the irradiation test.

« The both modules meet our requirements for the resistance against the neutron rays
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