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SVD readout system overview
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SVD readout system
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SVD readout system is
driven by 32MHz clock.
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FADC and FTB boards

FADC board

» .
Main FPGA FTB board

Altera Stratix IV
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Hit-time finding
(neural network)
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e 10-bit ADC, finite Impulse Response e i e e * transmits FADC data to DAQ via b2link
(FIR) filtering, and data formatting w/ S  1.27 Gbps
Zero-Suppression rojoRs | |_Glodtetendt | | WwiEh: | e and also to DATCON via aurora link
* Provide SVD standalone data taking e 1U board
* Pedestal, noise, calibration, IV runs e Xilinx(AMD) Spartan-6 FPGA
e Altera(Intel) Stratix IV * reprogrammable by FTSW

e reprogrammable through VME
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SVD PCle40 migration




Expected data rate

3.0
ZS5 occupancy
_25] under random trigge Translation to ZS3 occupancy under physics trigger
X
~2.0 - - - -
2 [ Physics/Random scaling Z53/2S5 scaling Noise
S15; - x 2.00 x 1.5 (Layer-3) +1.0%
S (for all layers) x 1.5 (Layer-4) (for all layers) .
0 1.0- — ] Ex r n PPER
a ] In previous, it was overlooked. x 1.6 (Layer-5) pected data rate o
0.5 — x 1.7 (Layer-6) _
g 10000 —————triggerrate =30kHz-
0.0 2 trigger rate = 15kHz
L3 L4 L5 L6 © | 8000
Layer © n n
Occupancy (random) [%] physics/ | Occupancy (physics) [%] Occupancy (physics) [%] | Noise occupancy [%] | Translated occ. [%] § 8000 1
Layer beam BG(19ac) (ZS5) random (ZS5) ZS3/2S5 w/o noise (ZS3) (Zs3) (zs3) M L\% \
3 2.93 2.00 5.86 1.5 8.79 1.0 9.79 | VS
4 1.40 2.00| — 2.80 1.5 4.20 10| 5.20 o [ = gl |
5 1.08 X 2.00] = 2.16 X 16| = 3.46 + 1.0l & 4.46
6 0.70 2.00 1.40 1.7 2.38 1.0 3.38 | | | | |
E ; : . k COPPER #
= Expectation of total SVD event size: 90 kB

= Expectation of total SVD data rate @ 30kHz: 2.7 GB/s
=« 5 PCIe40/ROPC sets for SVD

— Expected SVD data rate per ROPC @ 30kHz: about 540 MB/s (= 2.7 GB/s / 5 ROPC)
— Max. bandwidth of PCle40/ROPC: about 870 MB/s (w/o software CRC calculation)
= may be improved in the future by changing the network configuration from 10Gbps to 25Gbps.
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SVD PCIe40 test status

SVD data rate test results on Sep 7, 2022

CRC Input Output Average SVD hit occupancy Data rate
check in | trigger trigger @ RSVD1
o] ® LG H| [kHz] [MB/s]
3.0 ON 30 27 L3:0.5%, L4: 1.0%, L5:1.1%, L6: 1.1% 205
2.8 ON 30 27 L3:1.1%, L4: 1.7%, L5: 1.9%, L6: 1.9% 312
2.6 ON 30 27 L3:2.0%, L4: 3.0%, L5: 3.1%, L6: 3.3% 463
2.4 ON 30 23 (13% L3:3.6%, L4:5.1%, L5: 5.6%, L6: 5.6% 640
deadtime)
2.4 OFF 30 27 same as above 742
2.2 OFF 30 25 (7% L3:6.0%, L4: 8.0%, L5: 8.4%, L6: 8.6% 1006
deadtime)
2.0/2.1 OFF SVD ferr (possibly FADC FIFO full due to

the FTSW busy handling issue) - BUSY from PCle40 even after
= Tested with the SVD noise increased by lowering the ZS threshold.we increased ZS threhold.

— Limit w/ CRC check in ROPC: about 640 MB/s per ROPC
— Limit w/o CRC check in ROPC: about 1000 MB/s per ROPC

= Long-term stability is to be checked (ongoing w/ FTB dummy data)
1 I''’’TTTSTShAN /e




GUI prepared by Z. Qidong

RC_SVD Run #: 1404 svp name TID DMA DMA [kBytes]
STORE_RSVD| NOTREADY svDrRc[ oFF 7rsvd1 NOTREADY | [ NoTREADY | [W [T W | q [
RC_HLT_RSVD| NOTREADY I:l RsVD1[ NoTREADY L e )
LOAD LOAD . vl 0 = Gy
SVD| NOTREADY RSVD2| NOTREADY 2 ~ D E 0 3 ~ ': u
ABORI1 TTD_SVD| NOTREADY BOR RSVD3| NOTREADY v v/
00 BOO! RSVD4[ NOTREADY ore orr
RS NOTREADY vEE vRE
vRE R
Frsw#66 [READY |  resein stattt RC_HLT RSVD Run #: 1348 .
- - Host TID DMA DMA (kB
Trigger type [ POISSON | Run start at 2022-11-29 04:56:38 HLTIN_RSVD| NOTREADY ::"" [T [omen poytasl
v [ WorReAoy ]
Tiggertimit 1 Run time 15(sec) HLTOUT_RSVD| NOTREADY il W W q [
LOAD - Belle2link-channel -
Dummy rate 30 [(Hz] Triggerin 33.2[H2) EB1_RSVD| NOTREADY vYEE 0 1 vEE
Max time  35143i [us] Trigger out BOR LTWK1. TREADY VN 0 3 RN
Maxtig 12 Input count 516 BOOI HLTWK15_RSVD| NOTREADY RN 0 5 JEE
Output count 0 HLTWK16_RSVD| NOTREADY vEm 0 7 i
0
STORE RSVD [RoTReapy | L O B
L d & A | s & A l Hostname T M, MA [kBytes]
oad & Apply ave & Apply
Run type fvd Mask Mask virsvd3  [NoTREADY | [ NoOTREADY EE M| ][
Event rate [kHz] R Belle2link-channel
t size [kB] ;000000 YW 0 Gl
Some s (Updatedon £ 18, 2022) 2 vl 0 3 vEE
B * How to program imware
o - Push *Program PCle40" and wait until the progress-bar reaches "% . Gl g = Gl
- - Mask was set as before program PCled0, refresh OP! to confirm.
i R
* Mask/unmask channels S vEE
- Update channel checkboxes and push "Save & apply Mask". AR rE
* Load and apply the last saved mask setting 12 VEE -
- Push “Load & Apply Mask" and then checkboxes should be updat
- Refresh OPI to confirm the update. Hostname TID DMA DMA [kBytes]
vjrsvd4 NOTREADY NoTREADY | [T [T I | q [

Belle2link-channel

VR 0 1 el
VRN 0 3 N
v 0 5 ol
RN 0 7 VNN
Hostname TTD DMA DMA [kBytes]
Jisves  [NovREADY ] [wommeAn | [ W M | q [
Belle2link-channel
i 1 o
Gl v
VIR vIRE
vHmN RN
vEE 0

=« GUI for the SVD experts is being prepared by K. Hara.

— FTB ID, data mode, data rate to be added

Channel Map between FTB and PCle40

rsvd]l rsvd2 rsvd3 rsvd4 rsvd5
ch.0 FTB#1 FTB#13 FTB#23 FTB#36 FTB#44
ch.1 FTB#2 FTB#14 FTB#24 FTB#37 FTB#45
ch.2 FTB#3 FTB#15 FTB#25 FTB#38 FTB#46
ch.3 FTB#4 FTB#16 FTB#26 FTB#39 FTB#47
ch.4 FTB#5 FTB#17 FTB#27 FTB#40 FTB#48
ch.5 FTB#6 FTB#18 FTB#28 FTB#41 FTB#49
ch.6 FTB#7 FTB#19 FTB#29 FTB#42 FTB#50
ch.7 FTB#8 FTB#20 FTB#30 FTB#43 FTB#5]1
ch.8 FTB#9 FTB#21 FTB#31 FTB#52

ch.9 FTB#10 FTB#22 FTB#32

ch.10 FTB#11 FTB#33
ch.11  FTB#12 FTB#34
ch.12 FTB#35

= A script to read and write the FTB data mode for all FTBs is prepared.

— b2svd@rsvd1: ~/svd_daq_pcie40/ftb_mode_nsm.py

= Now only FTB dummy data (random pattern) are available for SVD PCIe40 test
— Hopefully, I will implement another FTB dummy data with the real data format.

1IN

VA



VXD commissioning during VXD reinstalaltion




Organization)

Commissioning plan of hew VXD in B4 clean room

Assembled VXD (2018) VXD comm|55|on|ng (2018) TT-10 in e-hut  FTSW#233 in e-hut

= VXD will be replaced with new VXD in LS1. Before the |nstaIIat|on, the new VXD is to be
tested in the B4 clean room with cosmic ray data taken by scintillator triggers.

— Roughly check S/N ratio, efficiency, and alignment
— Had the same commissioning in 2018
= Necessary setup for the data taking should already exist:
— Optical cables for b2link and b2tt signals are installed between e-hut and B4 clean room.

— Triggers (NIM signal) are provided with LEMO cable. There is a TT-IO module in e-hut installed to convert
it to the AUX signal which is connected to FTSW#233.

= Can we still use the same setup for the commissioning? Maybe we have to change the FTSW to #184 for the global DAQ?
— All 32 ONSEN inputs to EB2 are to be activated, setup already prepared
= VXD has to occupy the global DAQ during this commissioning period

— Anticipated 2-3 weeks (TBD by examining the necessary statistics) in summer or autumn 2023
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3/ 6=-mixed sample Mode




= Mitigation of trigger deadtime

— Trigger deadtime in 6-sample mode:
= more than 1% at 25kHz trigger rate
= about 3% at 30kHz trigger rate

— Trigger deadtime in 3-sample mode:

= less than 1% at 30kHz
= about 1% at 50kHz

trigger loss

=« Reduction of the DAQ data size —

— Expected total SVD data rate at 30kHz: 2.7 GB/s

— In the COPPER system, the ROPC bandwidth was
merginal.
= ~250MB/s x 9 ROPCs = ~2.3GB/s

— In the new PCle40 system, the bandwidth should
be enough.

= ~640MB/s x 5 ROPCs = ~3.2GB/s

= ~870MB/s x 5 ROPCs = ~4.4GB/s (if CRC check in ROPC
software can be omitted)
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for the PCle40 readout system
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Tracking performance: 6-sample vs. 3-sample

w/o hit-time selection (release-04) Jarek (Oct 2021 B2GM)
bkg efficiency svd/full  fake rate hit efficiency ZS5 U/V occupancy ZS3 U/V
scale svd/full svd/full - average occupancy -
average
10° |_clsTimeAllin*_| bkg x1 0.9507 / 0.9257 01533/01285  09480/0.7108 [ (L3) 0.0186/0.0160 |  0.0268/0.0190
[ clsTimeAll__*
i . nries  3.078107+ (L4) 0.0075/0.0084 0.0095 / 0.0098
1000_M0-S|de CU1[ ] l -11.13
r 3488 (L5) 0.0056 /0.0068 0.0071/ 0.0080
= —>
ol | (L6) 0.0037 /0.0047 0.0047 / 0.0055
soole ‘J 1{ w/ hit-time selection (release-06)
- | |[clsTime| <50 ns efficiency fake rate clone rate  hit efficiency  ONline aver. | OFFline aver.
400m H . Bkg SVD/Full SVD/Full SVD/Full SVD/Full occup. ulv occup. ulv
C [ (ZScut=3) (ZScut=5)
200j }‘
i#M_T/T,m_H/’; y Kml w (L3) 0.0756/0.0519 | 0.0470/0.0435 J
S50 -0 50 0 50 o o X2 0.9110/0.8469 0.1691/0.1485 0.0197/0.0312 0.9295/0.4886 (L4) 0.0308/0.0276 § 0.0238/0.0232
(L3) 0.0536/0.0401 0.0318/0.0322
tSVD [ns] 0.9394/0.8703 0.5230/0.4658 0.0186/0.0324 0.9435/0.4903 (L4) 0.0230/0.0217 0.0168 /0.0176

« In future high beam-BG conditions, we anticipate the BG rejection with a hit-time
selection will be required to maintain the tracking performance.

= Applying hit-time selection of |ts,p|<50ns, the tracking performance was compared
between 6-sample and 3-sample.

=« While in 6-sample the fake track rate is improved mode by a lot, in 3-sample
the improvement is small.
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Possible further BG rejection in 3-sample mode

=« The tracking group is improving the tracking algorithm:

1. Perform usual tracking
2. Extract precise event TO information from the SVD hits associated to tracks

3. Re-estimate quality of tracks using the TO information
4. Distinguish the physics tracks and BG tracks based on the estimated quality

— The implementation of the new algorithm is ongoing.

=« With the improved track reconstruction, we may improve the rejection of
BG tracks even in the 3-sample mode.
— Need to study the tracking performance again once the above improvement is
implemented.




Current statement regarding 3/6-mixed sample mode

=« Still the 3-sample mode is our possible option.

— With the tracking algorithm improvement, the BG rejection in 3-sample mode could be
improved.

— Also, if the L1 rate reaches 30kHz with a moderate BG condition (SVD occupancy ~1-2%),
we should use the 3-sample mode to reduce the trigger deadtime even without rejecting
BG.

= Since from rel 7 we are using SVD event TO as default, we are now studying in SVD what
would be the impact of the use of 3 sample data on the event TO resolution, and also as a
function of the threshold to switch to 3 sample (the ECL TC Emax).




Fine triggers for 3-sample mode

= It changes the requirement of the trigger timing all sensors combined
resolution. > 99.999% 3 ++ Bellelll‘—SVD
— Small trigger timing jitter is required (less than about 15ns o = i
(TBQ)) S g
- Modification of the CDCTRG format to replace some 5 ** ! g 4
of the CDC event TO information with the CDC ADC v —
information is planned to improves the noise = — -
rejection. T o
. . . = v/N side
2I’!tsr(ilsegrades the CDC trigger time resolution down to about © w % Cupside
= If enough fraction of ECLTRG has good timing 40 =20 o 2 40
resolution, possibly we can use only the flne Y. Uematsu (35t B2GM) CDC event time [ns]

ECLTRG for the 3-sample mode.

— More than 40% of "fine" triggers are preferable to reduce
the deadtime at 30kHz well.

— Currently, the fraction of the fine ECLTRG is about 30%.
= Current threshold of fine ECLTRG is 200ADC, that can be decreased.
=« We requested to prepare DQM/Mirabbele plots

— Plot of the fraction of fine ECLTRG (w/o HLT filtering)
— Plot of the ECL maxE distribution

= to understand the relation between the threshold and fraction of "fine" 0 @bttt el

H H H H H H [ T T | I T | —I-I‘—I._I"I*I’-I*?T
triggers online, and any changes in the distribution run-by-run. 50700750200 e26 run#
Input E (ADC)
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S
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| =1IUISS I<4u
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w
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-
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rganization)
Summary:

=« SVD PCIe40

— 5 PCle40/ROPC are installed. So far, they are running fine.
— Max data rate per PCle40/ROPC w/o CRC check is about 1000 MB/s

— Need the long-term stability check.

=« DAQ for VXD commissioning in VXD reinstallation

— Readout PXD/SVD data with scintillator triggers
— We like to occupy the global DAQ for 2-3 weeks (TBD) in summer — autumn 2023

=« 3/6-mixed sample mode
— 3-sample data reduce trigger deadtime at a future trigger rate close to 30kHz

— 3/6-mixed sample mode is our option
= With the tracking algorithm improvement, the BG rejection in 3-sample mode could be improved.

= Also, if the L1 rate reaches 30kHz with a moderate BG condition (SVD occupancy ~1-2%), we should use the
3-sample mode to reduce the trigger deadtime even without rejecting BG.

— Fine ECLTRG threshold to be adjusted
— Requesting new DQM plots of ECLTRG
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Expected data rate of SVD

BG19 SCALED IR&FarBeamLine  [=8x103°cm2s!

3.07 B two-photon
IE RBB
< 2:31 BHWide
< 50, BHWide LA
Q e EEE HER Brems x3
§1_5_ BB HER Coulomb x3
9 - HER Touschek x0.2
8 10d — o B LER Brems x5
5) — B LER Coulomb x5
0.5. &=—= | EEm LER Touschek x4
In previous (Apr 2021), data/MC of LER
0.04 l beam-gas was x10 (we agreed with x5).
L3 L4 L5 L6

Layer Analysis done by Zihan Wang

= SVD online occupancy (= hit occupancy under physics trigger
and ZS3) is required to calculate the data rate.

= While future SVD occupancy at the design machine
parameter is estimated by the beam background MC scaling
with measured data/MC factors, the estimation is under the
random trigger and ZS5.

— Corrections for physics/random and ZS3/ZS5 (and electrical noise) are
to be applied to estimate the occupancy under physics trigger and ZS3.
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= Physics occupancy/random occupancy in Mirabelle

— The random occupancy in the plot is without injection veto, but it
should be well similar to the occupancy with injection veto.
= the effect of the injection BG is diluted by a given injection rate and a short BG duration.
=« While the ratio is not very stable and sometimes flactuates
according to the bad background condition and the injection
veto setting, we can reasonably say that it was about 2.0 or
less during exp.22
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Organization)

ZS3 occupancy vs. ZS5 occupancy.

ZS5 and ZS3 occupancy in each sensor are
calculated in several physics runs and plotted. The

plot is fitted with a linear function.

Slope = ZS3/Z55

Dataset: Physics runs in Nov-Dec 2021 and no

beam run in Dec 22, 2021

= 22 [ p0 09124 = 0
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4
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4
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15F . s T e e e 8 !
It Ir
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4 1
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35F average : 1.650 . @ 3sp average: 13816 81
- - s2
° o s3
3 3r s4
s5
25F 25F
2F 2F MR
] 3 ] s
15F ¥ 15F
Ir I
0.5F 0.5F
“ 2 4 6 8 10 2 2 4 6 8 10 12 14 16
Ladder number Ladder number

Resulting ZS3/ZS5: 1.5 (Layer-3), 1.5 (Layer-4), 1.6 (Layer-5), 1.7 (Layer-6)
in previous, we used 2.0-3.0 determined by BG MC

See more details of the analysis in

https://confluence.desy.de/pages/viewpage.action?pageld=238049220
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