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Lum|n03|ty frontier: SuperKEKB/Belle I

e Asymmetric e+e- collider operating at Y'(4S)

resonance
® Squeeze the beam oy*~50 nm

® | arge crossing angle
Nano beam scheme

Belle Belle 11

Beam current: KEKB x 1.7

/ 6* I _|_
L=t 1+ y( >
2er o,

€

Beam squeeze: KEKB / 20
World’s highest instantaneous luminosity:

Z=4.65x1034 cm-—2 s-1
KEKB record: 2.1 x 1034 cm-2 s-1

Position dumping ling
low emittance position

Low emittance
electron gun



The Belle |l detector

Vertex detector (VXD) = B
Inner 2 layers: pixel detector (PXD)

Outer 4 layers: strip sensor (SVD)

ticle Identification
arrel: Time-Of-Propagation counters
OP)

e- (7Ge|0 -

orward: Aerogel RICH (ARICH)

Central Drift Chamber (CDC)
He (50%), C2Hes (50%), small
cells, long lever arm

. A (4 Gelo

- _ " | KL/u detector (KLM)
ElectroMagnetic Calorimeter (ECL) - Outer barrel: Resistive Plate Counter
Barrel: CsI(Tl) + waveform sampling (RPC)
Endcap: waveform sampling Endcap/inner barrel: Scintillator

Level-1 trigger :CDC+ECL+TOP+KLM
DAQ: Maximum 30 kHz L1 trigger




Belle Il DAQ system

30 Gbps

® Unified common
readout system

— Datalink over fiber
— Network data path
— Trigger, timing distri.

(except for PXD)

® Unified timing and IDATCON I Rol 1 Gbps
trigger distribution ~40 Readout PCs distributor
(TTD) sys tem SVD event builderQO

® A pipeline readout O
® To handle 30 kHz :cg*
level 1 trigger with 8
&

D

O 1% dead time
under raw event
size of 1 MB

300 COPPERs

Belle2link

L Jap|ing JUaAJ
-
®
O
m
Z Jop|ing JuaA3

Storage

Trii. dist. 3 Gbps 1-2 Gbps
Detector side Electronics-hut Server room4




Belle Il DAQ readout system

Belle2link:
Unified high speed optical link (2.54Gbps) connected Front-End Electronics and DAQ
readout board (COPPER-HSLB), data transmission based on Rocket |/0.

Functionalities of readout system
e Belle2link, e slow control e Data-formatting
e TTD interface, e pre event-building, GbE e Data-check

COPPER

PrPMC COPPER
CPU

processing
data

HSLB

belle2li
nk

header
tailer

2]

T
dli®
l
:

1019919

>

b2l Tx
b2¢ Rx

| para.

Virtex 5 Fifo ‘ register

Belle2link HSLB
SFP

3 3
Q =
5 O

(@)
l-l-'_l_
® o
- o=

TTRX

ASLLE Trigger /

Clock

SFP

Timing & Trig.
TTD

FTSW module
for TTD




P20

:::::

follatl Tl Tl

dE . z & @

= S L S event

—>
) ) I
® ® >
) )
300 COPPERs >
Belle2link
—P

Tria. dist.

AN ="

PCle40
(LHCb, ALICE)

L

+Difficult to maintain®luring the entire Belle Il operation
period, COPPER has been used for Belle experiment
e Four different boards
e Broken parts are increasing (PrPMC CPU, chipset,...)
4+Limitation to improve DAQ performance
e Bottlenecks of COPPER
e CPU usage
e Data transfer speed (1 Gbps)
¢ Bottleneck of network output of ROPC (1 Gbps)
+Future possibility
e _Luminosity & background situation changed
e For a trigger-less DAQ

PCle40 based readout now being used for 3 Belle |l detectors




PCle40 based new readout system for Belle |l

‘ Slow control system
Configuration of FrondEnd
Electronics

Core logic:

idout
C

Belle2link Event fo_rrr,attmg & PCl-express @
building §

Serial £

B‘?"ez transfer PCle & DMA ctl OSLTS 3
link server for | @
based on PCle board| &
Rocket 1/0 Trg. Timing Dist 2

Q

:

Belle2link

Trigger & Timing Distribution
System

® A upgrade of current COPPER based readout system with PCle40 board

® Upgrade of readout system will keep the modification as less as possible, for the system connected.
® No major modification required for hardware and firmware of the sub-detectors’ systems.

® Software for slow control and data readout need some upgrades



Features of Belle Il PCle40 readout system

AMD 12+12
MPOq R;-(X ARIER A AR Trig. Timing Distri. 8 LVDS Board FPGA Optlcal PC
* & monitering family links interface

=

s e -
RX = Slow ALTERA 2 PCle

ﬂ 3 & Control PCledD I Genzxg P ALICE
MPO | Rx Do

= Event r
m,,, = formatting . = pLis 21 PCle40 boards to replace 203 COPPERs
i T A compact system can be achieved

DMA engine

PCle Hard IP m
PCle gen3 x8 PCle gen3 x8

® Belle2link protocol: kept as same functionality, but from Xilinx FPGA port to Intel Arria10 FPGA

® Event building and formatting: newly added based on the FPGA logic (on board CPU for COPPER)
® Slow control: protocol part moved to software

® p2tt link(connect to TTD): new design to handle 48 links

® PCle based DMA: external DMA descriptor controller apart from DMA engine (based on Qsys).




Data processing

Arria 10

——
N—

Link O .
. a EVENT O Avalc_>|n MM
Link 1 Read DMA Brlpge
engine CRA
. Slave »
R EVENT 1 SEmE 3 O T
| TRAILER | | AFSE:
engine 5 9
Wr Rx I\lllaster ‘n”, g E
FIFO #47 User logic — FIFO Module S 0
Link 47 - Controller Controller I 8 N 5
> EVENT 2 , “ 15 Is
Tx Slave .%; B

MoPuIe

_ External
State machine EVENT 3 Descriptor
Event building o

& formatting

® Event-building
® Reduction of header and trailer info of each link
® Data check
® CRC calculation, mismatch headers among different links
® Add error-bit flag to the builded event

II DATA

Software
Controller

® Pulse trigger rate: 470 kHz ( times 8 kBytes)
® Data transmission rate: 31 Gbits/s <—>
® 10% of event detect back-pressure.

Theoretical maximum data rate is 50 Gb/s
can eventually be increased to 100 Gb/s

® Pulse trigger rate: 260 kHz, 21 Gbits/s, no event lost.



Performance of slow control system
Detector | ATD8 | At6D32 | byt stream
:

CDC

®Belle2link was kept the same as COPPER-HSLB system
® 3 slow control access methods for PCle40 were implemented and tested
® A7D8 and A16D32 kept the same features as HSLB
® Streaming file method separated based on packet size;
KLM (6 words / pocket), ARICH (100 words / pocket)

and working fine.

-
‘-‘-..___r*._r\_'\___r\.___.___.- ________

® A16D32 access:
33 us / access <—>1 ms / access for HSLB
® Streaming file:
0360 KBps (KLM) <—> 350 KBps for HSLB
®1-2 sec downloading ARICH firmware <—> 1-2 sec for HSLB 250 e B
® Parallel access of slow control + data acquisition with multiple links is ézooLm 5553
working well -«+-—-+ TR
o[t takes the same time for the access w/ and w/o parallel access ?mok - ¥~ KIM: CPRimisL
® Slow control configuration for FEEs of KLM, TOP, ARICH has been tested ‘;; %, —5 10 PCled0

0 10 20 30 40 50 60 70 80 90 100
DAQ trigger rate (kHz)

10



Operation panel for sub-detector

TTD link status DMA FIFO DMA transmit data size

Mask/unmask scheme TTD clock status ¢ Program PCle40 firmware
® Check / uncheck e Resume for operation

RC_SVD Run # : 18 SVD Run # : 20 Hostname TTD \ DMA MA [kBytes] Size [Bytes] Rate [MB/s]
rsvdi RUNNING NOTREADY Program PCle40
NOTREADY R ] POTREADY RUNNING SVDRC | RUNNING rRsvDs [ RUNNING T}~ o . 322503 0 0.00 og
Belle2link-channel 0
LoAD svD [ RUNNING STOP RsvD2 [ RUNNING 2 vEE 740511643 3 vEE 740511649
ABORT TTD_svD [ NOTREADY ABORT RsvD3 [ RUNNING 4 v = 740511659 5 v 740511663
RSVD4 | RUNNING
BOOT BOOT 6 v/l 740511667 7 v/l 740511685
8 v E ﬁ 740511691 9 v E ﬁ 740511703
10 vl 1 740511711 11 ol 1" 740511725
FTSW # 66 RUNNING resetft statft RC HLT RSVD Run#: 1 e e
= . = e e s Hostname TTD DMA DMA [kBytes] Size [Bytes] Rate [MB/s]
rigger type un start a -06- :02: HLTIN RSVYD | NOTREADY HLTWK16 RSVD | NOTREADY i
NOTREADY = - v rsvd2 RUNNING NOTREADY | | | [F 514326 0 0.00 Program PCle40
Trigger limit - Run time 63521 [sec]
g9 1 HLTOUT_RSVR | NOTREADY DQM_RSVD | NOTREADY Belle2link-channel 0
Dummy rate 1000 [Hz] Triggerin  1033.7 [Hz] LOAD EB1_RSVD \NOTREADY 0 sl 740515478 1 | 740515494
Max time 130003 [us] Trigger out 27393.6 [Hz] ABORT HLTWK14 RSVD 2 ! B ﬁ 740515499 3 ! E E 740515512
Max trig 10 Input count 64130330 HLTWK15_RSVD [ NOYREADY 4 ol 1 740515524 5 1 740515536
BOOT &
8 v 740515578 9 ol 740515595
STORE_RSVD | NOTREADY vl s L
. Load & Apply Save & Apply Hostname TTD DMA DMA [kBytes] Size [Bytes] Rate [MB/s]
Run type |[svd eb2rx |input Mask Mask ~|rsvd3 RUNNING NOTREADY | 7 [ ¥ 495327 0 0.00 Program PCle40
Event rate [kHz] = Belle2link-channel 0
0 Event size [kS) 740412256 1 EE 740412272
(', e i o lz Event counter 0 A 40412282 3 v ﬁ ﬁ 740412286
Flow rate [MB/s] .. . e [MB] 0 5 v E ﬁ' 740412323
0
L A | R R AR B # of files 0 A
0 100 200 7 7B 740412352
9 vl 740412387
740412399 11 7 740412412

740522209

Belle2link mask status No. of events

Belle2link up/down status FIFO usage on PCle40 length FIFO usage 11




Installation of new readout system
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® Partial replacement of the Belle Il readout system
started in the 2021 summer shutdown period

02021c run: TOP+KLM
e2022ab run: ARICH
® DAQ upgrade succeed

Belle Il data taking efficiency ~90%

e ~427 fb-1 till now (Belle: 1 ab-1)

At
U

ot
O

1.5

1.0

O
U

Total integrated Daily luminosity [fb™!]

Belle Il Online luminosity

Exp: 7-26 - All runs

Integrated luminosity . P4a:)rtical ,
mm Recorded Daily eal reacpu
- i fERecorded dt =427.79[fb—1] .................................................................................. B 400 .
1
................................................................................................................................................................. >
- 300 'g
thers <
ept| PXD)5
............................................................................................................................................................... =
Q
L 200 2
o
................................................................................................................................................................ e
| =
\ &
fi | '* - 100 O
I “ T
| | 1
r} |1 M | | H

~ ONOADNA OA NA O~

2020

Date

» O O 2 O (7 (2 €~ 7 1

Updated on 2022/06/22 18:13 |ST

®Long shutdown 1 (LS1: 2022-2023): other sub-detectors (SVD, CDC, ECL and TRG) will be replaced 13



Commissioning with remaining sub-detector

TTD Status

* Developments of replacement for SVD, F&°¢ COQ'T“S? Run status
Exp#: 27
CDC, ECL, TRG have been done ABORT Run#: 134

e Data flow

Run control

Data flow

RUNNING

RUNNING

RUNNING

AUTO MODE OFF ’ Detector states ( ABORT before you check or uncheck a subsystem)

e Slow control / mOnitoring Run setting PXD OFF ~TOP OFF SKLM OFF
Run type : |
o TTD system Trigger type : | »svD | RUNNING | ~ARICH OFF -TRG | RUNNING
e Data unpack software
P HLT seript: ~coc | RUNNING | -ec | RUNNING | w1 | RUNNING
e Data flow from frontend to storage
Trigger/ Data status Trigger # events : Rate: Trigger # events : Rate: Run start:
® Local run and global run input | 18300663 |( 30.46 kHz| output | 16435150|| 27.43kHz|  2022-07-01 13:34
. . HLTO1 HLTO02 HLTO03 HLTO04 HLTO05 HLTO06 HLTO7 HLTO08 HLTO09 HLT10
* SIOW COntrOI funCtlonallty teSted # events : o| o| o| o| o| 3258917| 3259599 3254472| 3254100| 3259775
® “Program PC|e40”, maSking, etc. Rate : 0 0 0 0 0f 56kHz| 58kHz| 57kHz| 56kHz| 56kHz
_ Flow : o| o| o| o| o| 414 MB/s| 428 MB/s| 419 MB/s| 415 MB/s| 420 MB/s
e Stress test with global run
i ' ] ) S e e e e ~
* 30 kHz, poisson trigger. e mm oo cmma i = (S
o A e e R o o B
e All sub-detectors connect to PCle40 = =
o o = = -
— sl — — — —
= cs (R | = — o= oo
~ . e e B Feeew
B neas ®'% ] mcwmos| om | storeos| o |[] @ Re wiros [RumNNG | storcos [Rumnma |
ABUK 1 ABUK 1 O wroa[ off | storeoa[ o || ¥ HToo [ RUNNING |  sToreoo [RunninG |[T]
— e ) Wros[ offF | storeos| or |[] HiT10 [ RUNNING | sTorelo [RuninG |[] DQMMASTER [RUNNING |

14



Cosmic ray test for data quality check

e Cosmic ray test to check data quality

e SVD, CDC, ECL, TRG
e Data unpack software check
e Checks of individual channel

e Compare data quality plots between COPPER and

PCle40

e Data quality monitor (DQM) used for check
o All four detector show similar data quality
between COPPER and PCle40 readout

PCle40 readout

SVD U-Cluster-on-Track Charge for layer 3 sensors

S [ Entries 3
Q Mean
© 1600 Std Dev 86
1400
1200
1000
800}~
600 —
400— T
200 || 2
0:: T ' | v s L o | 1 |
0 20 40 60 80 100 120 140 160
cluster charge [ke-]
SVD U-Cluster-on-Track Charge for layer 3 sensors
; SVDTRK ClusterCha... |
© Entnes 25618 |
o)
8 i 3292
2000 v: L' | Std Dev
1500 :
1000 I
00— L
1] Y
0_: [ B T S I l“_:_h"-\*‘ M BT o i e s W | - 1. J
0 20 40 60 80 100 120 140 160

cluster charge [ke-]
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Future plan and improvement
Full replacement schedule from COPPER to PCle40
et 2022
Operation : - . ;

-3 46 79 1012 13 46 79 1012 13 | 46 79 | 1012

Accelerator shutdown ' _ .

TOP + KLM
ARICH
SVD+CDC+ECL+TRG

o b2tt link (TTD-PCle40) lost happened during last run

e External noise is one of the causes
e 10 m CAT-7 cables (FTSW-FTSW) were replaced by optical fibers
e Expertis now working on replacement of CAT-7 cable of FTSW-PCle40 by fiber

e Bottleneck of PCle40 readout is data processing (checksum calculation) 630 MB/s per ROPC

e Can be move to firmware (currently, this check is done by both firmware and software)
e Next will be 10 Gb Ethernet 870 MB/s per ROPC

Longer term developments

e Double DMA interface -> double data throughput

e Event building in software -> reduce possible dead time when luminosity increased

16



Summary

PCle40-based readout has been developed for the upgrade of Belle || DAQ system
Basic features (data processing, slow control) of the new readout system worked fine
e Maximum 31 Gbps readout ( just 1 out 2 PCle40x8 interfaces used)

¢ Slow control access for multiple channels in parallel

TOP, KLM, ARICH PCle40 readout during physics run

Data-taking was running stably with new readout system

Belle |l data-taking efficiency close to 90%

SVD, CDC, ECL, TRG with PCle40 readout are ready, full PCle40 readout from next run

Development of double DMA interface and software event building is ongoing

17






Simplified procedure of programing PCle40

Hosthame TTD DMA DMA [kBytes] Size [Bytes] Rate [MB/s]
| rtop1 NOTREADY |[ NOTREADY | & 439287 0 0.00 Program PCle40 ‘
Belle2link-channel — 0

0-s0la v [T || = 218222 1-s01b v ) 218222 2-s01c w [T IF | | 218222 3-501d TV E &b

4-s02a | MWW | 05-502b | | @ 0

8-s03a | MWW | 09-s03b | | 0

12-s04: | W | 013-s04b N | 0

16-s05: | WM | | 017-so5b [N @ 0

20-s06: | W 0 21-so6b WN @ — — S 0

24-s07: | W W 0 25-s07b W N | 0 26-s07¢| W N 0 27-s07¢ | [N | 0

28-s08: | W || 0 29-s08b | || 0 30-s08c| W || 0 31-s08c [ W @ 0 DAQ
Hosthame TTD DMA DMA [kBytes] Size [Bytes] Rate [MB/s] -
| rtop2 NOTREADY || OFF | 0 0 0.00 Program PCle40 ‘ S h Ifte Y

Belle2link-channel e —

0-s09a vl | 0 1-s09b v N @ 0 2-s09c v || 0 3-s09d 0

4-s10a vl N | 0 5-s10b v/ N | 0 6-s1o0c v N || 0 7-siod a4 0

8-slla vl N 0 9-s11b v/l || 0 10-slicv Wl | 0 11-s11c v/l W 0

12-s12: v [l || | 013-s12bv/l | 0 14-s12c v il || 0 15-s12¢ v/l | 0

16-s13: vl || 017-s13b v/l N @ 0 18s13c v W || | 0 19-s13c¢ o 0

20-s14: vl N || 021s14bv il | 0 22s14cv N | 0 23-sl4c v/ N 0

24-s15: (v [l ][ 025-s15b v/l || 0 26-s15c (v [l || 0 27-s15¢ v/l 0 Dete Ct ol
28-s16: v W | 029-si6bv il | 0 30-s16c v W | 0 31-s16c vl W || 0

STOP slow control START slow control
processes process

START

ERROR

PCle40 BOARD

LOAD FIRMWARE

INITIALIZE PLLs

RELOAD DRIVER

ALL SUCCEED

Reprogram FrontEnd

Stop slow control on
readout PC

Reprogram PCle40

e Download firmware
® Reload the driver
e Configure PLLs

Start slow control on
readout PC

7 Setup masking

' Initialize FEE

—> Resume the run .



Improvement of masking scheme

D

Configure mask setting via GUI

I__I—I

(2) Save FEE Masking

@Setup mask for PCle40

&y

=

Setup TTD mask for FEE

| l

v

»@

Configure mask setting via GUI

@

Save FEE Masking

I__I—I

Setup TTD mask for FEE

Setup mask for PCle40

v

v

(D Check/uncheck to mask/unmask corresponding channel

TTD DMA DMA [kBytes]

N -

Size [Bytes] Rate [MB/s]

0 0 0.00

Program PCle40

Belle2link-channel 0
0 2-BF4 (v § 3-BF5 (v I§
0 6-BF0 (v|[T [ 7-BF1 v/ ¥

Mode:

0 10-BB4 (v|[T ¥
0 14-BBO (v|[7 ¥

0
0
0 11-B8B5 [v|[F |
0

0 18-EF1 (v|[T ¥ 0
0
0
0

15-BB1 [v| |7 |7

19-EF1 (v|[T ¥
23-EF3 (v
27-EB1 (v|[T ¥
31-EB3 v|[T 7

0 22-EF3 (v F
0 26-EB1 [v|[ [
0 30-EB3 (v|[# [F

o O O O o O O O

EKLM

daq -

SCINT Threshold: (204

SCINT Trim:

0

Reset

RC_KLM Run #: 325 KLM Run # : 325 Hostname
(| rkim1 NOTREADY NOTREADY
NOTREADY el LU NOTREADY RKLM1[ NOTREADY
RC_HLT_RKLM| NOTREADY | 0-BF2 A [T [ 01-8F3 (v F
LAl KLM| NOTREADY | L a-8F6 (v|[I [ 0 5-BF7 (v|[il [
ABOR | TTD_KLM| NOTREADY | ABOR | :'::;6 :V: g g g :;"::7 :*’: g g
- v - v
BOOI BOOI 16-eF0 v/l 0 17-F0 (V|
20-EF2 (v|[T [ 0 21-EF2 [v|[T |
FTsw #1971 | READY resettt statft RC HLT RKLM Run #: 325 24-EBO (v|[T [¥ 0 25-EBO [v|[I [
- 28-EB2 (v|[T |7 0 29-EB2 (v||7 |
Trigger type ISSON | Run start at 2022-02-08 23:35:40
gger type [ po un start a NOTREADY HLTIN_RKLM HLTWKO8_RKLM| NOTREADY
Trigger limit 1 Run time 35926 [sec] HLTOUT RKLM HLTWKO09 RKLM
Dummy rate 5000 [Hz] Triggerin  5056.7 [Hz] LOAD EB1 RKLM HLTWK10 RKLM BKLM
Max time 351437 [us] Trigger out 0.0 [Hz]) HLTWKO6 RKLM| NOTREADY NOTREADY
ABOR | ! | NOTREADY | DQM_RKLM| NOTREADY Mode: | daq -
Max trig 12 Input count 81327881 HLTWKO7 RKLM
BOOI -
Output count 0 SCINT Threshold: 146
STORE_RKLM| NOTREADY SCINT Trim:  |-10
Run type fim eb2rxinput Load Mask Save & Apply Mask START
Event rate [kHz] PLLLTTUILICLLILE .
m ------------ . Event size [kB] ;| 000000 ?
o '1''''} Eventcounter : 000000
e, P sizeamy (G (@ Click “Save & Apply Mask” to save and
e e R

apply the mask on both PCle40 and TTD




PCle40 related DAQ troubles (>30 mins)

Sub-detector

Error

Recovery

Frontend configuration failure

Reprogram PCle40 firmware

TOP g - ccin
Corrupted data (event No. jump) Meelzlézges),pemflc frontend (board ID info missing in the error
Belle2link lost from a frontend Reprogram KLM frontend and PCle40 firmware
Belle2link lost from a frontend Reprogram KLM frontend and PCle40 firmware

KLM

Belle2link lost from a frontend

Reprogram KLM frontend and PCle40 firmware

Frequent b2tt link lost b/w PCle40 and TTD

Reprogram PCle40 firmware

® Recovery from a DAQ trouble sometimes takes > 30 mins
® Programming PCle40 firmware
® Masking a problematic frontend and PCle40 channel

¢ |[mprovement during last winter shutdown of accelerator
e User-friendly tools
® Redesigned schemes
® Informative error messages
e b2tt link via optical fiber, instead of long CAT-7 cable




DAQ operation status

TOP, KLM, (ARICH) upgrade to PCle40 readout from 2021c (2022ab) run
100

> .
- o Overall data taking
eg’ ég efficiency = 88.2%
B 40 (Target 90%)
© 30 —Physics run / whole run time , _
H- %8 —DAQ running / physics run Getting worse with
0 —(DAQ running - dead time) / physics run  the beam background.

2019c 2020ab 2020c 2021ab 2021c 2022ab

Daily-averaged major down time during physics run time

>

T 80

E —PXD —S\VD D

£ 60 —CDC TOP Total Issues other than PCle40 QB%

Py 40 —ARICH  —ECL Slow control issue in

g KM —TRG the common library,

g 20 _$AQI —Others = ST =S roll back to COPPER

8 o ——lota system, resumed after
2019¢ 2020ab 2020c 2021ab 2021c 20223b (the Issue been fixed




TOP FATAL issue on Nov. 2-3
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