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» Search for new physics beyond the Standard Model(SM) via high precision
measurement with high statistics samples of B/D/tau decays.

» SuperKEKB accelerator
» Designed luminosity: 40times as large
as KEKB
» 50ab?in 10 years
(cf. 1ab! @ Belle experiment)

\
7 7 GeV e™

New beam pipe \
& bellows 4 GeV et
p——; ‘

Crab cavities

Belle Il collaboration :
~ 750 collaborators from 24 countries

Increase of beam current

Smaller beam size

Energy exchange
C-band
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SuperKEKB M JLZ /T4 (FH)

Phase | : (2016 Feb.-Jun.)

» Accelerator
commissioning w/o final
focusing magnets

» w/o the Belle Il detector

» First turns of SuperKEKB

» Vacuum scrubbing

Phase Il : (2018Feb.-Jul)

» Accelerator
commissioning and
physics run

» with the Belle Il detector
except for vertex sub-
detectors

Phase lll : (around the end of

2018-)
» Physics run with the full

Belle Il detector
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- FEEEDinterface (3 & 1R H 35 8 (PXDLLSY)
- HLTIZ &K %rate reduction + Region of InterestlZd& HPXDMevent size reduction

—

Levell trigger ~ 30kHz (max. value for DAQ development )
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» 2DDAVA—TIARANBE
> FEE EN)H—RASV T HEBIRT A: Backend DAQ
> FEE &/3WHIUKDAQ (F—47A—)

> T—A270—([ZDOLWTIRERHEBICHED
18 {E FAfirmware (Rocket I/OR—X )% {&
- belle2link

Trigger/clock

FPGA on
Front-end electronics board

AL RAT LA ES@EET") Tﬂ- 2017.10.2



EMNoDT —FEndAH L

ORI REF[E

BeI |€2 Link (D. Sun et. all, hysics Procedia Volume 37, 2012, pp. 1933-1939 )
Unified high speed link which connects Front-End Electronics (FEE) and DAQ system for signal with data

transmission based on Rocket /O
Functions for I/F with FEE and Trigger Timing Distribution on FPGA

FEE side :
as a data receiver

DAQ side :
COPPER : data readout board
\

Front-end electronics

Belle2Link

Line rate : 3.125Gbps

TP link

data

A/D

configutaion
by_r_egictpr access

HSLB board
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» Readout board : COPPER ( COmmon Pipelined. Platform for Electronics Readout )
» Versatile DAQ board developed at KEK

-> basically same functionality in the previous Belle experiment
» can be equipped with various I/O cards and CPU card

-> new daughter-boards for Belle Il are used

COPPER board

*  CPU: Intel Atom 1.6GHz Z530P
* DDR2 SDRAM 512iMB

*  PXE boot from ROPC

*  Gigabit Ethernet x1

] | ] | ] | ] | ] | E
~==T coppER cpu (PrPMC) o
|3 4
-+
Process 33
data - 'f_:"_

» Data processing on COPPER CPU
» Data formatting (Add header and trailer
to raw data)
> Plain data check
» Event incrementation, check magic
word etc.
> Add XOR checksum

RIS RAT LR R@EEET)—F 2017.10.2



HLPC_ETOT—ZALIE

anh
It
F
| -

. data check by data-handler process
. Calculate CRC16 and compare CRC value attached by FEE
Il. XOR checksum calculated by software on COPPER
Il. Data size reduction
merging redundant header/trailer attached by b2link and COPPER )
Reduction by 15MB/s/ROPC at 30kHz trigger rate( <- 5COPPERs/ROPC,
4HSLB/COPPER )
lll.  Collect data from several COPPERs and do partial event-building and send data to
High level trigger unit.

ROPC( Readout PC)

COPPER | o | o Data handler _ } )

coppER 20| & |8 o E |a| & |&2
= -+

2= Data handler o 3 c |28 |28
=3 =~ | 5 2 m = = o g
e ) o ] g o a = £
= =5 o -~

COPPER Data handler @

L |
Other ROPCs
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More detailed data size estimation for some sub-detectors
with MC data to consider assignment of readout boards.

3000 lirﬁt / C=OPPER
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Add header/footer,
Fill data in raw-data format

L

4inputs / COPPER

+ CDC_average[Byte]
+ CDC_min|[Byte]

* CDC_max|[Byte]

50 100 150 200 250 300

CDC FEE Board ID

* ARICH average[Byte]
+ ARICH_min[Byte]

v ARICH_max|[Byte]

4inputs / COPPER

B g T B 2 il

W22 3 40 56 50 70
ARICH FEE Board ID

» Difference of event size is
handled by the number of
receiver cards on COPPER

» SVD : 1HSLBs/COPPER

» ECL: 2HSLBs/COPPER

» CDC/TOP/ARICH/KLM :
4HSLBs/COPPER




INDA— U RBITE(1): FEEECOPPER CPU

Detec COPP
tor ji32 ER

|
Tested here

» Test setup

Dummy trigger source

Readout PC

Belle2link

CDC

)

0N | Belle2link
CDC

FEE

lInu/Asp/ <du

We can test
» data-transfer performance of belle 2link
» CPU usage on COPPER PrPMC

ROPC B

HLT/st
orage
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CPU usage on COPPER [|%o]

CPU usage on COPPER PrPMC Throughput from COPPER
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Size of Event per HSLB [Bytes]

30kHz operation was achieved.

when the
event size becomes larger than expected. %C) ECL sVD
Throughput in Belle2link and Gigabit Ethernet to ARICH
a readout PC has still enough remaining room. KLM
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INDA— 2 RBITFE(2) : COPPER -> readout PC

» 1ROPC and several COPPERs. Detec . FEE COPP ROPC HLT/st
> # of COPPERs differs over sub-detectors tor ER orage
due to the difference of event size

» Provide trigger to COPPER board to Tested here
produce dummy data by HSLB.

Trigger source ROPC( Readout PC)
Intel(R) Xeon(R) CPU E5-2650 v2

2.60GHz Hijh level trigger server

Trigger /)

Data source : Use HSLB FPGA as
a dummy-data producer

We can test
» Processing power of COPPER and ROPC

2 data:transfer performance between COPPER and ROPC, ROPC and HLTin.
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COPPER -> readout PC #EER .

Throughput on ROPC CPU usage on COPPER
B CPU usage : DAQ software [%]
—a—S8VD — 100 | I CPU usage : driver software [%]
—a— CDC ! e
120 | 7508 S
& 100 |+ ECL 3
= =
E] R o =
E — 80 p KILM / . %IJ D 60
s g /! /%/ 50
23 60 : = 2 & 40
) _ -p s
s 40 19/ = o
i i :
B 20 A i &)
" =
" © 9
0 v top svd arich eklm ecl cdc bkim

0 10 20 30 40 50 60
Trigger Rate [kHz] Sub-detector

» 35kHz for SVD is the max. event rate.
» Bottleneck : Output data flow to HLT is near the limit of GbE.
» CPU usage on COPPER CPU is still room to increase the rate
» Increase # of Readout PCs or increase throguhtoput between ROPC and HLT will
increase the limit.
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ECLAR H 25 TD high rate testD 5 F

- Setup : 36FEE -> 18 COPPERs -> 7 readout PC

- Throughput : about 33MB/s/COPPER ( the expected event size from MC)
- Event size was adjusted by HIT threshold of ECL FEE
- Total throughput for Barrel ECL : 600 MB/s

- Constant 30kHz trigger -> efficiency = 99.2%

- Pseudo-Poisson 30kH trigger -> efficiency = 98.2 %

- The deadtime comes from trigger limitation (5trigger in 26us due to SVD
FEE ).

Constant 30kHz trigger rate Pseudo-Poisson 30kHz trigger rate CPU usage on
a COPPER board

Efficiency = 99.2%

| o Event rate [kHz]I
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-> High efficiency(nearly 100%) was achieved !
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COPPERIR—K _ETOT—421bITRRE

1. ffOOffO0 error

HSLB7R— K (COPPERE DT —3Z{EFKF—4—

¢ = State machine 2

State machine 1 Read data

Receve data from FIFO_ rx fromFIFO_rx and COPPER

GTP and store store them to \Fm
them to FIFO_rx ?

COPPER FIFO <

—K) D Virtex5 FPGA

Inside hslb_receiver.vhd

2. Bit error
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How CRC error is detected

Readout PC

(CRC value per event)

Front-end electronics COPPER board
g ]
S 5 ROPC
S a DAQ software
® g checks the
% checksums
RawCOPPER XOR | Stored in data
COPPER driver XOR | Not stored, because most of
£ ; | COPPER header is removed.
b2link packet CRC | . | rror coun
(CRC value per packet) is stored in data
- CRC info. is stored in data.
b2linkeventCRC (|__ """ 5 — =_""_"_ > -° > B

-> re-calculated from data by

->b
But
D

“b2link packet CRC” has not been observed. readout PC

2link transmission is O.K.
“b2link event CRC” error was detected.

HEILRT LR @EET ) —F 2017.102



1. FPGARNTOT—4%1k T

- Alarge amount of ‘ffOOffO0" appeared after an FEE footer
- “b2link packetCRC” error is not detected. -> data corruption

after HSLB received data.

: header/footer attached by HSLB
: header/footer attached by FEE
: data contents of FEE

: strange data

Belle Il : 17—k =32Ewk (4731 1)

Data of slotD HSLB (corrupted data)
ffaad41b5 ff000b4d b8c70002 41b55881 f7af0004 d4000b4d c8c02000 00f24693 00000002 41b50b4d b8c741b5 7b36fe00

ff0OffO0 ffOOffO0 ffOOffOO ffOOffOO ffOOFfO0 ffOOffOO ffOOffOO ffOOFfOO0 ffOOfFOO ffOOffOO ffOOffO0 ffOOffOO

ffOOffO0 ffOOffO0 ffOOffO0 ffOOffO0 ffOOffO0 ffOOffO0 ffOOffOO0 ffOOffOO0 ffOOffOO ffOOffOO ff550000

Inside hslb_receiver.vhd

Read data
Receve data from fomFIFO rx and COPPER
GTP and store S th_em o FIFO
them to FIFO_rx COPPER FIFO
Data check CRC32 check CRC16 check
->0.K. -> N.G.
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Why data are filled with “ffO0ff00”

Data of slotD HSLB (corrupted data)

ffaad1b5 » When FIFO is empty, the output is “ff00”".
<@bﬁd_—>%orsome—reaseﬁ,—>”ff00” is inserted at the beginning of the event.
ngggggzl > Data are shifted by 2bytes.

> “fe00” is the delimiter to indicate the end of the event. But due to

Béc7i“5 ./tvhe 2byte shift, this delimiter is ignored and empty FIFO is read

7b3fe00’ repeatedly, which returns “ff00".
FfOOfO0

ffOOff00

Workaround to avoid the first “ff00”

» Justignore if the 1% byte of an event from FIFO_rx is ‘ff" .

HSL: OxFFAA(16) -- B2L header | HSLB-tag(16) — B2link HSLB header

st 1€ CLINDBDIOCON it e o s o o o o o o ot e o
The 1 byte IIIS ?’upposed : @ TT-ctime(27) | TT-type(4)
to never be “ff”. B2L: TT-tag(32)
B2L: TT-utime(32) — B2link FEE header
B2L: TT-exprun(32) ’
B2L: 0’ | B2L-ctime(27) | reserved(4) |

FEE: Data #0 (32)
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2. COPPERTR—K EDbitT5—

Data corruption in “ffffffff 0000000” pattern
Effect of SSO (simultaneous switching outputs )?

A EDEIICEITEHD

[DEBUG] 00000000 ffffffff 00000000 ffffffff 00000000 ffffffff 00000000 ffffffff 00000000 02 ffffff
[DEBUG] 00000000 ffffffff 00000000 ffffffff 00000000 ffffffff 00000000 ffffffff 00000000 ffffffff
[DEBUG] 00000000 ffffffff 00000000 ffffffff 00000000 ffffffff 00000000 ffffffff 00000000 ffffffff
[DEBUG] 00000000 ffffffff 00000000 ffffffff 00000000 ffffffff 00000000 8effffff 00000000 ffffffff

B. Reduction of the current drive of HSLB data output works :

» inhslb_*** ucf. (default 12mA to 2mA)

» Errors after the modification at the B2/B3 test bench

» B3 setup

12xCOPPER (4HSLB/COPPER)

Input trigger 30kHz Poisson : output trigger 1.1kHz
Data pattern : ffffffff 00000000

No data corruption in 118.5hours for 323.3Mevents

YV VYV

LML TEELETOPEEIRDCRCIS—ITEERET (RR—)
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Data corruption in “feffffff 0100000” pattern
A.TOP BRI/ T —3DIEITA

» Using the output log of an error event, | put the same data pattern to dumhslb firmware.
» Data corruption occurred in the B3 test bench and the data pattern seemed to be similar in error
events.

The red bits became ‘0’ in the corrupted events.
feff0400 fefffdff feff0000 01000000 02000500 03000200 0300ffff fcfffoff f5fff7ff f5fffbff

feff0400 fefffdff feff0000 01000000 02000500 03000200 0300ffff fcfffOff f5fff7ff f5fffbff

fefffbff fefff6ff 01000300 0900ffff 01000200 07000000 fofffdff fafffeff 00000000 f7fff6ff

B. T AR/ \R—2 “feffffff 01000000”

» We tried “feffffff 0000000” pattern and it caused data corruption.
» [DEBUG] 01000000 feffffff 01000000 feffffff 00000000 feffffff 01000000 feffffff 01000000 feffffff
[DEBUG] 01000000 feffffff 01000000 feffffff 01000000 feffffff 01000000 feffffff 00000000 feffffff

> “fbffffff 04000000” also caused data corruption
» 04000000 fbffffff 00000000 fbffffff 04000000 fbffffff 04000000 fbffffff 04000000 fbffffff

» On the other hand, no errors in 2hours with “fffeffff 00010000 ”

EHEIS R T ABFE R @EETY—F 2017.102




C. A2 0T “feffffff 00000000” Z1FE 9

FF lines(0...31)

driver

» We soldered probe lines on a COPPER board
but no data corruption was detected by an
oscilloscope before the 1st FIFO.

D. COPPERIR—FDEAZELHAHLS5TH S

# of CRC errors in feffffff 01000000 test pattern

1170619 _feff0100_ErrorRate COPPER2_3 [=

10°

10

» So far, no prospect of fixing this problem.

» Since the error rate differs in
COPPER(HSLB) boards, we are considering
replacing some TOP COPPERs to reduce the
error rate.

1000

100

10 |

#f of errors in 500.01k events

0.1

cprd013
cpr2077
cpr2078
cpr2079
v cprd011

COPPER 3 LR @EKEET')—F 2017.10.2



4. SAEBRRHIFROFEERGER

HASRAT LHRR@EEET ) —F 2017.10.2



L EFHiRT AL

> 201747H,88 : QCS(UNERFER), Belle Il VL /AR (1.5T) & EHEEL L - IREE TFHRAIE
> BIZEES:CDC. TOP, ECL, KLM
» PXD, SVD, ARICHIZDWTIEIRERES LUVRREBLZOTSMES
> K1J77— : CDC track segment finder + ECL timing
> 1 super-layerMtrack segment finderA v % &
» Trigger rate
> Back-to back (Bl M2 DM segmentZ @5 EFEK) TSF && ECL(timing) : ~10Hz
» Single TSF && ECL(timing) : ~100Hz

FHEETANTODevent rate

1000 ,,
| o Rate [Hz]lx:
100 oo

3 EEBRSS NS WSS SR

[} ]0 B

g
CDCEE —LF DS R = i
BHDNTLNSONSEFERLT: B < 2 < 3
triggerdsegment 0.1 %% = = S S »

FHAC AT LIRS @EET!

Belle I



FEHARBRTOT —2NEL T L

> EBEDE—LTUTESIDAQU AT LE{FEHH
> Front-End Electronics boards [(ZFNZFhDAIERTEL D
> FEE -> COPPEREEA H LAR—K D protocol[EFE—=NTHY. backend DAQIFEHIE

Ax il

Bellell Detector Electronics Hut Server room

Slow control
p |
>,/ Trigger
subsystem
/
\\ ;
\ Run-control
PR 4 Trigger/Timing

distribution network

A 4\ T <>
w o
= B 8| Ether D | Ether | O & Stora
O 9 [ | net © net < g
o a ) o
5 o0 3 o< 3 ge
g 2 m _V o S

- 129 COPPERs 1 21 readout PCs
| = _
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FHIETADARL— 3>
> ERMbeam run& Rk, non-expert@Dexperiment shifterA T —AULEZ
HLEL, mELT—2RE

» Chat tool (rocket chat) Cexpert-shifterd)communication
» High Level TriggerlZTA 254 > TCDCMtracking
> £ i&RH 28 Ddata quality®online monitor

Run-control GUI

RC Command Run status  Run start: 16:32:56 200082017 Trigger / Data status
Tiam  Topew  Mecrd
. e d: s Run control Trigger ctl Data flow :.l..[::“ } zoﬂcl‘l mnj‘ 77777
tate [Hz] 77, 67. . H
RUNNING | | RUNNING || RUNNING — O I
nline Event display
ABORT
Datactor hst FEE Status #184 DataStore /
RC state Natwork bus owt n  baest
HOESEET “CDC RUNNING RUNNING A
Run type - rrays
“ECL RUNNING RUNNING
Trig type
~ToP | RUNNING RUNNING ARKCHAerc-is (0)
ey ARICHSImHits (0)
= S KLM OFF OFF BKLMDigits (0)
et -
~TRG | RUNNING RUNNING EKCMistas ()

BKLMHit2ds (0)

[ BKLMSimHitPositions (0)
BKLMSimHits (0)
BeamBackHits (0)

Readout PC status

1 Ques BE1  Has

=F

CDCDedxLikelihoods (1
CDCHits (209)

P CDCRawHitWaveForms (0)
CDCRawHits (0)
CDCSimHits (0)
ECLCalDigits (19)
ECLClusters (8)
ECLConnectedRegions (2)
ECLDigits (19)
ECLDiodeHits (0)

ECLHits (0)
ECLLocalMaximums (2)
ECLPidLikelihoods (0)

.iE -

41— Gee

Data quality monitor

CDC:ADC:Layer 0-11

A R T LHES @FKEE
“ TS Belle I
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Issues to be considered for the Belle || DAQ system

Difficulty in maintenance during the entire Belle-ll experiment period

» The number of discontinued parts is increasing.
» e.g. chipset on a PrPMC card, FIFO and LAN controller on COPPER Il
» For older COPPER Il, it is basically difficult to replace parts according to
manufacturer.
» Four different types of boards( COPPER, TTRX, PrPMC, HSLB ) should be taken care of.

Limitation in the improvement of performance of DAQ

» A. Bottlenecks of the current COPPER readout system
» CPU usage
» About 60% COPPER-CPU is used at “30kHz L1 trigger rate with 1kB event
size/COPPER”(=Belle Il DAQ target value )
» Data transfer speed
> 1GbE/COPPER
> B. Bottleneck due to network output of ROPC
» We need to upgrade the readout system when
{ * luminosity of SuperKEKB exceeds expectations.
* Lower threshold of L1 trigger is used or trigger-less DAQ is realized.
» Depending on throughput, network and HLT farms also need to be upgraded.
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7979 L—FDEBDIEREE

Readout system

Event
builderl
and
High level
trigger

COPPER

Basic framework of belle2link
Upgrade like GbE -> 10GbE

will be possible, if we upgrade

(Rocket-10O based serial link)
should be the same. Otherwise _
FEE’s FW/HW update might be switches.
needed.
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EQ 0)7=|_70:/E|> I FPGA
I cpu

—+t
-

HIT  (a) COPPER-like

>
D
—+

(b) PCle

FEE HLT

(c) 2 step
(lgor-san@15Nov.B2GM )

] Vo1V

FEE » HIT  (d)1step
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New readout system = High-density FGPA-based system using uTCA

» Data processing speed
» Fast FPGA-based data processing
» Data transfer speed
» 10GbE ( directory connected to a HLT unit ) or 1GbE ( keep readout PCs)
» Compact and high-density system
» high density connector and higher throughput
» Easier maintenance
» Currently : 5 COPPERs, 5 TTRXs, 5PrPMCs, 20HSLBs
-> one AMC board (in the case of 20ch/AMC)

v
Schematic view of a new readout board MCH

Patch panel

:

334 wou4

Readout PC/HLT

FTSW g

CPU card Q
=
Advanced Mezzanine Card (AMC) S
g3 2 Memory socket :lc_>|
28 & a
o >
o = o
o Q)
2 e
Q
FPGA S
RJ45 PHY =
RJ45 | ]
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FED

> Belle IRER
20184 2 A MM phase Il run (FRIE SR H B[S A A R— L first
collision, beam b.g. JBITE)IZ M [T TEE[EAEA TS,
> Belle |ZEEFZHAHL AT LA
> 72D Y TR /D OEPXDITFHGFTRAH L R TDMITHED
nJLﬂHjL/ZT-[A%{ﬁFﬁo
> A LAR—F(COPPER)IZHETT=ICRARLI-EET—22{EHR—
AtomCPUR—R#IEEH L CFEEEDBEEET —FNEE 1T,
> AHLYRTLDINTA—I 0 REER
> FEE <->COPPER
» COPPER <-> readout PC
> Belle Il EEED ) H—L—I(30kHz) TEIMET D LEHER

> A HLR—F DupgradeZx & &1
> BEE. BRIL—TYMME
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