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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: 30times as large
as KEKB
» 50ab?in ~10 years
(cf. 1ab! @ Belle experiment)
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Belle Il collaboration :
~ 1000 collaborators from 26 countries

Increase of beam current

Smaller beam size

Energy exchange
C-band
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event size reduction

Levell trigger ~ 30kHz (max. value for DAQ development )
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Belle Il DAQD 5 £ DiRRE

> DAQ trouble[Z & Hdowntime DK
> I5—%iRbY
> Clock error M HEIJ& -> clock cable@clock line&Z D 1th
DlineDtiming {&1E
> 1) H/\1) —B5fEl % 52 #E
> log, monitoring & #kZ ELK(Elasticsearch. Logstash.
Kibana) system[Z AN T, M Zchat VAT LZE
CTIo—I8HER. I AL EZ@ AN
> High-luminosity (= high throughput ) [Z[R]1FT
> I TE3kHz Dtrigger-rate -> 15 FBIIZ(F30kHzZEFEE
> High-level trigger M ALIEFE 1 D 1558
> Readout systemMD 7w T F L—F
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Readout systemD 7 v 75 L—FK

— . — . » Trigger, clock, busy signals - Data before event-building
== =P ROl M) Data sfter event-building
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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

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

*  PXE boot from ROPC

*  Gigabit Ethernet x1

m

I I S S S S S S . .. -+

COPPER board ~=="1 coPPER cPU (PrPMC) 2
- ,\ |3 >

. — - -
o Process 33
1 = data . 'f_:"_

Ve . | > Data processing on COPPER CPU
““““ T4 5 - TS > Data formatting (Add header and trailer
| il to raw data)

S > Plain data check

e N » Event incrementation, check magic
‘ word etc.

» Add XOR checksum
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COPPERVAT LZSZ10R)ERMIEEBLENS
HIFTLONELLY

> EERTHRGOEMNTIEENHLL
> e.g. CPUB—FDFvT vk, FIFO, LANIZ
O—5—
> 4D M E7LH7R—K( COPPER, TTRX(trigger/clock rx),
CPU card, HSBL(RX card) DA TF U ADILE,

INTH—I 2 ARIZEHDAQD R IL AV IZ S EEEH Y

> Intel Atom CPUD ALIEEE
> 60%FEE D CPU{# SR at 30kHz
> DAQ software+ driver software

> T—ARIERE
» Output throughput : 1GbE/COPPER
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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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» HLT
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] FPGA
B cpu

(a) COPPER-like

(b) PCIExpress

(c) 2 step

(d) 1 step



LA : KEK
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Patch panel CPU card
- Advanced Mezzanine Card (AMC)
o
3 S5 -
m g3 = g
: S 2 ; ‘ Memory socket ‘
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FPGA
Readout PC/HLT RJ45 — PHY
FTSW “«E —T ]

Proposal (1) : BNL

e Front End LiInk eXchange (FELIX)
o Developed for ATLAS Phase-| Trigger/DAQ Upgrade (for 2021)
m BNL designed hardware & co-developed firmware

o Generic PCle card with Kintex Ultrascale FPGA
m 48-channels Tx & Rx links in 8 miniPODs
m PCle Gen3 x16 lanes interface to host
m Supports versatile line rates & timing systems
e TTC; TTC-PON; White Rabbit

aue|dyoeq y31yn

m Supports Belle Il TTD recently Collaboration between BNL and
o CHEARIN ANL, CERN, Irvine, Nikhef, UCL,
PRSIy Weizmann [with FNAL (artDAQ)]

m 460 Gb/s input/output via optical fiber
m Upto128 Gb/sto host
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Proposal (2) : 1JCLab

LHCb, ALICE@upgradelZ&hH B THFEINT-

T%%:

» 1/0 : 48 bidirectional link

» FPGA : Intel Arrial0 (10AX115S3F45E2SG)
» PClExpress : Gen3x8 x2

» 8 LVDS links
Proposal (3) : IHEP Fonlpre e
N
CPPF Module for Belle Il DAQ Upgrade e
Originally designed for CMS by IHEP/Beijing - Vi
It is running in CMS Trigger System(Minor revision for FTSW interface) —
UTCA compliant : Double width AMC card Clock FPGA g P
|0( >10 Gbps, suitable also for Belle Il future upgrade) o éﬁ;\gﬁ% —
Inputs : Four 12ch MiniPoD connectors(48) ek B w—
Outputs: Two 12ch MiniPoD connectors(24) Transmitter
. PCIE
Processing and Control e
F PGA e Transmitter
-- XC7VX415T-2FFG1157C(48 GTH) “TREN Araoucs

A3256S

-- XC7K70T-2FG484C
Flash
-- PC28FO0AG18FE
DDR4:1/2/4/8 Gb

sz 8



New hardware (PCle40 board)
Proposal BIZI I TL CRARZED . HHIEEfeasibilityZzfEZELI=DHIETE

* Proposal based on PCle40 boards used by ALICE and LHCb for their
detector upgrades (full detector readout at 40 MHz and software

trigger)

* Final hardware available and well tested at CERN
* Based on large Intel/Altera Arria 10 FPGA, with 48 bidirectionnal links

# of readout boards used for Belle Il : ~200 COPPER boards -> 19 PCle40 boards

LHCb,ALICE@ mass production&ESH 1T
3IR—RZEEA + RFERAD3IR—F =348

1 *]
8C
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> PCled07R—K MDlow-level(/\—K T2 7) interfacef : 1)Clab experts + PCle407R—
~EAFgroup :
> A—H—0APvY firmware. slow-control, DAQ Y7+ 7:
> Belle I DAQ J JL—T
)

PCle40 board Readout PC

FTSW interface 14 BUSY/(Buffer is almost full)

Userlogic ——
software o
. [ Data check ] o
Belle2link — = c
@) < S8
[ Formatting ] m o [~
> o] %
o o
Partial Event- M = Slow .
building / 4 1 control
software

Slow control
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1—F—aTy B OHEE
» Event-building
» Formatting
» Data-check

State machine

Event-headerd

Link header

sig

Link trailer
. Link header
o 2 S
2 -,
g 8 Z Link trailer
o, >
X | <
<15 : >
N3 S
) R ™ see see
<| X
Il >
N (0]
e
=

FIFO Link header

Link trailer

Event-trailer
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T—ARF 1Y% in PCle40

(Yagy X) s4anlLdsuel)

> Event-buildingBii[Z. FEEMNSDT—3DEKRKWLEESEHEIESR
> IS—RRHEEN=6 AYSZTSTEILTTTROY IR
DI7 CHER+IST—AvtE—IFHT

Lengt info +
header

Lengt info +
header

Lengt info +
header

iz

Yoayo-eleq

-

pr—— =

L

FEFvIEE

event # jump

Run-start from non-zero value

CRC checksum value

Mismatch between header and trailer
Mismatch in hdr/trl between different
links
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Slow control software Diptaparna Biswas

—— In-memory

—— Belle2link

—— Network

NSM2 da
pcie40linkd pcie40linkd pcie40linkd

Pcied0linkCallback "S”'Iﬁﬂ::;" on
KLMPCIe40FEE (eg.)

Data Concentrator

¢ pcie40controld: one pre board, monitoring PCIE40 board status, manage pcie40linkd
¢ pcie40linkd: one pre link, monitoring link status, initialize and monitoring
corresponding FEE.

KLM (A16D32 + Stream) TOP (A16D32)
60 F T T T = 60 T T T T
' & CPR: SLC (no DAQ) ' & CPR: SLC (no DAD)
—— PCledid: SLC ino DAD) ——PCled: SLC (no DAG)
Zspt : 50 i
- -y
% L . ./.’
40+ 1 40+ - :
g o - ‘.t
2 4 ./-"
S30f 0+ - 1
L P e [ A A S ¥ e
¥ &
T 201 20+ 4
z
H
D -
=Rl 10

20 30 40 50 i 20 30 40 50

Set register access rate [ sec. Set register access rate [ sec.




Il/ﬂF/\‘JIV\OD/r/ZF JL

=9 TOP, KLMD #& H 25 D 55t & S LCOPPER system
ZEHITHFE,

» Around 3 racks will be used for the new
system
» Cabling between PCle40 and patch panels
were done.
» FTSW cabling was not done yet.
Currently, connecting KLM'’s FTSW ports
for a test.

» 3 ROPCs were
installed for
TOP(rtop1, rtop2)

and KLM(rklm1)

FTSW crate (not
installed yet)
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COPPER AT Ly <-> PCled0 S RATLYIYEZ

TOP patch panel : 2xPCle40 for 72 links KLM patch panel : 1xPCle40 for 32 links

> FSTIILFEERFIZIEZCOPPERV AT LIZRE AL, LIELKIFIBI R
T Lt stand -bycsE B FE
» Time for switching fibers : about 30min/COPPER-crate
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pcie40_data_thread.cc
Nc > /dev/null |
Nc > /dev/null |
PCle40 T
Nc > /dev/null | O
Nc > /dev/null |
Nc > /dev/null |
| o Rate [kHz] | o Throughput [MB/s]
50 2500
» Readout and sending test with 29ch input
from HSLB data generator boards. Input 40kH 2000 =
Poisson dummy trigger. N 20 1500 g
- Connection to event-builder and HLT is not f g’
done yet_ DE:U 20 Ly, o o g ey It RS O Il g 1000 ;
==
2
10 500

0 0
0 1000 2000 3000 4000 5000

Runt ime [s]
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> 2018F kY BIFEZRAIRL1=Belle IZEERT=A, IIRZFDHEEEITSZRB LR LTI
> DAQ&EL TIE&EKY high-throughputZiImiEIZ
> IAEDDAQDRE. BELLTIE
> TroubleMKRL ., ERE) H/\1)—
> High throughput~® %t i
> High-level Trigger farm M 1&5&
> BRAHELIARTLOTYITL—K
> Belle lIDFRABLYRATLDT YT L—KRETE
> Belle EER &P KLY E->TEF-COPPERY R T LD RIHT
> REBRBOTYITITL—RELDLE=H, B AT LANDEEZ R/ RIZTINE
> BRHEFRIOVAIVREFEE, N)A—2M30 0 DBV RT L, THROPC
T7—LEDARA—TT—RIEHE
> /\—Rrx 7 &L TLHCb, ALICE upgrade TRAFE S 1=PCled0R—FZ$EFIL . Belle I
EERIZEH B =firmware&softwareZ B F.
> BRARMLGEMEITTAMUFTHERINT-,
> F9 —E R E5(PID, Kaon+MuontR B ) DEAHLRD ANEZZTFTEL TS,
> FEEMi>Devent El7&F Dlatencyhion-board event-building|ZEE%# 5 X S R[EEIE M
HY . FEBIZIE. event-buildingZServer(D AE')) ETT3A R TRETE
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