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ALICE-02-J-PARCH JL—T
JAEASCIm AT 32—
(EBRE 2 ((XFK)

1R AE (heavy-ion experiment)
EHCE (J-PARC K1.8 beamline DAQ)
E LIRS (20175 F)?

IR K

KERRE (2017FFE) ? (IBEHE: hiRZEHh)
RCNP, KK

HiEiE (E50 spokesperson)

=-1=V Nz (E50 design)

A% BKER (E16/E50 Readout electronics hardware)
=fE | (E16/E50 DAQ)
J-PARC 2% —/KEK

INVRZS—ER (E16/E50, MPGD detectors)
At+EF— (J-PARC DAQ)

IRB

Yue Ma (E50 CPU cluster)
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ALICE Run 3 (2021-2023)ERIFRD A A LR — L

E1l6 E50 J-PARC-HI ALICE
oy B p+ADete n+A->Yc+D* | Heavy-ion Heavy-ion
collision collision
BHIR 2018-2020 2021-2024 >=2025 2021
T—42L— | 0.1GB/s 10GB/s 1.2TB/s 3.3TB/s
E—LL—Fk | 109/cycle 6x107/cycle | 4x10%/cycle
(cycle=5.5s)
FZEL—bF | 2x103/cycle | 4x108/cycle | 4x108/cycle | 50kHz
(trigger)
DAQ trigger triggerless triggerless triggerless




ES0 : charmed baryon spectroscopy

m +p—>Y. "+ D" reaction
@ 20 GeV/c

Missing mass measurement

K'& n7:2-16 GeV/c
Slow ©t,: 0.5-1.7 GeV/c

Decay measurement
n* & p: 0.2-4.0 GeV/c




J-PARC E50

Concept of trigger-less DAQ system

Detector Bufiss
FromEnd Electronics 0ad balancer

al
TOF PC Filter orage

I KEKCC
Fiber N PC . :
spill-by-spill . '
switch

RICH e K /D Interested in ALICE-02
- PC for load balancing and

- & 10G/40G Ethernet On“ne tracklng
\ InfiniBand Monitor
Xilinx MGT
1G/2.5G/5G/100 Prhasaat \11
Hardware

« Digitize all the hit signals without any trigger
« Data streaming via communication standard faster than Gbps.
Raw data rate from all the electronics ~50 GB/spill.

Software (CPU cluster)

« Buffer PCs : Load balancer and de-randomizer.
- Filter PCs : Track reconstruction and filter the data packets.
« Track finding : Cellular automaton

« Track fitting : Kalman filter



J-PARC-HI

lon species
=] S L fET 78 o, Li, C, Si, Ar, Cu, Xe, Au(Pb), U
J PARC O) 41_/1 _Z< Beam energy
~ = 2R 1-19 A GeV
—C ‘j: 5 1Op00) =] ""' 1< Beam rate (world’ highest)

q:% ﬁ 75\ i— Jﬂz éh é 1851‘1Hl_|zzinteraction rate

. QCDE& ‘!ﬁk_k O Quark-Gluon
FHECFD I KRR IEE R O O Plasma

» BEEYEDINEE
AR

Temperature

J-PARC PACIZLOIZ 1R tH "0 Hadronic
= "~ Phase
(20165 7R )

2016/10/13

Baryon Chemical Potential

Matsumura, Kitazawa, Osaka U 7



J-PARCIZHT5E

Z]

A7V IHERRAF— L

66+ |86+ proton (existing)
U3>+* 61.8 AMeV ——— HI (under planning)
20 AMeV v, Stripping Figures: Not to scale
Hl Linac b I L 0/HI to HD
OOSter \\\\\ p to HD
ey K \Q“\ MR
stripping . & 3230 GeV (p)
U35+-> |66+ %@@‘Q‘D’ R =
£ Yo =
20 > 67 AMeV f{ RCS - Ry = MLF
; H2>p) )% é p to NU
_'%04 -3 Ge\\/\{?{}?}~ stripping >
86+_y( )92+ ‘%% T
%ﬂi%&d@\/\/\/\/\/ U 9U ”?} \\'Q‘
0.727 AGeV i, X
H- Linac: 0.4 GeV 8o+ A
61.8 2 735.4 AMeV U932+

400MeV p

0.727 = 11.15 AGeV
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View

Toroid N

' TOF
coils A4

JAITS

ZCAL

‘|||| pr

i il

Data rate Estimation

Total number of hits /event = 15k

—>Data Rate (in 107 Hz interaction)= 1.2 TB/s
Track rate =107 Hz * 1000 = 1010 Hz

GEMX k/ Triggerless readout and software
rackers trigger required

\

IONN-VATAVARE:
9




ALICE Run3 Upgrade (2021-2023)

LHC after LS2: Pb—Pb collisions at up to L =6 10?’ cm2s! = interaction rate of 50kHz
Muon Forward Tracker (MFT)

New Inner Tracking System (ITS)

* improved pointing precision * new Si tracker
e less material -> * Improved MUON pointing precision

thinnest tracker at the HC \

Time Projection Chamber (TPC) MUON ARM

* new GEM technology for % ‘ « continuous
' readout

readout chambers ’ | |
e continuous readout o) ? ectronics

e faster readout electronics ‘ )/ U
New Central = -~

Trigger

Processor

Entirely new 4y /5l
Data AchiSition (DAQ)/ ‘ o/ ﬁyst. Rossegger
High Level Trigger (HLT) New Trigger

Detectors (FIT)

10



ALICE O? upgrade D #f =

B3R

1.

LHC min-bias Pb-Pb at 50 kHz (#track ~ 3000)
~100 x more data than Run 1

Physics topics for ALICE upgrade

— Rare processes( i.e. J/psi, D decays at pp = 0)

— Very small signal over background ratio

— Needs large statistics of reconstructed events

— Triggering techniques very inefficient

50 kHz > TPC inherent rate (10kHz = drift time ~100

us)
Support for continuous read-out (TPC)

New computing system

=» Compress these data as much as

=» One common online-offline

Read-out the data of all interactions

possible online (to a few %)
by online reconstruction

computing system: O?

Unmodified raw data of all interactions

shipped from detector

to online farm in triggerless continuous mode
Hl run 3.3 TB/s

First Level Jlocessor (FLP)
Baseline correction and zero suppression

Data volume reduction by zero cluster finder.
No event discarded.
Average compression factor 6.6

500 GB/s u
Event Processig Node (EPN)

Data volume reduction by online tracking.
Only reconstructed data to data storage.
Average compression factor 5.5

90 GB/s ﬂ

Data Storage: 1 year of compressed data
* Bandwidth: Write/Read 90 GB/s
* (Capacity: 60 PB

20 GB/s ﬁ ﬁ
Tier O, Tiers 1 Asynchronous (few hours)
and event reconstructionwith

Analysis Facilities final calibration



Data flow &
processing (1)

Raw data input

Local processing

Frame dispatch

Time frame (e}

Global processing

Storage

ALICE-O2 data flow

Detectors electronics

Trigger
and clock

v

J— » —§ g Mg
Detector data samples L - T -
synchronized . - ... T .
by heartbeat triggers o - - T
B
FLPs  Buffering 0(100)
—
| Local aggregation | / zz=zzzz=§
gl [ Timesidng | . >
Sub-Time Framesi v
( Data Reduction 0 Calibration 0
on local data, ) - O
b Oa rd ) e.g. cIustering ie. partial detector )
Tagging —— -
— <
S
Partially compressed
sub-Time Frames
eens A7
Time Frame 0(1000)
building
yents) building  rui rime Frames ‘l/

CPU+
GPU

Detector
reconstruction

e.g. track finding

—>

e.g. space charge distortion

Calibration 1
on full detectors

Data Reduction 1

Compressed Time Frames

02/T0/T1

v

T0/T1

Storage

CTF
AOD

First-Level

Processors (FLPs)

Load
balancing &
dataflow
regulation

Sub-Time Frames
Time Frames

Event Processing
Nodes (EPNs)

Compressed Time Frames

AOD

EPTTTTTTEITNSY 2

QC data

Quality
Control

A
I

12



F. Costa, Asian 02 workshop (July 2016)

The data stream

(Front-end &)
CRU \ A A » N A i ) 10
Y Y Y Y ¥ ¥ y— Time
Heart Beat Frames (HBF):
data stream delimited by two HBs
\ ’ J
FLP Sub-Time Frame (STF) in FLP 0:
grouping of (~256) consecutive HBFs from one FLP | p 4=y’
FLP n
Heart beat
sl TRIR NI
\ A A A ] Time
v . y s Wy W/

Heart Beat Frames(HBF): stream of data delimited by two heart beats Trigger data fragments

13



The receiver cards

F. Costa, Asian 02 workshop (July 2016)

C-RORC

12 bidir. links @ 6 Gb/s
PCle gen2 x8

2 x RAM SLOTS

FMC connector

XILINX VIRTEX6 FPGA

CRU (Common Readout Unit)

48 bidir. links @ 10 Gb/s
PCle gen3 x16

ALTERA ARRIAX FPGA

14



Hardware Facility

270 FLPs 1500 EPNs
First Level Event Processing 34 Storage
Detectors
Processors Nodes Servers
Switching Storage
Network Network
9000 Read-out Input: 270 ports Input: 1500 ports
Links Output : 1500 ports Output : 34 ports
—

3.3TB/s 500 GB/s 90 GB/s

68 Storage
Arrays

15



J-PARCHNES D02 A D = ik

* 02 system test with CRU + FLP (JAEA)
e Load balancing between FLP and EPN (¥ &)

ig
« 02 DEFEMZEZFTV. ES0EJ-PARC-HIND G FZE R T
— CRU, FLP, EPN
— SAMPA (triggerlesszs i [A] BR)
— DAQ&EO? DEXE

— J-PARCREHHES DA SA NS YX T

16



RS589 BALICE-) & JL— T MDR&D

RIGHREMFXR(CRILE)
 Development of CRU hardware
 R&D of fast DAQ system for J-PARC-HI

— A research program at JAEA (Reimei) between JAEA and Nagasaki (JFY
2015 and 2016)

— Mockup data generator PC with a FPGA evaluation board

-(GBT protocol)—> data receiver PC with a FPGA board (2015)
— FLP + CRU test (2017)

B KCNS (ER = £)

e A full readout chain test of TPC (under consideration)
TPC FEC (SAMPA) + CRU + FLP

 TPConline tracking



Coherent Contribution to O? from J-PARC and ALICE-J
TPC SAMPA FEC

Data flow &
processing (1)

Raw data input

K. Oyama
(NIAS) |
CRU hardware

Local processing

T. Gunji (CNS Tokyo)|

Frame dispatch

Global processing

Storage

I

Detector data s,

Detectors

electronics

[ TPC -

synchironized

by heartbegt triggers

Trigger
and clock

FLPs Buffering

| Local aggregation |

_N|

Time slicing |

Sub-fime Frames

Data Reduction 0

e.g. clustering

Tagging

Calibration 0
on local data,
ie. partial detector

»

Partially compressed
sub-Time Frames

EPNs

YVV

Time Frame
building

0(1000)

Detector
reconstruction

e.g. track finding

Data Reduction 1

Compressed Time Frames

v

Calibration 1
on full detectors

e.g. space charge distortion

02/T0/T1 \ 4

Storage

H. Sako (JAEA)
System test of CRU+FLP

First-Level
Processors (FLPs)

Y. Ma (RIKEN)

Load
{ ----- balancing &
o ——— ) dataflow
regulation

Sub-Time Frames
Time Frames

Event Processing
Nodes (EPNs)

Compressed Time Frames

Quality
Control

A
I

18



JAEATOFLP+CRUV R T LT ARK

BB :FLP-CRUD ¥l & 5N

FLP-CRUD T /\w4 EEREET(H

FRRAUF

PC with FLP software prototype (2 x Xeon (8core) )
— ASUS ESC4000-G3
— 2 x Xeon 8-Core E5-2630v3
— 64GB memory

C-RORC board (CRUM |[H/\—32) 5>CRU board

TPC SAMPA FEC(triggerlessiid* i L7R—F)E A D AT 8E 4

FERTa—)L

2016 F11-12 B : FLP-PCZFEE A
20164 11-12 B: C-RORCHFALICEMN SH1E R

1‘

2017386 : FLP prototype +C- RORCO)J%%(E B E R KoY R—

2017#8 ) : CRUZEE A
FLP-CRU M i E&BrgA

)

19



FEH

ALICE 02 BZ (3 J-PARC E50 &J-PARC-HI D ER &
FAFEFHRIZ<TyFLTLVS

J-PARC high-pD T IL—T 102 ~D BB EITOT=-
&associate member& L TALICEIZS A
RODT—oTS5

— FLP-CRU AT LT A ({EF . JAEA)

— FLP-EPNfS] M Load Balancing 7 L3 ) X LD B S (Ma,
RIKEN)

ALICE-1EDIH A

— RKRCNS, RIGHEREFEZFEXR
Issue

Man power

HREMEAESSE

AT




F. Costa, Asian 02 workshop (July 2016)
GBT(GibaBit Transceiver) oo srou

GBT GET

—

i

versatile Link

FRGA |

v

> ™ siow Conto
———
CERN
On-Detector Off-Detector \
Custom Electronics & Packaging Commercial Off-The-Shelf (COTS) oy /
Radiation Hard Custom Protocol

The new readout link is called GBT. It allows to transmit over a single fiber connection, at the same time, 3
streams:

* DAQ

* Timing and Trigger

* Slow Control

The main components are:

* The GBTx chip or GBT-FPGA.

* Versatile link: a point-to-point connection that can work in the harsh radiation environment of HEP
experiments at CERN.
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Data flow &

processing (2)

Reconstruction

passes
and event
extraction

Simulation

Analysis

Storage

Compressed Time Frames

02/T0/T1

Storage
- ] CTF

TO/T1

AOD

Compressed Time Frames

0%/T0/T1

ESD, AOD

Global

Vv Complete events o

reconstruction | €— Calibration 2 < >
Event extraction
Tagging
AOD extraction \
N =f===== ’
ESD, AOD
Event Summary Data p
Analysis Object Data
T2 AOD 0(10)
Reconstruction
Event building é =Em===== ’
AOD extraction
T CTF
Simulation .__. ____ _

Analysis Facilities

Analysis

AOD ;

3
. Storage
Histograms,

trees

Sub-Time Frames
Time Frames
Compressed Time Frames

AOD
Quality
QC data Control
1
1
CCDB Objects

Condition &
Calibration
Database

Tier 2 in Asia :
Hiroshima U
U Tsukuba
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