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Introduction
The B Factory
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Three Frontiers of Particle Physics

LHC
experiments

Neutrino
experiments

Astroparticle
experiments

- particle factories such as Belle (ll) and
tau-charm factories

January 29, 2018 https://science.energy.gov/hep




Two B Factories from 1999
Belle /| KEKB BABAR / PEP I

N Electromagnetic Calorimeter
. . Aerogel Cherenkov cnt. sssr? Csl crystals
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16, i (DIRC)
1K - g 144 quartz bars . |
TOF conter K,n separation, |

er tral Drift Chamber
smiall cell +He/CH,

p /K, detection
14/15 lyr. RPC+Fe

3 lyr. DSSD

Instrumented Flux Return
19 layers of RPCs (LSTs)
wand K_ID

Drift Chamber
40 layers
| Tracking + dE/dx

Silicon Vertex
Tracker
5 layers of double
sided silicon strips

e CP Violation in the B section confirmed.

* Precision measurement of the CKM
matrix. X(3872) and exotic particles.

« 2008 Nobel Prize, Kobayashi-Maskawa
« 2017 Hoam Prize (Korea), Sookyung Choi
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Two B Factories: Current/Next

Generation

Belle Event Display
A

4.6.2011 3:06:22
Run 92939 Event 1427488910 bId 2417

Belle Il Experiment

B meson pairs at Y(4S)
High tagging efficiency of B particles
Direct detection of y, 0, K| .

Detection of neutrinos as missing energy

Doris Y Kim, Soongsil University
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Luminosity:
Integrated
Luminosity:
Runtime

Detector:

Raw Data:

Super
KeKB

—_—)

pgrade from KEK/Belle
to SuperKEKB/Belle I

KEKB SuperKEKB

21x103% > 8x103%cm—2s1 (x 40)
1 ab- — 50 ab (x 50)
1998 to 2017 started
2010
Belle — Belle ll
1PB 100 PB (x 100)
(projected
2 sets of raw
data)
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Belle Il Collaborat{ion%
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. As 0f 2018.1.29 T ;! i [
« 25 countries/regions |
* 107 institutions
« ~720 colleagues (40 from South Korea)
 America 17%, Asia 25%, Europe 36%, Japan 17%, Russia 5%
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SuperKEKB
Belle ll
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SuperKEKB Collider

Doris Y Kim, Soongsil University
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Bellell Super:anq'ucring Solenoid ]
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Beam Commissioning Phases

« BEAST Phase | in 2016.

— Simple background measuring detector
(diodes, diamonds TPCs, crystals)

— Only single beam circulated for LER/HER.

« BEAST Phase Il in 2018.
— More precise inner background measuring detector +
— Full Belle Il outer detector
— Two beams (e+, e-) will collide!

- Belle Il Phase Il at the end of JFY 2018.
— The most precise silicon inner detector included.
— Physics mode with the full Belle |l detector.

January 29, 2018 Doris Y Kim, Soongsil University 12



SuperKEKB/Belle Il Schedule

SINET4 — SINETS
Japan-U5 - 100Gbps

(

new KEKCC operation started

) |

First official real data

)

phase 3 operation

[

Japan-EU : 20Gbps start using LHCONE w COC+TOP+ECL+KLM 9 months / year
]/ s
Calendar 2016 2017 2018 2019 e
lapan FY IFY2 IFY2017 / JFY2018 IFY2015
| Summer shutdown Summer Lhutdnw / Power zaving Summer shutdown
LER/HER single beam circulation (power saving) after mid July 20[L8 (power saving)
was successfully finished
Beam background study was done end Fely. — mid Jul. 2018) i full Belle 1
w0 QCs . p
\\’./ wio Belle I / phase|2 (MR) phage 3
Glaobal Cosmic run —
wy QCS
I =-field w/ Belle 1l {no VD)
was completed [
| /I ——
( CDC installation was campleted) \
ARICH + Fwd ECL installation \
was completed FWD/BWD QCs was connected
with VXD system
January 29, 2018 Courtesy: Takanori Hara @ KEK 13



The BEAST Phase Il Vertex Detector
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SuperKEKB/Belle Il Luminosity Plan
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The Belle Il Detector

€ 7.4 m Resistive Plate Counter (barrel outer
---------------- » layers)

Scintillator + WLSF + MPPC (end-caps ,
inner 2 barrel layers) i

KL and muon detector: N

EM Calc

CsI(Tl), waveform
Pure Csl + waveform s

:le Identification
dagation counter (barrel)

lectrons
electrons ing Aerogel RICH (fwd)

(7GeV)

p
Beryllium beam pipe
2cm diameter

Vertex Detec] ——
2 layers DEPFET &
\. DSSD

: . o | positrons
Central Drift Chamber—- KLY (4GeV)

He(50%):C2Hs(50%), small ce
lever arm, fast electronics
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Installation of Belle Il Detectors

May 2016 TOP installed: https://www2.kek.jp/ipns/en/post/2016/05/belle2-top-detector-installation/
T A Nee\e BAVVEY FEY J= A

- [Ty

! a2 3 i

October 2016 CDC Installed: https://www2.kek.jp/ipns/en/post/2016/10/belle2-cdc-installation/

January 29, 2018 Doris Y Kim, Soongsil University 17



Belle | RoII In Aprll 11, 2017

Photo taken when the detector is just 10 cm from the
interaction point. Took 5 hours for the roll-in.
For more photos and news of Belle Il,

https://lwww.facebook.com/belle2collab

January 29, 2018 Doris Y Kim, Soongsil University
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The Belle Il Computing System

January 29, 2018 Doris Y Kim, Soongsil University
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The Basic Computing Model
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Detector

Distributed
Computing

-
-

January 29, 2018

In Reality, More Details

Under software coordination

Belle 1l
Detector

~a
oo |
Online disk
/ SEOOT data transfer

raw(skooT) Frontend server :
temporary storage

SEOOT = ROOT conwerslon, merge

Online
Database

T

|

KEKCC
Under software / DF coordinations

Frompt calibration

Offline caibration framework (CAF) is being developed
with utilizing Data Pipeline Software (AirFlow)

21
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Network Connectivity

T. Nakamura (KEKCEC) @ 28th B26M on Oct 11,2017
# SINETS has direct intermational lines to USA, Europe, and Asia. .
. USA:  100-Gbps line to Los Angeles, 10-Gbps line to New York, and 10-Gbps backup line LHCONE routing
= Europe: Two 10-Gbps lines to London for small latency Sep. 2016
- Asia:  10-Gbps line to Singapore GEANT at London (20G)

s GEANT at NY (10G, backup)
( et % ESnet, CANARIE at LA (100G)
|
|':l*i Sep. 29th 2017
- p

L inﬁ'— = {Esne N ASGC, KOREONET, (TEIN
\ g E at Hong Kong (100G)

" gels /| New o —e ONET2 SINET
Korea JGN Japar Jokyo_Japan

.-

[]
por e

m =
@ Tl =

SINET International Links will be renewed
In March 2019 for next period of 3 years.

EU link will be upgraded to 100G
NY link will be upgraded to 100G hopefully

L)
€575 M. Nakamura (NIl) @ 5rd ATCF on Oct 12, 2017 5G link may be upgraded to 100G

FIlEdCI_ARA

,M

| International lines will be renewed in April 2019 |

January 29, 2018 Courtesy: Takanori Hara @ KEK 22



Belle Il can utilize LHCOPN
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Resource Requirement for Near Future

Year 2018 2019|2020 2021|2022 _

Luminosity (ab~" / year) 0.21 1.67 4.67 8.60 12.03
Integrated Luminosity (ab—") 0.21 1.88 6.64 15.23 27.27

Note: Calendar year. Not JFY

Year mmmm-m

Total tape (PB) 17.3 36.1 62.5
Total disk (PB) 3.5 13.2 22.3 23.3 43.6
Total CPU (KHEPSpec) 175 404 431 534 733

January 29, 2018 Courtesy: Fabrizio Bianchi @ INFN and University of Torino 24



Automated Production System Planned

r )
Production manager

{human)

r - & define the project for
Project management raw data process

simulation
5}'5tE‘]TI user analysis

create a project for:

raw data process
simulation

L user analysis

J KEK+PNNL

Distributed data managem Data quality system |

verify that outputs can be used
in physics analysis

I(Fal:bricaticrn system
control jobs for:

raw data process

control the data management

:::I'_JI:EEE-E :::: LT&;I:DH feedback to production I'I'Ii;l;: {human)
KEK PRNLC

Verihication system 1 Monitoring system
lven'ﬁ' that tasks are comrectly 'F:nishedJ check the jobs/network status
KEK

feedback to Fabrication & feedback to Fabrication &
Distributed data management Distributed data management
sending problematic status to EI:ICEIEJ
.

Magoya+Niigata

w
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Skim Strategy
uDST files are produced and stored at Belle Il Grid

MC DIRAC DIRAC c Data
Generator BASE2 BASEF?2 sample
N oo &7
sample

+ Various
SKIM Charm
/ — wys
uDST uDST uDST uDST uDST
EWP TCPV

Various B decays

USER SKIM +ANALYSIS
More skim types are in development.

January 29, 2018 Courtesy: Racha Cheaib @ University of Mississippi



Usage of Belle Il Grid System

January 29, 2018 Doris Y Kim, Soongsil University
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Usage of Belle Il GRID Computing Resources:

25 |

il

15

kjobs

1 -

i1l

Num

ber of Jobs by Country

Running jobs by Country
153 Weeks from wEeh: 52 of 2012 tn Week 01 of El]lEI

January 29, 2018

Production tablhty Qualified MC
oS
Aug 2016 — J:;C'E‘ .
.{H‘Q}‘:m‘l \‘ - Fab 2017 June 2017 |
fﬁ_{ﬁg Mov 2014 N S \
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]
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M*:“G May 2014
MO2 l
Aug 2013
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Mar 2013

J
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Courtesy: Jake Bennett @ Carnegie Melone University,

FEs

2015

2016

Max: 23.5, Average: 6.24, Current: 6.13

01T A8

HMEW H AT 24% B Tw L1% | ANY 00 %
1. T W AL 21% W M 0.7 |l MULTIPLE 00%:
i W9 2 H N 0.5% @ CH 0%
109 H R 1% O TR 0% W 5G [0 %%
10.E% [ KR 1.7 W Ua 0F% W [0 %%
0% M & 11% W 01% W FR [0 %%

Karim Trabelsi @ KEK

Gerersded on 2018-01-18 1600 T1 LT

28



Production on Grid Example: MC9

* No. of MC events: ~ 40 billions (8 billions to be produced)

— Signal events; ~ 10%
 Size of the final sample: ~353 TB
 Size of skimmed files: ~78 TB

« Total disk size including intermediate files: ~ 1,350 TB

Exp. Phase Sample Type m

Phase Il Y(3S) generic

Y(4S) generic

Y(5S) generic

Y(6S) generic

Signal and low multiplicity
Phase Il Y(4S) generic

Signal and low multiplicity

January 29, 2018 Courtesy: Jake Bennett @ Carnegie Melone University,
Karim Trabelsi @ KEK

300 fb-?
4,000 b~
1,000 fb~

100 fb~"

50 fb-1
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Total thivughput: 238 MB/E |8

EMcigncy: B9.6%
Compunting sites: 50

Storage element sites: 26
Total connectiona: 371

Accounting me: 24 hours

Last updated:
2M7-11-13 02:01 UTC

Data Transfer Map

kek2-s203.cokek.jp

Source = dehlsrm.sdec_bnl.gov Free space: 24.39%
Destination = doache-se-desy.desy.de i249.0 TB of 1021.1 TE)

Connection infa: Emd paints:
Throughput 379.6 KB/ Endpcint. KEE-DISH-TMP-SE
Efficlensy 2% Fath: /dizk/a=l e/ THAE
Transfer Successes: 57
Tranafer Failures: 2701 Endpoint: KEK2-DATA-SE
Fath: /belle/DATA
Endpoint: KEKZ-TMP-SE

Fath: /belle/THP

Endpoint: KEK2-LOCAL-SE

Fath /belle_locs|_test

January 29, 2018 Courtesy: Takanori Hara @ KEK
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Cosmic Particle July 2017

Trigger rate
100 ——eee——
H ¢ Rate ] FFfm—m—m—mccdgm———

100 ”t;yfx;;; ﬂm5:: e

? © iy
 a e b
¥

Rate [Hz]

CDC Hits

0.1

174772
1741718
1748713
17/8/217

* Relatively low trigger rate
- ~10,000 2GB files.

« ~17TB for two months.
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SUMMARY

January 29, 2018

Doris Y Kim, Soongsil University
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Summary

« The Belle Il Experiment is preparing for the beam
collision events in 2018.

« The Belle Il Experiment is ideal for new phenomena
and precision physics.
— Huge amount of computing resources are
required.

— Belle 1l grid system has been tested by periodic
tests of MC production. The system passed the
tests.

— User analysis on the grid has started. Ready for
physics.

January 29, 2018 Doris Y Kim, Soongsil University 33



January 29, 2018

Extra

Doris Y Kim, Soongsil University
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Usage of Belle Il GRID Computing Resources:
Usage of CPU by Job Type

Mormalized CPU usa:ge by JobType
52 Weeks from Week 52 of 2016 to Week 52 of 2017

100,000 |
EIH'“LC#U Pfl'ﬂd'?: 26 files from 1500 BG | |
atabase uerufer campaign preparad

replacement in |

‘| Phasa 2

| preparation for ECL shower . f |
S MCS3 commections updated H } ‘|
o i | Phasa 3
Jobs drmﬂed | MCS jobs AR .
200,000 |- 107 KEKCC beam backgiounds ]
towmiime | B i . MC3 phase 2
(5-6 Jan) N it et -
o | .
S MC8 restart to produce backgroynds
% ) | analysis validation sample - 7
as well as a few additio |
MCS8: requested samples | |
100,000 |- Higt'rerma-rl I - MC9: e o]
anticipated | primarily phase 3 with Will likely
User analysis beam backgrounds S
M7 |resource usage S continue into

50,000 | : ”Z__ | 2018

0
Jan 2017 Feb 2007 Mar 2017 Apr 2017 May 2017 jun 2017 _h.lllllill? Hug 2017 Sep 2017 Oct 2017 Mow 201780ec 2017

Max: 282,679, :hverage: 90,571 At the end of
O MCProduwction 45.4% @ Merges [ 01% W MCSkim 0oze Nov' 2017
W MCProdwectonB Gl 10 7% M@ LowPn 01% B MCPreductionTestBGx0 00%
O Usei 3T% M Test 0.0% B unknown 0%
B MCEkimTest 0D1%%: W MCProductionTest 0.0%

Gencrated on 202 F-11-14 20024.28 LTC
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