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<> ¢ Belle | Data

Belle: started in 1999, data-taking completed in 2010
still keep analysing the Belle data (- 20 papers/yean)

in parallel with the construction of Bellell detector and computing

Integrated Luminosity(log) Size of storage for Data
1000
_ RAW raw data ~1000 TB
o Y(1 5) : 6jb 1 1.0 b'1
2 4 >10a /_/-’ DST prescaled data (1-1/400) | 320TB
—Ig00 Y(ZF\ . 24 fb :
\ Y 4 1 7 mDST reconstructed info. 150 TB
Y(BSD) . 5 j’b r/—"/ Format : panther (Belle’s own bank system)
Y(4AS) : 711 Fb ] Size of storage for MC
600  } \  § J . [ 4 | }  § J \V 4 ,.I
Y(55) . 121 fb‘1 mDST recon. info. + MC true 800 TB
-1 /'/ 10 streams for bb + 6 streams for udsc
00| off-reso.: ~100 fb
as of July, 2010 we have two versions of mDST
200 one: w/ old-tracking (=conformal finder)
//—/' the other: w/ new-tracking (=+Hough finder)
o _—~"~770M BB pairs @ Y(45)

mDST stored on both Disk and Tape

1998/1/1 2000/1/1 2002/1/1 2004/1/1 2006/1/1 2008/1/1 2010/1/1 raw data + DST stored on Tape
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L Belle I's strategy

Preserve all RAW and mDST, at least.
Keep the current computing environment AMAP
(Library, Database, data format)

Belle| data will be used by the Belle community
until the time the statistics of Bellell > Belle| data set

Belle Belle Il
Accelerator KEKB SuperKEKB
Beam Energy (ev) 3.5 x & (vy=0.425) 4 x 7 (y=0.28)
CM energy ... ,Y4s),.... L. , Y (49), ......
Luminosity (eri2s") 2.1x10°* x40 > &x10°°
Total data (v 1 x50 > 50
raw data: ~1PB Higher intensity raw data: ~50PB

mDST data/MC : O 15/0.6 PB

(for one version) (another raw data copy outside KEK)

Computing one big center @ KEK (non-grid) > world-wide distriuted computing
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S Belle Il Experiment : Time line

Calender year 2016 2017 2018 2019 tee
Japan FY JFY2016 7 JFY2017 JFY2018 JFY2018
Summer shutdown : l Summer shutdown Summer shutdown Summer|shutdown
(power saving) : (power saving) (power saving) (power saving)
LER/HER single beam circulation :
was successfully finished No
Beam background study was done ;
|
i w/ QCS
Phiase 1 |w/o Bdile I | Phase 2 Phase 3
: I - - -
i Cosmic ?
: [
\1/ V (ab )A|m|ng for D|scovery of new PhyS|cs
In 2017 . Ex ected achlewements KM Angle Measuremerjts
D h | | d Pe! with 1 degree i
ress renearsal IS planne 50 |---- At eITeW""; ————— I egree precision
SINET4 KEKCC (concurrent running of different type process) Just an ,mai ! Dlscovery of B> K
— SINET5 replacement >R dat . 40 | 2Uet An M 9e..-- ot 1562 M ‘omee-
aw data processing : : <O 0% Q. Precise meaé ofDm|xmg
— MC production Sl TSN g
= User analvsis 20 b---- I l-R'??""ery BPNew ?E‘P?E".‘[c_'f?r_t'f’le_s____
https://indico.ceryn.ch/event/505613/contributions/2227937/ E '2 I : Olpservatl,ons with
. A : T ' _ sin8y with QﬂQ‘i)-prst_:l_s_lqn - -Y(55), Y(3S) etc
Fast Calibration is necessary | [ Discovery of B > py | .
https://indico.cern.ch/event/505613/contributions/2227271/ , DiscoveryofB=2Dyy . . .

2017 2018 2019 2020 2021 2022 2023 2024 2025 vedar
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-L— History of Belle Computer

Year (contract) 1999- 2001- 2000- 2009- 2012/4- 2016/9-
specification (4years) (Syears) (3years) (3years) (~4.5years) | (4years, planned)

cpPU ~100 ~1200 ~42500 ~115200 | ~3500 cores |~10,000 cores

[S12k] (WS) (WS+PC) (PC) (PC) ~40kHS06 ~240kHS06

Disk

4 9 1,000 1,500 7,000 13,000

[TB]

Tape 16,000 70,000

[TB] 160 620 3,500 3,500 (at max) (at max)

(Belle dedicated) (Belle dedicated) (Belle dedicated) (Belle dedicated) (Belle + (Belle +

other KEK projects) other KEK projects )

KEK Computing system has to be replaced every ~4 years

Each time,.....

Data and software have to be migrated to the new system
Experiment dedicated core services system (e.g. DB)

has to be established in the new system from scratch
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Belle IT

Belle| Data / Analysis Preservation

Data preservation

old KEKCC = new KEKCC So far this works. But what happens in the next replacement ?

Analysis preservation

Keep using Belle software, but 0S5 SL5 (ol kexce)y = SLO (new kekce)
+ straighforward method to keep the analysis environment
+ some software does not function under SL6

Belle software (o4 kexccy = Belle Il software (new kexcc)

+ new analysis tools can be applied even to Belle| data
+ good exercise of Belle ll analysis software workflow (before real data comes)
+ younger researchers are not familiar with the Belle analysis software
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Belle IT

Migration to new KEKCC

User can use disk as usual until 8/29

&/5-6/6 : electric-power outage

\

Files updated after &/29 have to be copied

by users in September

Month 2016 June 2016 July
current KEKCC Week 4w 5w 1w 2w 3w 4w 5w 1w
Job
. h dir.
Data on Disk |2 "omedr)
(/group/belle
Data on Tape (/hsm/belle2)

(= /hsm/fs01/belle2)

2016 August V
2w 3w 4w 5w 1w 2w 3w 4w

2016 September

— New KEKCC

Tape media will be moved from current KEKCC to new ohe/ Job

(= Data on Tape) during /15 -86/16

Because the same company (IBM)won the procurement

Data on Disk

Data on Tape

Data on disk with rsync

migration of Bellell dedicated services

Current system keeps
minimum operation
~2 weeks extension

after Sep. 1st
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<> Analysis framework in Belle/ Belle I

Belle IT

Make the Belle data readable within the Belle ll software framework

56“6 . Offline 5oftwar'e:almo?tt frOZﬁn + be undated

“ ” L . . sortware will no e up ate
BASF” (= Belle AnalysiS F'ram?wo.r-k) is a software framework. DSTIMC pr'oduction  not planned

.each task (e.g. tracking) is implemented as a module mDST is enough for analysis

.Retention of knowledge :

, not well documented
- works under the Multi-CPU System the number of people who knows Belle software is decreasing

BASF

.data is exchanged through Belle Bank System

info. for  Bank
rawdata hit info. analysis

T e IS & EES s R management Belle Il

<

o B even data Input/Output is
DatallO £2 = . 3o 82 p p

s3| |§3 33 23 handled by module

control § © 5 o < £ 25E Output log
. S £ control Root
Histograms management Belle Il Analysis Software Frameworek
p path

Panther

Belle own made bank system

|_Mod |_Mod Mod | | Mod |_Mod |_'V100|

Data Store

I Input module I

I Output module I
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<>  Convert Bellel contents to Bellell format

Belle IT

¢ ECL output

Relation 1
e £ :
: : : Mdst_ecl :
Belle | (" con heoert T : ECLCluster |1 Belle Il
| ki : + | Mdst_ecl_aux | |
' . . us ‘gamma:mdst’ and |
own made I I , - I?pio:r%dst’ ParticleLists 4 ROOT
bank svstem . MCParticle ; : .
“ 3, : A= : : .
panther”  ----------- - SEEEEEEEEEEEETEEC . :
" Trackingoutput T T TRTTTT : :
E \ MdSt—Charged Track . :-V-O-S ---------------------------------- :
: “ P :
€ Mdst_trk TrackFitResult |1 1 Mdst_vee2 VO :
: Mdst_trk_fit - Co D md daugh - . :
T N e A o1-vee-daughters TrackFitResult |
S R P ' : Mdst_vee2 extra :
.............................. S N .
BeamEnergy BeamEnergy* : :- -PTD- I-nFO-rr;];tTO-n -------------------- :
\ 7 : .
. 272? : 1 atC_pId/elD/ . . :
IPProtile . : ‘-, mulD PIDLikelihoods |

Ll I R P L I )
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<= Number of publication

Experiment Data taking
started ends

60
50

40

20

I I
I I
I I
| 1
I I
1 I
I I
| 1
I I
1 I
I I
30 1 1
I I
I I
1 I
1 I
I I
I I
1 I
10 1 1

1 I

I I

I I

0
1999 2001 2003 2005 2007 2009 2011 2013 2015 2016

Even after the data taking was finished, analysis activities are vital.

more than ~20 new results are constantly published
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< B-Lab (open data to public users)

Search for new particles with Bellel data! . http://belle-kek.jp/b-labf

in Japanese...
ATop~EE

mll— £HER =0

affERE. TR0 -}
T AT LD AL DR
{Windows PC»

L T o i 2 e A ) 1 P ) e O

..lla. o

| |
affIgE -1 053

T —SBFET OIEEF (88 (Windows PC)
T —IBFFT (DIEEF (F88 (Macintosh)

i T ThEN ISR SR

since 2004 copyright @ Belle collaboration

b OERERA: 2015/06/03

3 RS

- mLbEE]

small portion of Belle| data is opened to public users (e.g. students at high school, university, etc.)

analysis tools and manuals are well prepared.
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< B-Lab (open data to public users)

/'gi? 1200 e so far, many particles are re-discovered.
+ total ——

L-:JU high school

e T other _ SMeV

8 university 77(54 e )

S o - w (782MeV)
hve K*(892MeV)
% 600 |- i A (1115MeV)
<1 Ds (1968MeV)
5 W i Ac (2286MeV)
o 200 F R =R g

© : EaC oW il EI . 70 N e +e-7

R 0 '.’rh,..Ir!}m.E}E-E.---EE'E;ElEJ":.I.|...|...|...1..,r.

04/01 05?01 06/0107/0108/01 09/01 10/0111/01 12/01 13/01 14/01

+e-—> +e->T+m-e+e-
2004 2014 e+e-—>poe+e->T+m-e+e



Belle IT

SuperKEK
B-Factory

Add RF systems for
higher beam current

e*(3.6A)

Damping ring for lo
emittance positron
injection -

J-PARC

CsI(TI) EM calorimeter: 1. 7.4m
waveform sampling R
electronics, pure Csl
for end-caps

RPC u & K, counter:
iy scintillator + Si-PM
*__for end-caps

4 layers DS Si Vertéx
Detector —
2 layers PXD (DEPFET)

5.0m
4 layers DSSD :

STime-of-Propagation counter
barrel),

prox. focusing-Aerogel RICH
(forward) v

Central Drift Chamber:
smaller cell size,
long lever arm

Belle Il

Implantation of
Kaon and the

Pisclons ahwinkags o Quark |
K- BT SRR B L=
e . o
@ Free quarks S
Xray— =

E17 tAY  Why are bound quarks haevier?

Kau_uw Kaonie .-\:I<-u-\- H S '.’;-—-f-u' Mass withoul Mass Puzzle |
Nuclear/Hadron experiments
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L2 Total amount of Data on KEKCC

L) KEKCC GPFS# L— 4B 15 & R o
(T8 = 1024°4) KEKGG HSMT—4&
5000 r I ﬁ 10,000 —|—bslle
4500 —D—iﬁ-k (TB) /PTO—ta_ belle? 9,000 T... Pe (TB) Total p:.— .
had —— _"‘.t:‘* o

4.000 8,000
- - 12k —*—had
- // " o oo
= —m—ic
3,000 - @--cmb T U [} B
_—_/ —m—ilc —#—other

2500 5,000 —_—
Belle A
2,000 /———.7 S 4,000 Beélie
1,500 = 3,000 - - = .. 5 9 .
Hadron
1,000 — . 2,000
= L —&
500 P 1,000 ==
e g —— SR g —_—rt T o T e e
N = e e e e e I I 3 $ $ $ 2 :
2 > @ S 2 G 3 2
& & o BNy & & & & 1&\&0 & N & o & & &
A A B A N QA S AT O\ T A AN AN AN AN
0'\ 0'\ 0’\ 0'\ 0'\ 0'<\ 0'(\ 0'\ 0’\ 0'\ 0’\ 0'\ 0'<\ 0’<\
> > ~ ¥ ~ ¥ ¥ o ~ o o) o % o

KOTO experiment (part of “Hadron)

RAW data: ~2PB, product DATA (for analysis): ~0.5PB, MC:0.13PB
(for 3 years operation) 1PB/yr RAW data is expected from now on

T2K (neutrino experiment, part of “Hadron)

RAW data + MC: 0.05 PB, product DATA (for analysis): 0.02PB
(for 5 years operation) another 0.1PB RAW data + MC are stored on Data GRID @ UK + Canada
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<S> Expected Computing resoureces for Bellell

700 pogen ~_ 40
600 @U (kHEPSpec) 1core~=10 HEPSpec . |ape (PB)
e"mmdry B MC production 30 | rehmln
500 —
o pl’ M Data (re)process 25 P = Raw Data
B Analysis 20 c )
300 = Skim N osmic
00 o Cosmic ” B Challenge
100 j B Challenge 5
0 - ~1 (A o | mm BN l , I
2017 2018 2019 2020 2021 10” cores 5017 2018 5019 2020 021
- Estimation until 2021 (~20 ab™). 2 Disk (P
20
: 1 prehmm M
At the end of data taking (50 ab™), more than 15 m Data
- 100000 core CPU 10 User ntuple
- 100 PB storage m Cosmic
5
are expected to be needed to store and analyze M Challenge
0

data in a timely manner.

2017 2018 2019 2020 2021
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<2 in Summer 2020 ....

We will have a replacement of KEKCC in summer 2020, again...

preliminary plot Data Explosion

B J-PARC M Belie Il
180 I

Replacement
150 ¥

Belle Il run
120

Data migration is a potential concern...

£ s0
- New KEKCC
60

2017 2018 2Me 2021 2022 2023 2024






