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Belle and Belle Il

> Belle at KEKB
S e = Peak luminosity 2.1x1034cm-2s1

= Collected 1 ab! of data

= Confirmation of KM mechanism
of CP violation in the SM

=2 _

- = Precise measurements of CKM

o = 1 elements and angles of the UT

< hnEZER
= Rare B decays and much more

= Many measurements still limited

@ Super g2 R PR by statistics
KEKBE @ Qs
P A > Belle Il at SuperKEKB

=

= x40 peak luminosity

—— = x50 integrated luminosity
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Experimental Challenges at High Luminosity

> High background (10-20 times higher
than at Belle)

= Fake hits, pile up, radiation damage

> Higher trigger rate

= Typical Levell trigger rate: 20kHz

= High performance DAQ
> Important improvements

= Hermeticity for full reconstruction analyses
= [P and secondary vertex resolution

= Kg and 10 identification efficiency

= Improve Kaon/pion separation
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Belle Il Detector

CsI(TIl) EM calorimeter: K, and muon counter:
waveform sampling | scintillator + Si-PM for

electronics, pure Csl endcaps
for endcaps

Vertex detector:
2 pixel layers (DEPFET)
4 double-sided strip layers

Aerogel RICH
(forward)

Central drift chamber:
longer lever arm
smaller cell size
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Belle Il Software: Outline

> Code management
> Software framework
> Event display

> Track finding

> Track reconstruction
> Alignment

> Much more not covered, e.g.

» Database, generators, simulation, detector calibration, ntuple and
physics analysis tools
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Code Management

> Tools for installation and environment Example of validation plots

Setu p Pullex Entries 994
> External software: boost, geant4, root, . Gk, i

EvtGen, Millepede Il X sme
> Central svn code repository oL
> Sophisticated build system based on -

SCO”S E;10 -8 £ 10
> Coding convention, automatic style check Pulsy
> Doxygen documentation, twiki "

> Automated builds, tests, and validation

> Issue tracking (redmine)

> Mailing lists
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Automatic Builds with Buildbot

> Compilation on different systems on each commit

> Nightly build: i Email to author or librarian
In case of problems

= compilation with gcc, icc and clang

= cppcheck
= doxygen documentation Development Build
= library dependency check 0

= (unit) tests

= geometry overlap check

= memcheck

= validation
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Belle Il Software Framework (basf2)

> Written in C++11, steered with Python
> Object-based 1/O
> Event-by-event parallel processing

> Python integration allows accessing data for easy plotting,
etc. (including interactive usage via IPython)

Module chain

. = .’/-\ X Path
Module| |Module| |[Module| |Module
#1 #2 #3 #4
Y \/ Y \
DataStore
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Event Display

> Event display implemented as
basf2 module

> Uses ROOT EVE framework

> Display different data levels

= MC particles and hits

= Track candidates

= Reconstructed objects

= Custom data (for debugging)

> Successfully used for DESY
beam test (online and offline)

» \ / ¢ e .9
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Track Finder based on Legendre Transformation

Chain of the method
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Hits in CDC
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> First tests with Monte Carlo done
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Cellular Automaton Track Finder

> Combine hits to segments limited by superlayer bounds

> Preparation to CDC tests with cosmic rays
> First tests with cosmic Monte Carlo done
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GENFIT: A Generic Track Reconstruction

> Modular track fitting framework

> Suitable for wide variety of experiments and detectors

> Interface to vertex finding framework RAVE

> Interface to alignment code Millepede I

> Open source C++ code (sourceforge.net/projects/genfit)

> QOriginally developed in the PandaROOT framework
(NIMA 620, 2-3, 1121 Aug. 2010, p. 518-525)

> Major update (GENFIT2) based on experience in Belle Il
> Large user community (Belle Il , PANDA, GEM-TPC, ...)
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GENFIT: Modular Design

Measurements

= Strip, pixel, wire, space points

= Provide (virtual) detector planes and
measurement coordinates and covariance
projected into that plane

Track representations

= Track parameterization

= Extrapolation through material and magnetic
field

= Particle hypothesis

Track

= Contains measurements
(can be from different
detectors)

= Can be fitted with several
track representations
simultaneously

= Start values for fit needed,
e.g., from track finding

D
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Alignment: Millepede Il and General Broken Lines

PHYSICS
AT THE

V. Blobel, NIM A, 566 (2006), 5-13

> Calculates corrections to initial values of global
alignment and calibration parameters Helmholtz Alliance

= With block matrix algebra can be reduced to a system of the size of
the number of global parameters

= Obtain all global parameters keeping the correlations due to all the
tracks, complete covariance matrix from all local track fits is required

<151 C.Kleinwort, NIM A 673 (2012) 107
> Fast global track refit taking multiple scattering into account

= Determine the complete covariance matrix of all track parameters

= Additional local or global parameters can be added
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Status of Alignment

> Alignment using Millepede Il and GBL track fit

= Integrated to the Belle 2 software: Millepede Il as external, GBL as a
part of GENFIT

= Tested on Monte Carlo and DESY test-beam data for VXD, will be
tested on cosmic ray data next year for CDC

> GBL fully integrated in GENFIT as a standard and
experiment-independent track fit method

= Any geometry, sensor orientation, material distribution, combination
of 1D (strip/wire) and 2D measurements (pixel or combined strips),
non-homogeneous B field or no field

> Towards common track-based calibration framework
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Beam Test at DESY

> VXD common beam test at DESY in January 2014 (4 weeks) and
several weeks of the beam-test preparation since October 2013

> Small sector of the close to final prototype detectors and ASICs
= 2 PXD half ladders + 4 SVD single module layers

> Complete VXD readout chain: HLT, monitoring, event building,
PocketDAQ

> Run and slow control, CO2 cooling and environmental sensors
developed on a base of EPICS real-time control system

> [llumination with (up to) 6 GeV e under solenoid magnetic field
(PCMAG)

> Alignment, tracking algorithms, Regions Of Interest (ROI)

> Goal: System integration test including software
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Region of Interest in PXD

—

> Tracking using SVD
RO > P?(D ROI .ext.rapolation
PXD hit > Hit fom_md |n3|d.e the PXI? RO
> More information in arXiv:1406.4955
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Belle Il Computing: Outline

> Computing Requirements
> Computing Model
> Networking

> Monte Carlo Campaign
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Computing at Belle Il

o~ —> SuperKEKB Commissioning starts in 2015
s 80 : : : : :
-:q 9 months/ year ; : : ; ;
; 70 |- 20 daysimionth | - e mnn e freresnnees S Rt
= 60 targetinﬁegmtadlumlmlty------% ------
o | le= . _— ; 50 ab’ :
£ 50m Belle r .
£ |. ~1ab’
> 40 2
— w 21x10 Jem /s target mstan‘bansaus Iummoslty
2
E O Ma——A—T T 7 & 'k"l'ﬁ'Iéh&'?é{'""""" RO
g 0| -] S SCInN SASTRRRS Ao foee
o B [+ ] e Bt s Rt GEETEEEDP x4 TEER e L ,
o T i ; | Physics run starts in 2017
L= 2011 2013 2015 2017 2019 2021 2023 calendar year

Experiment Event size Rate @ Storage Rate @ Storage
kB [event/sec] EES
Belle ll 300 6,000 1,800| (@ max. luminosity)
ALICE (Pb-Pb) 50,000 100 4,000
ALICE (p-p) 2,000 100 200
ATLAS ~700 600 400
CMS ~1,000 500 several 100s
LHCP 55 4,500 250

(LHC experiments:as seen in 2011/2012 runs)

D
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Requirements to Computing

250
. Yearly integrated luminosity Tape (PB) for raw data
3 14.00 200 total integrated
~— 12.00
10.00 150
8.00 m PNNL
6.00 100 KEK
4.00 ¥ Challenge
2.00 50
0.00
Yearl Year2 Year3 Year4 Year5 Year6 Year7 0
challénge I ‘l'eari ‘I'earzl anra' ‘I’earii Yea r!'; Yearb ‘l'eari;
1,400 160
CPU (kHEPSpec) Disk space (PB)
1.200 140 )
' total integrated total integrated
1,000 |- Analysis — ATLAS 120
m MC (reproduce) — CMS 100/ m_Analysis
800 uwc 30 B MC
600 ALKCE 60 Data
400 — LHCb " Challenge
] Challengq/ 40
200 20
0 0

challenge YearlYear2Year3Yeard Years Year6 Year7 challenge Yearl Year2 Year3 ‘I'earll "fear!il YearEl Year7

Pledge summary of LHC experiments : http://wlcg-rebus.cern.ch/apps/pledges/summary/
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“ TBO@Q' : until Year 3
<= Bellell Computing Model

Raw data storage —=> Raw data
and rocessingg Raw szﬁg?nplex' —>= mdst Data
P Vo P 9 —>=> mdst MC
Data Center PNNL Data Center dashed inputs for
Q@ - . = 3
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Local resource, e.g., NAF at DESY
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after Year 4

(raw data part)

North America
% PNNL Data Center

- - - - o

© (30%)
E‘ Canada Data Center
8 (10%)
3 § e e e e L L e L
i 3 :
% g : . : Germany Data Center |
2  India Data Center Korea I?laot; Center | G (20%) E
- E (e (%) E E[_|: % Italy Data Center :
315 o Asia i | (20%) :
S \ !
£|¢ | Regional Data Center Semmmemmemcmeeneeooo . HIOPE
s>
§.§ GRID site Cloud site
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Trans-Pacific Data Challenge

SINET4:10Gbps

Japan and USA

ethl 10 GB Superfast Ethernet (8hour)

Paciﬁchave :
ZOGbps

100MB#5{~ g

0 g = e et = N
ol: e 02:00 63: 00 al: eo 05-00 06: 00 o7: 60 0800
@ fnput M@ Output

But not enough for the network bandwidth @ middle of Year4 and later (~2GB/s)
We need a 40Gbps - 100Gbps network between Japan and USA
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Current Status of Computing

Running jobs by Site
148 Weeks from Week 52 of 2011 to Week 43 of 2014

15F

3rd
~0B

810}
2 1 st 560M events
oM
i events
0 A s . (IR A o
Feb 2012 Jun 2012 Oct 2012 Feb 2013 Jun 2013 Oct 2013 Feb 2014 Jun 2014 Oct 2014
Max 18 0, Average 102, Current 1 68
B LCG.DESYde 28.3% W LCG.CESNETcz 30% W LCG.MPPMU de 1.4%
B LCG KEK2 jp 81% @ LCGKISTLkr 25% W LCG HEPHYat 11%
B LCG KIT.de 7.9% W LCG Frascatiit 25% [ OSG.FNALus 1.0%
B DIFAC.UVic.ca 57% W LCG.CYFRONET.pl 25% @ LCG.ULAKBIM.tr 08%
@ DIRAC PNNL us 51% H DIRAC BINPru 23% @ OSGPNNLus 07%
B LCG Psalit 5.0% [J LCG.KMLjp 22% [ LCG.Legnaro.it 06%
[0 LCG SIGNET 51 40% B LCG UAISMA ua 20% 8 LCG Torino it 05%
B LCG.CNAFIL 3.4% @ OSG.Nebraska.us 20% W DIRAC KrakowCloud.pl 05%
3 LCG Napoll it 33% @ LCG.Melboune au 18% plus 24 more

Genorated on 2014-11-10 11.17:36 UTC

3
Belle Il now —=>,

18k Jobs

D

o
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15 countries/regions

Australia, Austria, Canada, Czeck R.,
Germany, Italy, Japan, Korea, Poland,

Russia, Slovenia, Taiwan, Turkey,
Ukraine, USA

31 sites
GRID, Cloud, local cluster is available

18k Jobs in 1-day average
corresponding to 2.6 ab-1in total

LHCD (~120 sites)

Running jobs by Site
252 Weeks from Week 52 of 2009 to Week 43 of 2014

AU - e e e e e e e e e e e e e e e e e e e - -

~40k Jobs |

»

0
Nar 2010 Sep 2010 Mar 2011

Sep 2011 Nar 2032 Sep 2017
Max Y34, Min 0117, Awerage 15 4, Cumrent 1 a8

Mar 2017 Sep2D13  Mar 2014 Sep 2034

O LG LN ch
W LEC CNAFIL

1L5% B LCG Manchester uc
87T% WULChCes

23% B UG CSCSon 1é%
22% W LCC URKLIZICHER Gk 15%
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4th Monte Carlo Campaign

Running jobs by Site
30 Days from 2014-10-07 to 2014-11-06

0,000 | About 30% contribution
u 15,000 - from DESY
=
' i Total Number gf Jobs by Site

45 Days from 2014-09-22 to 2014-}/1-06 e

5,000 1355064.6
! B LCG KEK2 | 538332.0

| b
LCG.KEK2 jp LCG.DESYde B LCG KIT.de 226787 6

B LCG.MPPMU.de 172626.9

0 LCG.SIGNET.si 170551.9

—_—— e S = = O LCG.Napali it 154746.6

] B [CG HEPHYat 1333795
2014-10-10 2014-10-13 2014-10-16 2014-10-19 2014-10-22 2014-10-25 2014-10-28 =Eggi§’:ﬁi"a E;;g;—g

Max: 25,538, Min: 19.3, Average: 15,635, Current: 19.3 B LCG Frascati it 106275 6

- B DIRAC BINPru 95748 7
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H DIRAC.PNNLus 93348.0

E LCG.DESY.de 31.4% MW LCG.MPPMU.de 2.8% O LCG.EMLjp EEE'EX‘%’MW ae
H DIRAC UVic.ca 10.6% M LCG.Frascati.it 2.6% W LCG.CYFRONET O LCG KISTI kr 79802 4
B LCG.KEK2 jp 7.4% M LCG HEPHYat 21% [ CLOUD.CCL Kr B DRAC PNNLCASCADEUS 46724 5
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O LCG.SIGNET.sI 4.4% O LCG.KISTLEr 19% M LCG.McGill.ca ey Jrnas
B LCG.KEIT.de 37% [ LCG.Melbourne.au 1.7% O LCG.Torino.it I LCG.annr!oit' 233317
I DIRAC PNNL us 34% [ OSG Nebraska us 16% [ LCG ULAKBIM t | ssHiMip 107430
B LCG CMAFIt 31% [l DIRAC PNNL-CASCADE us 1.3% .. plus 10 more <CGKTde B DIRAC Niigata jp 8083 0
O 056 FNAL us 36670

O DIRAC Yamagata jp 27940

. B OSG.VTus 2065.9
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Generated on 2014-11-06 01:09:33 UTC
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> Software for Belle Il under development

= Tests with Monte Carlo and beam test data ongoing
> High requirements for computing at Belle Il

= Current achievements promising
> Obvious aim to be ready for data taking

= Seems to be realistic

> The Belle Il collaboration is growing
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Belle Il Collaboration
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23 countries, 99 institutes, 672 collaborators
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Backup Slides
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Libraries vs Modules

basf2 édisk
Libraries Module Pool ) |Standard
- - & |Modules
geo || sim || trk | -
use ' 'load © Evtgen
log || ... g
Gearbox | — Simulation
=
; E Gearbox
add ©
N -
c x é ~ ~ Path >
e HEH =St 5 - & 'O User
it & E = =) Modules

» Libraries: Separated from modules to increase reusability
— Methods and algorithms are encapsulated in libraries
— Alibrary (i.e., algorithm) can be used/shared by several modules
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Results of Legendre Finding

® Simulated event: B~ - D°(— K~ ") m~ + beam background
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GBL Fit Results

> VXD only

> VXD and CDC

D

o
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Event Display for Track Fitting with GBL
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Alignment Results for the DESY Beam Test

RUN 507 | Full tracks with 4 x 2 x 1D measurements
1 B=1T E=4GeV
D ESY TB A | |g nme nt PRELIMINARY Combined alignment data: 500 (4GeV)+507+508 (5G=V)

Before and after Millepede Il alignment hiren e it

Mormalized histograms (vertical axis in %) with results of G Bl_ﬂt. Pulls: ceL residual / GBL res. error. Bending plane in v
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Calibration Framework Scheme

Task of
ATF/Software
group
Input
Data

Task of
detector
groups
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Ntuple Tools

. Particle

() Additional Info
@ MDST Object
() BASF2 Relation

D
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Trans-Atlantic Data Challenge

US side
[/ PNNL (AS65428) = =
[ =)
i
i

|
!

\ \
AN A .

Dedicated 10G link between PNNL DTN and ESNet
10G best-effort Label Switched Path in ESNet backbone

premminacsbua)

. “traceroute” was used to confirm
the routing to each DTN

.“iperf” was used to do initial
network transfer rate test

. “‘gridftp” and/or “srm-copy” was used
to test site

.FTS3 server at Gridka was used
to schedule data transfers

Test was done Fﬁ‘é‘*fo;;
in May/June 2014 ===

Network providers setup the VLAN

P e ———

Local network providers and sites
coordinated final configurations

GARR (AS1 37)\‘\
™ \

53206130 130

Sites must configure hardware interface
to match destinations

Vincenzo Capone,
Aleksandr

GEAN-I:‘ e

Chin Guok

192 105 €8 85730 (R et s

——
-

| DFN _ Consorti
—DFN_ %&K ium _

P EU side

4
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Belle Il Computing at DESY

> BELLEZ? (VO 'belle’) is well supported at DESY commonGrid infrastructure

> At DESY the federation of Grid computing resources and its opportunistic usage
models allows to very efficiently distribute free resources

> BELLEZ2's 4th MC campaign strongly benefited from new resouces which were
procured to meet the pledges in 2015 and old resources which were kept
running as well as from partially little job submission by ATLAS and CMS

> |In 2014 BELLEZ used 11% of the DESY Grid computing resources
(ATLAS: 34%, BELLEZ2: 11%, CMS: 48%, ILC: 6%)

> DESY will guarantee half of the requested resouces of Germany in 2015
(8 kHS06, 240TB)

> The National Analysis Facility (NAF) complements the Grid for interactive data
analysis and supports BELLEZ; more users are welcome!

Andreas Gellrich | BELLEZ ({@ DESY Grid Site | 05 November 2014 | Page 5
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