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Belle II Data Production

• Primary goal: ensure smooth and timely production of data and MC samples for physics 
analysis and other studies 

• Basic philosophy: take a global view of data flow to identify missing or problematic functionality 
and performance

- Close collaboration with computing, software, physics groups, etc.

- Contributions to software validation, data quality monitoring, distributed computing, etc.

- Allow flexibility for changing conditions


• Primary tasks:

- Calibration and alignment (https://confluence.desy.de/display/BI/Data+Production+Calibration)

- RAW data (re)processing (https://confluence.desy.de/display/BI/Phase+3+data)

- MC production (https://confluence.desy.de/display/BI/Data+Production+MC12)

- Analysis skimming (https://confluence.desy.de/display/BI/Skimming+Homepage)


• Other tasks

- Prepare beam background samples (https://confluence.desy.de/display/BI/

Beam+background+samples)

- Quality assurance monitoring (https://mirabelle.belle2.org/home/display/)

- Software validation (https://confluence.desy.de/display/BI/

Data+Production+Analysis+Validation)

https://confluence.desy.de/display/BI/Data+Production+Calibration
https://confluence.desy.de/display/BI/Phase+3+data
https://confluence.desy.de/display/BI/Data+Production+MC12
https://confluence.desy.de/display/BI/Skimming+Homepage
https://confluence.desy.de/display/BI/Beam+background+samples
https://confluence.desy.de/display/BI/Beam+background+samples
https://mirabelle.belle2.org/home/display/
https://confluence.desy.de/display/BI/Data+Production+Analysis+Validation
https://confluence.desy.de/display/BI/Data+Production+Analysis+Validation
https://confluence.desy.de/display/BI/Data+Production+Analysis+Validation


First things first

• The data production page is a one-stop shop for all of the data processing and MC production details for Belle II

Find details 
about the data

Links to DP 
meetings

Details about 
calibration


work

Availability of 
official MC

and much more!

Contact details 
for DP leadership

Physics working 
group liaisons 

(collect MC 
production requests, 

perform validation 
tasks, etc.)

https://confluence.desy.de/display/BI/Data+Production+WebHome

https://confluence.desy.de/display/BI/Data+Production+WebHome


• The data production page is a one-stop shop for all of the data processing and MC production details for Belle II

First things first

Many more useful links!

Bi-weekly group meetings 
(detailed minutes on each page)

Weekly announcement 
(register on dataprod@belle2.org)

Requests/concerns welcome 
(contact dataprod@belle2.org 

or create a JIRA ticket)

https://confluence.desy.de/display/BI/Data+Production+WebHome

https://confluence.desy.de/display/BI/Data+Production+WebHome
https://agira.desy.de/browse/BIIDP


• The data production page is a one-stop shop for all of the data processing and MC production details for Belle II

First things first

https://confluence.desy.de/display/BI/Phase+3+data

https://confluence.desy.de/display/BI/Data+Production+WebHome
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Belle II data flow

• Raw data storage and reprocessing at KEKCC and BNL - Raw data centers

• mDST storage on GRID storage elements (SE) - Regional data centers

• Skimming and analysis on GRID computing elements (CE) - MC production sites

• nTuple analysis on local resources - Local resources
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Brief interlude: file types

• In general, Belle II output is stored in ROOT files containing various subsets of dataobjects, dbobjects, nTuples, etc


• RAW: raw data containing detector information

• DST: data summary table


- all available dataobjects (from reprocessing) are included

- not generally produced or used as it contains everything (and is huge)


• mDST*: mini data summary table

- strictly controlled version of a DST file

- only a subset of available processed dataobjects are included

- sufficient information for analysis use


• cDST: calibration data summary table

- mDST objects, plus additional dataobjects useful for calibration


• uDST: user data summary table

- mDST objects, plus analysis objects (ParticleLists)

- produced from skims - reduce time needed to run analysis jobs

- these are the samples you should be using for analysis! *mDST Storage: ~61 M¥ per additional kB

https://stash.desy.de/projects/B2/repos/software/browse/mdst/scripts/mdst.py#8
https://stash.desy.de/projects/B2/repos/software/browse/reconstruction/scripts/reconstruction.py#242


Data production/analysis scheme

• Simulation and processing for 
official data and MC samples is 
performed centrally

- This is the primary purpose of 

the data production group 


- Though you are certainly free 
to produce test samples on 
your own - don’t use them for 
publishable physics analyses! 

- Requests for MC samples can 
be made to the DP liaison in 
your physics working group


- Skimming is also centrally 
performed - each physics 
working group has a skim 
liaison as well



Data production/analysis scheme

• The default place to run your 
analysis jobs is on the grid

- After official skimming, uDST 

files are available for  
grid-based analysis


- Users can either perform 
another skim on the official 
skim samples or run an 
analysis directly on the uDSTs


• Transfer your ntuple files to local 
resources for the rest of your 
analysis

- Fitting, plotting, etc.

- Files on the grid (will) have a 

limited lifetime, so ntuple files 
must be downloaded to local 
resources as quickly as 
possible!



Official MC production

• Official MC production is done in 
“campaigns”

- Roughly corresponding to a 

particular software release/GT

- We are currently at the tail end of 

the twelfth official MC campaign 
https://confluence.desy.de/display/
BI/Data+Production+MC12


• Output files available only on the grid

- Get your certificates ready!

- Limited samples on kekcc for fast 

availability for FEI training, etc.

MC1 
Mar 2013

MC2 
Aug 2013

MC3 
May 2014

MC4 
Nov 2014

MC5 
Aug 2015

MC6 
June 2016

MC7 
Nov 2016

MC8  
Feb 2016

MC9  
June 2017

MC10  
April 2018

MC11  
August 2018

MC12 
January 2019

https://confluence.desy.de/display/BI/Data+Production+MC12
https://confluence.desy.de/display/BI/Data+Production+MC12


Twelfth official Belle II MC campaign

More details 
available in the 

associated 
JIRA tickets

https://confluence.desy.de/display/BI/Data+Production+MC12



Run-dependent MC production

• Precision analyses require good correspondence between data and MC

• So far the official MC production has assumed ideal (and constant)  

detector performance, with backgrounds from simulation

• As we have now started taking data, we want the simulation to:


- Simulate realistic detector performance  
(variations over time, improvements in calibrations, etc.)


- Include realistic backgrounds  
(depend on collimator settings, beam conditions, luminosity, etc.)


• Beam backgrounds: 

- can have a big effect on physics analyses  

(tracking, ECL resolution, PID, etc)

- can vary by run due to luminosity dependence  

and changing conditions (even within runs)


• Random trigger beam background events should be used

- Produce BG overlay files from random triggers - distribute on the grid

- Run dependent MC sample production in initial stages at kekcc

- https://stash.desy.de/projects/B2P/repos/mc/pull-requests/128/overview

- Problem: background files are too big to fit on every grid storage element!

https://stash.desy.de/projects/B2P/repos/mc/pull-requests/128/overview
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BG 1 BG 2 BG 3

MC 1 MC 2 MC 3

Online
Run 1

Run 2

Run 3

Offline
Run 1

Run 2

Run 3

BG 1

BG 2

BG 3
Beam background events are too large to store a complete set 
at each site. Instead, spread the events and their associated 

jobs to different sites, depending on the storage size and CPU 
resources available.

CE 1 CE 2 CE 3

SE 1 SE 2 SE 3

Produce run-dependent MC on a rolling time scale close to data 
reprocessing. Reproduce upon software updates/reprocessing.



BG 1 BG 2 BG 3

MC 1 MC 2 MC 3

Online
Run 1

Run 2

Run 3

Offline
Run 1

Run 2

Run 3

BG 1

BG 2

BG 3
MC production submission scripts specify input files  

(beam background files), DIRAC sends the jobs to sites that 
hold the input files, CE downloads input file from SE

CE 1 CE 2 CE 3

SE 1 SE 2 SE 3

Produce run-dependent MC on a rolling time scale close to data 
reprocessing. Reproduce upon software updates/reprocessing.



BG 1 BG 2 BG 3

Produce run-dependent MC on a rolling time scale close to data 
reprocessing. Reproduce upon software updates/reprocessing.

Online

Offline

Run 4

Run 5

Run 4

Run 5

BG 4

BG 5

BG 4 BG 5

As new runs are collected, additional background files will be 
extracted and MC productions submitted.

CE 1 CE 2 CE 3

SE 1 SE 2 SE 3

MC 4 MC 5



BG 1 BG 2 BG 3

MC 4 MC 5 MC 6

Produce run-dependent MC on a rolling time scale close to data 
reprocessing. Reproduce upon software updates/reprocessing.

Online

Offline

BG 4 BG 5

Run 6

Run 6 BG 6

BG 6

If possible, backgrounds and MC jobs should go to sites that 
are underutilized at the moment. (Note skimming and user 

analysis jobs should also be considered)

CE 1 CE 2 CE 3

SE 1 SE 2 SE 3



BG 1 BG 2 BG 3

MC 1 MC 2 MC 3

Produce run-dependent MC on a rolling time scale close to data 
reprocessing. Reproduce upon software updates/reprocessing.

Online

Offline

BG 4 BG 5 BG 6

Should also consider reproduction of MC samples when 
determining storage elements for BG files

CE 1 CE 2 CE 3

SE 1 SE 2 SE 3

MC 4 MC 5 MC 6





Full processing scheme

• Preparations for (re)processing

- Prepare a global tag with the latest detector and calibration constants 

(coordinate with calibration group and GT manager)

- Decide on and test a release 

(coordinate with release managers)

- Determine the appropriate datasets 

(coordinate with computing coordinator)


• (Re)processing

- Output in mDST/cDST format

- Luminosity estimation

- Calibration skims


• Quality Assurance Monitoring (QAM)


• Physics skims



• Various effects can cause bias or degradations

- misalignment, time offset, channel-to-channel variations, weather, etc.


• Careful calibration is necessary to properly reconstruct the data

Step 1: Prepare a global tag with the latest detector and calibration constants

https://agira.desy.de/browse/BIIDP-1581

1. Local calibrations


2. CDC tracking


3. Alignment updates


4. Produce cDSTs


5. All other calibrations


6. Data processing


7. Validation

Calibration flow:
There is a hierarchy!

• None of these steps can 

be parallelized

• Each step requires the 

results of the previous one
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Step 1: Prepare a global tag with the latest detector and calibration constants

• A Global Tag is a collection of payloads that are used 
by the software to determine needed constants

https://confluence.desy.de/display/BI/Global+Tag+(GT)+page
https://kds.kek.jp/indico/event/29835/session/27/material/1/0.pdf https://blcondtest01.sdcc.bnl.gov/

GT web browser



• There are many tools that can help you find global tag details

• The primary option should be b2conditionsdb-recommend

Step 1: Prepare a global tag with the latest detector and calibration constants



Step 2: (Re)processing

• Once the global tag is ready, the data can be officially processed to mDST format


• Requires:

- Raw data available on the offline system (https://agira.desy.de/browse/BIIDP-1497) 

and staged to disk (https://kekcc.kek.jp/service/kekcc/html/Eng/HSM20System.html)

- Definition of runs to be processed (all calibrations available) - called a run “bucket” or “proc”

- Validated software release (https://agira.desy.de/browse/BII-4880)

- Documentation!

https://confluence.desy.de/display/BI/Phase+3+data

https://agira.desy.de/browse/BIIDP-1497
https://kekcc.kek.jp/service/kekcc/html/Eng/HSM20System.html
https://agira.desy.de/browse/BII-4880


Prompt reprocessing scheme

• ROOT formatted raw data on offline system, registered,  
and replicated to raw data processing centers


• Calibration skims from raw data processed to cDST at 
“calibration center”


• Prompt calibration and QAM run at “calibration center” 
(includes multiple reprocessing to cDST with updated  
tracking for dependent calibrations)


• Calibration constants added to offline global tag

• Latest runs reprocessed to mDST


• Requires that prompt calibration algorithms are  
ready for automation


• When offline calibrations and/or software updates  
are complete, or if significant changes to prompt calibration,  
reprocess all available data to mDST

Run 1 Run 2 Run 3 Run 4 Run 5

Running database global tag for prompt reprocessing

Raw data

Calibration skims (raw)

cDST skims

Payloads

Skim raw data

Process skims

mDST

Calibration

Reprocess 
skims

Process 
to 

mDST

Quality Assurance Monitoring



But that’s not all!

• For early phase 3, the data production group made many samples available ASAP after data taking

- Unofficial processing (user beware!) - https://agira.desy.de/browse/BIIDP-1533


• Raw data immediately processed to cDST for quick studies 
(R2 plots, luminosity measurements, detector studies, etc.)


• Only performed on hlt skims

• Uses processing conditions from latest official processing (no new calibrations = bad data!)


- Still processing everything (eventually only for hlt skims)

- Still producing cDST for all events (eventually only for calibration skims)


• Official (re)processing is also being performed on the grid (e.g. https://agira.desy.de/browse/BIIDP-1574)

- This will be the official (and only) method to process raw data after early phase 3

- Makes use of computing resources at KEK (Japan) and BNL (USA)


• Latest processing (proc9) includes up to experiment 8 run 1554 (~3/fb = 1/2 of the existing data): read for analysis!

- https://confluence.desy.de/display/BI/Phase+3+data#Phase3data-Officialreprocessingdetails


• Remainder of the data (bucket7) at the calibration step (https://agira.desy.de/browse/BIIDP-1621)

https://agira.desy.de/browse/BIIDP-1533
https://agira.desy.de/browse/BIIDP-1574
https://confluence.desy.de/display/BI/Phase+3+data#Phase3data-Officialreprocessingdetails
https://agira.desy.de/browse/BIIDP-1621


Quality Assurance Monitoring (QAM)

• Throughout the data processing chain, data quality monitoring is performed (well… it will be)

- Check for problems with data corruption, calibration errors, unexpected behavior, etc.

- Important step to ensuring good quality physics data!


• MiraBelle: tool for official QAM  
after processing

- Review various distributions

- Compare different runs

- Flexible tool - still in development


• Important note: the tools and procedures 
are still being developed/exercised

- If you find issues, alert the DP team!


• Make a JIRA ticket for BIIDP

• Alert your working group liaison

• Ask questions!

• Join the DP effort (contact me)!

https://agira.desy.de/secure/CreateIssue!default.jspa
https://questions.belle2.org/questions/


We’re not done yet!

• Keep in mind that you will not be able to touch mDST files for much longer!

- After processing, the mDST samples are skimmed to reduce the number of events and provide analysis dataobjects 

directly - reduces the CPU time for your jobs

- Analysts should be using uDST files, not mDST!

- If your skim is not available, you won’t be able to perform your analysis!


• Contact your skim liaison and/or start developing

https://confluence.desy.de/display/BI/Skimming+Homepage



Where can I find more information?

• https://www.belle2.org/

• chat: https://chat.belle2.org

• questions: https://questions.belle2.org

• calendar: http://superb.kek.jp/meetings/calendar.html

• glossary: https://confluence.desy.de/display/BI/Main+Glossary

• sympa (email lists): https://lists.belle2.org/sympa/home

• SpeakApp: https://speakapp.link/


- https://confluence.desy.de/display/BI/Main+AudioVideoConferencing

• git/stash: https://stash.desy.de/


- https://confluence.desy.de/pages/viewpage.action?pageId=35832648

- https://confluence.desy.de/pages/viewpage.action?pageId=35819226


• JIRA: https://agira.desy.de

• basf2: https://b2-master.belle2.org/software/development/sphinx/index.html

• gbasf2: https://confluence.desy.de/display/BI/Computing+GBasf2


- https://confluence.desy.de/display/BI/Instructions+for+gbasf2+analysis

• Documentation, training and outreach: https://confluence.desy.de/display/BI/Documentation%2C+Training+and+Software+outreach

• Data production: https://confluence.desy.de/display/BI/Data+production+WebHome


- Phase 2 data: https://confluence.desy.de/display/BI/Experiment+3

- Phase 3 data: https://confluence.desy.de/display/BI/Phase+3+data


• KEK user site: https://krs.kek.jp/uskek/ui/UI_00000E.do

https://www.belle2.org/
https://chat.belle2.org
https://questions.belle2.org
http://superb.kek.jp/meetings/calendar.html
https://confluence.desy.de/display/BI/Main+Glossary
https://lists.belle2.org/sympa/home
https://speakapp.link/
https://confluence.desy.de/display/BI/Main+AudioVideoConferencing
https://stash.desy.de/
https://confluence.desy.de/pages/viewpage.action?pageId=35832648
https://confluence.desy.de/pages/viewpage.action?pageId=35819226
https://agira.desy.de
https://b2-master.belle2.org/software/development/sphinx/index.html
https://confluence.desy.de/display/BI/Computing+GBasf2
https://confluence.desy.de/display/BI/Instructions+for+gbasf2+analysis
https://confluence.desy.de/display/BI/Documentation%2C+Training+and+Software+outreach
https://confluence.desy.de/display/BI/Data+production+WebHome
https://confluence.desy.de/display/BI/Experiment+3
https://confluence.desy.de/display/BI/Phase+3+data
https://krs.kek.jp/uskek/ui/UI_00000E.do

