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Open Data %

CMS Open Data User Story: The Future of Particle Physics is Open [2017-12-01 by Jesse Thaler (MIT)]
(includes links to 2 published papers with open data!)

| REPEAT, OPEN UP AND
RELEASE THE DATA!

DM‘ABASE \

W %
-

M B Dataedo fiotr€Dataedo

UNIVERSITY OF 3

RICEIGAN First LHCb Open Data & Ntuple Wizard Workshop - 22 October 2024 - Dillon Fitzgerald



https://opendata.cern.ch/docs/cms-the-future-is-open-2017

Open Data

The data collected at the LHC is very valuable! It should be

made available to the public in accordance with the CERN Open
Data Policy and CERN Open Science Policy

The CERN Open Data Portal (https://opendata.cern.ch/) : S~
provides a location for LHC experiments to host open data 3

0

OPEN DATA l
PORTAL /
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https://cds.cern.ch/record/2745133
https://cds.cern.ch/record/2745133
https://cds.cern.ch/record/2835057
https://opendata.cern.ch/

: HCD
CERN Open Data Policy m

The CERN Open Data Policy outlines the commitment to make the data collected at the LHC publicly available at
several levels of complexity, as established by the Data Preservation in High Energy Physics Collaboration
(DPHEP-2012-001)

e Level 1: Published results
o  Thiscaninclude tables and figures but also preprocessed Ntuples or binned and unbinned fit likelihood functions.

e Level 2: Outreach and education
o Usually in the form of highly preprocessed Ntuples.

e Level 3: Reconstructed data
o  These data have been preprocessed to derive physics objects, such as charged particle candidates, photons, or
particle jets. Reconstructed data may or may not be corrected for detector effects, such as efficiency and resolution.

Target: Release research quality data mainly for theorists and phenomenologists

e level4:Rawdata
o  the basic quantities recorded by the experimental instruments.
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https://cds.cern.ch/record/2745133
https://inspirehep.net/literature/1115482

CERN Accelerating science Sign in  Directory

@ ABOUT NEWS SCIENCE RESOURCES Q SEARCH | EN ~

News * News ' Topic: Knowledge sharing

LHCDb releases first set of data
to the public

The LHCb collaboration has released data from Run 1 of the LHC to the e

) y i f ) CMS completes
Publlc for the first time, allowing research to be conducted by anyone the rdlesée bf its
I the:world entire Run'1...

Decem ber 2022 8 DECEMBER, 2022 | By LHCb collaboration

LHCb Event Display

Related Articles

14.6. 2011 18:57:08 —
|_Run 93503 Exent 1179807868 _hid 1140 __ el R e

M https://home.cern/news/news/knowledge-sharing/lhcb-releases-first-set-data-public
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https://home.cern/news/news/knowledge-sharing/lhcb-releases-first-set-data-public

LHCDb releases the entire Run | dataset

Date of publication: 2023-12-2

0
0

ERN. The sample made available amounts to approximately 800

pre-filtered

ollider a

Hadro
on obtained from

ton-proton collisions

e format made available provid

December 2023

Event 251784647
Run 125013
Thu, 09 Aug 2012 05:53:58

M https://opendata.cern.ch/docs/Ihcb-releases-entire-run1-dataset
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https://opendata.cern.ch/docs/lhcb-releases-entire-run1-dataset

ch
LHCb Open Data %

LHCb released (end of 2023) all of the Run 1 data (~800 TB) on the CERN Open Data Portal:
https://opendata.cern.ch/search?page=1&size=20&experiment=LHCb

Releases for Run 2 and beyond will be challenging due to the volume of data...
DATA BIG DATA

ALICE ATLAS CMS LHCb

Run-2 2PB 0.5PB 2 PB 10 PB
(including Run-1)

Run-3 4PB 1PB 4 PB 45 PB

Total 6 PB 1.5PB 6 PB 55 PB

B Dataedo P\oh’@ Datxedo
This is not scalable! This prompted the development of a new system...

The LHCb Ntuple Wizard

Previous presentations

e CHEP 2023: Presented idea and mature prototype (screenshots) publicly
e  4th DPHEP Collaboration Workshop: Showed fully functional service developed in collaboration with CERN IT

UNIVERSITY OF 8
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https://opendata.cern.ch/search?page=1&size=20&experiment=LHCb
https://indico.jlab.org/event/459/contributions/11696/
https://indico.cern.ch/event/1432766/contributions/6096205/attachments/2939597/5182164/Fizgerald_LHCb_DPHEP2024_final.pdf

ch
LHCb Run 1 and 2 Data Flow %

Trigger Reconstruction ‘ Stripping
Moore Brunel ‘ Davinci
% 3 :
Re-reconstruction 4..""‘l.!.estriPPing Run 1
- i g . iy o S S v Open
Particle simulation Digitisation ( Storage &) ‘, Storage ‘ Storage Data
_ .
Gauss h Boole ‘\‘ TUR‘BO FULLSTREAM ‘ ) ‘\\L FULLSTREAM 1) l CHARM.MDST H DIMUON.DST H ‘ Release
/ \ \ \‘
Generation \ Decay ‘ Propagation . )
Pythia/POWHEG/... \ EvtGen [ Geant4 Analysis Ntuple making
ROOT/Numpy/... DaVinci

e The Ntuple Wizard handles the Ntuple making step, which
typically requires knowledge of LHCb specific software LHCb Ntuple Wizard

o  Lower barrier of entry for external analysts!
o  Convenient means of parsing documentation and available

M data for internal analysts!
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The basic idea...

Submit request to LHCb
responsible

Feedback with
metadata &
documentation

Ntuple delivery mechanism
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LHCb Ntuple Wizard

Submit request to LHCb
responsible

Feedback with
metadata &
documentation

Ntuple delivery mechanism
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LHCb Ntuple Wizard

Submit request to LHCb
responsible

Feedback with
metadata &
documentation

Ntuple delivery mechanism

LHCb Ntupling Service
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The LHCb Ntuple Wizard

e Intuitive web interface (wizard) guides the user through formulating a query, key features include:
o  Dataset discovery/selection
o Ntuple configuration

e Input (metadata/documentation) and output (configuration files from user) have secure design features

TR e r LHCbDIRAC
Metadata generated + _ _ _ _ _ _ _ _ _ _ _ _ __ . . (submission handled -
during deployment % Web interface N Rt s e e .. : byLHCb responsible) :

Config files for

| Analysis Productions | : :
I . Parsers

documentation Configure
ntupling
algorithms

|

MyNTuple.yml

I

I

I
A [T 5 am .. . B
25 LoKi functor
(8

I

I

I

h TupleTool e
| documentation C nalysis

i AnotherNTupIe.ymlT 5 Productions : gTuples on

. on Grid : pen Data

Stripping/l'urboB portal

Vi

ot line info Dataset and :

5 selection - info.yml
o discovery

&

. Dataset info

LHCb data
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https://inspirehep.net/literature/2637214

The LHCb Ntupling Service %

The LHCb Ntuple Wizard has been integrated with the CERN Open Data Portal and the LHCb Analysis
Productions batch processing system thanks to the very fruitful and ongoing collaboration with the
Open Data team from CERN IT. The combined application is called the LHCb Ntupling Service.

e Seetalk at CHEP 2024 for more details!

creates
merge
requests

downloads
results

. approves
Phenomenologists :
Theorists

Data scientists

. rejects

LHCb WLCG

LHCb open data team

publishes outputs

IT ©  LHCb
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https://indico.cern.ch/event/1338689/contributions/6011124/

Request Workflow

The LHCb Ntupling Service

‘ Request . MR on Analysis Productions

> >

2 Forward Test Results Test Results

Approve Test Results Approve for production
........................... P R
. Share Tuples PFNs

UNIVERSITY OF 1 5
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Request

LHCb Open Data Ntupling Service
® A requeSt Can be made On the Logged inasdiIIon.fnzgeraId@cernch

LHCb Ntupling Service, to be
accessible from the CERN
Open Data Portal for the
public release

[Create new request

Btree @ W StrippingB2D0PiD2HHBeauty2CharmLine

— @@m@ x BHADRONCOMPLETEEVENT.DST x
e Create custom Ntuples! s O o e DD BHES""
o  Choose from available
+ B
decays, and data Strea ms Production name | B_Dpi v

|

o  Configure your own Ntuple < submit @ Clear
-- Add and customize

TupleTools to specify
quantities written to output

>

llllllllllll’ -.--l.lllI-l’
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https://opendata.cern.ch/
https://opendata.cern.ch/
https://lhcb.github.io/starterkit-lessons/first-analysis-steps/add-tupletools.html

—— ch
. * f re: Find available d b
Web Interface: Dataset DiSCOVEry | irschoosing physics sbiectof interest THCDH

Decay search

Head (exactly): v | B Contains (all of): » D° x Show only selected: Lists physics Objects avallable in
Tags (none of): :m(:eﬂr:dﬂméb:e_x SliofeVioiniNoliS Stripping line the LHCb database (pl‘lmarlly
epton-flavour-violating X
7 decays)
BT — (DU — KT~ (n° — yy))m™
e Listfiltering options include:
B (D' - Ktr ) o  Decay head (top level
decaying particle)
B (D' = K+nyr+ o  Particlesin the deca.y.
o  Tags related to specific
physics (include or
Bt - (D — K K (7 = yy))r exclude)

o Stripping line” name

Bt 5 (D' = K-K+K+r )t

e Can make multiple
e selections from the list

17
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Web Interface: Dataset Discovery

Selection of a physics object exposes the corresponding available datasets for the user to choose from

Stripping line selection Dataset selection
e  Specifies algorithms applied e  Specifies the dataset to run
to identify candidates of the over -- multiple selections
selected physics object can be made
Production configuration l

StrippingBZDOPiDZHHBeau2CharmL..‘
@ = ¥ BHADRONCOMPLETEEVENTDST
(5282 Y s29r2 ] 534 @ Loata Y 2016 Y Magoown { 2612

Title NyAnaIysis

Email name@example.com

] .\, Done [ Clear

At this stage, the user can initiate configuration of the
Ntuple corresponding to the selected physics object(s)

UNIVERSITY OF
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Web Interface: Ntuple Conflguratlon %

@ Configure B* H(D — Kt )mt

Ntuple configuration via an interactive node tree

Bi
/ e Particlesin decay rendered as nodes in tree
D’ e Each node can be configured independently, orin
/\ various groupings
K* o« t o  Labels provided to select nodes by similar categories

e Node configuration proceeds by adding, removing,
or configuring TupleTools, which save various

Select by category
 ocron I eson Jx+ Jx0 xR up J geauty J{ charm L strange J{ pown JLongLived Jl stabie J stabicCharged J{ scalor

Current selection: BT — (30 — K n )t phySiCS quantItIeS tO the Ntuple
5 TupleTools
TupleToolANNPID il o  Can be performed on entire tree, single node, or
TupleToolEventinfo ‘7’:‘ Selection Of nOd es
TupleToolGeometry ‘7’:‘ . .
SR— -1 ® Theentire node tree includes 5 standard
S— ] TupleTools for LHCb analysis by default

19
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https://lhcb.github.io/starterkit-lessons/first-analysis-steps/add-tupletools.html

Web Interface: Ntuple Configuration

® Configure Bt — (ﬁo — K'tn )m" 8Q ® Configure B — (50 — Kt )m* 8Q
B* B
BP“]S Bplus
D’ D'
D0 Do
/ \ Selected nodes / \
K+ - \ K - -
Kplus piminus piplus Kots s i

Select by category Select by category
L Hadron  Meson Jx+ QU xo Jx I up I Beauty J{ charm J{ strange J Down J LongLived i stabie J stabieCharged J scalar J
LongLived StableCharged

Loy gl ol o D O CD D D G
i il el el o Current selection: BY — (50 — Ktn)rt
5 TupleTools e
TupleToolANNPID \ z|w \
TupleToolEventinfo ‘ vl B0 ‘
TupleToolGeometry ‘ Z| & ‘
TupleToolKinematic ‘ Z|w ‘

TupleToolPid ‘, ‘

TupleToolTISTOS

Launch TupleTool configuration
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RICEIGAN First LHCb Open Data & Ntuple Wizard Workshop - 22 October 2024 - Dillon Fitzgerald




ch
Web Interface: Tuple Tool Configuration Example %

Configure TupleToolTISTOS X

Example of TupleTool configuration interface for —
TupleToolTISTOS (Trigger Independent of Signal/ s

. . @ MaxPV uint 100
Trigger on Signal) — ,
@® VerboseHlt1 boo
e Configurable names, data types, and user input -
fields are included s L

@ Fillle bool @

e Mouseover tooltips and links to documentation — | -

are included for guidance
o  Thisincludes LHCb Doxygen documentation

Hit1TriggerTisTos

e Each TupleTool has specific configurables
o  For many tools, the standard configuration is

Hit2TriggerTisTos

sTosName str LOTriggerTisTos
perfectly fine ® potise -
o  Only certain tools (e.g. related to the trigger) ® Tnarticieony  bo
need specific configurations, to be specified in e HIE(AODIN)CILO)CHLumi (ATl PMB)Z9) PVel) Beamcas)
the documentation i ... ...
® 115 bool @
@ s ®©
® 1Us bool
M Documentation for TupleToolTISTOS v
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Request
LHCb Open Data Ntupling Service

Logged in as dillon.fitzgerald@cern.ch

Your requests Create new request

e Submitting a request
will open an issue on
GitLab

o  Userswill be

regularly informed Create new request

StrippingB2DOPiD2HHBeauty2CharmLine

Btree 74 -
When Stages Of the @@Qmw X ® BHADRONCOMPLETEEVENT.DST o -
production Bt o (B = K+rjrt oo

process change N

I <7 Submit i Clear

B
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Approval for Test Production by LHCb Open Data Team

e LHCbreviews and approves
requests manually

e  Approval triggers a draft LHCbOpe"@Dat“P""g Setiee
merge request (MR) in Service Request | B_Dpi | dillon fitzgerald@cern.ch
Analysis Productions ——— o .
o This launches a test —
production via the =
Analysis Productions Comments et
pipeline S

Type your comment here. Markdown is supported

e  Mergerequest left on draft
until user confirms results of
test production

Add comment

UNIVERSITY OF 23
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https://gitlab.cern.ch/lhcb-datapkg/AnalysisProductions/

Return Test Results to User for Verification

e From the test production output, a markdown
file is provided to the user with information
about the production

e The user can verify the test results at this stage

o  Areall expected branches present in the Ntuple?
o Isthe estimated output size within a feasible
range?

e After user approval, the merge request on
Analysis Productions is marked as ready

UNIVERSITY OF

MICHIGAN
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test-production.md

 Welcome to the LHCb Open Data service!

Congratulations! Your request has been approved by the LHCb Open Data Team and submitted to the LHCb Analysis Productions service!
The internal testing system has been successfully completed, creating a small test sample.

Please take a moment to assess the test statistic below and consider the following:

1.1s the estimated output size within a feasible range for you?
2. Do all expected variables exist in the ROOT file?

IF the test statistic fulfills the above criteria and you are satisfied with the results, please confirm your request here.

Next Steps:
« Once you confirm you are satisfied with the test result, the LHCb Open Data Team will send the request to full production
« You will be notified once the production is finished. The ROOT files are then transfered to the Open Data Portal.

« You can then access the data freely. Have fun on your Analysis!

Thank you for your patience. If you have further questions or concerns, please feel free to reach out by leaving a comment on your request, by sending
an email to opendata-support@cern.ch or by opening a ticket on the Opendata Data Forum.

8_3psik will process 135.6TB of data and create about 17.8GB across 6 samples. Please note that the actual size of the output files may vary from the
estimate.

v See Branches in Production Tuples
v jobs

v Btree/DecayTree;1 (394 Branches)
Bplus_ENDVERTEX_X
Bplus_ENDVERTEX_Y
Bplus_ENDVERTEX_Z
Bplus_ENDVERTEX_XERR
Bplus_ENDVERTEX_YERR
Bplus_ENDVERTEX_ZERR
Bplus_ENDVERTEX_CHI2
Bplus_ENDVERTEX_NDOF
Bplus_ENDVERTEX_COV_
Bplus_OWNPV_X

Bplus_OWNPV_Y

Bplus_OWNPV_Z
Bplus_OWNPV_XERR
Bplus_OWNPV_YERR
Bplus_OWNPV_ZERR
Bplus_OWNPV_CHI2
Bplus_OWNPV_NDOF
Bplus_OWNPV_COV_
Bplus_IP_OWNPV
Bplus_IPCHI2_OWNPV
Bplus_FD_OWNPV
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Approval for Full Production

LHCb approves the final production

N Tree display

Log out Piet Nogga (piet.nogga@cern.ch)

This section displays the samples split by tags and is the recommended way of requesting datasets. Clicking on one of the boxes will filter the list of samples shown below.
A+ Productions See TODO for more information.
i )
and merges to Analysis Productions

@ Pipelines Grouped tags@D config @D datatype @D eventtype @D polarity

Drag to sort config datatype eventtype polarity
& Settings

waeampleiceso 12
e Thistriggers the Analysis Productions ~ “ ™~ o

2012 20152
90000000 2

system to process the full request over o i
all selected datasets

magup
'

magup
1
0122 20162
90000000 2 90000000 2
magdown ‘magdown
1 1
magup
1

magup
1

magup
1

—_—
‘..--.-.-..-.

uuuuuuuuuuuu

—

l‘llllllllll’
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Deliver Ntuples to CERN Open Data Portal

. U pon Completion, the OUtPUt Ntuples are Copied The real production for your request has been completed! You can download the results below.
to eospublic and hosted on the CERN Open Data Real production results
Portal, accessible by viewing your request in the

00245692_00000001_1.dvntuple.root 30.171 MiB n
Nt l' S 1 1 t f 00245692_00000002_1.dvntuple.root 143751 MiB [ -]
upling service interrace

00245692_00000003_1.dvntuple.root 243.268 MiB n !

00245692_00000004_1.dvntuple.root 336.708 MiB n

e The produced Ntuples can now be downloaded =
by th e use r! 00245692_00000006_1.dvntuple.root 487.739 MiB n !
00245692_00000007_1.dvntuple.root 552.622 MiB n

00245692_00000008_1.dvntuple.root 621,955 MiB oA

00245692_00000009_1.dvntuple.root 694.136 MiB oA

00245692_00000010_1.dvntuple.root 791.876 MiB (. -]

00245692_00000011_1.dvntuple.root 177.133 MiB n

' ' 00245692_00000012_1.dvntuple.root 567.146 MiB n !
‘ll!lllllllll

ssssssssssssd
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Additional Resources %

You can access additional resources such as the LHCb open data guide and the CERN
open data forum directly from the LHCb Ntupling Service landing page

LHCb Open Data Ntupling Service

Logged in as dillon.fitzgerald@cern.ch

Your requests Create new request

Welcome to the LHCb Open Data Ntupling Service! This application enables you to ask the LHCb collaboration for custom LHCb open data production for your education or
research. Please see the documentation and the paper.

UNIVERSITY OF 2 7
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https://lhcb-opendata-guide.web.cern.ch/ntupling-service/
https://opendata-forum.cern.ch/
https://opendata-forum.cern.ch/

%A LHCb Open Data Guide Q

LHCb Open Data Guide
Home
Ntupling Service
About
Dataset Discovery
Selecting Decays
Choosing a Stripping Line

Choosing a Dataset to
Process

Ntuple Configuration
Ntuple Creation
Ntuple Configuration
Tuple Tools
Submitting Requests

Monitoring and Retrieving
Output

Monitoring Output
Retrieving Output

The LHCb Ntupling Service

Welcome to the LHCb Ntupling Service Documentation!

The LHCb Ntupling Service is a fully functional system integrating the LHCb Ntuple Wizard
application (Comput.Softw.Big Sci. 7 (2023) 1, 6) with the CERN Open Data Portal and the
Worldwide LHC Computing Grid (WLCG), allowing users to interface with LHCb open data. Users
can generate a query by following steps laid out in this tutorial, which will be processed by the LHCb
Open Data team, and if accepted, ultimately will result in Ntuples delivered to the CERN Open Data
Portal. The service is hosted on the Open Data Portal with the landing page shown in the screenshot
below. The procedure to formulate a query of the LHCb data can be initiated by clicking the green
"Create new request” button.

LHCb Open Data Ntupling Service
Logged in as dillon fitzgerald@cern.ch m

Your requests Create new request

It is recommended to use the Ntuple Wizard in a computer browser rather than on a mobile phone,
as there is important contextual information displayed in mouseover tooltips that may not be
accessible on mobile devices.

O lhcb-opendata-guide

Next

Selecting Decays



https://lhcb-opendata-guide.web.cern.ch/ntupling-service/

%A LHCb Open Data Guide Q

LHCb Open Data Guide

Home

Ntupling Service N
About
Dataset Discovery v

Selecting Decays
Choosing a Stripping Line

Choosing a Dataset to
Process

Ntuple Configuration v
Ntuple Creation
Ntuple Configuration
Tuple Tools
Submitting Requests

Monitoring and Retrieving
Output

Monitoring Output
Retrieving Output

Many pages with detailed
steps on various stages of
the process!

The LHCb Ntupling Service

Welcome to the LHCb Ntupling Service Documentation!

The LHCb Ntupling Service is a fully functional system integrating the LHCb Ntuple Wizard
application (Comput.Softw.Big Sci. 7 (2023) 1, 6) with the CERN Open Data Portal and the
Worldwide LHC Computing Grid (WLCG), allowing users to interface with LHCb open data. Users
can generate a query by following steps laid out in this tutorial, which will be processed by the LHCb
Open Data team, and if accepted, ultimately will result in Ntuples delivered to the CERN Open Data
Portal. The service is hosted on the Open Data Portal with the landing page shown in the screenshot
below. The procedure to formulate a query of the LHCb data can be initiated by clicking the green
"Create new request” button.

LHCb Open Data Ntupling Service
Logged in as dillon fitzgerald@cern.ch m

Your requests Create new request

It is recommended to use the Ntuple Wizard in a computer browser rather than on a mobile phone,
as there is important contextual information displayed in mouseover tooltips that may not be
accessible on mobile devices.

O lhcb-opendata-guide

Next

Selecting Decays



https://lhcb-opendata-guide.web.cern.ch/ntupling-service/

CERN Open Data Forum

https://opendata-forum.cern.ch
Latest ~Hot  Categories

|search.. Q
Using Scikit-Learn to classify signal using Secondary vertex characteristics ‘ 0 3 18 8AUG = = : =
mCMS ) : -
Ask ar n about CMS Open Data
Library conflict in Simplified Run 2 Analysis lessons from 2023 Workshop 0 14 23 Jul ;
M Software tools T >n, how it works, and how we can improve it
W News x 2
Large data set analysis using only Python 0 " - — General news about CERN Open Data
M Containers = o o A 2t
Ask any question about ATLAS Open Data
Alternatives to Jupyter Notebooks in Python Docker (Windows) 2 0 8 25 19 Jul W LHCb
M Containers - o - Ask any question about LHCb Open Data
Regarding the slimmed secondary vertex from reco::Vertex collection ‘ () 2 21 ) Jul
B CMS 2
Extracting Dxy and NDf for secondary vertices from the class . 0 4 o T
Y4 1Ju
“reco::VertexCompositePtrCandidate”
VNC Server connection error in CMSSW docker container ‘ G‘ = 100 AT

M Containers
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https://opendata-forum.cern.ch

CERN Open Data Forum - LHCb Category %

https://opendata-forum.cern.ch/c/lhcb/13

Ask any question about LHCb Open Data

subcategories w Latest Hot

earch... Q
W LHCb » ‘ Latest  Hot no subcategories
Tobic Replie e . .
: - ' B LHCb Ntupling Service
X About the LHCb category : ; Ask any questions about the LHCb Ntupling Service.
TS 377 Nov 2022
Ask any question about LHCb Open Data

There are no more LHCDb topics.

UNIVERSITY OF
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https://opendata-forum.cern.ch/c/lhcb/13

CERN Open Data Forum - Ntupling Service Subcategory %

https://opendata-forum.cern.ch/c/lhcb/lhcb-ntupling-service/15

‘ HLHCDb » ‘ ‘ W LHCDb Ntupling Service » ‘ Latest Hot

Topic Replies Views Activity

X About the LHCb Ntupling Service category
Ask any questions about the LHCb Ntupling Service.

There are no more LHCb Ntupling Service topics.
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https://opendata-forum.cern.ch/c/lhcb/lhcb-ntupling-service/15

ch
Access to the Beta Release! %

A link was sent to your email to access the LHCb Ntuple Wizard and overarching
Ntupling Service

Try things out for yourself!

Comments

Feedback is greatly appreciated! ~ wome

Type your comment here. Markdown s supported

e For questions specific to your request

o You can communicate with us via comments on the LHCb Ntupling Service

e Formore general inquiries or suggestions about the LHCb Ntupling Service
o You can make a post on the forum: https://opendata-forum.cern.ch/c/lhcb/lhch-ntupling-service/15

33
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