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LHCb Data Processing & Analysis (DPA) Project

The LHCb Data Processing & Analysis Project includes work packages (WPs) related to
data preservation, analysis preservation, and open data

e \WP2: Analysis Productions
e \WP6: Analysis Preservation & Open Data

& WPé6 - Analysis Preservation & Open Work package Coordinator(s) Mailing list Mattermost
Data

7 < s Nicole Skidmore
Analysis preservation guidelines

Overall coordination Chris Burr (deputy)
Analysis workflow preservation -
best practices
o dat I WP1 - Sprucing Alessandro Bertolin Ihcb-dpa-wp1l link
pen data release
WG feedback WP2 - Analysis Productions Chris Burr lhcb-dpa-wp2 link
Ntuple Wizard WP3 - Offline Analysis Tools Mark Smith lhcb-dpa-wp3 link
Current activities WP4 - Innovative Analysis Techniques Jonas Eschle lhcb-dpa-wp4 link
Code repositories WPS5 - Legacy Software & Data Nathan Allen Grieser Ihcb-dpa-wp5 Stripping, DaVinci
Support WP6 - Analysis Preservation & Open Data Dillon Fitzgerald lhcb-data-preservation link
Previous WP coordinators WP7 - Training and Documentation Andy Morris lhcb-dpa-wp7 link
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https://lhcb-dpa.web.cern.ch/lhcb-dpa/
https://lhcb-dpa.web.cern.ch/lhcb-dpa/wp6/index.html
https://lhcb-dpa.web.cern.ch/lhcb-dpa/
https://lhcb-dpa.web.cern.ch/lhcb-dpa/wp2/index.html
https://lhcb-dpa.web.cern.ch/lhcb-dpa/wp6/index.html
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Analysis Productions

Analysis productions provides a central way of producing Ntuples from DSTs

e  Preserves a provenance trace from centrally produced DSTs - user Ntuples for analysis
e Includestool apd (analysis productions data) for tagging datasets and facilitating data queries based on meaningful tags

More details

e  Analysis Productions (CHEP 2023 presentation)
e apd (CHEP 2023 presentation, CHEP 2023 proceedings)

“Production” activities managed by experts Outside of WLCG
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https://indico.jlab.org/event/459/contributions/11589/
https://indico.jlab.org/event/459/contributions/11683/
https://doi.org/10.1051/epjconf/202429508008

LHCb Analysis Preservation Schematic

From the LHCb Analysis Roadmap (2017)

= Z
Analysis Analysis Runtime Input data
organize Repository Pipeline Environment storage
meta

LHCh LaCh]
LELE THCH THCH

Automatically rerun analysis [(=Z=]2=)

Computing resources for preservation

Policy since December 2017: analysis code on GitLab, input ntuples on EOS
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LHCb Analysis Preservation Schematic %

ed f : i Often used in
Required for approval to write paper practice by
analyzers!
Snakemake is the
workflow
management tool of
' - v 2 choice at LHCb.
Therestisaworkin . .
d will ‘ Analysis Runtime Input data
progress andawi organize L; . Pipeline Environment storage
require more meta 2
resource allocation data DD
to analysis

-

preservation efforts

Computing resources for preservation

Policy since December 2017: analysis code on GitLab, input ntuples on EOS
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LHCb Analysis Preservation in Action! %

Shared repository for electroweak analyses -- excellent example of LHCb
analysis preservation best practices

Born from the W mass

Pseudomass W mass measurement
measurement

e Naturally evolved
LFU in W decays Anigulreoefisiemts Into an ecosystem to

I i / host related
measurements and

Z mass
—— ew-analyses
measurement (initially WMassMeasurement) | Weak-miXing angle ensure .
reproducibility
/ e Naturally converged
Run 3 studies Charge-asymmetry in on recommended
MEFEGED practices for LHCb
interactions .
analysis
W helicity preservation!

W cross-sections
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Tracking Changes with Gitlab Continuous Integration

build

® cclgee ls)

® cc7.gcc_double c

general

@ general:linting

@ general:compilation-warnings

@ generalirun (=)

ew-analyses

test

@ tools:LFU

@ tools:ScikitHep

@ tools:csv

@ tools:data-challenge

@ tools:general

@ toolsmW

analyses

Al:main

LFU:main

Run3:main

W_xsec_5TeV:main

W_xsec_13TeV:main

WeakMixing:main

Tracking changes
to analysis results
when new
commits are
added! Changes
to the final results
cause the pipeline
to fail -- analyzer

@ tools:process-tuples © mw:2016 .
can decide to
@ tools:qcd-reweighting © mW:main u pdate the
| Analysis Runtime Input data 1
organize ‘Rep ry Pipeline Environment storage @ tools:variations @ mW:publication-spectrum refe rence If
meta
data sk changes are
© mZmain .
Automatically rerun analysis odl Id | nte n d ed 3 or
@ pseudomass:main implement a fix
Computing resources for preservation
@ gasym
Policy since December 2017: analysis code on GitLab, input ntuples on EOS
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LHCb Open Data
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CERN Accelerating science

@ ABOUT NEWS  SCIENCE

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
public for the first time, allowing research to be conducted by anyone
in the world

8 DECEMBER, 2022 | By LHCb collaboration

LHCb Event Display

14.6. 2011 18:57:08
L_Run 03503 Eyent 1179807848 hid 1140 |

Sign in Directory

RESOURCES Q_ SEARCH |

Related Articles

) CMS completes
the release of its
entire Runl...

W R e

EN ~

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: 2023-12-20

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
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LHCb Open Data %

LHCb recently released all of the Run 1 data (~1 PB) 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

Probv@Dadwedo
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
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https://opendata.cern.ch/search?page=1&size=20&experiment=LHCb
https://indico.jlab.org/event/459/contributions/11696/
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LHCb Run 1 and 2 Data Flow %

Trigger Reconstruction ‘ Stripping
Moore ] Brunel ‘ DaVinci
A 4
Re-reconstruction 4..""‘l.!.e.s‘1riPPing Run 1
" : £ S v Open
Particle simulation Digitisation ( Storage S [ storage || [ Storage B Data
—> [ Tumso FULLSTRE;M ‘ ‘ [ FULISTREAM ‘ ‘ CHARM.MDST H DIMUON.DST ‘
Gauss A Boole L ) \L s ') Release
/ \ \ \‘
Generation Decay ‘ Propagation . )
Pythia/POWHEG/... EvtGen "_> Geant4 AnaIVSIS B Ntuple maklng
ROOT/Numpy/... DaVinci
e The Ntuple Wizard handles the Ntuple Making step, which .
typically requires knowledge of LHCb specific software Ntuple Wizard
o  Lower barrier of entry for external analysts!
o  Convenient means of navigating available datasets and
M documentation for internal analysts!
UNIVERSITY OF 1 3
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The 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 help of the Open Data team from CERN IT. The
combined application is called the LHCb Ntupling Service.

e Seeupcoming talk at CHEP 2024 for more details!

creates
merge
requests

downloads
results

LHCb WLCG

. approves
Phenomenologists :
Theorists

Data scientists

. rejects

s

LHCb open data team

publishes outputs

IT ©  LHCb

UNIVERSITY OF 1 5
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https://indico.cern.ch/event/1338689/

Request Workflow

The LHCb Ntupling Service

‘ Request ‘ MR on Analysis Productions

> >

2 Forward Test Results Test Results

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

UNIVERSITY OF 1 6
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Request

e Arequest can be made on the
LHCb Ntupling Service, to be
accessible from the CERN Open
Data Portal for the public release

e Create custom Ntuples!

o  Choose from available
decays, and data streams

o  Configure your own Ntuple
-- Add and customize tools
specifying quantities
written to output

e  Submitting a request will open an
issue on GitLab

o  Userswill be regularly
informed when stages of the
production process change

UNIVERSITY OF

MICHIGAN

LHCb Open Data Ntupling Service

Logged in as dillon.fitzgerald@cern.ch

[Create new request
Btree z o StrippingB2D0PiD2HHBeauty2CharmLine
@ OEDEDd BHADRONCOMPLETEEVENT.DST
Loz s L sed : € @ @D €D

Bt — (BO — Ktn ot

Production name | B_Dpi v

|

<7 Submit @ Clear

>
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https://opendata.cern.ch/
https://opendata.cern.ch/

Approval for Test Production by LHCb Open Data Team

e LHCbreviews and approves
requests manually

e  Approval triggers a draft !;';'ﬁ?ﬁﬂ::@gi}-””P""g Setiee
merge request (MR) in
Analysis Productions P—
o  Thistriggers a test S

p ro d u Cti O n Vi a th e ::::7 :vr:‘::\::;:e'z:im and getting some example screenshots!
AnalySiS PrOdUCtionS Comments
pipeline -- metrics henetons
fro m th e O u t p ut a re Type your comment here. Markdown is supported.
routed to the user

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

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

Return Test Results to User for Verification

UNIVERSITY OF

MICHIGAN

From the test production output, a markdown

file is provided to the user with information

about the production

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

DPHEP 4th Collaboration Workshop - 03 October, 2024 - Dillon Fitzgerald

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

19



Approval for Full Production

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

L H C b a p p roves t h e fi n a l p ro d u Cti O n B home ;Ir-‘rnse:cgzisdir::::me 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.
and merges to Analysis Productions

@ Pipelines Grouped tags@D config @D datatype @D eventtype @D polarity
& Drag to sort config datatype eventtype polarity
2} Settings
wadeampescwolz
. . . . 0 Documentation e,
e This triggers the Analysis Productions o ks

20172 20182
190000000 2 90000000 2

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

magup
'

magup
'
20122 20162
190000000 2 90000000 2 oo biod
magdown magdown
1 1
magup.
1

magup
1

—_—
‘..--.-.-..-.

uuuuuuuuuuuu

—

l‘llllllllll’

UNIVERSITY OF
MICHIGAN
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Deliver Ntuples to CERN Open Data Portal

Production Output (10)

root://eoslhcb.cern.ch//eos/1hcb/grid/prod/lhch/LHCb/Collisionl5/DVNTUPLE.ROOT/00210598/0000/00210598_00000004_1.dvntuple.root
PFNs oot://eoslhcb.cern.ch//eos/1hcb/grid/prod/1hch/LHCb/Collisionl5/DVNTUPLE.ROOT/00210598/0000/00210598_00000002_1.dvntuple.root
root://eoslhcb.cern.ch//eos/1hcb/grid/prod/lhch/LHCb/Collisionl5/DVNTUPLE.ROOT/00210598/0000/00210598_00000003_1.dvntuple.root
root://eoslhcb.cern.ch//eos/lhcb/arid/prod/lhcb/LHCb/Collisionl5/DVNTUPLE.ROOT/00210598/0000/00210598 00000005 1.dvntuple.root

. U po n CO m p leti O n ’ th e O u tp u t N tu p les a re CO p i ed The real production for your request has been completed! You can download the results below.
to eospublic and hosted on the CERN Open Data PR ———
Portal

b_jpsik_2016_magdown_0.root

b_jpsik_2016_magdown_1.root

e The produced Ntuples can now be downloaded T
by the user! T pm——

b_jpsik_2017_magdown_0.root
b_jpsik_2017_magdown_1.root
b_jpsik_2017_magup_0.root
b_jpsik_2017_magup_1.root
b_jpsik_2018_magdown_0.root
b_jpsik_2018_magdown_1.root

b_jpsik_2018_magup_0.root

ﬁ ﬁ b_jpsik_2018_magup_1.root

‘IIIIIIIIIIII ‘lllllllllll

UNIVERSITY OF
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Size

1.409 GiB

559.563 MiB

1.404 GiB

507.224 MiB

1.424 GiB

568.706 MiB

1.428 GiB

482.238 MiB

1.349 GiB

940.678 MiB

1.447 GiB

1.015GiB

NN N-H-N-N-H-N-N
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Alpha Release > Beta Release

The LHCb Ntuple Wizard & Ntupling Service were officially released to the LHCb collaboration in February
(alpha release)

e The goal was to get useful feedback from collaborators before opening more broadly to some affiliated
theorists for the beta release.

The beta release will proceed at the First LHCb Open Data and Ntuple Wizard Workshop on 22 October, 2024

First LHCb Open Data and Ntuple Wizard Workshop

Tuesday 22 Oct 2024, 13:00 = 18:00 Europe/Zurich

Q@ 160/1-009 (CERN)

A Dillon Fitzgerald (University of Michigan (US)), Eduardo Rodrigues (University of

Description At this first LHCb Open Data and Ntuple Wizard Workshop, the innovative application for analyzing LHCb open data, the LHCb Ntuple Wizard,
will be presented. Attendees will have the opportunity to participate in the beta release of the application and learn how to use LHCb open
data for their own analyses.

Contact ™ l|hch-odnw2024-organisation@cern.ch

UNIVERSITY OF 22
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https://indico.cern.ch/event/1429526/

HCD
Summary m

e Many ongoing activities related to analysis preservation and open data at LHCb

e Analysis Preservation
o  Analysis preservation best practices being adopted by many analysts

e Open Data
o  Full Run 1 dataset released to the CERN Open Data Portal in December 2023
o Novel application for Ntuple creation from LHCb data using a web interface is in the mature stages of
development -- the LHCb Ntuple Wizard & Ntupling Service
e Accesstorun2datal
e Betarelease planned for 22 October, 2024, at the First LHCb Open Data and Ntuple Wizard

Workshop

23
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https://link.springer.com/article/10.1007/s41781-023-00099-5
https://indico.cern.ch/event/1429526/
https://indico.cern.ch/event/1429526/

BACKUP
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Analysis Life Cycle Management Tool (ALCM) %

Previous slides covered
preservation of analysis code
and workflows, while ALCM is
for preservation of the review

process towards publication

ALCM is a database tool

e Organization of the review workflow
o  Workflow tracker connected to membership database

e Storerelevantinformation for analyses
o Enhance interpretability of results

e Unification and replacement of old working group databases, editorial board

database, and public pages for results
o Centralize important information related to physics results

25
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Analysis Life Cycle Management Tool (ALCM

Published analyses

Q Y OGIN  Help~
ks Figure 2 Filter analyses -
B  Analysis A

Public  Restricted- =
Published analyses page :Z;:ss Title Paper identifier identifer |, Journal Working Groups Keywords
z PR : = +0
& & First determination of the spin-parity of the Z.(3055)

LHCh-PAPER-2024-018 240905440  PRL 2016 ¥ 201
baryons --
Measurement of exclusive J /¢ and 1(25) production at /5 =

] 2 LHCb-PAPER-2024-012 2400.03496  SciPostPhys 2016 | 201
5 a 0= , = @a

Measurement of CP violation in B®—+D+ D~ and B)—D; D;

2015 1
= 2 decays LHCb-PAPER-2024-027 2400.03009  JHEP [ 2015 1 201§

Measurement of AE, A and A decay parameters using

20°
2011 201
LHCb-PAPER-2024-017 2400.02750  PRL ea

z 7] +
/\g—“/\c h~ decays
Measurement of CP violation observablesin D" —K ~K "n*
2016 201
o EE

2] 1) LHCb-PAPER-2024-019 2409.01414  PRL

[z} o) Study of the rare decay J /—p* it p LHCh-PAPER-2024-016 240816646  JHEP

2015
LHCb-PAPER-2024-008 240718001  PRD €D

Observation of muonic Dalitz decays of x; mesons and precise 2011
2] 2 : LHCh-PAPER-2024-025 240805134  JHEP
spectroscopy of hidden beauty
) @ Measurement of D° — D° mixing and search for CP violation
with D' K +7~ decays
UNIVERSITY OF 26
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Analysis Life Cycle Management Tool (ALCM

Published figures

Q IV OGIN Help v
s Figure G 0ld LHCb Public Figures page (4
Published figures ‘ Filter figures... Q
B Analysis v
Title Report number Keywords Submitted on
Prospects for heavy-ion physics with LHCb Upgrade Il &3 LHCb-FIGURE-2024-026 - 2024-09-18
Upsilon mass peaks in 2024 data 4 LHCb-FIGURE-2024-025 - 2024-09-11
Psi2S mass and 2D fit projection using 2024 data & LHCb-FIGURE-2024-024 2024-09-11
2024 data LHC Run 3
Charm results in SMOG2 2024 data [ LHCb-FIGURE-2024-023 2024-09-11
sics
Invariant mass of $Z \to \mu*(+)\mur{J$ in 2024 data LHCb-FIGURE-2024-020 2024-09-10
Invariant-mass distribution of $D*-\pi*+$ candidates from 2024 data (3 LHCb-FIGURE-2024-021 2024-09-10
Rare electroweak penguin decays in 2024 data (4 LHCb-FIGURE-2024-022 2024-09-10
Calibration of online luminosity based on the RetinaCluster counters (4 LHCb-FIGURE-2024-019 - 2024-07-16
Luminosity
UNIVERSITY OF 27
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Analysis Life Cycle Management Tool (ALCM

Analysis entry

y for "Measurement of CP violation in B’—D* D~ and B’—D; D; decay:

Property Value

Paper LHCb-PAPER-2024-027

Title Measurement of CP violation in B°—D* D~ and BY—D; D; decays
Hashtags 2015 , 2016 , 2017 | 2018

Physics working groups

EP Number CERN-EP-2024-217

arXiv 2409.03009

Journal JHEP

Additional information (only

Go 1o restricted access page 4
available for LHCb members) Page |

A time-dependent, flavour-tagged measurement of \CP violation is performed with \decay{\Bd{\Dp\Dm} and \decay{\Bs}{\Dsp\Dsm} decays, using data collected by the \lhcb detector in proton-proton collisions at a centre-
of-mass energy of 13\tev toan of 6\invfb. In \decay{\Bd}{\Dp\Dm} decays the \CP-violation parameters are measured to be

Sp-p- = \SResultRunTwo,
Cp-p- = \CResultRunTwo.

Abstract In \decay{\Bs}{\Dsp\Dsm} decays the \CP-violating parameter formulation in terms of \phis and || results in

phis = \ phisResultRunTwo,
Apip.| = \lambdaResultRunTwo.

These results represent the most precise single of the \CP-violati in their channels. For the first time in a single measurement, \CP symmetry is observed to be violated in \decay{\Bd}
{\Dp\Dm} decays with a i six standard

Figures and captions

UNIVERSITY OF 28
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Run 3 Data Flow

Offline processing

STREAM

SPRUCING
(TRIMMING &
SKIMMING)

U\

PRODUCTIONS _’ USER ANALYSIS

STREAM

50GB-10TB
/ analysis / year

STREAM
L\

5 PB / year

LHCb-FIGURE-2020-016
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https://cds.cern.ch/record/2730181

ch
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 30
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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

e This takes a considerable amount of work. Today | will talk
about some of LHCb’s efforts to do so

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

MICHIGAN DPHEP 4th Collaboration Workshop - 03 October, 2024 - Dillon Fitzgerald
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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

The Ntuple Wizard

Submit request to LHCb
responsible

Feedback with
metadata &
documentation

Ntuple delivery mechanism

Our recent paper: Comput.Softw.Big Sci. 7 (2023) 1.6
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https://inspirehep.net/literature/2637214

ch
Interlude: Security & Permissions %

e Standard LHCb Ntuple making application (DaVinci) configured with python scripts

o  Running arbitrary code from external users is a security risk!
o Config output saved in yaml data structures, interpreted by internal parsers

e Dataset discovery and Ntuple configuration require metadata from the LHCb database and

software stack

o Metadata is extracted at “deployment time”
o  Only static files are read at run time, no interaction with LHCb database system

e LHCb policy reserves right to withhold part of a dataset (e.g. ongoing analyses)
o  Run 1 open data release initially only contained a subset of the data because of this
o  The Ntuple Wizard can improve this via fine-grained control over:
e Stripping lines or equivalent selections
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. * 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
TagEReRE T l‘:‘ﬂ""]' ensokina ¥ Stripping line the LHCb database (primarily
epton-flavour-violating X
, decays)
BT — (DLI — KT~ (n° — yy))m™
e Listfiltering options include:
B+ — (D — Kt nat)r* 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  more useful for
LHCb internal

, users
Bt = (D =K K nrt)r

e Can make multiple
selections from the list
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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
S0z X 2o 51 9 oo o

Title NyAnaIysis

Email name@example.com

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

] .\, Done [ Clear
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Web Interface: Ntuple Conflguratlon %

@ Configure B* H(D — Kt )mt

Ntuple configuration via an interactive node tree

B;
/ 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 ‘Tl:‘ . .
SR— -1 ® Theentire node tree includes 5 standard
S— ] TupleTools for LHCb analysis by default
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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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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
e Each TupleTool has specific configurables
o  For many tools, the standard configuration is o g3
perfectly fine ® ovise i
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 Z = @ 0
@ s ®©
® 1Us bool
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Happy Analys
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