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Thanks for the opportunity to give a talk today, and

for your answers to our survey!
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@ ROOT: An Open International Collaboration
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Open-source and open-development

» On GitHub, LGPL 2.1
» PR-based model with a public review process

Open-planning: the Program of Work (PoW)

» Can be influenced with active engagement and
contributions!

» Usually presented publicly in January

Quarterly public reports to check progress, e.g. Q3 2025 ‘ a @ ’ :

ROOT is its user community,
contributors and core developers
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9 What does ROOT do?

ROOT's Strategic goals

Provide a unified software package for the storage, processing, visualisation
and analysis of scientific data that is reliable, performant, supported and

sustainable, that is easy to use and obtain, and that minimises computing

resources and scientists' time needed to achieve results.

The success of experiments and all ROOT users at large is our priority
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9 Vision Towards HL-LHC

While honouring the Strategic Goals:

> Play a leading role in the solution of the HL-LHC resource challenge
e Compute, storage and network - Analysis and central data processing
» Maintain the current level of support, actively engage with our users, also
establishing new collaborations
» Continue to be at the center of the C++ scientific (HEP) ecosystem

Prioritise the experience from Python
e Further improve interoperability with the (ML) Python open-source ecosystem

» Simplify building, packaging, installation, distribution
» Deliver new components, keeping in check the overall cost of ownership of the
code base (e.g. through deprecations)
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9 How can ROOT do all that?

Collaborating with its community!

%’ ~100 unique contributors per year, 10% of ”
the commits in 24 authored outside of the core ROOT Open Projects

Opportunities for collaboration and contributions
dev team

Al Areas <l Aisias -l Anourations v

A single, motivated individual can make the
difference!

RNTuple & /O

It is easy to start:

Talk to us < D (‘) Q
good firstissue 0N GitHuUb
List of open projects

Contribution guidelines https://root.cern/open projects

vV v v v
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9 We Want to Collaborate with You

Two examples, on top of regular user support

% ROOT-Experiment Liaisons

» A member of the core dev team, affiliated with the experiment

» Today 6 Liaisons: LHC experiments, DUNE and FCC

» Objective, in a nutshell: make ROOT work well for the experiment
» Take partin meetings, discussions, focus sessions ...

A Participation to experiments’ events, meetings and hackathons
» E.g., in 2025: CMS (2x 1 week, 2 people), SHIiP (1 week, 2 people)

Can the above be interesting for your community?
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From R&D to Production

The ROOT project is a veritable platform to make R&D blossom, for example

>

>

>

>

Support by supranational funding, e.g.:

Compiler

Cling (the C++ interpreter), Cpplnterop CIR

Automatic differentiation with Clad, now in RooFit ROOT: a project where
result-oriented R&D

activities blossom, reaching
New histograms, preview in 6.38.00 next week thousands of scientists.

RNTuple - 6y of R&D, now transitioning to production

I-@Q@ HighLO: prevent fraud on the financial market with particle physics methods and tools

SYCLOPS: Advance Al and mining of extremely large and diverse data for EU and beyond

Experimental Physics Department R&D: innovative I/0 formats (RNTuple), Python-C++
R&D | interoperability, Analysis at scale

Danilo Piparo | 19-11-2025 XVII CPAN Days | ROOT Status and Prospects


https://github.com/compiler-research/CppInterOp
https://github.com/vgvassilev/clad
https://www.highlo.org/
https://www.syclops.org/
https://ep-rnd.web.cern.ch/
https://compiler-research.org/

Stability and Reliability

< ROOT Main
@ ROOT Main #684
I (M Summary

Jobs

g

@ mac26 ARM64
| @ mac-beta ARM64 I

@ Windows 10 x64 RelWithDebinfo

@ run_nightlies
@ mac14 x64

@ mac15 ARM64

$ 1600
2 ROOT tests duration (macOS 15 M2) 2
3 = 1400 |
i Run for ever s ~50 new issues
10? Y 5 1200 opened per month
, platform, every 2 o0
PR, every nightly 2

@ Wwindows 10 x86 RelWithDebinfo

@ Windows 10 x64 Release . .
@ Windows 10 x86 Release . .

@ fedorad2
@ fedorad3
® aima8
@ ama9
@ aima10

@ ubuntu22

@ ubuntu2404

800/ |_o— Total

—=JIRA

600 GitHub

400

200

ROOT Open Issues, October 2025
10° 0 5021 2022 2023 2024 2025 2026
Test duration [s] Year

@ ubuntu2504
@ ubuntu2510
@ debian125 \

@ debian13

@ 2lma9 modules_off

@ 2lma9 march_native

A solid base for innovation

and reliability

@ 2aimag armé4
@ 2aimal0 clang Ninja

Q rawhide Fedora pydebug

Bleeding edge Python version, dbg mode
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One Powerful Example

.TTree
I RNTuple

RNTuple: new on-disk format and a new API
e 15% - 40% smaller files for typical HEP data

~same size

PHYSLITE event size [kB/event]

. ;| — _different cpu costs |
e Faster reads and writes, often by factors 2
1
e Fully checksummed 0
ZSTD LZMA
e Design validated for native object store support "'“"”“”‘5°“’e'e‘*"V'““e“‘"g”“m“

e Parallelism built-in
e Modern, robust, thread/type-safe API (C++, Python)

o Externally reviewed by — HEP-CCE (DOE)
Argonnea ?ﬁfgﬂhﬂ’ﬁ,‘:&ﬂ m BERKELEY LAB
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Tons of new Features

" Single-Node Performance:
Bog:t..Hlstogram >3x faster than TTree
SI0CSLEWEIY) (not plotted)

ROOT boost-histogram
Histograms |§¥  —
— A
Main RN

gesSe=1 Impossible to give justice to that
amount of progress in this talk!

Distributed RDataFrame and RNTuple on 200xAGC dataset served from EOS

4
10 —@— Total N N
—%— Processing | During processing
AR (GRitle

# Reading
& F | with RFile.Open("file.root") as file:
s %f I # From too-level dir:

intime [s]

U
“

-@- Combo [0,0] 0 iy

® Combo[0,1] )
00 A Combo [1,0] =
~¥- Combo [1,1]

—&— Profile ittt

[ ]

Te|

df = ROOT.RDat:

More at https://cern.ch/root2025 |EaEEEIEIE*

executor - (this week, in Valencia, at UPV)

of DN DN LUV DeL A pip install root
0

RooFit legacy RooFit
Evaluation backend

$

o
wa!

o=
A\

TRFile
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Now What?

A solid plan ahead ROOT:
ROOT Rel dS Schedul 2025,10.27
T Lifport T Run4 » An end-to-end framework, from core

sw to data analysis, Python and C++

i ind » Open source, open development, open
planning
» Collaborate and contribute: many

¢ Fixes integrated Opportu n |t|eS

* Regular patch releases » Drive innovation with R&D that will

* New platforms added . .

,like Core but: reach thousands of scientists
¢ Releases on demand
¢ No new platform added "Bl . .
like Active but 62 Play a central role in addressing future

it d e iden dan e CEZR 1 scientific computing challenges

*Two ye‘ars before HL-LHC data taking _III"II""
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 CPAN

Presented at the 3rd ROOT Quarterly Report meeting '"9°"'° 2010
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9 Talk to Us

Are you interested in Open
Source scientific software?

Have you always wanted to contribute, but never knew
h

V’J;,C;V H e re ! at th e WO r ks h O p ..0r do you already have some (or m: 'ei: o

under your belt and would like to add more?

Join us for the 1st

D ROQOT Users Forum, our main support channel RO OT
FIXATHON

2024 « CERN IdeaSquare
luded!

(‘) ROOT's Mattermost Team

ROOT::RHackathon

Topic: Python, documentation and tutorials

() GitHub: issue or PR

Join us for the second ROOT Hackathon!
This edition, we are:

< root-dev@cern.ch (GitHub and Forum preferred)

interfaces

* Extending ROOT's Python interfaces
* Modernising ROOT's collection of

Help us make an impact on HEP software, sign up today!
Places are limited

At a ROOT Hackathon, you are all warmly invited!

For whom

Alllevels of experience, from new users to
seasoned contributors

When Nov

re, CERN
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Backup - The Survey



ROOT Survey

A Survey about ROOT was advertised through the COMCHA Network a few
weeks ago

General questions about the project, aiming to distill useful information
about the usage patterns

27 responses provided: thanks for that!

An in-depth analysis is not available yet, however a few useful insights can
be distilled already!
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Overview 1/2

What is your field of study or scientific research?
27 responses

@ High Energy Physics
@ Computer Science
@ Engineering

@ Other kind of Physics
@ Nuclear Physics

You are a...
27 responses

A clear confirmation of the fact that ROOT is not only HEP
Proton decay searches, neutrino oscillations, LHC precision
physics, data preparation, calibration, alignment, Higgs physics,
medical applications...

@ Tenure-track

@ ... Undergraduate student
14.8% @ ... PhD Student
@ ... Scientist
@ ... Professor
A @ Postdoc

A good mix of skills and
level of experience

Y coftaare Frameworks and Tools Danilo Piparo | 19-11-2025 XVII CPAN Days | ROOT Status and Prospects




Overview 2/2

What components of ROOT do you use for your work? Select all that applies.

27 responses

RDataFrame

1/0. Write or read objects to...
TTree

Histograms

RNTuple

RooFit

TMVA

TTreeReader

The interactive C++ prompt
The Python interface ("impor...
SOFIE

TBrowser

FitPanel

JSROOT

Distributed RDataFrame

| do not use ROOT at all

0

6 (22.2%)
8 (29.6%)
9 (33.3%)
10 (37%)

0 (0%)

6 (22.2%)

3 (11.1%)
0 (0%)
0 (0%)
5 10

13 (48.1%)

15

22 (81.5%)

25 (92.6%)
24 (88.9%)
19 (70.4%)
19 (70.4%)
23 (85.2%)
20 25

n EP-SFT
Software Frameworks and Tools
7
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Some Preliminary Thoughts

We appreciated the written answers provided to us: thank you!

They were attentively considered and discussed. Some preliminary thoughts can be
formulated a this point

» There is appreciation for the active community and development

» Users noticed the direction ROOT took and like it, e.g. transparent multithreading,
Python interoperability, ergonomic interfaces

>

Investments made in documentation, examples and simplification of some
components (e.g. plotting) can have a high return.
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