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Setup - SWAN

● Go to 
https://github.com/root-project/ROOTAdvancedCourse 

● If you have CERN Computing account → click on the 
SWAN badge

2

https://github.com/root-project/ROOTAdvancedCourse
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Setup - SWAN

3

Use the Software 
Stack LCG 110
Found under “Other releases”

Leave all other parameters as-is!

110
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Setup - no CERN account
● Go to 

https://github.com/root-project/ROOTAdvancedCourse 
● If you don’t have CERN Computing account:

○ Click on either GH Codepaces or binder badges - note binder might 
take a bit of time to load

○ If you choose GH Codespaces - use Python venv as environment

4

https://github.com/root-project/ROOTAdvancedCourse
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Meet the team

7

Silia Florine

Giacomo Jonas
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Goal

● Run your own analysis leveraging the tools introduced 
today

● In particular – perform your analysis with RDataFrame

9
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Why RDataFrame?
“...the general-purpose
data processing systems are significantly less performant than the
domain-specific ROOT framework—due to limited scalability and
inefficient handling of the data and queries relevant to HEP”

D. Graur, I. Muller, M. Proffit, G. Fourny, G. Watts et al, 
Evaluating Query Languages and Systems for High-Energy Physics 
Data, April 2021

10

RDF: 10x more cost efficient
(note: this is for TTree, for 

RNTuple even better)

https://arxiv.org/abs/2104.12615
https://arxiv.org/abs/2104.12615
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Why RDataFrame?
“...the general-purpose
data processing systems are significantly 
less performant than the
domain-specific ROOT framework—due to 
limited scalability and
inefficient handling of the data and queries 
relevant to HEP”

~Graur, Muller, Proffit, Fourny, Watts et al, 2021

Single Analysis
reaches avg. INGRES

222 GBit/s 
during processing

345 GBit/s 

A.J. Peters, J. Blomer 
RNTuple Plenary 

CHEP24
October 2024

11

https://arxiv.org/abs/2104.12615
https://indico.cern.ch/event/1338689/contributions/6077632/
https://indico.cern.ch/event/1338689/contributions/6077632/
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Why RDataFrame?
“...the general-purpose
data processing systems are significantly 
less performant than the
domain-specific ROOT framework—due to 
limited scalability and
inefficient handling of the data and queries 
relevant to HEP”

~Graur, Muller, Proffit, Fourny, Watts et al, 2021

Single Analysis
reaches avg. INGRES

222 GBit/s 
during processing

345 GBit/s 

RNTuple CHEP'24 
Plenary

12

CERN HPC
Slurm jobs (Spark/Dask)
~100 GB/s on 2048 cores

V.E. Padulano et al,
Leveraging State-of-the-Art 
Engines for Large-Scale Data 
Analysis in High Energy Physic, 
February 2023

Jülich HPC
Collaboration with OpenLab
Slurm jobs (via Dask)

J. Boulis,
Benchmarking Distributed 
Analysis at the Jülich HPC 
Center, August 2023

https://arxiv.org/abs/2104.12615
https://indico.cern.ch/event/1338689/contributions/6077632/
https://indico.cern.ch/event/1338689/contributions/6077632/
https://doi.org/10.1007/s10723-023-09645-2
https://doi.org/10.1007/s10723-023-09645-2
https://doi.org/10.1007/s10723-023-09645-2
https://indico.cern.ch/event/1309692/#8-benchmarking-distributed-ana
https://indico.cern.ch/event/1309692/#8-benchmarking-distributed-ana
https://indico.cern.ch/event/1309692/#8-benchmarking-distributed-ana
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Why RDataFrame?
“...the general-purpose
data processing systems are significantly 
less performant than the
domain-specific ROOT framework—due to 
limited scalability and
inefficient handling of the data and queries 
relevant to HEP”

~Graur, Muller, Proffit, Fourny, Watts et al, 2021

Single Analysis
reaches avg. INGRES

222 GBit/s 
during processing

345 GBit/s 

RNTuple CHEP'24 
Plenary

CERN HPC
● Slurm jobs (Spark/Dask)
● ~100 GB/s on 2048 cores
● JGC publication

Jülich HPC
● Collaboration with OpenLab
● Slurm jobs (via Dask)
● Presentation

13

The CMS Collaboration,
Search for the lepton 
flavor violating τ → 3μ 

decay in proton-proton 
collisions at  √13 TeV,

June 2024

https://arxiv.org/abs/2104.12615
https://indico.cern.ch/event/1338689/contributions/6077632/
https://indico.cern.ch/event/1338689/contributions/6077632/
https://doi.org/10.1007/s10723-023-09645-2
https://indico.cern.ch/event/1309692/#8-benchmarking-distributed-ana
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
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Why RDataFrame?
“...the general-purpose
data processing systems are significantly 
less performant than the
domain-specific ROOT framework—due to 
limited scalability and
inefficient handling of the data and queries 
relevant to HEP”

~Graur, Muller, Proffit, Fourny, Watts et al, 2021

Single Analysis
reaches avg. INGRES

222 GBit/s 
during processing

345 GBit/s 

RNTuple CHEP'24 
Plenary

CERN HPC
● Slurm jobs (Spark/Dask)
● ~100 GB/s on 2048 cores
● JGC publication

Jülich HPC
● Collaboration with OpenLab
● Slurm jobs (via Dask)
● Presentation

CMS, Physics 
Letters B, 
June 2024

14

G. Petrucciani, Feedback from 
CMGRDF and distributed 
processing,
December 2024

https://arxiv.org/abs/2104.12615
https://indico.cern.ch/event/1338689/contributions/6077632/
https://indico.cern.ch/event/1338689/contributions/6077632/
https://doi.org/10.1007/s10723-023-09645-2
https://indico.cern.ch/event/1309692/#8-benchmarking-distributed-ana
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
https://indico.cern.ch/event/1490859/
https://indico.cern.ch/event/1490859/
https://indico.cern.ch/event/1490859/
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Why RDataFrame?
“...the general-purpose
data processing systems are significantly 
less performant than the
domain-specific ROOT framework—due to 
limited scalability and
inefficient handling of the data and queries 
relevant to HEP”

~Graur, Muller, Proffit, Fourny, Watts et al, 2021

Single Analysis
reaches avg. INGRES

222 GBit/s 
during processing

345 GBit/s 

RNTuple CHEP'24 
Plenary

CERN HPC
● Slurm jobs (Spark/Dask)
● ~100 GB/s on 2048 cores
● JGC publication

Jülich HPC
● Collaboration with OpenLab
● Slurm jobs (via Dask)
● Presentation

CMS, Physics 
Letters B, 
June 2024

Giovanni Petrucciani, PPP174

15

The Analysis Grand Challenge

RDF implementation: 
collaboration between ROOT and 
IRIS-HEP [1],[2]

Linear scaling on SWAN 
RNTuple always faster

M. Czurylo et al, Distributed 
analysis in production with 
RDataFrame, October 2024

https://arxiv.org/abs/2104.12615
https://indico.cern.ch/event/1338689/contributions/6077632/
https://indico.cern.ch/event/1338689/contributions/6077632/
https://doi.org/10.1007/s10723-023-09645-2
https://indico.cern.ch/event/1309692/#8-benchmarking-distributed-ana
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
https://indico.cern.ch/event/1490859/
https://iris-hep.org/projects/agc.html
https://github.com/root-project/analysis-grand-challenge/
https://iris-hep.org/fellows/andriiknu.html
https://iris-hep.org/fellows/KholoimovValerii.html
https://indico.cern.ch/event/1338689/contributions/6010692/
https://indico.cern.ch/event/1338689/contributions/6010692/
https://indico.cern.ch/event/1338689/contributions/6010692/


ROOT Advanced Course | 15.07.2026

Why RDataFrame?
“...the general-purpose
data processing systems are significantly 
less performant than the
domain-specific ROOT framework—due to 
limited scalability and
inefficient handling of the data and queries 
relevant to HEP”

~Graur, Muller, Proffit, Fourny, Watts et al, 2021

Single Analysis
reaches avg. INGRES

222 GBit/s 
during processing

345 GBit/s 

RNTuple CHEP'24 
Plenary

CERN HPC
● Slurm jobs (Spark/Dask)
● ~100 GB/s on 2048 cores
● JGC publication

Jülich HPC
● Collaboration with OpenLab
● Slurm jobs (via Dask)
● Presentation

CMS, Physics 
Letters B, 
June 2024

Giovanni Petrucciani, PPP174The Analysis Grand 
Challenge

RDF implementation: 
collaboration between 
ROOT and IRIS-HEP 
[1],[2]

Linear scaling on 
SWAN 
RNTuple always faster 
(CHEP’24 presentation)

Legacy Distributed RDF

16

CMS analysis used on 
Analysis Facilities

Before: Python for-loop with 
NanoAODtools, manual job 
submission

After: Interactive distributed 
RDataFrame → O(10) 
speedup

T. Tedeschi et al. Prototyping 
a ROOT-based distributed 
analysis workflow for HL-LHC: 
The CMS use case, February 
2024

https://arxiv.org/abs/2104.12615
https://indico.cern.ch/event/1338689/contributions/6077632/
https://indico.cern.ch/event/1338689/contributions/6077632/
https://doi.org/10.1007/s10723-023-09645-2
https://indico.cern.ch/event/1309692/#8-benchmarking-distributed-ana
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
https://indico.cern.ch/event/1490859/
https://iris-hep.org/projects/agc.html
https://iris-hep.org/projects/agc.html
https://github.com/root-project/analysis-grand-challenge/
https://iris-hep.org/fellows/andriiknu.html
https://iris-hep.org/fellows/KholoimovValerii.html
https://indico.cern.ch/event/1338689/contributions/6010692/
https://github.com/cms-nanoAOD/nanoAOD-tools
https://doi.org/10.1016/j.cpc.2023.108965
https://doi.org/10.1016/j.cpc.2023.108965
https://doi.org/10.1016/j.cpc.2023.108965
https://doi.org/10.1016/j.cpc.2023.108965
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Why RDataFrame?
…with great performance

“...the general-purpose
data processing systems are significantly 
less performant than the
domain-specific ROOT framework—due to 
limited scalability and
inefficient handling of the data and queries 
relevant to HEP”

~Graur, Muller, Proffit, Fourny, Watts et al, 2021

Single Analysis
reaches avg. INGRES

222 GBit/s 
during processing

345 GBit/s 

RNTuple CHEP'24 
Plenary

CERN HPC
● Slurm jobs (Spark/Dask)
● ~100 GB/s on 2048 cores
● JGC publication

Jülich HPC
● Collaboration with OpenLab
● Slurm jobs (via Dask)
● Presentation

CMS, Physics 
Letters B, 
June 2024

Giovanni Petrucciani, PPP174The Analysis Grand 
Challenge

RDF implementation: 
collaboration between 
ROOT and IRIS-HEP 
[1],[2]

Linear scaling on 
SWAN 
RNTuple always faster 
(CHEP’24 presentation)

▶ CMS production 
analysis

▶ Before: Python 
for-loop with 
NanoAODtools, 
manual job 
submission

▶ After: Interactive 
distributed 
RDataFrame

▶ O(10) speedup

▶ Publication

Legacy Distributed RDF

17

CMS Analysis Facility 
testing with 
RDataFrame

Mariarosaria D'Alfonso, 
PPP179, March 2025

M. D'Alfonso,
CMS Analysis Facility testing with RDataFrame, 

March 2025

https://arxiv.org/abs/2104.12615
https://indico.cern.ch/event/1338689/contributions/6077632/
https://indico.cern.ch/event/1338689/contributions/6077632/
https://doi.org/10.1007/s10723-023-09645-2
https://indico.cern.ch/event/1309692/#8-benchmarking-distributed-ana
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
https://indico.cern.ch/event/1490859/
https://iris-hep.org/projects/agc.html
https://iris-hep.org/projects/agc.html
https://github.com/root-project/analysis-grand-challenge/
https://iris-hep.org/fellows/andriiknu.html
https://iris-hep.org/fellows/KholoimovValerii.html
https://indico.cern.ch/event/1338689/contributions/6010692/
https://github.com/cms-nanoAOD/nanoAOD-tools
https://doi.org/10.1016/j.cpc.2023.108965
https://indico.cern.ch/event/1521652/
https://indico.cern.ch/event/1521652/
https://indico.cern.ch/event/1521652/
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Single Analysis
reaches avg. INGRES

222 GBit/s 
during processing

345 GBit/s 

RNTuple CHEP'24 
Plenary

“...the general-purpose
data processing systems are significantly 
less performant than the
domain-specific ROOT framework—due to 
limited scalability and
inefficient handling of the data and queries 
relevant to HEP”

~Graur, Muller, Proffit, Fourny, Watts et al, 2021

CERN HPC
● Slurm jobs (Spark/Dask)
● ~100 GB/s on 2048 cores
● JGC publication

Jülich HPC
● Collaboration with OpenLab
● Slurm jobs (via Dask)
● Presentation

CMS, Physics 
Letters B, 
June 2024

Giovanni Petrucciani, PPP174The Analysis Grand 
Challenge

RDF implementation: 
collaboration between 
ROOT and IRIS-HEP 
[1],[2]

Linear scaling on 
SWAN 
RNTuple always faster 
(CHEP’24 presentation)

▶ CMS production 
analysis

▶ Before: Python 
for-loop with 
NanoAODtools, 
manual job 
submission

▶ After: Interactive 
distributed 
RDataFrame

▶ O(10) speedup

▶ Publication

Legacy Distributed RDF

CMS Analysis Facility testing with RDataFrame
Mariarosaria D'Alfonso, PPP179, 13.03.25

18

J. Bendavid, CMS W Mass 
analysis with RDataFrame,
October 2024

Why RDataFrame?

https://indico.cern.ch/event/1338689/contributions/6077632/
https://indico.cern.ch/event/1338689/contributions/6077632/
https://arxiv.org/abs/2104.12615
https://doi.org/10.1007/s10723-023-09645-2
https://indico.cern.ch/event/1309692/#8-benchmarking-distributed-ana
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
https://indico.cern.ch/event/1490859/
https://iris-hep.org/projects/agc.html
https://iris-hep.org/projects/agc.html
https://github.com/root-project/analysis-grand-challenge/
https://iris-hep.org/fellows/andriiknu.html
https://iris-hep.org/fellows/KholoimovValerii.html
https://indico.cern.ch/event/1338689/contributions/6010692/
https://github.com/cms-nanoAOD/nanoAOD-tools
https://doi.org/10.1016/j.cpc.2023.108965
https://indico.cern.ch/event/1521652/
https://indico.cern.ch/event/1464211/
https://indico.cern.ch/event/1464211/


ROOT Advanced Course | 15.07.2026

Single Analysis
reaches avg. INGRES

222 GBit/s 
during processing

345 GBit/s 

RNTuple CHEP'24 
Plenary

“...the general-purpose
data processing systems are significantly 
less performant than the
domain-specific ROOT framework—due to 
limited scalability and
inefficient handling of the data and queries 
relevant to HEP”

~Graur, Muller, Proffit, Fourny, Watts et al, 2021

CERN HPC
● Slurm jobs (Spark/Dask)
● ~100 GB/s on 2048 cores
● JGC publication

Jülich HPC
● Collaboration with OpenLab
● Slurm jobs (via Dask)
● Presentation

CMS, Physics 
Letters B, 
June 2024

Giovanni Petrucciani, PPP174The Analysis Grand 
Challenge

RDF implementation: 
collaboration between 
ROOT and IRIS-HEP 
[1],[2]

Linear scaling on 
SWAN 
RNTuple always faster 
(CHEP’24 presentation)

▶ CMS production 
analysis

▶ Before: Python 
for-loop with 
NanoAODtools, 
manual job 
submission

▶ After: Interactive 
distributed 
RDataFrame

▶ O(10) speedup

▶ Publication

Legacy Distributed RDF

CMS Analysis Facility testing with RDataFrame
Mariarosaria D'Alfonso, PPP179, 13.03.25

19

CMS W Mass analysis with 
RDataFrame,
October 2024

Why RDataFrame?
J. Gooding - RDataFrame in LHCb Offline 
Selection, October 2023

https://indico.cern.ch/event/1338689/contributions/6077632/
https://indico.cern.ch/event/1338689/contributions/6077632/
https://arxiv.org/abs/2104.12615
https://doi.org/10.1007/s10723-023-09645-2
https://indico.cern.ch/event/1309692/#8-benchmarking-distributed-ana
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
https://indico.cern.ch/event/1490859/
https://iris-hep.org/projects/agc.html
https://iris-hep.org/projects/agc.html
https://github.com/root-project/analysis-grand-challenge/
https://iris-hep.org/fellows/andriiknu.html
https://iris-hep.org/fellows/KholoimovValerii.html
https://indico.cern.ch/event/1338689/contributions/6010692/
https://github.com/cms-nanoAOD/nanoAOD-tools
https://doi.org/10.1016/j.cpc.2023.108965
https://indico.cern.ch/event/1521652/
https://indico.cern.ch/event/1464211/
https://indico.cern.ch/event/1464211/
https://indico.cern.ch/event/1339793/contributions/5640059/attachments/2741213/4768241/asfs_rdataframe_ppp-oct-23.pdf
https://indico.cern.ch/event/1339793/contributions/5640059/attachments/2741213/4768241/asfs_rdataframe_ppp-oct-23.pdf
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Single Analysis
reaches avg. INGRES

222 GBit/s 
during processing

345 GBit/s 

RNTuple CHEP'24 
Plenary

“...the general-purpose
data processing systems are significantly 
less performant than the
domain-specific ROOT framework—due to 
limited scalability and
inefficient handling of the data and queries 
relevant to HEP”

~Graur, Muller, Proffit, Fourny, Watts et al, 2021

CERN HPC
● Slurm jobs (Spark/Dask)
● ~100 GB/s on 2048 cores
● JGC publication

Jülich HPC
● Collaboration with OpenLab
● Slurm jobs (via Dask)
● Presentation

CMS, Physics 
Letters B, 
June 2024

Giovanni Petrucciani, PPP174The Analysis Grand 
Challenge

RDF implementation: 
collaboration between 
ROOT and IRIS-HEP 
[1],[2]

Linear scaling on 
SWAN 
RNTuple always faster 
(CHEP’24 presentation)

▶ CMS production 
analysis

▶ Before: Python 
for-loop with 
NanoAODtools, 
manual job 
submission

▶ After: Interactive 
distributed 
RDataFrame

▶ O(10) speedup

▶ Publication

Legacy Distributed RDF

CMS Analysis Facility testing with RDataFrame
Mariarosaria D'Alfonso, PPP179, 13.03.25
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CMS W Mass analysis with 
RDataFrame,
October 2024

Why RDataFrame?
J. Gooding - RDataFrame in LHCb Offline 
Selection, October 2023

T. Dado, ATLAS FastFrames, February 2025

https://indico.cern.ch/event/1338689/contributions/6077632/
https://indico.cern.ch/event/1338689/contributions/6077632/
https://arxiv.org/abs/2104.12615
https://doi.org/10.1007/s10723-023-09645-2
https://indico.cern.ch/event/1309692/#8-benchmarking-distributed-ana
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
https://doi.org/10.1016/j.physletb.2024.138633
https://indico.cern.ch/event/1490859/
https://iris-hep.org/projects/agc.html
https://iris-hep.org/projects/agc.html
https://github.com/root-project/analysis-grand-challenge/
https://iris-hep.org/fellows/andriiknu.html
https://iris-hep.org/fellows/KholoimovValerii.html
https://indico.cern.ch/event/1338689/contributions/6010692/
https://github.com/cms-nanoAOD/nanoAOD-tools
https://doi.org/10.1016/j.cpc.2023.108965
https://indico.cern.ch/event/1521652/
https://indico.cern.ch/event/1464211/
https://indico.cern.ch/event/1464211/
https://indico.cern.ch/event/1339793/contributions/5640059/attachments/2741213/4768241/asfs_rdataframe_ppp-oct-23.pdf
https://indico.cern.ch/event/1339793/contributions/5640059/attachments/2741213/4768241/asfs_rdataframe_ppp-oct-23.pdf
https://indico.cern.ch/event/1512762/contributions/6366209/attachments/3022874/5333937/FastFrames+TRExFitter.pdf
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Schedule

● First part of the course ~ 1h
○ Notebooks 1 and 2 (I/O and RNTuple, UHI)

● Break ~ 30mins 
● Second part of the course ~ 1h

○ Notebooks 3, 4 and 5 (RDataFrame, RDataLoader, RooFit)
○ Real analysis example 

● Wrap up + time for Q&A ~ 30mins

21
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Course begins

We now move to the course material on Jupyter Notebooks

22



A look towards the future of 
ROOT

23
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Improved Python packaging

● Conda: all ROOT releases are published on conda-forge, for 
Linux and MacOS.

● ROOT is published on PyPI, since version 6.38.00
○ Still in alpha mode, not ready for production

○ Try it out and let us know!

24

conda install conda-forge::root

pip install ROOT

https://anaconda.org/conda-forge/root/
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ROOT 7 histograms

25

Jonas Hahnfeld, ROOT 
PPP188

https://indico.cern.ch/event/1592356
https://indico.cern.ch/event/1592356
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ROOT 7 histograms

26

Jonas Hahnfeld, ROOT 
PPP188

Check out the tutorials at 
https://root.cern/doc/v638/group__tutorial__histv7.html

https://indico.cern.ch/event/1592356
https://indico.cern.ch/event/1592356
https://root.cern/doc/v638/group__tutorial__histv7.html
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RNTuple tooling: RNTupleProcessor

● Event iteration API
● Enabling dataset compositions (chains and joins)
● An evolution of TTree friends, fit for more complex 

analysis requirements
● Tutorials available [1], [2]

27

F. de Geus, CHEP’24

https://root.cern/doc/v638/ntpl012__processor__chain_8C.html
https://root.cern/doc/v638/ntpl015__processor__join_8C.html
https://www.epj-conferences.org/articles/epjconf/abs/2025/22/epjconf_chep2025_01013/epjconf_chep2025_01013.html
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RFile

● A new ROOT file interface
● No changes to on-disk 

format
● Modern, minimal interface
● Find tutorials online

28

# Reading
with RFile.Open("file.root") as file:
  # From top-level dir:
  hist = file.Get("hist")

  # From sub dir:
  subhist = file.Get("my/path/hist")

# Writing
with RFile.Recreate("file.root") as file:
  # To top-level dir:
  file.Put("hist", hist)

  # To sub dir:
  file.Put("my/path/hist", hist)

# Querying
for key in file.ListKeys("my"):
  print(key.GetPath())

https://root.cern/doc/master/group__tutorial__io.html#rfile


Wrap up

29
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Other examples of Analyses with RDF

● RDataFrame implementation of Analysis Grand Challenge 
(CMS Open Data) 
https://github.com/root-project/analysis-grand-challenge

● LHCb example: 
https://github.com/siliataider/root-lhcb-open-data-analysis
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https://root.cern

● ROOT web site: THE source of 
information for ROOT users
○ For beginners and experts
○ Installation instructions
○ Class documentation
○ Learn section
○ Access to the forum
○ Blog about recent 

developments
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Resources

● ROOT Website: https://root.cern

● ROOT Forum: https://root-forum.cern.ch

● Materials for learning more: Learn - ROOT 

● Documentation: https://root.cern/doc/master/

● Github: https://github.com/root-project/root
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