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Why LEP data?
• News: In 2024, the DELPHI collaboration decided to open the data and original software stack to the 

physics community for public access.


• The LEP data is:


• The largest  collision data above Z pole on the world.


• A chance to extract new insights from legacy data with today’s advanced theory and ideas.


• A unique real-data for developing and validating analysis methods for CEPC.


• A rare opportunity to test modern AI/ML-based experimental techniques on real data rather than pure 
simulation.


• 🤔 You may hesitate: the data is almost 30 years old, can we get information from the data, and do the 
analysis using the old data?

e+e−
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Overview

DELPHI Open Data

Analysis Example

other LEP experiments

About LEP; Detectors; History; Data 
Access Policy

Location; Metadata; Software …

Data-MC consistency; potential topics …

About DPHEP collaboration; old-data to EDM4hep
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The Large Electron-Positron (LEP) collider is the 
largest electron-positron accelerator ever built.


Four detectors on LEP: DELPHI, ALEPH, L3 and 
OPAL.

Overview: the Large Electron Positron Collider
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O. Callot, P. Charpentier, C. R. Physique 3 (2002) 1131–1141. and its references 
B. Adeva, et al., L3 Collaboration, Nucl. Instrum. Methods Phys. Res. A 289 (1990) 35–102 
Nucl.Instrum.Meth.A 294 (1990)

Detectors on the LEP

Magnet Field Tracking system PID ECAL HCAL Muon system 
note Note

DELPHI 1.2 T

(R ~ 2.6 m)

VTX, Inner drift, TPC, 
Outer drift, 


(~ 3%)

(R: ~ 1.2 m)

dE/dx, 

dual-radiator RICH

HGC

(~23%/E0.5 ⊕ 1.1%)

Iron + streamer 
tubes

• very new 
technologies 

• a larger variety of 
techniques

ALEPH 1.5 T

(R ~ 2.7 m)

VTX, Inner drift, TPC

(2~3%)


(R: ~ 1.80 m)
dE/dx

HGC (220 000 
channel)


(~18%/E0.5 ⊕ 1%)

Iron + streamer 
tubes

• Reasonably new 
technologies 

• granularity more than 
energy resolution

L3 0.5 T

(R ~ 5.93 m)

VTX, TEC, z-drift

(~2.5%)


(R: ~ 0.47 m)

-BGO 

(<1% above 10 GeV)

Iron + streamer 
tubes

Inside magnet 
volume

• measuring leptons/
photons with high 
resolution

OPAL 0.435 T

(R ~ 2.18 m)

VTX, Large jet drift, z-
drift


(~3–4%)

(R: ~ 1.8 m)

TOF Lead-glass block

(~6.3%/E0.5  ⊕ 0.2%)

Iron + streamer 
tubes

• proven and reliable 
technologies


• ensure to be ready in 
time



6Click on the figures for references or data sources.

Overview: the Large Electron Positron Collider
• From 1990 to 2000, the LEP operation   be divided into two 

parts:  
LEP I (1990~1995, ) and LEP II (1996~2000, ~

).


• The LEP terminated in 2000, while the collaboration activity 
continued till 2017.

91.2 GeV 161
205 GeV

CERN-SL-2002-009-OP

CERNCourier2025SepOct

https://inspirehep.net/literature/587904
https://cerncourier.com/wp-content/uploads/2025/09/CERNCourier2025SepOct-digitaledition.pdf
https://cerncourier.com/wp-content/uploads/2025/09/CERNCourier2025SepOct-digitaledition.pdf
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Data preservation and policy around 2004
• Since 2004, the data have been 

archived to allow their use for 
physics analyses after the closure of 
the collaborations.


• Four collaborations formulated their 
long term data  access policies.


• However, requests for data access 
should be approved by the 
collaborations.
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Update of DELPHI’s policy
• In 2024, the DELPHI collaboration decided to 

open the data and original software stack to the 
physics community for public access (see 
DELPHI data preservation, re-use, and open 
access policy) :


• original DELPHI analysis framework


• simulation & reconstruction


• the event display


• and documentation.


• Other experiments’ datasets are archived on 
EOS awaiting similar release (see 4th DPHEP 
Collaboration Workshop).

https://delphi-www.web.cern.ch/delphi-www/delsec/finalrules/DELPHI_Data_preservation-8.pdf
https://delphi-www.web.cern.ch/delphi-www/delsec/finalrules/DELPHI_Data_preservation-8.pdf
https://indico.cern.ch/event/1432766/timetable/#20241002.detailed
https://indico.cern.ch/event/1432766/timetable/#20241002.detailed


• Where is the data stored? 

• How is the data organized? 

• Format? Metadata? 

• How to read the data? 

• What is in the data files? 

• What can we do using this data?

DELPHI Open Data 
Q & A
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Where is the data stored?

• The DELPHI data release can be 
accessed through the [CERN Open 
Data Portal].


• One can access them through EOS 
server: /eos/opendata/delphi

https://opendata.cern.ch/
https://opendata.cern.ch/
https://opendata.cern.ch/search?q=&f=experiment:DELPHI&f=type:Dataset+subtype:Collision&l=list&order=desc&p=1&s=10&sort=mostrecent
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Where is the data stored?

• The entire data and MC samples 
holds 36 TB.


• We can contact IHEP computing 
center to mount the EOS service on 
the IHEP cluster.



12

The DELPHI data release covers both real and simulated datasets, including four 
kinds of formats (see /cvmfs/delphi/docs/data/format.html).

How is the data organized?

• [Full DST data]: contain information about reconstructed 
charged tracks and neutrals which may be used in physics 
analyses.

• produced by [DELANA], the DELPHI Data Reconstruction 

and Analysis Program from the DELPHI RAW data.

http://delphiwww.cern.ch/~sacquin/dst_content.ps
http://delphiwww.cern.ch/offline/analysis/delana.html
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Analyses should always use short or extended short DST format, because these 
generally contain fixes which were applied after the reconstruction itself.

How is the data organized?

• [Short DST data]: a more compact data set which allow faster 
analysis of the physics data used primarily by the hadronic 
teams in DELPHI.

• produced by DSTANA, the DST Analysis and fixing 

package, 

• written by PHDST, the DELPHI package for DST 

productions, from the DELPHI DSTs.

• [Long DST data]: used primarily by the DELPHI leptonic teams.

• produced using the same software as the Short DST's, 

• contain the Full DST information (with fixes and particle 

identifications), followed by the Short DST structure.

• [Extended Short DST data]: the main data format of Delphi 
collaboration for the LEP2 data analysis.

During LEP2

http://delphiwww.cern.ch/spassoff/des/shortdes.ps
http://delphiwww.cern.ch/spassoff/des/longdes.ps
https://opendata.cern.ch/record/80505
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How is the data organized?

• The DELPHI data sets are organized in a dedicated 
nickname scheme, which indicates.


• Format; Data (pre-selection) or MC (+channels)


• Year


• Version of the calibration software


• The nicknames and the corresponding content are 
listed in DELPHI data and simulation sets for analysis.

https://delphi-www.web.cern.ch/offline/data/castor/html/
https://delphi-www.web.cern.ch/offline/data/castor/html/
https://delphi-www.web.cern.ch//offline/data/castor/html/byyearproccat_1992_v92e_data.html
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The file lists of each nickname can be find using FATFIND.


Short description and brief metadata are also provided.

How is the data organized?
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Even though physicists have access to all data at the TB-level, they often only need 
to work with GB-level data to complete many physics analyses.

How is the data organized?



17Technique issues can be resolved by chatGPT 😝

How to read the data?

• Software:

• Obtain the DELPHI software through 
CVMFS


• Mount /cvmfs/delphi.cern.ch on Linux


• Data:

• EOS is mounted in the official container 
of DELPHI


• Validated in my personal computer: 
Manjaro Linux 25.0.10 + container

sudo podman run -d --name cvmfs --replace \
  --privileged \
  --network host \
  --device /dev/fuse \
  -e CVMFS_HTTP_PROXY="DIRECT" \
  -e CVMFS_CLIENT_PROFILE="single" \
  -e CVMFS_REPOSITORIES="cvmfs-
config.cern.ch,sft.cern.ch,unpacked.cern.ch,delphi.cern.ch,opendata.cern.ch" \
  -e CVMFS_QUOTA_LIMIT=8000 \
  -v /var/cvmfs:/var/lib/cvmfs \
  -v /cvmfs:/cvmfs:rshared \
  registry.cern.ch/cvmfs/service

sudo podman run --rm -it --name delphi-eos --privileged\
  --network host \
  -v /cvmfs:/cvmfs -v /eos:/eos:rshared \
  -v "$PWD":/work -w /work \
  --user root \
  gitlab-registry.cern.ch/delphi/deployment/delphi/al9_64_xrd \
  bash

source /cvmfs/delphi.cern.ch/releases/almalinux-9-x86_64_xrd/latest/profiles/delphi.sh
source /cvmfs/sft.cern.ch/lcg/views/LCG_107/x86_64-el9-gcc11-opt/setup.sh

https://opendata.cern.ch/docs/delphi-guide-cvmfs
https://opendata.cern.ch/docs/delphi-guide-cvmfs
https://cvmfs.readthedocs.io/en/stable/cpt-quickstart.html
https://opendata.cern.ch/docs/delphi-guide-docker


18See more display in https://delphi-www.web.cern.ch/delphi-www/delfigs/events/events.html

Event display: DELGRA
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HAC
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https://delphi-www.web.cern.ch/delphi-www/delfigs/events/events.html
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How to read the data?

SKELANA
CSV File

[Modern DELHI 
Examples]

[DELPHI-nanoAOD]

Official Framework 
in Fortran77

CSV Files

ROOT TTree

ROOT TTree

ROOT RNTuple

DELPHI DST

Community package in C++, python

Official Tutorial in F77, C++

https://gitlab.cern.ch/delphi/modern-delphi-examples
https://gitlab.cern.ch/delphi/modern-delphi-examples
https://github.com/jingyucms/delphi-nanoaod


20

Several converted root files: /cefs/higgs/cheyuzhi/data/delphi/root-files 

The number of the hadronic events agrees with the official report.

What is in the data files?
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What is in the data files?
• Several converted root files: /
cefs/higgs/cheyuzhi/data/
delphi/root-files 

• Information in much detail can be 
extracted from shortDST.

π

K p
K

e
μ/π

p



• An analysis example [arXiv:2510.18762] 
showing that:


• There have been teams working on 
analyzing the DELPHI data.


• The present resource is enough to 
support complete analysis procedures.


• There are interesting topics.

Analysis Example: 
What can we do with 

DELPHI data?



23Note: Click on the figures for references.

About the Authors Team

“We give old data new lives.”

https://ee-alliance.org/home/
https://ee-alliance.org/home/about/
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About the Authors Team

“We give old data new lives.”
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Analysis example: track-based EEC on DELPHI
• The general form of the definition of the energy-energy corrector 

(EEC) in previous results: 




• : center-of-mass energy


• : energy of particle  or 


• : open angle between particle  and 


• In 2000:

• Charged & neutral particles are included. Therefore the 
precision limited by the calorimeter.


• Now:

• EEC for only charged particles are well understood in QCD 
theory.


• Resolution for EEC can be significantly improved by only 
considering charged tracks.

EEC (θL) =
n

∑
i>j

∫ dσ
EiEj

E2
δ (θL − θij)

E

Ei,j i j

θi,j i j
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Data, MC samples and selection

• The hadronization models in these 
official samples are tuned.


• The final-state hadrons are 
processed through the full DELPHI 
detector simulation using DELSIM.
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The DELPHI simulation reproduces the detector and describes the data well. 

MC-data consistency
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The DELPHI simulation reproduces the detector and describes the data well. 

MC-data consistency
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Results & Significance
• The first comprehensive physics study: entire 

analysis procedure can be conducted.


• The track-based EEC measurement:


• Theory improvement: well-understood of the tack-
based EEC in QCD.


• Significantly improved resolution over previous 
DELPHI results.


• Future direction: 

• More observables: the EEC’s energy evolution, 
higher-point correlators, and flavor-tagged event 
shapes.


• New statistic tools: unbinned measurements of 
event shapes.



One more thing data preservation of other LEP experiments



31Click on the figures for references or data sources.

The Data Preservation in High Energy Physics (DPHEP) collaboration.

One more thing: data preservation of other LEP experiments

https://dphep.web.cern.ch/
https://indico.cern.ch/category/4458/
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The data conversion tool for ALEPH data from dst to EDM4hep is under developing .


There has been studies applying unbinned unfolding technique to measure the 
thrust in ALEPH data.

One more thing: data preservation of other LEP experiments

Jacopo Fanini, DPHEP Workshop, 2024

arXiv:2510.22038



33Click on the figures for references or data sources.

One more thing: data preservation of other LEP experiments

Matthias Schröder, DPHEP Workshop, 2024

https://indico.cern.ch/event/1432766/contributions/6152251/attachments/2935416/5163129/OpalDpStatus2024.pdf
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Summary
• Data is opened: The DELPHI, one of the experiments at LEP, released its full data to the public physics community.


• Full stack of software for simulation, reconstruction, event display, usage manual and a part of internal documentations are all available.


• Everything still work: The open data is readable and analyzable.


• Community developed packages, based on the official analysis software, enable the smooth conversion from the DST data to modern ROOT 
files.


• Validated in personal linux + docker.


• Studies using the LEP open data, incorporating new technology, are increasing.


• Let's collaborate! If you


• have any ideas


• interested on archaeology 

• want to find some Higgs-suspect events for commemoration 

welcome to have more discussion with me 🤠

cheyuzhi@ihep.ac.cn



CHE Yuzhi (车逾之) 
cheyuzhi@ihep.ac.cn

Looking forward to your participation

Nov. 17, 2025, IHEP EPD seminar 


