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LEP and DELPHI Open Data
The Large Electron-Positron (LEP) collider is the largest electron-positron 
accelerator ever built.


• Two operations from 1990 to 2000: LEP I (1990~1995, ) and LEP II 
(1996~2000, ~ ).


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


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).
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Hadron Production in Jets
• Gluon jets are expected to exhibit stronger color radiation in the perturbative parton 

cascade and to contain larger particle multiplicities.

• The ratios of  and  production rates in gluon and quark jets relative to the mean 
charged particle multiplicity,

Identified strange-particle productions in gluon jets cannot be fully understood through a 
general scaling. 
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The rapidity correlations between  baryons with other particles are observed.

There is local compensation mechanism during the production of strange quark and baryons.

The production of  baryons in jets intrinsically involves the local compensation of strangeness and baryon number, making it a 
sensitive probe of non-perturbative QCD.
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Hadron Production in jets
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Data & MC Samples

• Data:  decay samples 
collected during 1992-
1995.

• MC: official inclusive 
 MC 

samples generated by 
JETSET 

Z

Z → hadrons
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Repeat energy ranking method implemented in L3 (Phys.Lett.B 407 (1997) 389-401)/OPAL (Eur.Phys.J.C 8 (1999) 241-254).

Three/Two-jet events have been selected by official cuts for track quality and for the hadronic event type as well as applying a  cluster 
algorithm (Durham).

Durham ( ) algorithm via FastJet: iterative pairwise clustering of all accepted charged and neutral objects.

Distance: , where ; Jet resolution parameter: 

k⊥

k⊥

yij =
2 min(E2

i , E2
j ) (1 − cos θij)
Q2

Q = s = 91.2 GeV ycut = 0.005

Jet Clustering: Durham Algorithm
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,  ReconstructionΞ− → Λ + π− Λ → pπ−

• Official  selection and our repeat:

• All V0’s, which means (done by official algorithm, 
Nucl.Instrum.Meth.A 378 (1996) 57-100):

• the angle in the xy plane between the  momentum and the line 
joining the primary to the secondary vertex: ;

• the radial separation of the primary and secondary vertex in the XY 
plane is greater than twice the error on the fitted distance: ;

• the probability of the  fit to the secondary vertex: .

•  veto: the transverse momentum of each particle of the  
with respect to the line of flight is greater than  and the 
invariant mass in the  hypothesis is more than ;

• Considering the tracks with higher momentum as a proton, redo the 
vertex fit.

•  window: 

V0

V0

Δϕ < 0.1 rad

R > 2σ

χ2 Pχ2 > 0.001

γ → e+e− V0

0.02 GeV/c
e+e− 0.16 GeV/c2

mΛ |mpπ− − mΛ | < 4.5 MeV
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Comparing all the  from V0 with the other charged tracks.

• Consider all combinations of  (whose charge is required to be same with ).

• Calculate  mass from  VertexFit +  KinematicFit.

• A protection cut on probability of 

• Signed decay radius of  in  plane: 

The wrong signed  are considered to model the background.

Λ

Λ + track− π−
Λ

Ξ− Λ/Ξ− Λ

P(χ2
vtx) > 0.001

Ξ− Rϕ RΞ = {+ rΞ if rΛ > rΞ,
− rΞ if rΛ ≤ rΞ, } > 0.04 cm,

Λ + track+

,  ReconstructionΞ− → Λ + π− Λ → pπ−



,  ReconstructionΞ− → Λ + π− Λ → pπ−

• Selection efficiency of  is studied using truth match 
between generator particles and reconstructed particles 
in MC samples

•

• DELPHI detector has limited acceptance for 
,  outside the range of 

.

• Only  candidates with 
 are considered in the 

analysis.

Ξ

ϵinc =
selected Ξ that matched to truth Ξ

all truth Ξ

Ξ− → Λ + π− Λ → pπ−

1.0 < ξ = − ln pΞ/Ebeam < 4.0

Ξ
1.0 < ξ = − ln pΞ/Ebeam < 4.0
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Fit results for  production in energy-ranked jets. Each panel shows the  
invariant mass distribution (points) with the KDE signal template (red hatched), 
background (blue), and total fit (black). The green and purple histograms show 
the raw distributions of the wrong-signed control sample in data and MC 
matched  candidates in MC samples.

Ξ Ξ

Ξ

Extract  production in jetsΞ

• -jet assignment:  

• Extract  production by fitting the  mass spectrum:

• PDF: Kernel Density Estimation (KDE) with a Gaussian kernel.

• Signal modeled by real mass spectrum of MC truth matched .

• Background modeled by the wrong signed  pairs from data.

• Efficiency Correction:

• : efficiency in acceptance range  and 
corresponding jets.

•  is estimated from the MC generator.

Ξ y ≡
2 ⋅ min(E2

Ξ, E2
jet)(1 − cos θ)

E2
vis

< 0.005

Ξ Ξ

Ξ

Λπ+

⟨NΞ⟩ =
1

Njet

Nobs

ϵfacc
,

ϵ 1.0 < ξ = − ln pΞ/Ebeam < 4.0

facc =
Ngen(1.0 < ξ < 4.0)
Ngen(full ξ range)
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Systematic uncertainties
•  Selection:

•  window: varied from  to  and .

• minimum signed decay radius of  in -plane: varied from 
 to ,  and .

• Largest variations are considered as the systemtaic uncertainties.

• Fit method:

• Fit the sideband  distribution using histogram PDF of wrong 
signed control sample, then subtract the background from data in 
the signal region ( ).

• Half-difference between nominal & alternative fit method is 
assigned as systematic uncertainty.

• Acceptance:

• an uncertainty of  on the correction factor is assigned.

Ξ

mΛ 4.5 MeV 4.0 MeV 5.0 MeV

Ξ Rϕ
0.4 cm 0 0.5 2.5 cm

mΞ

mΞ ± 10 MeV

50 %
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Results

• The resulting average  production in 
energy ranked jets:

is normalized by the number of inclusive 
charged tracks in the corresponding jets,

• The result is compatible with the 
prediction from the JETSET predictions. 

Ξ

⟨NΞ⟩ =
1

Njet

Nobs

ϵfacc
,

RΞ
jet, k = ⟨NΞ⟩jet, k /⟨Nch⟩jet, k
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Discussion:  production Ξ−/Ξ̄+

• Production rate ( ) of particles in a jet sample (indexed as ) can be considered 
as a mixture of quark and gluon-jets.

where  is the gluon-fraction of the jet category. For 3-jet events, 

• Therefore the  and  can be derived by a -fit:

Then, the ratio  can be derived.

The  result is consistent with the ratios of  and  measured by OPAL.
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k,obs k
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q ,
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Summary

• This study measures the  production rates and momentum spectra in energy-ranked jets using 
 events from the DELPHI open data collected from 1992 to 1995.

• Jets are reconstructed with the Durham algorithm with , and quark- and gluon-enriched jet 
samples are obtained from the energy ordering of jets in three-jet events.

• The average  production in energy-ranked jets are measured.

• The ratios of  production rates in gluon and quark jets relative to the mean charged particle multiplicity 
is derived to be 

which is consistent with the JETSET expectation and OPAL result for  and , within the uncertainties. 

Ξ−/Ξ̄+

Z → hadrons

ycut = 0.005

Ξ−/Ξ̄+

Ξ−/Ξ̄+

RΞ
gq = 1.21 ± 0.18(stat.) ± 0.26(sys.)

ℛK0
S

g/q ℛΛ
g/q
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More information

The  production in jets as functions of 
the jet energies, and the  
spectra of  in energy ranked jets are 
also observed to be compatible with the 
JETSET prediction.

Ξ−/Ξ̄+

ξ = − ln(pΞ/Ebeam)
Ξ−/Ξ̄+
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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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LEP and DELPHI Open Data
The Large Electron-Positron (LEP) collider is the largest electron-positron 
accelerator ever built.


• Two operations from 1990 to 2000:  
LEP I (1990~1995, ) and LEP II (1996~2000, ~ ).


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


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


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).

91.2 GeV 161 205 GeV

19DELPHI

Vertex Detector

Inner Detector

Time Projection Chamber

Small Angle Tile Calorimeter

Very Small Angle Tagger

Beam Pipe

Quadrupole

Barrel RICH

Outer Detector

High Density Projection Chamber

Superconducting Coil

Scintillators

Barrel Hadron Calorimeter

Barrel Muon ChambersForward Chamber A

Forward RICH

Forward Chamber B

Forward EM Calorimeter

Forward Hadron Calorimeter

Forward Hodoscope

Forward Muon Chambers

Surround Muon Chambers

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://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


Numerical Result:  in Energy Ranked Jets⟨NΞ⟩
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Numerical Result:  vs ⟨NΞ⟩ Ejet
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Numerical Result:  spectrum of ξ Ξ−/Ξ̄+
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