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LEP and DELPHI Open Data

Table 2

Overview of LEP performance from 1989 to 2000.
[ Ldt is the luminosity integrated per experiment
over each year and I;,; is the total beam cur-

rent 2k, I,. The luminosity £ is given in units of
10°%cm 2 s~ 1.

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

 Two operations from 1990 to 2000: LEP I (1990~1995, 91.2 GeV) and LEP II
(1996~2000, 161~205 GeV).

Year fﬁdt Eb kb Itot L
* Four detectors on LEP: DELPHI, ALEPH, OPAL and LS. (pb~1)  (GeV/c?) (mA)
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, 1989 1.74 45.6 4 2.6 4.3
re-use, and open access policy) - 1990 8.6 45.6 4 3.6 7
1991 18.9 45.6 4 3.7 10
- original DELPHI analysis framework 1992 28.6 45.6 4/8 5.0 11.5
| | | 1993 40.0 45.6 8 5.9 19
« simulation & reconstruction 1094 64.5 156 ] 5k 9231
. the event display 1995 46.1 45.6 8/12 8.4 34.1
1996 24.7 80.5-8 4 4.2 35.6
- and documentation. 1997 734 90 - 92 4 5.2 47.0
1998  199.7 94.5 4 6.1 100
Other experiments’ datasets are archived on EOS awaiting similar release (see 4th 1999 9253 98 - 101 A 6.2 100
DPHEP Collaboration Workshop). 2000 9233.4 102 - 104 4 59 60

CERN-SL-2002-009-OP 2


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
https://indico.cern.ch/event/1432766/timetable/#20241002.detailed
https://indico.cern.ch/event/1432766/timetable/#20241002.detailed
https://indico.cern.ch/event/1432766/timetable/#20241002.detailed
https://inspirehep.net/literature/587904

Hadron Production in Jets

+ Gluon jets are expected to exhibit stronger color radiation in the perturbative parton

cascade and to contain larger particle multiplicities. Eur.Phys.J.C 8 (1999) 241-254

. OPAL

- The ratios of Kg and A production rates in gluon and quark jets relative to the mean Kg .
charged particle multiplicity, energy based * et
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Identified strange-particle productions in gluon jets cannot be fully understood through a

. A
general scaling. 3 X
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Fig. 7. The ratio of relative production rates (see text) in
quark and gluon jets of K& and A for both analyses. The ex-

i i . * JETSET Euonjets perimental statistical errors are delimited by the small vertical
electro-weak . O(a;) | Leading-log QCD 5 | ——— Quarkjets bars. The predictions of JETSET 7.4 and HERWIG 5.9 are also
shown. The predictions of JETSET 7.3 are no more than 0.04
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Hadron Production in jets

The rapidity correlations between A 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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Fig. 2. Rapidity differences of baryon-antibaryon pairs (points with error bars) compared to those of baryon-baryon and antibaryon-anti-
baryon pairs (shaded histograms) from Delphi data. 4



Data & MC Samples

Forward Chamber A Barrel Muon Chambers
Forward RICH | Barrel Hadron Calorimeter
¢ Data: Z decay Sam pleS Forward Chamber B 4,4 Scintillators
: Forward EM Calorimeter £ Superconducting Coil TABLE I. The nicknames and Digital Object Identifiers
COI IeCted du Il ng 1 992' 4 High Density Projection Chamber——(TH Q) of the used data sets and ofﬁcigal simulaJJtion samples.
SN N S Outer Detector
1 99 5 8 ) Type Year Sample DOI

- - : : »  Barrel RICH —

Data 1992 short92_e2 17

T Small Angle Tile Calorimeter Data 1993 ShOI‘t93_d2 :1 8:

S Data 1994 short94 c2 19

—4 Data 1995 short95_ d2 20

« MC: official inclusive
/ — hadrons MC

samples generated by =
JETSET Y, DELPHI

Very Small Angle Tagger

MC 1992 sh_ kk2f4146qqpy_ e91.25_c92_ 21 e2 [21]
— ee—— MC 1993 sh_kk2f4146qqpy_e91.25_c93_21_d2 [22]
- == @ MC 1994 sh_kk2f4146qqpy_e91.25_194 21 c2 [23
| MC 1995 sh_ kk2f4146qqpy_€91.25_ c95_11_d2 [24

Vertex Detector

Magnet Field  Tracking system | PID ECAL ~ HCAL  Muon system
VTX, Inner drift, TPC,
DELPHI 121 Outer drift, dE/dX, HGC ~ Iron + streamer

(R~2.6m) (~ 3%)  dual-radiator RICH = (~23%/E%5 ® 1.1%) | tubes
(R: ~ 1.2 m) ?




Jet Clustering: Durham Algorithm

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 k, cluster
algorithm (Durham).

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

2 min(E7, E7) (1 — cos 6))

\/E = 91.2 GeV; Jet resolution parameter: y_ . = 0.005
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=~ - A+, A > pr~ Reconstruction

. Official V" selection and our repeat:

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

the angle in the xy plane between the VY momentum and the line
joining the primary to the secondary vertex: A¢ < 0.1 rad,;

- the radial separation of the primary and secondary vertex in the XY

plane is greater than twice the error on the fitted distance: R > 2o; A
x10% |
. the probability of the y? fit to the secondary vertex: P, > 0.001. it omMey gaséizfiund
15 Ll 2= 6.8+ 0.1 MeV + Data,

Ny, = 311468.2 + 4465.8
x?/ndf=1035.1/616

.y — eTe” veto: the transverse momentum of each particle of the V"
with respect to the line of flight is greater than 0.02 GeV/c and the
invariant mass in the e*e™ hypothesis is more than 0.16 GeV/c?:

Count / 0.12MeV

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

. my window: [m, ——m,| <4.5MeV
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—- A+ 7=, A - pr~ Reconstruction

Comparing all the A from VO with the other charged tracks.

Consider all combinations of A + track™ (whose charge is required to be same with 7).

. Calculate =~ mass from A/E™ VertexFit + A KinematicFit.
. A protection cut on probability of P( )(Vztx) > (0.001

_ +rg ifry > rg,
Signed decay radius of 2~ in R¢ plane: R5 = > 0.04 cm,
= —rg ifry, < rg,

The wrong signed A + track™ are considered to model the background.
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=~ - A+, A > pr~ Reconstruction

. Selection efficiency of = is studied using truth match L PR
between generator particles and reconstructed particles 000 | o 3det
in MC samples | 41 '

015 | S+
selected E that matched to truth = ’ 010 | 4 *+
e Cinc = — | - -
all truth = . - "
[ e

- DELPHI detector has limited acceptance for 000 Lhodemti i
=" — A+ 7, A\ = pn outside the range of ¢ = —In(p=/ Eicar)
1.0<&=—-Inp E/ Ebeam < 4.0, Table 4: Average efficiency of inclusive £~ in 2/3-jet events.

e

- Only = candidates with Inclusive Z 8.70 + 0.08%

1.0 < & =~ Inpg/Epeyr, < 4.0 are considered in the 7 5.3t Bvets | 10.15 £0.10%
analysis.



Extract = production in jets

2 - min(Ez, Eg)(1 — cos 0) T -
E'jet aSSignment: y : < 0.005 P00 Niig = 7452.3 Wrong-sign raw
* E2 > X*/ndf=32.1/38 MC signal ref.
V1S o 400
=
<
i 300
- Extract = production by fitting the = mass spectrum: -
g 200 | -+ D
S 7 Rephbpiila
- PDF: Kernel Density Estimation (KDE) with a Gaussian kernel. 100
0 b v 0 PR TP — N T T
. p— 1.28 1.29 1.30 1.31 1.32 1.33 1.34 1.35 1.36
- Signal modeled by real mass spectrum of MC truth matched =. - [GeV]
. Background modeled by the wrong signed Az pairs from data. Fr— = el Fr— =gl
=00 | %: =_7879.;1t3§;§‘ 5 —  Background | 500 f %: =_852-£i31212 | Background
i 2053 —— Weomssign o a7 3 Wionssgn s
. . - - . > 400 I —_— — signal ret. ] 400 i signal rer.
Efficiency Correction: 3 Data
g 300 L 4 300 f
~~—
1 N, obs E
<Nw> = , 5 W T b b o
— . O g d O t =TT
N]Gt G‘félcc 100 F 4 100 ' #I
0 ' i 0 b o PR B S TR N
. €: efficiency In acceptance range 1.0 < 5 = — lan/Ebearn < 4.0 and 128 129 130 131 132 133 134 135 136 128 129 130 131 132 133 134 135 136

corresponding jets. M |GeV] mx [GeV]

Fit results for & production in energy-ranked jets. Each panel shows the =

Noen(1.0 < & < 4.0) invariant mass distribution (points) with the KDE signal template (red hatched),

. Jace = Nyen(full € range) s estimated from the MC generator. 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.
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Systematic uncertainties

. = Selection:

. m, window: varied from 4.5 MeV to 4.0 MeV and 5.0 MeV.

. minimum signed decay radius of Z in R¢-plane: varied from
0.4cmto 0, 0.5 and 2.5 cm.

- Largest variations are considered as the systemtaic uncertainties.

* Fit method:

- Fit the sideband m distribution using histogram PDF of wrong
signed control sample, then subtract the background from data in
the signal region (mz = 10 MeV).

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

« Acceptance:

. an uncertainty of 50 % on the correction factor is assigned.
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- The resulting average = production in

energy ranked jets:

(Ng) =

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

Jet ko <NH jet, k/<N jet, k

» The result is compatible with the
prediction from the JETSET predictions.
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p
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Discussion:

~/=% production

. Production rate (R,i’ obs) Of particles in a jet sample (indexed as k) can be considered

as a mixture of quark and gluon-jets. 'K'g' R | " OPAL
Rf o = pi- RE+ (1= p) - R, Energy-based (s | - -
| e  OPAL data
_ _ _ _ Y-events (rel.) | ¢ = 4  JETSET |-
where p, is the gluon-fraction of the jet category. For 3-jet events, ; o  HERWIC
h 'Al T T l —r r 1 r ] T 1 l()':PA'Ll
Rl,ObS 1 — P1 P1 Rh Rh |
q q :
Rél,obs =|1- P2 P2 R h = A0 0 P h Energy-based (Ycut) o W e i
_ g g |
Rél,obs 1 P3 P3 Y-events (rel.) f 0 e————el -
. Therefore the R’ and R/’ can be derived by a y it ot
= | This study
2 _ I -1 |
1P = (Ryps —A0)" V71 (R, — AB), 5
This study } e -
(N (Np,) - %  JETSET
Then, the ratio @Z/q = N >g N >q can be derived. . -+ DELPHI open data
<18 i 06 08 1.0 12 14 16 1.8 20
The 9?3?/ q result is consistent with the ratios of Kg and A measured by OPAL. Ry/q
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Summary

. This study measures the =~/ =t production rates and momentum spectra in energy-ranked jets using
Z — hadrons events from the DELPHI open data collected from 1992 to 1995.

. Jets are reconstructed with the Durham algorithm with y_.. = 0.005, and quark- and gluon-enriched jet
samples are obtained from the energy ordering of jets in three-jet events.

. The average =~/ =t production in energy-ranked jets are measured.

. The ratios of 2~ /E™" production rates in gluon and quark jets relative to the mean charged particle multiplicity
IS derived to be

Ry, = 1.21 £0.18(stat.) + 0.26(sys.)

0
which is consistent with the JETSET expectation and OPAL result for%?fq and %g\/q, within the uncertainties.
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More information
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Overview: the Large Electron Positron Collider

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

Vertex
Detector

Inner Tracking
L Chamber

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

O Time Projection
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Very Small Angle Tagger
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Beam Pipe
Vertex Detector
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LEP and DELPHI Open Data

The Large Electron-Positron (LEP) collider is the largest electron-positron

Number of Events

accelerator ever built.

Z — qq Z — 00~
Year| A D L O] LEP| A D L O]LEP
* Two operations from 1990 to 2000: 1990/91 | 433 357 416 454 1660 | 53 36 39 58| 186
LEP I (1990~1995, 91.2 GeV) and LEP Il (1996~2000, 161~205 GeV). 1992 | 633 697 678 733 | 2741 77 70 59 88| 294

1993 || 630 682 646 649 | 2607 | 78 75 64 79| 296
1994 || 1640 1310 1359 1601 | 5910 | 202 137 127 191 | 657
1995 || 735 659 526 639 | 2579 90 66 54 81| 291
Total || 4071 3705 3625 4096 | 15497 || 500 384 343 497 | 1724

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

Four detectors on LEP: DELPHI, ALEPH, L3 and OPAL.
Table 1.2: The qq and ¢4~ event statistics, in units of 10%, used for Z analyses by the

In 2024, the DELPHI collaboration decided to open the data and original experiments ALEPH (A), DELPHI (D), L3 (L) and OPAL (0).

software stack to the physics community for public access (see DELPHI data

, , Forward Chamber A Barrel Muon Chambers
p reserva tlon’ re-use’ and OD en acceSS D OIIC-—V ) Forward RICH | Barrel Hadron Calorimeter
Forward Chamber B Scintillators

e 0O rl g | N al D E L P H I an aIyS | S fra mewo rk Forward EM Calorimeter 7 Superconducting Coil

Forward Hadron Calorimeter e il High Density Projection Chamber

Forward Hodoscope N I— - Outer Detector

« simulation & reconstruction = = .y

Forward Muon Chambers \E oS § e STaaa—— .
2l R : : ~— Barrel RICH

Surround Muon Chambers ‘; N

+ the event display

= Small Angle Tile Calorimeter

Y &, = n i ::: Quadrupole

« and documentation.

i Very Small Angle Tagger

Other experiments’ datasets are archived on EOS awaiting similar release (see = * * >
4th DPHEP Collaboration Workshop). A _ . === | .

Vertex Detector

Inner Detector

Time Projection Chamber 1 9
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Numerical Result: (Nz) in Energy Ranked Jets

TABLE II. Average = production per jet in 2- and 3-jet events. The central observable is computed as (N=) = Nops/(€facc Njet)
from the fitted signal yield (Nobs), selection efficiency (€), acceptance factor (facc, and the number of jets (Njet. Relative
statistical (ostat) and systematic (oggs;) uncertainties on (Nz) are listed in percentage, with ogys; divided in the contributions
from the cut on A mass (Amy), signed =~ decay radius in R¢ plane (Rz), Fit method extracting the signal yield (Fit) and
the acceptance correction (Acc.). The uncertainties are added in quadrature as the total uncertainty (oiota1) listed in the last

column.

Jet Num. Jet Rank No,. ¢ 7o N (V=) Osta Osyst oot Crom
7] 7] x107% [%] Ama R= Fit Acc. [%] (%]

2-jet Jet 1 9774 10.8 79.9 1259717 9.0 g3 23 94 3.7 100 144 F2¢
2-jet Jet 2 1031.6 9.4 80.6 1259717 10.8 23 2.8 48 04 9.7 112 *3%
3-jet Jet 1 760.5 10.4 84.5 889570 9.7 f&I 29 47 05 78 95 *Ti1d
3-jet Jet 2 789.4 10.3 88.0 889570 9.7 f¢I 05 1.7 21 60 6.6 1o
3-jet Jet 3  852.0 13.8 92.2 889570 7.5 2% 28 68 21 39 86 Tiii
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Numerical Result: (Nz) vs E,,

TABLE III. Average = production per accepted jet as a function of reconstructed jet energy, computed in each energy bin

as (Nz) = Nobs/(€faccNjet). Relative statistical (ostat) and systematic (ofye;) uncertainties on (Nz) are listed in percentage,

with oys; divided in the contributions from the cut on A mass (Ama), signed =~ decay radius in R¢ plane (Rz), Fit method
extracting the signal yield (Fit) and the acceptance correction (Acc.). The uncertainties are added in quadrature as the total

uncertainty (otota1) listed in the last column.

Jet EJet [GGV] Nobs € facc Njet <NE,> Ostat Osyst [%] Ggggt —
Num. min—max %] %] x107°% [%] Ama R= Fit Acc. [%] [%]

2-jet 5.0 —13.0 0.0 5.4 474 8881 < 42.2 - - - - - _
2-jet 13.0 —21.0 295 7.0 67.0 58733 10.7 T33% 152 39.5 34.4 16.5 57.0 Tgi0
2-jet 21.0 — 29.0 132.9 8.0 77.6 235364 9.1 ¥ 90 7.8 43 11.2 169 1337
2-jet 29.0 — 37.0 539.2 9.0 82.7 598031 12.1 79 26 106 24 87 141 Fg3
2-jet 37.0 — 45.0 880.4 11.3 82.4 966668 9.8 g3 04 173 1.6 88 19.5 T30
3-jet 5.0 — 13.0 412.5 13.4 90.9 406731 83 7§ 21 54 58 46 94 57
3-jet 13.0 — 21.0 474.0 12.8 90.1 530483 7.7 31 42 90 1.3 50 11.2 F3373
3-jet 21.0 —29.0 534.3 10.1 88.8 573428 104 *gJ 0.1 85 6.6 56 121 iy
3-jet 29.0 — 37.0 472.4 10.7 87.4 563681 89 82 36 100 2.7 6.3 12.6 *Fi34
3-jet 37.0 — 45.0 402.6 12.1 84.4 422890 93 T92 31 6.7 50 7.8 11.8 T30
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Numerical Result: & spectrum of =7/=*

TABLE IV. Differential = production per accepted jet versus £z = — In(p=/pbeam ), grouped by topology and jet rank. Because
this spectrum is measured inside the accepted £ range, no global faicc factor is applied; the central value is d(N=z)/d¢ =
Nobs/(eNjet AE). Relative statistical (ostat) and systematic (oiys;) uncertainties on (Nz) are listed in percentage, with ofoe
divided in the contributions from the cut on A mass (Amy,), signed =~ decay radius in R¢ plane (Rz), and Fit method
extracting the signal yield (Fit). The uncertainties are added in quadrature as the total uncertainty (oiota1) listed in the last

column.

Jet Jet EE € d<NE>/d£ Ostat Osyst [%] U;;;t Ototal

Nobs Njet

Num. Rank min-—max (%] x1072 [%] Ama Rz Fit [%] [%]

2-jet Jet1 1.0— 1.6  60.5 3.2 1259717 2.54 Togs 214 299 25 369 F270
2-jet Jet 1 1.6— 2.2 118.8 11.7 1259717 1.34 *23% 14.0 175 53 231 1350
2-jet Jet 1 2.2— 2.8 354.0 19.1 1259717 245 to5 41 58 19 7.4 T3
2-jet Jet 1 2.8— 3.4 307.5 13.2 1259717 3.09 fg1 12118 0.7 11.9 F327
2-jet Jet1 3.4— 4.0 955 4.5 1259717 2.83 1185 5.2 163 21.2 272 T30
2-jet Jet2 1.0- 1.6  41.9 2.6 1259717 2.12 7350 33.6 36.4 242 551 700
2-jet Jet2 1.6— 2.2 219.4 10.4 1259717 2.78 t1y5 7.3 255 94 282 132
2-jet Jet 2 2.2— 2.8  392.4 15.5 1259717 334 T3. 44 69 80 114 37
2-jet Jet 2 2.8— 3.4 244.9 12.6 1259717 257 fiof 1.3 6.7 85 109 127
2-jet Jet 2 3.4— 4.0 944 4.2 1259717 3 tise 41310 94 326 T30
3-jet Jet1 1.0— 1.6  31.1 3.2 889570 1.8 1952 224 95.7 20.3 100.4 *157
3-jet Jet1 1.6— 2.2 131.6 9.4 889570 2.63 7157 04 123 1.6 124 *330
3-jet Jet1 2.2— 2.8 312.2 18.5 889570 3.16 fof 39 31 38 62 i
3-jet Jet1 2.8— 3.4 2104 12.7 889570 3.1 1% 49 58 84 113 33
3-jet Jet1 34— 4.0 49.1 54 889570 1.71 322 10.7 35.2 6.8 374 *1g°
3-jet Jet2 1.0- 1.6  23.1 2.8 889570 1.52 F20% 26.2 87.0 11.3 91.6 T12%
3-jet Jet2 1.6— 2.2 188.5 9.9 889570 3.56 135 3.0 114 85 14.6 1309
3-jet Jet2 2.2— 2.8 347.1 17.4 889570 3.74 195 0.8 18.9 87 208 1323
3-jet Jet 2 2.8— 3.4 183.4 12.7 889570 2.7 1159 1.9 6.1 7.0 95 T8¢
3-jet Jet2 3.4- 4.0  33.0 3.9 889570 1.58 T3g5 9.8 58.3 274 652 F72°0
3-jet Jet 3 1.0— 1.6 0.0 3.9 889570 <0.266 - - - - - =
3-jet Jet 3 1.6— 2.2 125.0 13.2 889570 177 T12% 5.4 204 4.6 21.6 133¢
3-jet Jet 3 2.2— 2.8 347.6 19.6 889570 3.33 8% 1.6 11.9 5.6 133 T123
3-jet Jet 3 2.8— 3.4 289.7 14.3 889570 3.79 o9& 31131 05 134 Tg°

3-jet Jet3 3.4— 40 672 58 889570 2.19 1223 103 36.2 4.8 38.0 Ti10
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