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 |Introduction

Year = 2000
Run = 58332, Event = 11219
NParticle = 88 (64 charged)

Thrust = 0.789102

- The archived ALEPH dataset

- High precision measurement of EEC at 91 GeV

with archived ALEPH data
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. Discussions and future perspectives
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Full Range EEC

. Correlation of energy flux in full

space

- No complication from the
definition of jet

- Angular scale imprints space-time
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https://gsalam.web.cern.ch/panscales/videos.html

f )T
5.0

3 PLUTO 1
30.0-31.6 OV

Previous Results

10.48550/arXiv.hep-ex/0307048

X P | PO S U S
0 60 120 80°

Jingyu Zhang (May 2025)

10.1016/0370-2693(81)91128-X
Figure 1 DELPHI ‘E DELPI-II Ecm
L ~— E’ i o0
| | - .
_llilllll LANLINE I L I O | . L (0) OPAL ’g . Dato §107f_ l,;‘"@@
) T e — PS 5 ",
B | o - -- Herwig50 e P, - i ¥
1005 . o 1 rﬁn‘ --- Cojets612 F ok 5 ﬂ [ + __A__¢,_¢-..’-'-" s ©202 GeV
: w5 g 2 O 106199 T 40 ¢e0 Ay
050 E o 1LGeV AT />\< - 5] i e 0200 GeV
s ...I.'n.ll.| e ) ﬁ.’.‘.. L \'6 i j = : $ i \ b ¢4 4“4):-4’-
i L T y & - - [ Ty Y Y_.Y_--.v‘-'-"y""- V196 GeV
IE_ ) ‘ll!._g ~ 161_— s - _,,x"dr PY t t £192 GeV
'.._D' Ow:; l‘. ._- :lwuu\HH\\|||\|||-\\||H|||\|||H||H|x|\u| M189 GeV
g i Ecm =22GeV .." . O 20 40 60 80 100 120 140 160 180
= 7 g S n!""'!.. x x (degrees) K183 GV
WNID = l..
Ly  ata - i i X172 GeV
osof"™ . 5 10.1016/0370-2693(92)91681-X | T ATA
B 0% 2 - ol — MONTE CARLO 0161 Gev
»
010 'n‘“‘“ — 1 g %93 GeV
OOSI:: —: 0091.2 GeV
11111 IIllllllllll]Illlll!ll]illlll
o ° ° ° o I PETERT I 2 AT SN ST ST SN U ST A B O BT O
0 45 90 135° g 180 I 0 50 | 100 150 *89 GeV
10 x degrees +76 GeV
10.1007/BF01547922 - a)
10.1016/0370-2693(91)91925-L | L . 10.1016/0370-2693(90)91097-U peoeey
0° 20° 40° 60° 80° 100° 120° 140° 160° 180° - RS % 2N L 3 @45 GeV
90 100 110 120 130 140 150 160 170 180
x(deg.)

. Full range EEC is proposed in ~1970 to test QCD in e+e- collisions

- Has been studied by many experiments in the 80’s and 90’s: PLUTO, JADE, OPAL, L3, DELPHI...

- Resolution not enough to reveal the full picture of QCD
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| EP and the ALEPH Experiment
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| EP and the ALEPH Experiment
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The Archived ALEPH Dataset

[YIOD PRELIMINARY

- February 2017: Yen-Jie Lee connected to Gigi Rolandi and later to AR A A
10 F

spokesperson Roberto Tenchini about the use of archived data = * ALEPH Archived Data

EPJC35(2004)457

@

- Marcello Maggi help extract the energy flow information and g
archived data and simulation b :
10-2; E
- Mid-2017: all samples converted to the MIT open-data format :
107 e 1
06 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
. Started working on validation of the converted sample Thrust
- Guenther Dissertori provided analysis code from the QCD paper %
*On-going: generative ML to
- March 2018: successfully reproduced published thrust distribution unfold and extract the strong

coupling constant
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The Archived ALEPH Dataset: 2 Particle Correlation

e*e — hadrons, {s =91 GeV

I ALEPH Archived Data

ALEPH e*e” — hadrons, Vs = 91GeV
N,, =30, |cos(6|ab)| <0.94
p'Tab > 0.2 GeV

Thrust coordinates

Lab coordinates - Data R 1.6 < |AT]| <3.2 0—
= |5 ] ] Archived PYTHIA 6.1 T N-. >30 '
g, §_ 104 - Il PYTHIA 8.230 / I ;
olg - Il HERWIG 7.1.5 1 -
= - [l SHERPA 2.2.6

Z i 1 h
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10.1103/PhysRevlett.123.212002

. First measurement of two-particle correlation function for eTe™ collisions at 91 GeV
* No significant ridge-like signal
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The Archived ALEPH Dataset: 2 Particle Correlation

ALEPH e*e”, s=183-209 GeV
Inclusive N, =50 1.2 Al.'E.P H .e+|e-’. ‘/.§.= -18|3'.2q9 Ge‘{ - | — Th':us.‘t Ax|is
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10.1016/j.physletb.2024.138957

. First measurement of two-particle correlation for eTe ™ collisions up to 209 GeV
o | EP2 with thrust axis interesting structure in high multiplicity events
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The Archived ALEPH Dataset: Jet and substructure

ALEPH Archived Data 1994, e*e” ¥s = 91.2 GeV
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. First measurement anti-kr jet spectrum and substructure in hadronic Z decays in ete™ collisions
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Jet E (GeV)

ALEPH Archived Data 1994, e'e Vs = 91.2 GeV

Cly 30.0 < Jet E < 35.0

35.0<Jet E<40.0

40.0 < JetE 7

o Data
—PYTHIA 6
—PYTHIA 8
—HERWIG 7
- SHERPA

Anti-k; jet R = 0.4
0.271<6, <08m

Z..=0.13=0.0

Ratio to Data 1/N dN/d(Jet M /E) Ratio to Data 1/N dN/d(Jet M /E)

10.1007/JHEP06(2022)008
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Analysis Strategy

High resolution double-log style plot to present physics at small scale

Parametrizationin

ALEPH e'e, Vs = 91.2 GeV
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ALEPH e'e’, Vs = 91.2 GeV, Work-in-progress
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Analysis Strategy

Use only charged tracks

- Much better momentum and position resolution

Event selection

th aNn Nneutra ‘ Acceptance T /36 < Osphericity < 297/36
. e . Hadronic events at least five good tracks
DeteCtor response (fCI ke, efflc'enCYI and bln total reconstructed charged-particle energy > 15 GeV
migration) corrected using 2d D’Agostini Non-calibration runs | Fvis < 200 GeV
. Charged particles

u nfo ‘ d 1 9 Acceptance | cos 6| < 0.94

: High quality tracks | pTt > 0.2 GeV
° EEC Welght Ond e (Z) at least 4 TPC hits

Impact parameter do < 2 cm, 29 < 10 cm

- Acceptance and phase space (track and event
selection) corrections also appliea

0.( // T
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Data vs MC Comparisons

To begin with: we have good data vs MC comparison
at with archived ALEPH MC

ALEPH e’e’, Vs=91.2 GeV, work in progress ALEPH e*e’, Vs=91.2 GeV, work in progress
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Jnfolding

Vier, = € - U+ Yoen. T b (200 x 28) x (200 x 28) migration matrix
* ¢ — efficiency

<10 ? = ALL I LLLL LI ™
O J — m|gra’[|on ma’[rix é 1 1300 Ej 1; ALEPH e e, Vs=91.2 GeV, work in progress §
o - g f :
0 — fake _:jzz L . )
* EEC weight and 0 (z) . §
* Estimated with MC samples with 1000 o B
detailed detector simulation 300
600 )
400 10” E
— -1 —1 =
Yoen. = € u— - (ydet. —b) 200 :
* Matrix inversion for matrices with 0 10 S 0 "";'(')1R;CC') -
singularities need regularization ;
» D’Agostini iterative method Small migration effect thanks to the fact that we
with early stopping are only using tracks

Jingyu Zhang (May 2025) VANDERBILT UNIVERSITY



Jnfolding

ALEPH e’e’, Vs=91.2 GeV, work in progress
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ALEPH e’e’, Vs=91.2 GeV, work in progress

T T
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d
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* Main effect from degraded tracking reconstruction for low pr (soft/forward) and merging tracks
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d(ZE.Ei/EZ)
do

1
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ALEPH e’e’,

s=91.2 GeV, work in progress
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* 10%-20% correction depending on the angle mainly from degraded tracking efficiency for low pr (soft/
forward) and merging tracks

Very small angle atfected by numerical precision
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ALEPH e’e’, Vs=91.2 GeV, work in progress

Size of Correction

ALEPH e’e’, Vs=91.2 GeV, work in progress
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- Correct back to fu
. Effect dominated
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z = (1-cos0)/2

|l phase space

oy low pt (Soft/forward) tracks that is beyond the acceptance of the detector
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oystematic Uncertainties

ALEPH e*e’, Vs =91.2 GeV ALEPH e'e’, Vs =91.2 GeV
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- Main source of systematic uncertainty comes from the model dependence of the unfolding
orocedure
. Estimated by reweighting the archived MC to match data and re-do the unfolding
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Comparison with Analytical Prediction

10°
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=
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T
T
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‘e, Vs =91.2 GeV, Preliminary

—— Fully Corrected Data
—— Track Function Theory Calculation
(NNLL Collinear + NNNLL Sudakov)

Theory input: Max
Jaarsma, Yibei Li,
lan Moult, and
Huaxing Zhu
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More info on slides from Yibei and Max
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Z = (1- cos(0))/2

VANDERBILT

* NNLOpQCD  Bqck-to-back:
e NNNLL resummation
Collinear: o Colins-Soper kernel
e NNLL resummation from lattice QCD
e NP Q parameter
extracted from thrust
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- High resolution and high precision 0P o
— . OPAL
measurement of EEC performed with archived -
ALEPH data at 91 GeV I T
'-'gJ_ :_I : +++++*¢*¢.‘
- Measured distribution compared to analytic sl 10
oredictions to test QCD L
10‘25—
. Paper publication including the unfolded data - |
0.01
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Conclusion

+ -

, Vs =91.2 GeV, Work-in-progress

—«— Archived Gen MC
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Further Perspectives

- EEC: charge dependence, azimuthal

1 LI A R L A R R LA U AR

dependence, energy dependence, ctc. DELPHI 91.25 GeV. Workin proaress

- £E3C: gluon spin correlation, as 10" /\ /\

d(ZE.EjIEz)
T T TTTT0

1

%

T T
.,
rs

"
s

- DELPHI published their entire dataset,

AL e
%

simulation, software for open access (August 3 o M‘@
2024 - WOD 5
° AﬂOlYSiS Of 2 pqrticle correlqtion On_gOing 103 ool vl ol MR TIRN TN
0.01 0.1 1 w1 7-0.1 7-0.01 0
Possible for
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d(ZE E/E?)
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Closure

ALEPH e’e’, Vs=91.2 GeV, work in progress
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ALEPH e’e’, Vs=91.2 GeV, work in progress
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Measurement in very small angle limited by numerical precision
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ALEPH e'e, Vs = 91.2 GeV, Work-in-progress
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Non-trivial E3C shape and E3C/E2C ratio reveals the 3-jet structure
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