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Why high-energy ete ™ collisions?

e Clean QCD environment:

* Point-like initial state
controlled kinematics -
guark-dominated |ets Cool 3 jet event
no PDF/MPI complications
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The archived ALEPH data
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Incredible support from ALEPH members Marcello
Maggi, Roberto Tenchini, Gigi Rolandi, Guenther
Dissertori on the technical aspects and knowledge
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The DELPHI open data

 DELPHI Open Data released in 2024

uuuuu

e Full access on data, simulation anad |
simulation software (GEANT3-based) =

 \We can run modern generator

 Thanks to the DELPHI Collaboration, —&
data preservation team, especially
Dietrich Liko and Ulrich Schwickerath
for guidance on how to use the data




e 'e reanalysis effort
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Main goal: preserve data and knowledge
and reanalyze with new observables
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Growing physics program

¢« QCD/SM measurements
jet spectra radius scan, Lund plane & multiplicity,
substructure correlation, HF jet tagging, axis decorrelation,
energy-energy correlator, thrust, Q1 correlator, isotropy, ...

 Novel observables with connections to neighboring
subfields (e.g. heavy-ions, electron-ion, ...)
2PC, cumulants, strangeness enhancement, Z — 77 spin,
INn-jet azimuthal asymmetry, EIC clustering studies,
identified particle 2PC, charge/baryon fluctuation, ...

e Testing ground for new technigues / methodologies
Machine learning, tagging, agentic Al, ...




Growing physics program

e QCD/SM measurements Today: highlight a few
jet spectra radius scan,jLund pla recent studies
subbstructure correlation, HF jet t demonstrating what
energy-energy correlator, thrust, J

we can learn + the
* Novel observables with connects Capabllltlgs

subfields (e.g. heavy-ions. electron-ion, ...
2PC, cumulants Jstrangeness enhancement}Z — 77 spin,
INn-jet azimuthal asymmetry, clustering studies,

identified particle 2PC, charge/baryon fluctuation, ...

e Testing ground for new technigues / methodologies
Machine learning, tagging, agentic Al, ...




Jet spectraine™e”



carly |et measurements

LER anti-kr, ...
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Time

Many jet measurements are done with
previous generation of jet algorithms
=> Not ideal for LHC/RHIC/EIC comparisons

Opportunity for re-analysis with new algorithms
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Few years back: anti-k, R = 0.4

_ALEPH Archived Data 1994, e'e’ Vs =91.2 GeV CO m p a r i SO n to I\/l C
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describe the peak region

Up to 10-20%

g disagreement at low E
Y 2 — out-of-cone energy,

Jet E (GeV) wide angle emiSSiOﬂ,
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New: |et radius scan

We recalibrated anti-k; (e e~ variant) jets with
R 0 oo 2old) 10506, 0/8, 112
MC-based + data/MC correction
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Small R — resolves shower structure
Large R — large angle out-of-cone energy
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New: |et radius scan

ALEPH Archived Data 1994, e*e’ Vs = 91.2 GeV ; FU”y unfolded Jet
. spectra across R’s
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Small R — resolves shower structure
Large R — large angle out-of-cone energy
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New: |et radius scan

~
ALEPH Archived Data 1994, e'e” Vs =91.2 GeV ALEPH Archived Data 1994, e'e” Vs =91.2 GeV
u‘f 2x107' { é
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Data compared with modern generators
Most fail to fully describe data — especially low E region
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K/ ratio measurement

Historical inclusive charged K/ in e*e’

LHC charged K/x versus event activity
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K/m ratio in the However no directly
same ballpark as pp analogous results from eTe™

Perform measurement with DELPHI Open Data
PID available + rederive data/MC efficiency scale factor
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Particle |ID capability

p/ K/ particle ID available in DELPHI open data
(People are also studying HF jet tagging)

kaon-tag reco-only S+B fit with ¢/Kg cross-feed

e o In order to control
T e T e tagging efficiency, we
00000 3 study the resonances
18000 ~2/ndf = 0.998
~S =1106.4, ¢ = 383.0
16000~ K2 =1339.7 )
= ”++ Etficiency of data & MC
247 t t
ook At M under good control

Example fit: K*

arXiv 26XX. XXXXX, in preparation 17



Integrated result

e 0.24 ] :
S S 1 Broadly compatible
B F O ARSULTREGy e oS 1| with other 91 GeV
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Hovv {0 measure event act|V|ty’?

Start with \/_ m,, SO mostly 2 jets

Naively we can
look at beam axis

€ €
B

Define 1 to be
the detector 1

Then we measure w.r.t.

dN/dn (1] < 0.5)

(9




Beam dN/dn

Beware of the fiducial cuts

[ { TTTT
2 0.24 — ]
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Dijet direction Is
random — dN/dn
captures part of dijet

Doesn’t seem to
follow same trend
as hadron colliders

Higher dN/dn —
more shorter strings —
harder to make §/57?

Larger Q% might also lead to larger K/x

arXiv 26XX. XXXXX, in preparation
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How to measure event activity?

Y4
Y4

Thrust axis follows initial \
color string direction
(for 2 jet topology)

2
Analogous to hadron

colliders where Initial color
string Is In the beam axis

. R \ Define y;: rapidity w.r.t. thrust

two-particle correlation

PRL 123 (2019) 212002 ¢ ° and look at dN/dyT ( ‘yT‘ < 05)

PLB 856 (2024) 138957 ¢
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Thrust dN/dy

| Thrust lines up with dijet
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Caution: not apple-to-apple — “multiplicity” not the same
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Other recent
highlights



FEC at 91.2 GeV
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Compared with state of the art theory calculation

npQCD-heavy region less well controlled
Finer resolution in the npQCD-heavy regions
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arXiv 2511.00149, 2512.11950 24 |Cross-checked ALEPH/DELPHI




One-point charge correlator
0,(0) =( ) q;- 56, — 0))

~average charge as a
function of angle

.......................

Controlling charge mistag
[sicruciali 4 —8@ 7, lbased
data-driven correction

Connection to App

arXiv 2608.14779, 2608.15357, 2608.153625



m -let azimuthal asymmetry

Sémw Fourier components f(¢) = {V, }

X Encodes jet substructure information
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Agentic Al exploration

 The simpler eTe™ provides excellent testing
ground for new methods and agentic Al tools

* Cross check analysis, Al-assisted analysis, ...
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Concluding Remarks



Growing physics program

e QCD/SM measurements

jet spectra radius scan JLund plane & multiplicity,

substructure correlation, HF jet tagging, axis decorrelation,
energy-energy correlator, thrust, Q1 correlator, isotropy, ...

 Novel observables with connections to neighboring
subfields (e.g. heavy-ions. electron-ion. ...
2R Cumulants,Z Rt T TSI,
In-jet azimuthal asymmetry, EIC clustering studies,
identified particle 2PC, charge/baryon fluctuation, ...

e Testing ground for new technigues / methodologies
Machine learning, tagging, agentic Al, ...
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summary

« ete™ provides a unique dataset to study QCD without the
complication that comes with hadronic collision systems

* New information can be gained from LEP data
e Confronting state-of-the-art QCD calculations with data

. The eTe™ alliance is actively developing a program
for precision QCD studies

» Capabilities on jets, correlators,
identified particle and novel
observables

S 12f = e Sl .
2 e e T oo e e e T et T v e lesacare
. . [ g « 0_3;: —
* Many exciting possibility L T
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Backup Slides Ahead



Questions?
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