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Jets in Electron-Positron Annihilation
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ÅJets in e+e-with identical algorithms as those used in hadron colliders are of great interest

ÅNo gluonic initial state radiation 

ÅNo complications of partondistribution functions

ÅNo beam remnants and multi-partoninteractions

ĄCleanest test of pQCD and phenomenological models

ÅProvide a clean vacuum reference 

for pp, AA and future EIC measurements

ÅGuide precision QCD and generator 

studies for the future FCC-eeprogram

p pe- e+ e-

A

pp

e+e-
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Inclusive Jet Spectrum from ALEPH vs. Generators
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ÅThe closest observable to the jet spectra analyses in 

hadron-hadron collisions!

ÅPeak at around 43 GeV: from                    and parton

shower of the (anti-)quark almost fully captured by 

the anti-kTalgorithm with R=0.4

ÅMinimum at around 20 GeV

ÅAt low E: increase due to a large number of jets from 

soft emissions or combinatorial

ÅGenerators capture those general features, 

overpredict the spectra at low jet E

MITHIG-MOD-21-001

arXiv:2111.09914
JHEP 06 (2022) 008 ὤȾ‎
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Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

e+e-

https://arxiv.org/pdf/2111.09914.pdf
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Inclusive Jet Spectra: Scanning the Parton Shower
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Å  New preliminary radius scan: fully corrected energy 

spectra for R values from 0.1 to 1.2

Å  Small R resolves the shower: radiation is split into 

many narrow, lower-energy jets; the 45.6 GeV peak 

softens and moves to lower energy.

Å  Large R captures the hemisphere: radiation 

recombines into one jet near Ejetå mZ/2 å 45.6 GeV.

vs.

Poster
BillZhou 

(Vanderbilt)

RŹ resolves radiationŸ  Rŷ rebuilds the mZ/2 peak

ὤȾ‎
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Inclusive Jet Spectrum vs. Jet Resolution Parameter

Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

R = 0.1 R = 0.2 R = 0.4 R = 1.2

ÅData compared to PYTHIA6,PYTHIA8, SHERPA, HERWIG, and PanScales

ÅConstrains both parton shower evolutionand hadronization modeling

ÅFor R=1.2: Data has sharper peakthan predictions from event generators  

ÅMost of the modern generators fail to describe the dataPoster

Bill Zhou 

(Vanderbilt)
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JetDriftine+e-and HeavyIonCollisions

Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

ÅIn heavy ion collisions, jet drift is 

sensitive to jet-medium interaction

ÅAzimuthal angle measured around the 

jet WTA axis

ÅQuantify the azimuthal anisotropy

with Fourier decomposition

ÅEstablish a vacuum baseline

with e+e-data ◖

Luke Lu 

(Vanderbilt)
Poster
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Jet Drift in e+e-Collisions 

Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

Luke Lu 

(Vanderbilt)

v1
v2 v3

ÅNonzero v1, v2 and v3 already in vacuum e+e- jets through vacuum showering, 

hadronization, and jet-axis response.

ÅHERWIG7 and SHERPA over predict the anisotropy 

ÅQGP signal must be additional deformation relative to the vacuum spectra Poster
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Definition of Charged-Track EEC in e+e- Collisions
ÅNo Jet reconstruction, Full event

ÅSum over pairs of charged particles in the event

ÅNormalize by total energy E in the event 
(91.2 GeV by definition in LEP1)

ÅŪL is the opening angle (in rad.)

ÅObservable naturally reaches the back-to-back region ŪLå ˊ

ÅBack-to-back (Sudakov Limit)
ÅAt ŪL~ ˊ

ÅStudy correlations of the full set of particles, not just those within jets

ÅNot possible to explore with jet substructure
ÅPresents a unique opportunity in e+e-!

9Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

ŪL~ 0

ŪL~ ˊ
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Result: Charged-Track EEC in e+e- vs. Theory

10Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

Theory curves: Max Jaarsma, YibeiLi, Ian Moult, WouterWaalewijn, HuaXingZhu Reparametize ɗ 

to z=(1īcosɗ)/2

Hannah Bossi (MIT)

Yi Chen (Vanderbilt U.)

Yu-Chen "Janice" Chen 

(MIT)

Electron-Positron Alliance arXiv:2511.00149

PosterChris McGinn 

(MIT)
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Charged-Track EEC with DELPHI and ALEPH Data

11Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

Jingyu Zhang (Vanderbilt U.)

ÅFully corrected DELPHI and 

ALEPH are in excellent 

agreement within a few percent.

ÅPower of the recycling frontier!!

Electron-Positron Alliance 

[DELPHI Analysis Note: arXiv:2510.18762]

Parallel talk
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Agentic AI

ALEPH 2004

Human analyzer
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Agentic Thrust Reanalysis

Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

arXiv:2603.05735 submitted to

HiHEP

ÅAgents can run real analysis workflows, not just help with text or code.

ÅHuman-in-the-loop is essential,physicists define goals, checks, and final interpretation.

ÅReproducibility needs guardrails: need version control, sign-off from human, cross-checks.

ÅMain risk on wrong physics choice: fast but could produce convincing wrong results.

ÅBest use case now Ąagents accelerate analysis; physicists own the science.

AnthonyBadea 

(UChicago)

Can we perform a proof-of principle 

measurement, following the existing 

documentation (analysis note) and 

implement the full analysis chain?
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Agentic AI: K/ˊRatio in High Multiplicity e+e-

Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

K/́ratio in e+e-
Data driven correction factor from ◖ĄKK

K*ĄḰ and D0
Ą Ḱ

ÅAgentic AI was unable to identify the origin of the peaking background. 

ÅPhysicist guidance was critical.
Yi Chen 

(Vanderbilt)

Nishant Gaurav 

(Vanderbilt)

Honey Khindri

(IIT Madras)

K*
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K/ˊ Ratio vs. Event Multiplicity in ZĄDijetEvents

Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

ÅDoesnôt follow the pp and PbPb trend

ÅHigher dN/dɖ: quark fragments into more 

partonsĄ reduced number of strange quarks.

ÅGenerators predict the decreasing trend

ÅDifferent results from various generators Ą

new input to generator tuning

ὴ ᶰπȢτ υȢπGeV, ȿÃÏÓ—ȿɴ πȢρυπȢφχυ
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Agentic Analysis of Charge Flux in e+e-Collisions

Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

It took just 3 days for agentic AI to extract the 

first result with estimated systematics

Kyle and Ian are ñin the loopò via comments in 

overleaf where the agents are programmed to 

check periodically the comment section

Agentic AI was able to identify data and MC 

difference on anti-proton modeling. However, 

failed to produce a fully data-driven 

correction

Start from a blackboard 

drawing in KITP UCSB 

presenting the calculation 

to us

Human carried out results are consistent 

with agentic AI with a sophisticated ZĄŰ+Ű-

based data-driven correction

Preliminary results are shown in LHCP 2026
JingyuZhang 

(Vanderbilt)

Talk
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Summary

Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

ÅJet spectra and R scans map how vacuum showers redistribute 

energy and Nonzero intra-jet vn already exists in vacuum. 

Modern generators fail to describe the data

ÅEEC images QCD from perturbative radiation to confinement, 

enabling highest precision comparison to pQCD calculations

ÅK/ˊ vs. multiplicity: challenges the use of event multiplicity as a 

single organizing variable and the simple universality of 

strangeness trends 

ÅAgentic AI accelerates workflows; physicists own the science

Åeϕeϖprovides the zero-medium control for hard probes and open a 

recycle frontier for identifying the onset of dense-QCD effects



Yen-Jie Lee (MIT) 17

Backup Slides

Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA
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Charge Flux Isolates the Parity-Odd Z Coupling

Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA 22

DELPHI 1994+1995   |   ãs = 91.2 GeV   |   pT > 2 GeV

At the Z pole

parity-even rate: 1 + cosĮɗparity-odd: forwardïbackward asymmetry

One-point charge correlator
Measure charge flowðnot a reconstructed quark

Charge-symmetric fragmentation cancels in NϕīNϖ; leading hadrons retain the parent-quark charge.

The sign flips at 90° : this is the differential forwardïbackward asymmetry shape.

How the hadron-level charge remembers the quark

eϖ eϕZ

q+

qↄ

+

+

+

ī

ī

ī

+ ī

soft ± pairs cancel

in Q(ɗ)leading-hadron

charge survives

First direct measurement of the differential forwardïbackward asymmetry shape

Perturbatively calculable Ÿ a new route to the forwardïbackward asymmetry and effective weak mixing angle.
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Example 4: Charge Flow vs. NįLO pQCD

Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA23

Fully corrected DELPHI Open Data 1994+1995   |   ãs = 91.2 GeV   |   pT > 2 GeV

Measured Q(ɗ): sin(2ɗ) Q(ɗ) / sinɗ: proportional to cosɗ

1 / sinɗ

How to read the comparison

1 Left: data show the expected sin(2ɗ) modulation.

2 Right: dividing by sinɗexposes the parity-odd ᶿ

3 The full shape is consistent with N³LO pQCD within current uncertainties.

Caveat
Theory is inclusive; data use pT > 2 GeV. Pythia 8 confirms that the fiducial and inclusive shapes agree at current precision.

Next: precision asymmetry and weak-mixing-angle extraction.

Takeaway: data and theory agree on the full parity-odd angular shapeðnot only on an integrated asymmetry.
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Agentic Thrust Reanalysis

20Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

Luna Chen

Can we do a proof-of principle measurement, following the existing 

documentation (analysis note) and implement the full analysis chain?

A single physicist interacting with AI agents. (Claude 4.6 and Codex 5.3)

AnthonyBadea 

(UChicago)
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Agentic Thrust Reanalysis

21Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

Luna Chenôs slides

Single Physicist interacting 

with AI agents. (Claude 

Sonnet 4.6 and Codex 

GPT-5.3)

Domain knowledge 

provided by the electron-

positron alliance analysis 

note and Github

AI agent was able to 

implement the 

full analysis chain, write the 

analysis noteand produce 

the final result.

AnthonyBadea 

(UChicago)
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Example 3: K/ˊRatio in High Multiplicity e+e-

Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

5ŀǘŀπŘǊƛǾŜƴ /ƻǊǊŜŎǘƛƻƴ !ƎŜƴǘ

aŀƛƴ Yκw̄ŀǘƛƻ !ƴŀƭȅȊŜǊ !ƎŜƴǘ

Steer

View

Check in

5ŀǘŀπŘǊƛǾŜƴ /ƻǊǊŜŎǘƛƻƴ !ƎŜƴǘ

Main K/̄ Ratio Analyzer Agent

Luna

Yen-Jie

Can AI agents perform a 

new analysis involving particle 

identification, multidimensional 

efficiency correction and resolution 

unfolding
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K/́ratio in high multiplicity e+e-

Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

Data-driven Correction Agent

aŀƛƴ Yκw̄ŀǘƛƻ !ƴŀƭȅȊŜǊ !ƎŜƴǘ

wŜǾƛŜǿŜǊ 
!ƎŜƴǘ

aŀǊƪŘƻǿƴ όa5ύ

Steer

View

Check in

Data-driven Correction Agent

Main K/̄ Ratio Analyzer Agent

Luna

Yen-Jie

Can AI agents perform a new analysis 

involving particle identification, 

multidimensional efficiency correction 

and resolution unfolding
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K/ˊRatio in High Multiplicity e+e-

Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

5ŀǘŀπŘǊƛǾŜƴ /ƻǊǊŜŎǘƛƻƴ !ƎŜƴǘ

aŀƛƴ Yκw̄ŀǘƛƻ !ƴŀƭȅȊŜǊ !ƎŜƴǘ

wŜǾƛŜǿŜǊ 
!ƎŜƴǘ

Markdown (MD)

Steer

View

Check in

Data-driven Correction Agent

aŀƛƴ Yκw̄ŀǘƛƻ !ƴŀƭȅȊŜǊ !ƎŜƴǘ

Luna

Yen-Jie

Can AI agents perform a new analysis 

involving particle identification, 

multidimensional efficiency correction 

and resolution unfolding

Honey, Nishant



Yen-Jie Lee (MIT)

Groomed Jet Radius RG vs. Event Generators

25

ÅHigh jet E (mainly quark jets):
Å Peak at smaller RGvalue

Å Generators give a better description 

of the data

ÅLow jet E (mainly from soft 

emissions and combinatorial):
Å Peak at larger RGvalue as one 

would expect

Å SHERPAgives a better description 

of the data

Å PYTHIA 6,PYTHIA 8, HERWIG, 

and PYQUENoverpredict the RG

Lowjet E High jet E 
MITHIG-MOD-21-001

arXiv:2111.09914
JHEP 06 (2022) 008

Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

https://arxiv.org/pdf/2111.09914.pdf
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E2C from MCin pp ande+e-
ÅSimilar MC hierarchy between e+e-generators and pp generators 
(SHERPAĄHERWIGĄPYTHIA)

ÅLarger xLnot comparable due to jet boundary effects in pp measurement

26Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

RL

ŪL

CMS

pp 13 TeV

Yi Chen (Vanderbilt U.)

SHERPA

PYTHIA Vincia

HERWIG

HERWIG

PYTHIA Vincia

SHERPA
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Comparison between E2C with Jet Mass

ÅMass scale for SHERPA is smaller Ąsmaller SHERPA angular scale in EEC

27Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

MITHIG-MOD-21-001

arXiv:2111.09914
JHEP 06 (2022) 008

ŪL

https://arxiv.org/pdf/2111.09914.pdf
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Result: Fully Corrected EEC in e+e-

28Bridging Vacuum and Dense QCD with Jet and Event Shape from the EPA

Hannah Bossi (MIT)

Yi Chen (Vanderbilt U.)

Yu-Chen "Janice" Chen 

(MIT)
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Sensitivity to Strong Coupling Constant

29Unraveling the Hard Probe-Induced Medium Response with Jet Data
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Strangeness across ὴὴȾὴὃȾὃὃ

30

QGP temperatureςά
we expect more ίί

Ratio is indeed lower in smaller system, 

however trend across systems

These are all hadronic collision systems
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Now what about ὩὩ?
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ϳὑ“ratio in the same 

ballpark as ὴὴ

However no directly analogous results from 

ὩὩ



Yen-Jie Lee (MIT)

How to measure event activity?

32

Ὡ Ὡ

Naively we can look at beam 

axis

Define –to be the 
detector –

Then we measure w.r.t. ὨὔȾ
Ὠ–ȿ–ȿ πȢυ

Start with ί ά , so mostly 2 jets
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How to measure event activity?

33

Ὡ Ὡ

Thrust axis follows initial color string 

direction (for 2 jet topology)

Analogous to hadron colliders where initial 

color string is in the beam axis

Define ώ: rapidity w.r.t. thrust

and look at ὨὔȾὨώ ȿώȿ πȢυ

c.f. see also

two-particle correlation

PRL 123 (2019) 

212002

PLB 856 (2024) 

138957
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The LEP and DELPHI detector
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LEP1: collide atḗά , few million hadronic events

LEP2: higher energy up to 209 GeV


