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LEP Archival Data

o ALEPH and DELPHI invested significantly
in data preservation.

® |n 2017, YenlJie Lee initiated a project to
resurrect the LEP data.
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Resurrected LEP Datasets

o ALEPH and DELPHI datasets retrieved!
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Resurrected LEP Datasets

® After heroic efforts there are modernized ALEPH and DELPHI
datasets: QCD ALEPH LEP-I dataset is 28GB!
® Rapidly growing experimental effort focused on LEP archival data.
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|
An Opportunity

® Archival LEP datasets, combined with modern theory and data
analysis techniques, present a tremendous opportunity for

® Precision QCD Measurements

® Precision Electroweak Measurements i

® Searches for Physics Beyond the Standard Model :
@



Energy Correlators from Partons to Hadrons

Energy Correlators from Partons to Hadrons:
Unveiling the Dynamics of the Strong Interactions with Archival ALEPH Data

Hannah Bosai.‘ Yi Chen,? Yu-Chen Chen,! Max Jaarsma,*? Yibei Li,” Jingyu Zhang,?
Tan Moult,® Wouter Waalewijn,** Hua Xing Zhu,”® Anthony Badea, Austin Baty,'°

Christopher McGinn,! Gian Michele Innocenti,! Marcello Maggi,'! and Yen-Jie Lee!
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Phenomena in Gauge Theories

® Tremendous progress in the understanding of gauge theories from
simplified theories.

® Has led to a qualitative, and sometimes quantitative, understanding
of many observables (spectrum, Wilson loops, ...)
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® Despite this progress, sharpening this picture for real world QCD
remains an extraordinary challenge.
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QCD in the Real World

® The beautiful aspect of QCD is that it is real
= we can (in principle) access all its phenomena experimentally.

What We Have

What We Would Like

® Challenging to identify microscopic phenomenon in QCD experiments
= link between experiment and recent progress in field theory lost.
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Energy Correlators: Beyond QCD

® Energy Correlators are interesting observables for characterizing
generic quantum theories. (Hofman, Maldacena, 2008)

Conformal collider physics:
Energy and charge correlations

Diego M. Hofman® and Juan Maldacena®
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Energy Correlators

® Provides a direct relation between correlation functions of local
operators, and measurements of asymptotic fluxes.

® Function of angles, z;; = (1 — cos#;;)/2, on ’gbl_e celestial sphere.
7

QCD Vacuum Sample, Dec- 1970

(O(21)0(22)O(23)O(24))

/ 'z ¢ (O(2)E (n1)E (n2) O(0))

® (Can use insights from simpler theories to sharpen our understanding
of real world QCD at colliders.
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Energy Correlator in N/ = 4 SYM

® The energy correlator can be computed non-perturbatively in N' = 4
SYM using the numerical conformal bootstrap + integrability.

[Dempsey, Karlsson, Pufu, Zhiboedov, Zahraee]
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Energy Correlators in Experiment

® \We can directly measure the (JE(n1)E(ng)J) from angular
correlations in e™

e~ collisions:

® Provides a sharp relation between experimental observables and the
(JTTJ) four-point function.



Studying Confinement with Energy Correlators

® The measurement of the energy correlators probes the dynamics of
QCD at the scale Q%z or Q%(1 — z) == probe the theory over
multiple orders of magnitude for a fixed collider energy.

W~ Q%2

W~ Q1 —2)
® Given sufficient angular resolution, one can achieve sub-confinement
resolution, and observe the transition from partons to hadrons.
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The Legacy of LEP

® Although measurements improved, the most precise measurements
made at LEP failed to achieve sub-confinement resolution.
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® Precision data for confining transitions unavailable.
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-
Toy Worlds

® \We can first consider “data” in toy worlds.

® Free theory with a large charge operator: ¢

(E(M)E(R2))gr =1+ 3 (36(2) + (92 — 6)) + O(1/k?)
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Toy Worlds

e Conformal gauge theory at (weakish) coupling.

e Kinematic limits cleanly probe the low spin (J = 3) and high spin
(J — 00) limits of twist-2 operators.
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-
Toy Worlds

® The small-angle limit is governed by the

“light-ray” OPE.

® Exhibits power law scaling with lowest twist spin-3 operator.
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-
Toy Worlds

® Back-to-back limit (z — 1) sensitive to conserved gauge flux, large
spin limit of twist-2 operators: J ~ 1/(1 — 2)

® | ogarithmic growth of anomalous dimensions,
A= J =2+ Teyep(N)(l0g J +75) + Bs(A) + O(1/)
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Energy Correlators from Partons to Hadrons

® Most precise image ever made of correlations in QCD energy flux.
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Perturbation Theory

® In the bulk (z ~ 1/2) region, no single state in any OPE dominates.

® Perform a perturbative expansion in partonic Fock states.
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Sudakov Resummation

® > — 1 limit provides a sensitive probe of the log(.J) growth of
anomalous dimensions. P

"
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Collinear Resummation

® Percent level understanding of QCD
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Collinear Confinement Transition

® Confinement in the collinear limit clearly imprinted as transition to
free hadron scaling.
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Sudakov Confinement Transition

® Perturbative flux tube enables smooth transition with confining
behavior.
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-
A New Era of Theory-Data Comparison

® Exciting opportunity for ag; measurements, improving parton showers,
and sharpening our understanding of gauge theory phenomena.
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® Comparison with finite coupling results in conformal gauge theories
will elucidate differences.
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Reviving the Precision Electroweak Program J
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Electroweak Precision

® The lack of explicit new physics at the LHC has shifted attention to
precision measurements.

® Precision Electroweak data still dominated by LEP
= uncertainties dominated by QCD.
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® Archival data combined with new theoretical techniques presents an
opportunity to modernize the precision electroweak program.
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|
SU(2)xU(1)

® The Electroweak Theory is famously chiral
— Exciting new field theoretic phenomena!

THIS WORLD
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Baryon Number Violation Through Anomalies

® One of the most famous predictions is the violation of Baryon number

through mixed electroweak anomalies.
Symmetry Breaking through Bell-Jackiw Anomalies*

G. ’t Hoofti T3

Department of Physics, Harvard University, Cambridge, Massachusetts 02138
(Received 22 March 1976)

® Can we measure its magnitude without observing explicit baryon
number violation?



Anomalous Fluxes

® Anomalies can be directly accessed in colliders using charge detectors.
(i) = hﬂm /dt niji(t, 1) <JQ(ﬁ)J> ~ iejlke;femk ~ cosf
0
O
Q(7)
®
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Anomalous Charge Flux

® First direct measurement of baryon number anomaly coefficients.

® Control over percent level fluctuations in QCD fluxes.
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® Newly achieved precision in QCD calculations + archival data
—> opens the door to a re-imagined precision electroweak program.



|
An Opportunity

® Archival LEP datasets, combined with modern theory and data
analysis techniques, present a tremendous opportunity for

® Precision QCD Measurements

® Precision Electroweak Measurements i

® Searches for Physics Beyond the Standard Model :
@






