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Many Thanks to lwona, Patrycja, All

: 1
Congratulations Dr. Potepal! Great time visiting Krakow!!

Run: 366931
Event: 448945669
2018—-11-26 02:48:46 CEST
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One Connection From Dr. Potepa'’s Talk
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With high stats, systematics dominated driven by hadronic handle

Feature across frontiers of research in high energy, nuclear, astrophysics
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2022-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-32/
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» Quantum Chromodynamics (QCD), theory of strong force, central to Standard Model (SM)
» Study of QCD across wide energy scales, spanning P/NP regimes, of global importance
» Precision QCD enables discovery of new phenomena in strongly interacting systems
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Landscape of Collider Data
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Electron-Positron Alliance's Reanalysis Efforts

Build community for curation, standardization,
and reanalysis of archived/open e+e- data

Enable direct collaboration between
experimentalists, analyzers and theorists

Austin Baty Chris McGinn Michael Peters Anthony Badea Paoti Chang
(MIT) (MIT) (U Chicago) (NTU)

Weekly group analysis meeting since 2017
10 LEP notes and publications on arXiv y
Tzu-An Sheng Ben Nachman Yi Chen Jingyu Zhang Luke Lu MJ Khan

2 publications with the Belle Collaboration
: . (MIT) (Stanford/SLAC) (Vanderbilt) (Vanderbilt) (Vanderbilt) (Vanderbilt)
> 60 presentations in conferences / workshops --

@The Electron-Positron Alliance About Papers Talks Links
<§(hnd1)vfi(§)>y = Hannl\ziITTBossi Gian Il\r;lrlw_lc_)centi Jessi/l'll'_lbaler Ma(|r|i|e|:|||\(|) IIB\AaE:iS)Jg' Giinther Dissertori Nishant Gaurav
(MIT) (MIT) (MIT) (ETH Zurich) (Vanderbilt)

Maximize

scientific impact *© @ _
of collected data @ - X ¥ ete” ( e*e*) ¥ ete”
NL NLLbzb.'.."'-u_-"... @ ‘ ] m ‘ | ,
° Yen-Jie Lee Jeetendra Gupta Sascha Diefenbacher Bill Zhou
https://ee-alliance.org MM uic) (BND Vanderbilt

Drawing from Luna Chen’s and Yen-Jie Lee’s talks
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https://ee-alliance.org

Large Electron-Positron (LEP) Datasets
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Active reanalysis of LEP1/2 data. Will discuss thrust and ongoing works
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https://cerncourier.com/a/the-w-and-z-at-lep/

Outline

LEP Thrust Reanalyses (ll)

Reanalysis of thrust in LEP archived data reveals new insights into ag and P/NP

QCD. Enables new studies ot e+e- collisions with modern exp. and theory tools.
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Physics Motivation

Thrust Axis

Thrust is an event shape observable that
quantifies how dijet-like an event is, active

use to extract ag and constrain P/NP QCD

E. Farhi (1977): Phys. Rev. Lett. 39, 1587
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.39.1587

Interesting Thrust Regimes to Probe

Dijet non-perturbative = Dijet perturbative 3(multi)-jet region

Peak region Tall region Far-tail

~3 interesting regimes
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Modern Interest in Thrust Regime (l)

Dijet non-perturbative T e s
- 8:p=0.0071£0.0007, Gnp=0.0060+0.0013 — NPLL+NNLO+NP |
« OPAL
| « DELPHI .
 ALEPH
L3
; » SLD )
§ _
5 | Ex showing P QCD alone _
= vs with modeled NP :
Large NP corrections applied 1 *
using functional forms, large / === —
impact with limited data points o e ow o ew  om  ew o ow

T

Phys. Rev. Lett. 134, 251904, 0809.3326
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https://journals.aps.org/prl/abstract/10.1103/dv7n-qvyp
https://arxiv.org/abs/0809.3326

Modern Interest in Thrust Regime (lI)
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see e.g. CERN QCD Seminar 02/10/2025 G. Vita, 1006.3080, 2412.15164, Slide 8 of P. Skands

uCIﬁclIgn Anthony Badea New Measurements with the LEP Archived Datasets 12 =) @)

NS


https://indico.cern.ch/event/1512328/attachments/3011747/5310355/Vita_Feb_2025.pdf
https://arxiv.org/abs/1006.3080
https://arxiv.org/abs/2412.15164
https://pythia.org/download/talks/SkandsPanTuning23.pdf
https://link.springer.com/article/10.1007/JHEP07(2025)249
https://journals.aps.org/prl/abstract/10.1103/dv7n-qvyp
https://pdg.lbl.gov/2024/reviews/rpp2024-rev-qcd.pdf

Modern Interest in Thrust Regime (lll)

Pythia Tuning
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Event Generator Tuning (P. Skands), 1303.4974
PRL 134 (2025) 1, 011901
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https://pythia.org/download/talks/SkandsPanTuning23.pdf
https://pythia.org/download/talks/SkandsPanTuning23.pdf
https://arxiv.org/abs/1303.4974
https://arxiv.org/abs/2406.02661

Physics Questions to be Addressed

Probe across P/NP Regimes

P
Forward Chamber A Barrel Muon Chambers
CH Barrel Had or
ting C
t

T=1-T

LEP reanalyses!\/

- What causes the ag discrepancies in ete- event shape extractions?

- What is the scale of the NP eftects at high Q2?7 Can the NP shape

functions be constrained beyond first moment?
- How well does P QCD predict the final state particle spectrum?
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https://home.cern/resources/image/accelerators/old-accelerators-images-gallery

ALEPH Experiment
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- Approximately 2.5 million hadronic events were recorded 1 _{ _
- Raw txt files converted to modern ntuples. Access to low 0 10 20 30 40 50
evel detector quantities. Archived MC (LEP1 1994, full LEP2) Offline
rk
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Hadronic Event Selection

Same selection criteria from ALEPH 2004 QCD paper

ALEPH e*e’, \s = 91.2 GeV
|

- Track Selections: = _ - o | +
- Number of TPC hits for a charged tracks = 4 o 10 3 o Solect e e data
- 1dOI<2cm & L Setsed e #e Reco.
- |z0l < 10 cm q>) 10—2__ —
- lcosBl < 0.94 (corresponding to Inl < 1.74) S - 1994 Only s
- pl =20.2GeV (pT with respect to beam axis) - B 136 (1.32) millon -
- Xz/ﬂdf < 1000 _lg 1 0_3 = events (selected) =
O - -
- Neutral Hadron Selections: O B i
. LL
- ECAL/HCAL objects 1074 —
- E=04GeV - ;
- lcosBl < 0.98 - y
107°© € =
- Event Selections: - Z0/y -
- Number of good charged particles = 5 (including charged ol ? -
hadrons and leptons) 10 "¢ ot g M 9
- Number of good charged+neutral = 13 R T B N T ) | ;
- Echarged 2 15 GeV 0 20 40 60 80
- |cosBsphericityl < 0.82 N
Trk+Neu
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Low and High Thrust ete- Events in LEP1 Data

ALEPRH Archived Data ALEPH Archived Data \
zimuthal View Azimuthal View
ARti-k; R=0.8 E Scheme Jet Anti-k; R=0.8 E Scheme Jet
mmmm T[hrust Axis mmmm [hrust Axis
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Tracks\in Subleading Jet & Tracks in Subleading Jet
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Other Tracks
4
! 4
,I
y. ALEPH archived data
7/ LEP1 Js = 91 GeV
4
Y /

44 Tracks / 39 Tracks
T=0.57 g T=0 08
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~2019 Thrust in ete- ALEPH Archived Data

PRELIMINARY
FIrSt thrust Study .to Va‘ldate dataset :I | 1 | T I-l 1 T | 11 | I | T | 1 | 11 I:
. . et e (s=91 GeV
and use for two particle correlation 10E &  ALEPH Archived Data
. . . i EPJC35(2004)457 -
Corrected with iterative bayesian L ’
unfolding (IBU), stat only uncertainty, ol : f
compared with previous ALEPH result o101 _
: Dijet -
ALEPH e*e” — hadrons, s = 91GeV B p e I"t ur bative N
Ny 2 30, [cos(8_)| < 0.94 -2 [ _
] 107
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. 5; 10° T‘egio:n | | | |per’c|urbg:tive
0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
PR
Thrust

PRL 123 (2019) 21, 212002
Badea MIT B.S. Thesis (2019)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.212002
https://web.mit.edu/mithig/theses/Anthony-Badea-thesis.pdf

2025 Unbinned Measurement of Thrust

ALEPH e*e’, \s = 91.2 GeV

T — | | | | | | | | | | | | I
. ®) 1L 3(multi) jet _
Analysis Summary = E o Saiecid uncomestsd dta region
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®) L e T |
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: : : S, = -
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. S ] -
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P gy Y _5 [ ﬁ | Dijet Non -
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Fully Corrected Thrust in ALEPH Bins

ALEPH archived data ete” 91.2 GeV
b| L
Sl ololoy
—|C ete”
100k Good agreement
between OF/IBU result
ALEPH (2004) -
102 4 Corrected data (OF) i .
Corrected data (IBU) *!*T Differences between
I ALEPH and reanalysis??
L 1.1
S 1.0 Frbnmremamen it s b Ll Lo L
%09 . i3 . .
0.0 0.1 0.2 0.3 0.4
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ALEPH archived data
: ] ] ] ] I ] ] ]
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uchicago Anthony Badea

logT

Fully Corrected Thrust Deep Into the IR

Able to probe deep into the infrarea

where NP QCD effect become significant
(observable 7 ~ AQCD/\/E)

/

5rp=0.0071+0.0007, 0yp=0.0060+0.0013

1/0y,t do/dt

IIIIIIIIIIIII

ag(m5°)=0.1181£0.0018, Q=m;

lllllllll

— NSLL+NNLO

— NPLL+NNLO+NP

 OPAL

e DELPHI

* ALEPH
L3
SLD

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

Phys. Rev. Lett. 134, 251904, 0809.3326

New Measurements with the LEP Archived Datasets

2



https://journals.aps.org/prl/abstract/10.1103/dv7n-qvyp
https://arxiv.org/abs/0809.3326

Very Interesting Theory Comparison!

6 ALEPH archived data ete” 91.2 GeV
- N\ | | ! | | ! I I ' ' | . .
_g L N Comparison with the state of the art
—|b N theoretical extraction yielding lower ag
4 v
S Potential agreement with theory global fit
Ry ol
‘.\ — . .
I ALEPH (2004 = aq(m,) = 0.1136 (excluding this result) and
2 |— H Corrected data (OF) world average for fixed QF = 0.31 GeV (NP
- %(mz) =0.1136, @ = 0.10 GeV shape function first moment)
- — oy(my) =0.1136, QR = 0.31 GeV [global fif - P
- — a(mz) =0.1180, Qf =0.31 GeV ~ Theory at N°LL/ [arXiv:2412.15164] -
s O— | | | | | | | | | | | | | ——
>| — —] Dijet perturbative
8 ME ‘
. > Nm,
=E N,
@) — 4 0,....

008 010 0.12 0.14

Thanks to Miguel Benitez and lain Stewart
On Determining ag(m,) from Dijets in e+e- Thrust, 2412.15164
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https://arxiv.org/abs/2412.15164

Investigating the Thrust Shift

Thrust-RivetThrust

x10° htemp
° ‘ 1400 — Entries 136544t
(1) Thrust Observable Calculation: e e
o 108~ | Data only 1995/1994 comparison at high Std Dev 001431 =
. . o e . = — | thrust pulls down. N
Modern exact vs historic heuristic calculation § " [ Trisis the opposite direction as the 1000
. . . . . 2 10 | ALEPHIOF ratio - Check of exact
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e : (this analysis) vs
2) Unfoldi d Resolution Effect C ion: A stic (1
(2) Untolding and Resolution Eftect Correction: : T : heuristic (rivet)
0.96 — 400 — .
. . . ooal - thrust calculation
IBU vs. Omnifold vs Bin-by-bin N3 + ool St caieuiatio
Consistent results covered by unfolding uncertainties A R B e ol e
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Thrust-RivetThrust

Table of contents
Graphical interface
X Windows System

® X/ DALIhelp
a r e a rt I C e t re S o o X/ ALEPH-XDALI 13 Nov 2025 version F2 X11/XUIT
1 B<CR>
I File handling T p Level
.' ist of filenames @ > Nid<CR elect id r e )
Tupe: .D#. M#. or .P# to get DST. MINI or POT of run # or  Type filename <CR>: <CR> = Open file an owing ste

pALIF2 . Run=0 Ewt=0

CTION
e | h—1———————— /|| [ - 0PEN BOS INPUT FILE ---------
8
32 }?name.
D -
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(5) More simulated MC samples: | e\ | ||@ \ H
Currently we have analyzed archived 1994 MC available to us. O i & \
In the near future, we will get the galeph simulation to work for further studies.

(6) Cross-experiment comparison:

Comparison with DELPHI measurement!

Performed the systematics check and the difference are quoted as part of systematics

Performed the systematics checks. If we apply higher charged particle pT threshold than 0.2
GeV (used in ALEPH QCD paper) could narrow the raw spectra (as expected)

" M#<CR
"N#<CR

d FullALEPH software suite
| running in a VM! Working on
8 understanding simulation flow

. |-500cm

e this

v AvAntinas

Comments and suggestions are welcome!!

ucl)icagn Anthony Badea New Measurements with the LEP Archived Datasets 23 ee)) ()

NS



Cross-Experiment Comparison

Since 2018:
ALEPH archived data

Since 2024

DELPHI open data s ——
. . a GENEVA ”\.%*

7’:-'------------'.3.‘-.&2_

-
-

Barrel Muon Chambers

Forward Chamber A

- |
' Ri) Y3
rrel 1 ¢ | e . !
Forward RICH Barrel Hadron Calorimeter - - Lll : : ~ .
Forward Chamber B i Scintillators ar . T i, S
) 5! :
Forward EM Calorimeter 28 Supercondacting COIL » : :' S g e oy Hadron Calorimeter
vl T i ' : ~ H 1
Forward Hadron Calorimete High density Projection Chamber ; t' S " = - Superconducting Electromagnetic
Forward Hodoscope Outer Detector : :: ! : < : '; “ Magnet (1.5T) Calorimeter
Forward Muon Chamber Barrel RICH - “ e <3 : 1 _
» i : :l B
Surround Muon Chambe Small Angle Tile Calorimeter By g g 8 4
9 thy ) sl s Muon Chamber
: i
Quadrupole :f 3 : :, £ e
L i . -
B i AR
Very Small Angle Tagger L0y e
= €
] 3 M >
iy

Beam Pipe

Time Projection
Chamber

Vertex Detector

Inner Detector
Time Projection Chamber

Inner Tracking Chamber

e Electron

== ¢ Positron |

France

Geneva Switzerland

HCb CERN

CERN Images

Can we achieve a LEP archived data cross-experiment comparison? (e.g. LHC style ATLAS vs CMYS)
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DELPHI Experiment Open Data

A

Digital archaeology: new LEP data
now available to all

Retrieving and preserving access to data from experiments thatraninthe 90sis a
complex task carried out by passionate experts in the IT department

. Barrel Muon Chambers
Forward Chamber A

Forward RICH
Forward Chamber B

Barrel Hadron Calorimeter

Scintliators

™~ ' \ﬁ rrv\r o T e
Forward EM Calorimeter Supercondacting COIL
15JULY,2024 | ByAntonella Del Rosso

Forward Hadron Calorimete High density Projection Chamber

Forward Hodoscope Outer Detector DELPHI Run: 109522 Evt: 13843 n

- L Beom: 103.0 GeV Proc: 21-0u1=-2022  act o

r.\q ard Muan Char bers . //  OAS:  4-Moy- 2000 Scon:  28-Jun-2024 ‘
U Ndrd vilQn UANaimopers Ba"e :? LJH = 12:36:17 TonsDST

N

Surround Muon Chamber Small Angle Tile Calorimeter

-
\--
-__
“
‘-

/ . Quadrupole

Very Small Angle Tagger

Beam Pipe
Vertex Detector

Inner Detector

Time Projection Chamber

- LEP1 e*e-data at Z pole (91 GeV) taken between 1992-1995
- Open data released late 2024, converted to ntuples. Access

to all simulation software, enabling new sim with modern MC _
Jingyu Zhang Luna Chen
(Vanderbilt) (Vanderbilt)
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Hadronic Event Selection

Particle and Event Level Selections

1.0

0.8

1994 Only

DELPHI Open Data 1994

ete ,Vs =912 GeV

- Particle Multiplicity

neutral particle E > 0.5GeV

selection 20° < 0 < 160°

charged particle 0.4GeV < p < 100GeV

selection Ap/p < 1.0
measured track length > 30 cm
distance to I.P. in r¢ plane < 4 cm
distance to I.P. in z < 10 cm
20° < 6 < 160°

Standard Ng, > 7

event 30° < Opprust < 150°

selection Eiot > 0.50E .4

- Pythia 5.7 anc

- Pythia 8.3 anc

uchicago Anthony Badea

ARIADNE (open data with DELPHI tune)
Dire (new MC + DELSIM)!!

Normalized

Ratio

O
o

O
-~
T

0.2

138

1.15

1.00

0.85

0.70

++4+++

Data
Pythia5
Pythia8
Dire
Adriane

20

30

N

Credit: Jingyu Zhang and Luna (Y1) Chen (Vanderbilt)
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The Same Event Display Over 30 Years

™ T ™ ™= A ST r
1 80 0 27 ] 0 0
(169 ) (201 )( o )( 28 Y€ 2r)( o )( o)

70921 Evt: 3004
- Proc:19-Oct-1996
Scan:21-0Oct-1996
Tan+DST

-~ DELPHI Run:
} Beam: 86.2 GeV
DAS: 19-Oct-1996

19550757

0 0 0 0 0 0 0
8CL 0 0)( 0L H)C 2 Y0 (0

Credit: Friends at AGH Krc:kdw}
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DELPHI

DAS: 19-Oct-1996

Run: 70921, Event: 3004
Beam: 86.2 GeV

|

n 7

/;5/ /é /
i/
114

1774
/A

[ 0T 0

AN/
N
2
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Event from Oct. 19 1996 traceo
from physical print out — original

software = modern event displays

Credit: Jingyu Zhang and Luna (Y1) Chen (Vanderbilt)
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2025 Measurement of Thrust

Analysis Summary

Corrections for hadronic event
selection, tracking efficiency
IBU unfolding from detector to
particle level

Fiducial to full phase space and
EM ISR/FSR effects

Systematics on event selections,
charged track selections, neutral
particle energy and efficiency,
theory MC prior

(1/o0)(do/dT)

Ratio

10° ¢ ' . , .
| DELPHI Open Data 1994
10° F ete™,Vs=912GeV -
. ‘
10" 4 "t-,.‘ 4 Data -
; *ooe 4+ Pythia5
10° F - ' E
: . + P)./th|a8
S — Dire ]
1071 E —#— 4 Adriane
' Dijet :
1072 F perturbative ===
. Dijet Non 3(multi) jet
1077 F . :
- perturbative region
1.10 ' . , .
1.05 | -
1.00
0.95 ‘ .
090 , 1 ] 1 1 |
0.0 0.1 0.2 0.3 0.4 0.5

T

Credit: Jingyu Zhang and Luna (Y1) Chen (Vanderbilt)
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Fully Corrected Thrust Spectrum

102 ' | ! ' ' ' | ' ' ! ! | ! ' ' ! | ' ' ' v R
DELPHI Open Data
10! i“.“ ete , /s =91.2 GeV i
e Previous DELPHI all particle thrust
T ere ) - | HepD
N - ; Mmeasurements results not on Heplata
] ——
:g/ 10_1 —— <
© .
> —— {  For charged particle only measurement,
10~2 . .
+ Fully Corrected 1994 i cross-check (no systematics) agrees well
10~ 1—‘:-_ EEE: SZEEEEZ 133?1 (charged thrust) l '5 Wlth preVIOUS DELPH' resu‘t USIng 1 994
4- DELPHI EPJC14:557-584,2000 (charged thrust) ;I
1.20 -ttt :
1.10
E 1.00 ¢ 42420299 - © o : —Q |
0.90 f o4 ; :
080 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 II 1 nTn 1 :
0.0 0.1 0.2 0.3 0.4 0.5 i ...
T Credit: Jingyu Zhang and Luna (Y1) Chen (Vanderbilt)
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Theory Comparison

o a(my)=0.1136, Qf =031 GeV [global fif] - Combined 1994/1995 by \uminosity

—— o, (my) =0.1136, Q' =0.10 GeV -
— o,(my) =0.1180, Q211 =0.31 GeV )
¢+ DELPHI Open Data 7

@=m; 1 Possible agreement also with an ag

S EN: 1 shifted up in comparison to theory
~e 4f global fit (excluding these analyses)!

3

ok How do the ALEPH and DELPHI
gl.z- . . . . . measurements compare??
é): N==" ; 3 3 : H
S S
5 085556 008 0.10 0.12 0.14 -

T

Credit: Jingyu Zhang and Luna (Y1) Chen (Vanderbilt)
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https://arxiv.org/abs/2412.15164

ALEPH vs DELPHI Reanalysis

LEP archived data ete” 91.2 GeV
b P ! ! ! ' I ' I I ' ' ' I
yollie Wag PVIN
—| o % atar - Reanalyses of ALEPH/DELPHI
100 1 Theede, | archived data agree
- S i - DELPHI shifted towards even
L broader 7 spectrum
10-2|- ALEPH (2004) —~ . |- Motivates new theory fits for
+ ALEPH Reanalysis (OF) ag an d QIF
—++ DELPHI Reanalysis (IBU)
® = | —tttt =
g 1.1 H r L | I i - E First open e+e- data equivalent of
LT ;'_',_' RAREY aamaame oI [N LR N et L LT S E modern day LHC comparisons (e.g.
m 1.0 E '4_*1 ITT_ i +T % -I . ATLAS vs CMS)! Opens door to many
0.9 o - future directions across those datasets
. T"n | | | | | | | | | | | | | | :
0.0 0.1 0.2 0.3 0.4
T
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Outline

! Ongoing Works and Outlook (llI)

Continued investigations into thrust across relevant regimes. Complementary

observables, studies across energies, application to constrain modern QCD.
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Natural Extension: 1D Thrust to Multi-Dimensional

M . '_ M M P Tt A L L :I ': I
Major goal: multi-dimensional measurement | Full N°LL results ||
of complementary event shape observables - o

o B
Ex. Thrust, C-parameter, Heavy Jet Mass ]
- Leverage unbinned unfolding machinery 31 -
. . . tC T o
- Test universality of NP shape functions ST | .
| GeV [ Thrust with ] | |
- Test resummation effects on ag 26 W C—Parameter with O -
- Constrain across P/NP regimes for MC W C-Parameter with 0C = 2207 | |
IF -
o ALEPHarchiveddata _ efe 91-2.G6Y : o ] oi(si_(—j lllllllllllllllllllll . - : :
NG ‘ ee) | =T LEP ] % PN fora ) nd B @ : |
- T 0.110 0.112 0.114 0.116 0.118  0.120
- T B e as(mz)

PRD 21 (2015), 094018, JHEP 07 (2025) 249, arXiv:2502.12253
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https://arxiv.org/abs/1501.04111
https://arxiv.org/abs/2412.15164
https://arxiv.org/abs/2502.12253

Many Other Exciting Areas of Research

Many other interesting observables, great for theory/exp. collaboration!
Involving many great young scientists!

Two-Particle Correlations Jet Physics
102§"'|""|""|""|""|""|"'g ALEPH Archived Data 1994, e*e” ¥s = 91.2 GeV
- | IBELLE, e'e” 10.52 GeV -
10 ALEPH. 6" 919 GaV E I 100 <JetE<150 | 400 < JetE |
i €6 9130 . w T T @ Data
- | ALICE, pp 13 TeV = = 10p Anti-k; jet R = 0.4 —PYTHIAG -
S 10° i ALEPH. o'e ] GeV N = I 02n<6,<08n] a :HERWIG -
IS = . ,ee 183-209 GeV ; = <) I z,.=0.1B=0.0 I \Q\ ~SHERPA
- 10_2 . I ~ 3 - /BN ) —PYQUEN
© = 3 Z "N
Q - = T O & R .
S 107 ¢ I 5 % I :if \\ A\
Q - : i ‘ N\
B 107 E i -
< E E E O a | o,
10°¢ -o-Centralvalue 3 &, -
10°5E — Limit (95% C.L. ] o '1-
oo —oee, UNless noted) = o i
1077 7 | >9i/° |98f/° Tgi/c’ | | | = CcEU o8k | 7 e T N - Yu-Chen “Janice” Chen, Tzu-An Sheng
6 | '“'1 OI | '20' | '30' - I40I - '50' - IGOI - I7_0 O 01 02 03 04 0 01 02 03 04 Hannah Bossi, Jingyu Zhang, Chris McGinn,
( Nfirr ) Jet M/E Jet M/E Austin Baty, Luna (Yi) Chen, Yen-Jie Lee
r
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One Highlight: Track Energy-Energy Correlator

z=(1—cos(0))/2

_ - 104E ||||||||'| LILLILLI LILILLLI LILILLLI Frrprrd LI mrri mnmrri ||“||||| 3
| T T 1T R R || IIII]II I I]lHIIl 1 IIlI | L] |lllllll | mirrrrnr mrrrr i mirrrr | s i " AN R i " 3
— : : © b L .
10* - Trame ” 10*
e"e  — hadrons - 2
_ 10 E
\/;‘ — 01.2GeV A ',‘,.,l':;:pi ) -
o i i
-l. Q ) ? Free Hadron Gas : 1“:._ : %\\ 2 ]
- " Q ) ‘..:
100 < \ 7 S =
- - —=—  ¢T¢~ — hadrons 3
"'{' __-" Vs =91.2GeV 7
1n0 1 1n0 2025 - -
O 107 | 1 10 10-1k — 1993 "“\\// ) =
o - - 3 e*e 3
’r-::‘ : : -I'_|_|_L|_|_|,|,|| IIIII|,|,|| IIIII|,||| IIIII|,|,|| IIIIIII ||u|l||| ||.|.|||||| ||u|l||| |,||,|_|_L|_|_|J-
10~4 102 0.5 1—-1072 1—10"*
i ~ z=(1—cos(0))/2
B - L L B L B B L ) L LA LA LA AR
DELPHI Open Data { DELPHI 1994
— — ete-, V§=912 GeV } DELPHI 1995
102 { ALEPH 1994 |
1+ n—1 1n—1 10
J.() - Lighll'il}’ OPE 5 J.() 0 /—“
- — 100 .....f 4
— ‘\‘\LL(‘()I _+_ :\:\L()F() _+_ NNNI\LL})QI) - I | | [T | | |
+ L1 llllllI L1 lllllll L lllllll L lllllll L lll | - |llllll L Illllll | - |llllll L Illllll | 1 1' i
.- —4 -3 -2 1 -1 2 .3 4 -5 4
10 10 10 10 10 0.0 1—10 [ —10 | —10 1 —10 | —-10"" ol | e il ol il e s L "

0.5
z=(1-cos(6,))/2

Th: Max Jaarsma, Yibei Li, lan Moult, Wouter Waalewijn, HuaXing Zhu
Exp: Hannah Bossi, Jingyu Zhang, Luna (Yi) Chen, Yen-Jie Lee, e+e- All.
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Probe HF Quark Mass Effects

12 CMS pp 301pb™ (5.02 TeV)
. > e[ LA B RN B IR B
Apply modern HF tagging (ML) to the LEP data : antik;, R=0.4ets -
: : T 1 100 < p‘ft <120 GeV, ®l <2
to constrain mass effects on parton evolution S 0 Soft drop (charged particles) -
S 08 i 2oy =0.1,=0,k >1GeV_
Requires work on data curation and algorithms = L 7 :
0.6~ B
Ex. ATLAS HF tagging Upgraded with Al 0l ! -
T T T T [ T T T T T T 14000 L o _
80r ATLAS Preliminary : - = Inclusive jets .. i
20 3 Vs =13 TeV, pr €[85,110] GeV GN2 13500 0.2 - v - _
: (ed2 = 74%) - - T bjets ¢ -
S 60 :_ C-jet rejection in simulated (Pythia8) top-pair events . —: 3000 é’ : * :
W L M C-jet rejection in top-pair data events | - W 0 L | | L L]
~— light-jet rejection in simulated (MadGraph) Z + jets events — e ] —
Z 50 | # light-jet rejection in Z + jets data events -12500 \C/ N O : ; ——— | |
NN sa 1.9 L _
3 40F Reco Software Update > 72000 § o 1.5 3 E
& F | + . o D A é X
= 30F - 11500 > : :
S’T 30 - Reference: DL1r | dazngSo/ . ] = S 05F . | =
oo  DL1 (€data = 75%) | (577 = 75%) &l 1000 S < | ¢ :
N ata o I —— i = l®) C oo b b b b e b e b b e b e by by T
(€577 =T7%) et 20 : % 02 04 06 08 1 12 1.4 16 18 _2
10F wsd x1.4x1.7 i x1.5 7500 In(R/R,)
B ! N | ] ] | ] ] ] ] ]
C, BRI . | . BN . | . . B . | . R -
0= =017 2018 2019 2020 2021 2022 2023 O 04 03 0.2 - 0.1 0.05
g
Year of tagger deployment CMS-HIN-24-005
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https://atlas.cern/Updates/Briefing/GN2-Jet-Flavour-Tagging
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-24-005/

Birth of a Virtual e+e- Experiment Across Energies

WF T ricine LEP: ALEPH, DELPHI, OPAL
| @ hadron R KEK: BELLE 1

I A lepton
4 e HC ® HL-LHC

0 PETRA: JADE

TCV atI'OIl - Detector

MAGNETDETERIOR S ADE

hhhhhhhhhhhhhhhhhhh

SPS O RHIC CLIC FCCeet ] ®
% - AL"}%ERA A A A g
O 102 _ ARLC CepC iIE}ICAFCCee__
" : ISR Petr ATristan FCCeeZ 3
5 CE2 BEPP KEK-B e NICA L T
= 10'k AA%‘Q&CESR APEP-1I ASuper KEKB .
: spedl’>  ABEPC :
- B AdobdCl A ] — 11 GeV 14 - 45 GeV (<) 91 - 200 GeV
1OO B l\é\’ACOAVEPP_z ADatne  \;Epp.o000 y
r o g (1999-2010) (1979-1986) (1989-2000)
~" AVEP-1 ]
1 ] | | | | | ] ]

10 ' ' : ' : ' ' ' '
1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
Year

Possible to study from few to 200 GeV with e+e- archive data

Requires technical data curation to enable the reanalysis

~ Like the Virtual Event Horizon Telescope?
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Summary

Active community to curate and reanalyze archived e+e- datasets
- New insights with modern experimental and theory tools

- Establishing a virtual e+e- experiment program across energies - /,
- Connections to tuture tacilities (HL-LHC, FCC, EIC, ...) Qe

ALEPH archived data eTe” 91.2 GeV
: 1 1 1 1 I 1 1 1

P I I I I I. I I I I I I |: . .
| & e S LEP archived data ete” 91.2 GeV °, o o o |
L olE@) N \ ] g any excitin Irections:
<107 F = 7 oo rey
—| o = @'*' 3 A o
) - — % ete
i - ]
-2 ) - ALEPH archiveddata
10 3 £ E 100 3 ’_l-o-—L_.__LH | ol 6
[ '_I_' ] ——— —|
= . . ] . ,
s - 4
03l ALEPH (2004) ] e
= 3 2
- - Corrected data (OF) 3 10°g
. 1 ] ALEPH (2004) — 3 _ 1O—E[|BELLE, e'e 10.52 GeV
10-4 10—2 L —— | g 1% ALEPH, e'e 91.2 GeV
o 1 + ALEPH Reanalysis (OF) = 15 ALICE, pp 13 TeV
% 1.4F o 4 PyTHIA 8.230 1 .. DELPHI R Ivsis (IBU > 107 ALEPH, e'e 183-200 Tl
. o B . n 1 GJ ~ - .l lll‘”ll T TTTTI T TTTTI T TTTTIT
ad L1 l == PYTHIA Had. Off | : canalysis ( ) — ; 10°F
Qz) - i — + HERWIG 7.1.5 4 o —t————+——+—+—1————+———t+— T 2 107°F
1.2F - = SHERPA 2.2.6 - . i . -  F
Q-‘ Cs : '_h " -l-!;-'Ili-p;l *—t—¢—i | - ' —_— —i J_ : 8105E -.-:‘.’100
Qﬁ 10 :“1‘111'1'_71?'1“1'“ 'l“*“'l':f_".'_{:'“_'fj“““' o A ' e < 10°F — =
e N : 0_755 56 >9f% 98f% >9i% s 5 : v £ 4
B [ 7 llllIlllllllIlll ..o ... N . |
0-9 ;"1:’ [n 0 10 20 30 corr4 107 E_ Lightray OPE .'.. .:' \\.“me _E 1071
= | ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] — <Ntrk : E . :\VLVEPH v v ~._... -..‘- @ E
i 0.0 0.1 0.2 0.3 0.4 [ NNLLe, + NNLOgo + NNNNLLyg, G ]
1 I 1 1 1 [l I 1 1 1 1 I 1 1 1 1 I 1 llllllll 1 llllllll 1 llllllll 1 llllllll 1 lllll 1 llllllll 1 llllllll 1 Illlllll 1 Illlllll 1 1‘
10°° 107" 107° 1072 10°" 05 1-107' 1-107* 1-107%* 1-107*" 1-107°
6 —3 —4 _3 ) T = (1~ cos(6))/
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Examples Across My Research

Hadronic processes key to understanding the baryonic
evolution of universe from early to current times

o ?I_:EII’H .arc.hi‘,'ed.da.ta. ————— Iefe_l 9|1.2|Ge|V
g2 | S
18107 @ o
10_2: @;‘ e+e_ L L B N [ L L ) B L
s ATLAS
-3k + éLEPI? 52?04)/ Pbe ” Pb+Pb |s,, = 5.02 TeV

nb

10-4 RPC-RPV Combination: §—>qq§‘:(—>qqq)/ ¥—qaq, m(g:’)=2oo GeV, bino-like %

PSMC Ratio

;- 3500_ T 7T T T T T T T T T T T T T T T T ] Datatotal unc.
8 - ATLAS Internal - E))I;IDGCtG((j:I LLimit o J Data stat. unc.
—_ - _ -1 _— served Limit ©
= 3000F {s=13 TeV, 140 fb oo 2 PDF unc.
S - —— DV+jets @
2500~ —— RPV Multijet n ]
1.0~ B Previous Limits (36.1 fb™) 5§
= ATLAS-CONF-2018-003 —l —
: B ﬁ_"% ] 125 (2020) 222001
0.8F 2000~ iy
- I 2 N I - = > 06 (2023) 138
_6 1500__ qc)__ coeo e by
N 3 ] 8 10
N \ g ] o [ub]
| — 1000 Lol N ool Lol Lol Lol
RPC 10* 10° 102 107 1 [r—
wwwwwww ......... )\.,1,12
p p 10° 10 1 10" 102 10°10* 0.1 05 0.9
52? lifetime [ns] BR@ — qqq)
| T— m——

e.g. partonic hadronization, in-medium behavior, and
cosmological baryon asymmetry of early universe
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HICTORYNDETHE | INNIVWERCE

Cosmic Microwave
Background radiation

Accelerators is visible

t = Time (seconds, years)

E = Energy (GeV)

Key
O quork

:}. gluon
D electron
M muon
0 to

A

Dark energy
accelerated
expansion
Structure
formation

Particle Data Group, LBNL © 2014 Supported by DOE
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Examples Across the Community

Precise handle on hadronic processes is key to global goal of discovering new physics
across HEP, nuclear, astrophysics, cosmology, Al/ML, future programs ...

0.124
0.122

0.12

0.118
&gN 0.116
T 0.114
0.112

0.11

0.108
0.106

ggF Higgs cross sections, 1602.00695, 1112.3022

Higgs quartic coupling A(u)

) : S ohaoiy) 5(PDF) 5(cs)
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| | | l
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https://arxiv.org/pdf/2511.03883
https://arxiv.org/pdf/1602.00695
https://arxiv.org/abs/1112.3022
https://arxiv.org/abs/2508.21796

Must Achieve Precise Handle of QCD

o® °® o Pythia structure of pp — ff event
0.35 T T T T T — T T T T T — T T T T T — o ©o ®e ,
I \ T decay (N3 Q) ] O o, ® P SciPost Phys.Codeb. 2022 (2022) 8
\ :
N low Q2 cont. (N3LO)
03 N\ S Heavy Quarkonia (NNLO) —+— -
: HERA jets (NNLO) i -
0oo5 F  \ e ete” jets/shapes (NNLO+NLLA) ——
. : e+e_ ZO pole f|t (N3 _O) e O:ard Intera;tion
- . ® Resonance Decays
(\’J\ : pp/pp Jets (N —O) B MECGs, I\/Iatchingy& Merging
€ o2 R pp top (NNLO) e - " PSR
] : \ | pp TEEC (NNLO) _ QED
_ 5 NS | i ® Weak Sh.owers
015 - ''''''''''''' & e VVVVVVVVVVVVVVVVVVVVVVVVVVV ] (.)r/laurlctli[ir;;:zr:lnteractions
) Il o i [0 Beam Remnants*
I LY vy, P i [J Strings
01 IR .................................................. ...... = ] Bl ........................... — Ministrings / Clusters
i T . Colour Reconnections
- : : b i T— ring Interactions
: - aS(mZZ) = 01 180 T 00009 : : % SBZse—gEIinZteint& Fermi-Dirac
. . R | . . R | . . R | " Primary Hadrons
005 : Secondi)ry Hadrons
1 1 O 1 OO 1 OOO M Hadronic Reinteractions
August 2023

(*:incoming lines are crossed)

Q [GeV]
Unprecedented handle on Quantum Chromodynamics (QCD): Strong Coupling Constant (ay),
Perturbative (P) and Non-Perturbative (NP) regimes, Heavy flavour (HF) quark mass eftects, ...
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https://inspirehep.net/literature/2056998

Interesting History

PHYSICAL REVIEW PHYSICAL REVIEW
LETTERS LETTERS

VOLUME 39 14 NOVEMBER 1977 NUMBER 20 VOLUME 39 19 DECEMBER 1977 NUMBER 25

Simple Quantum-Chromodynamics Prediction of Jet Structure in e*e” Annihilation

Quantum Chromodynamics Test for Jets
Howard Georgi and Marie Machacek
Lyman Labovratory of Physics, Havvard University, Cambridge, Massachusetts 02138 Edward Farhi
(Received 26 September 1977) Lyman Labovatovy of Physics, Havvavd University, Cambridge, Massachusetts 02138

We propose a simple alternative to the sphericity as a measure of jet structure in e*e” (Received 26 September 1977)

annihilation. Our variable has the property that it can be reliably calculated in perturba- A new quantity, the maximum of the directed momentum, is proposed which measures

. . . 9 eps _
tails of qonrk and gloe Chromoiiynamlcs (Q'CD) e e is ot sensitive to d? jetlikeness in e*e” annihilation. This quantity is computed in the quark-gluon model by
tails of quark and gluon decay into color-singlet hadrons. We discuss the nonperturbative .. . .

using renormalization-group improved perturbation theory.

effects which are important at moderate Q2.

Farhi® has indepéndently come to many of the

same conclusions. We are grateful to him and to I would like to thank Orlando Alvarez and Steven
S. Weinberg and H. D. Politzer for valuable dis- Weinberg for their help. Howard Georgi and
cussions. One of us (H.G.) wishes to thank the Marie Machacek® have independently done work
staff of the Aspen Center for Physics for their similar to this and I would also like to thank them
hospitality in Aspen and to acknowledge useful for valuable discussions. This research was
conversations at the Center with T. Appelquist, supported in part by the National Science Founda-
A. De Rijula (who invented the name spherocity), tion under Grant No. PHY75-2042"7.

and G. Ross.

Phys. Rev. Lett. 39, 1237 Phys. Rev. Lett. 39, 1587
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.39.1587
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.39.1237

Summary: Reanalyses of e+e- LEP Archived Data
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Vertex Detector Muon Chamber
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Time Projection Chamber

Time Projection
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Detector
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e Electron
e* Positron

CERN Imag

ALEPH

Reconstruction
software

Access to low
level detector
quantities

Ability to run full

simulations with
modern MC

Synthesized
data: particles

Analysis
software

OPAL ...

Measurements

e el ettt et

Drawing from Luna Chen’s and Yen-Jie Lee’s talks
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https://home.cern/resources/image/accelerators/old-accelerators-images-gallery

Particle Production Across Systems

~

PhysRevC.74.021902

<

Centrality and energy 55
dependence of charged- 5

particle multiplicities in heavy 7

on collisions in the context of %

elementary reactions, -

& &
o ©

—
- N
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AA O  UAS (pp) NSD
A ALEPH (e'e)
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Woods-Saxon-like Fit
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.74.021902

uchicago Anthony Badea

Sphericity Tensor and Derived Observables

Linearized sphericity tensor

The eigenvalues of this tensor have a direct geometrical interpretation.
Given the normalisation of the M., tensor its eigenvalues (1) are

defined such that Z A, = 1. When two of them are zero, the third one

l
must be equal to one. In this case, the final state consists of two back-

to-back jets. If there are three jets with the momenta lying on the same
plane, one of the eigenvalues will be equal to 0. Instead, if the spread
of the momenta in the final state is close to spherical, the eigenvalues
will have similar values between each other, close to 1/3.

Using eigenvalues can define
useful geometric quantities
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Many Ongoing Efforts and Opportunities

e Standard model measurements

e Jets (e.g. radius-dependent spectra, substructure),
energy-energy correlator, thrust, heavy-jet mass, ...

* Heavy-ion collision focus

e Strangeness enhancement, collectivity small system,
|et substructure correlation, ...

* Electron-ion collider references
e Jet properties (e.g. charge, in-jet anisotropy), ...

Luna (Yi) Chen'’s talk
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https://indico.cern.ch/event/1595992/timetable/#3-aleph-eec-and-2pc-measuremen

Many Ongoing Efforts and Opportunities

energy-energy correlator
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Physics Motivation

CMS Ex. pp jets PRL 133 (2024) 071903

e Data | 19

Emerging observable across systems:

Energy-Energy Correlator (EEC) O 10°F o pyTHIAB OPS (b ord) /B
- -+ HERWIG7 CH3 (;ng. ord) Eg
ElEi 10F = SHERPA? - L
—C(0) = do o6, — 6. i
02 - U E o om :
>] Free E E

Confinement

1071 hadron
0
g
T
- 1.1
>
o ——y—
8 N\
o 0.9 "
- p. : 97-220 GeV
o0 U@L o M R N S S
.)” ’4 ;,., 10—3 10—2 10—1 x
Collinear (6; ~ 0) Back-to-back or Sudakov (0; ~ n) L
Probe phase transitions, confinement mechanism, parton shower dynamics, ... Talks by: Hannah Bossi (MIT) and Luna (Yi) Chen (Vanderbilt)

Energy Correlations in e+e- Annihilations: Testing QCD, PRL 41, 1585 (1978)
Onset of direct Exp-Th collaboration: https://indico.cern.ch/event/1388246/

Th: Max Jaarsma, Yibei Li, lan Moult, Wouter Waalewijn, HuaXing Zhu
Exp: Hannah Bossi, Jingyu Zhang, Luna (Yi) Chen, Yen-Jie Lee, e+e- All.

4o A
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https://indico.cern.ch/event/1462029/contributions/6662985/
https://indico.cern.ch/event/1595992/timetable/#3-aleph-eec-and-2pc-measuremen
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.41.1585
https://indico.cern.ch/event/1388246/
https://doi.org/10.1103/PhysRevLett.133.071903

Previous Measurements
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Different Focus: many small bins in intermediate angle regions but few in small angle
or back-to-back (different focus also previously for thrust) — Chance for reanalysis

| ~ Th: Max Jaarsma, Yibei Li, lan Moult, Wouter Waalewijn, HuaXing Zhu
. Exp: Hannah Bossi, Jingyu Zhang, Luna (Yi) Chen, Yen-Jie Lee, e+e- All.
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EEC

Charged Particle EEC Reanalysis

Leverage track function formalism and
high charged particle angular precision

Reparameterize to z = (1 — cos 6)/2
Extending to small and large angles

Improved “resolution” to fine structure
mprinted on EEC in different regimes

LI L L L L L L | lllll | |Illllll | |lllllll | |Illllll | |Illllll | ‘"
10—4 102 0.5 1 —102 1—10"¢

z=(1—-cos(0))/2

- Th: Max Jaarsma, Yibei Li, lan Moult, Wouter Waalewijn, HuaXing Zhu |
T . Exp: Hannah Bossi, Jingyu Zhang, Luna (Yi) Chen, Yen-Jie Lee, e+e- All. W

‘,( i . i . -au: |
T2 DL Al
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Charged Particle EEC and State-otf-art Theory

I e IR [ | IIIIII P llllll [ | II P |Ill|l P mrrrrr o mrrr o mnrrrrr o |
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® 10V 1 100
A - Collinear Back- :
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= (1 — cos(6))/2

N ”

2 | Comparison to NNLL+NNLO+NA4LL calculation
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Cross Experiment Comparison and Future

103 I lllllll | lllllll | lllllll LI lllllll | ll|l I |llllll [ |llllll I |llllll | Illllll |
' DELPHI Open Data { DELPHI 1994 :
L ete~,VS=0912GeV t  DELPHI 1995
102k { ALEPH 1994 _

Different analyses, detectors,

/"‘ calibration, years. Compatible
between ALEPH archived data

and DELPHI open data!

EEC

Many exciting possibilities from
here (e.g. LEP2, HF tagging)!!

Ratio

| I A - | | llllllll | | | Lt LR L
0.5 1-1072 1-10"°

z=(1-cos(6,))/2

Th: Max Jaarsma, Yibei Li, lan Moult, Wouter Waalewijn, HuaXing Zhu
Exp: Hannah Bossi, Jingyu Zhang, Luna (Yi) Chen, Yen-Jie Lee, e+e- All.
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Many Ongoing Efforts and Opportunities

collectivity small system
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Thrust in Two-Particle Correlation Analyses

102 IIIIIIII |IIIIIIIIIlIIIIIIIIIIIIII

|
10 - |BELLE, e+e 10.52 GeV
ALEPH, e'e 91.2 GeV

ALEPH e'e” — hadrons, Vs = 91GeV

N, = 30, |C°S(e|ab)| <0.94 Thrust coordinates <]C
5502 GeV = 'ENIALICE, pp 13 TeV
Lab ccgdinates - 107" S ALEPH, e'e 183-209 GeV é
s | ©
Z|E10 5107
'o;g i} 2 403 I
= D 4l
Z += 10 :
4 O . _ef
S 107 F | -@- Central value
< 10° - — Limit (95% C.L.
_7E 56 >99% 98.4% >99% unless noted)
_2 10 IIl;IIIllllIIIIIIIIII|II|I|IIII|IIII
Lab Frame Thrust Frame 0 10 20 3(ON°°"4)O 50 60 70

trk

- Use thrust to align our 2PC measurements with outgoing color string, connecting
small and large systems. Feel free to ask questions about these measurements!
- Now dedicated thrust measurement to simultaneously probe the P/NP regimes
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Physics Motivation

N
pp /s =7 TeV, N > 110 PPb \fs\ =5.02 TeV,220 < N < 260 PbPb /sy = 2.76 TeV, 220 < N < 260 N ® PHOBOS 200 GeV
“TpPb I § AA O UAS (pp) NSD
—_ —i == 7 ._ e s
| é =~ % é — PbPb z 4 A ALEPH (e'e)
o~ ol = — O PHOBOS 19.6 GeV
-e- = @ § 284" : — N 1
<1 -3 ~ 2o L '\U-c A0 - Woods-Saxon-like Fit
= % d Ol 3) Ooo
S 30 o 241 = DD
- ‘ | &
a2 ‘:“:‘\ < Uﬁ 2
\ \ '- =
5 >
\)\ -E =
;g >
S A s >) N\ 0 O -
1 <p,<3GeV/c l <p;<3GeVic S l <p;<3GeVic E =
-o = 1
Inspired by Yen-Jie Lee’s, Yu-Chen "Janice” Chen’s, Luna (ii) Chen’s Talks E 1.2
~ 1 mnmm.m%’o‘o..
° ° ° . . . . . (43
- First unexpected discovery at LHC: Ridge in high multiplicity pp ~ § 98 ,55000000000%98 ™74 (b)
Q 0.6
0 2 i} 6 8

"Ridge” refers to the long-range (large-Ay) 1 d* NPT
near-side (small-A¢) correlation signal Nyig dAndAg

A (y2°)

- Origin may not necessarily be hydrodynamics from Quark Gluon Plasma (QGP), e.g. in HI collisions
- Discovery motivates the questions: What are the minimal conditions for QGP formation? How is particle
production similar across systems? What happens in the smallest collision system of point like particles?
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LEP 1 Charged Particle Two-Particle Correlation

Search for signatures transverse to
color string, use thrust axis as proxy 0
Tl | Tl | L | L | 11l | 11l | I_

" ALEPH Archived Data -
Thrust Axis ' 1.6 <|An| < 3.2 ”
s | *
S S -
e | - Looking for bump here y .
3 le T )
,_‘ 221 ' "
Z v
[ —~— t’ _-
O_ CZ.YAM —_ 1 -28 |
. 'IIhruslt cocl)rdlnlatesl(ZOxl):
. dla S ) == I N T T N Y
[ Archived PYTHIA 0 05 1 2 25 3

1.5
B PYTHIA 8.230 — . .
B HERWIG 7.1.5 LEP1 no sign of ridge Ad

Il SHERPA 2.2.6

A.Badea MIT Undergraduate Thesis, PRL. 123, 212002 (2019)
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https://web.mit.edu/mithig/theses/Anthony-Badea-thesis.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.212002

What it We Overlap Two Color Strings?

- ete” > qq single color-string fragmenting in vacuum (DGLAP evolution), hadronizing into charged particles
- ete™ > WTW™ = ggqq possible (partonic) interactions between two color-strings. Phase space for higher multiplicity production
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High Multiplicity Reach in LEP 2

e*e’— hadrons, |s=183-209 GeV
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- LEP2 energies gives access to different physics processes
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>wwwtii W | *eo //' - TrK
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Y Z ] m, =115 GeV AR e g ) P
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- W+W- contribution significant at high multiplicity (Noi "> 40)  Yu-Chen “Janice” Chen, Tzu-An Sheng, Yen-Jie Lee (MIT
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Highest Multiplicity LEP 2 Events

ALEPH Archived Data
Anti-k R=0.8 Escheme

mmmm [ hrust Axis

Tracks in Leading Jet

Tracks in Subleading Jet
(s in Third Jet

Tracks in Fowgh Jet

Other Tiacks

S

\J A

T / !

ALEPH Archived Data
Anti-k- R=0.8 Eschemg Jew
Thrust Axis

Tracks in Leading Jet

Tracks in Subleading Jet
Tracks in Third Jet
Tracks in Fourth Jet

/7 \ /
articles

,/
64 Charged Particles P 64 Charged
Thrust T=0.71 Thrust, T=0.80

uchicaqo Anthony Badea
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LEP 2 Charged Particle Two-Particle Correlation

1.2

1.1;

d Npalr
dAd

1
corr

trk

N

0.9

0.8

1.6 < IAnl < 3.2
- Inclusive -
B -
—_—
_—v_-“--(SYS. = 0.8%)
I W W RN NN N T TN SN RN S RN SU S N
0 1 2 3

- Inclusive-multiplicity results show excellent agreement between archived data

ALEPH ¢"¢’, \s = 183-209 GeV

Ad

and MC simulation
- Long-range near side correlation signal appears at high multiplicity!

- Very tight upper limits with low multiplicity (NTrk < 40) (
for tirst time nonzero associated yield seen at high multiplicity (NTrk > 50)

uchicago Anthony Badea
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Yu-Chen “Janice” Chen, Tzu-An Sheng, Yen-Jie Lee (MIT)
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Future Works with Enhanced WW Purity

Co Charged Particle Multiplicity Comparison
Boosted decision tree to enhance the WW two |

string vs one string (and other) component.
These works open new door for LEP analyses

1.0 —/—= = S
Working Points (BDT Cut):
80% eff: 0.272
90% eff: 0.165
95% eff: 0.098 =R
0.81 [99% eff: 0.038
20.6-
)
D_ || | |
& Preliminary Work in
= . 120
504 Progress. Analysis
note coming soon
0.2 1 —e— Signal Eff = 80%
—i— Signal Eff = 90%
—&— Signal Eff = 95%
Signal Eff = 99%
00 Q N Q Q
X X
Q % o) M 2 Q
AN ™ oD O 2

ntrk Bins Yu-Chen “Janice” Chen, Tzu-An Sheng, Yen-Jie Lee (MIT)
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Ever Growing List of Exciting Physics Ideas

Non-exhaustive list of examples: ALEPH s, 1.-1.2 GoV, Worin rorees

- All measurements across /s from 1-200 GeV i . :§ Eé

- Thrust with varied p vs E-scheme 1, R
- Unbinned multi-difterential (e.qg. 7, C, HIM) Z‘g; "

- Unbinned tull phase space |
- Lund Plane Observables b <t el
- Modern HF tagging and observables P gL

Ratio

- anti-kT Jet measurements

In(kT [GeV))

PRELIMINARY

First look at event
- lwide Lund plane

Excited for ideas beyond precision QCD:

T Cristian
- Revisit Z — bb torward-backward asymmetry Barrera

- ... D@

| N 1 L1 1 1 L1 1 1 L1 11 L1 1 1 L1 1 ":':3,
-0.5 0 0.5 1 15 2 2.5 3 3.5 4
In(1/A R)
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Emerging Studies into Modern Anti-kT Jets

ALEPH Archived Data 1994, e*e” s = 91.2 GeV
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= 4x102} P — -
3x1072 —*\,-.,i‘h ‘i i -
_Tuu N . 4 —
2310721 e /5"":5;‘? ‘t © —
S S NS © i
1.4 . O
cU - @)
e 1.2— | . - m
() - <y @)
e 1 pher
‘% 0.8 1 Zxx _: &U ] . . . I . | . . : I . M
T PR " E 0 01 02 03 04 O 0.1 0.2 03 04
0.6 R T R R R R R B B B R L) Jet M/E Jet M/E
10 20 30 40
Jet E (GeV)

T anti-Kt jet mass Credit: Luna Chen
antl'kT Jet SpeCtra (Vanderbilt) et al.
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ALEPH Thrust Backup
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Corrections to the Spectrum

(1) Hadronic event selection:

- High efticiency, but removal of hadronic efficient

Successful closure check on MC

ALEPH Vs =91.2 GeV, Unfolding CI Check
- Removed fraction corrected for via untolding F 10° = T - no--a----u;mSTJ ".S“:e;.l i =
o e o : —1 __ .E—'E __
(2) Tracking efficiency: 2 10 = 1 =
- Efficiency to reconstruct charged particles . 10-2 -~ 3
accounted for in unfolding ke = (Note: Unifold =
o 10-3 — = Omnifold)
. : o % — Archived MC Reco.
- ete from y radiation — Trace gen/reco history for 10-4 — ——— Unifold Step 1
subsequent e*e- close in (0,¢), Remove the ete- — —— Archived MC Gen.
: : -0 L - ifold Step 2 _
- Odd set of neutrals along beam pipe in MC — 107 E Unifold Step
Likely radiated photons, Removed those particles 20 5E | | | =
T - E_ P e e e e e e e _E
(4) Unbinned unfolding with OmniFold: e eI =
- Implicitly handle (1) - (3) | g - |6 I4 . .2 =
- Correct for detector effects - - - B
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Uncertainties

. 90 AI.‘EI.)H.ar.Chi,Ve(.i data - «Ie“Lel_ 91.2 GeV
§Cm3 - = Weighted Poisson Error -
¢ 4 o . , i Bootstrap Data |
- Statistical uncertainty: = _ Bootstrap MC  {ove :
- Poisson uncertainty on final weights 2 10p - TotalSta }
. . . - - -
- Bootstrapping to assess impact on unfolding : —
g_‘ O_ = L s e ]
_ o . . ; Ensemble Include pMmET -
Experimental uncertainty: as sf  — nTec e i
- Variations in the selections I Track pr NES =+ 5% ]
o . o :: — Charged Energy = Total Exp. ::
- Variation of neutral particle energy and efficiency iy 1
- Ensembling from NN random initialization ?Li _~ IH
- Jh"._ - -'l-.__.—_l:"—’ﬁ‘ TE
> l
. . . — - [
- Theory MC prior uncertainty: S 40 = PyTHIA 8.230 SHERPA 2.2.6 : 5
- Max spread from variation of the MC prior in = | HeRwiG Ly = ol theory L
. . L. i i
untfolding. Accomplished by reweighting at 201 AU ([
particle level archived Pythia 6 to modern MC'’s il g = ]
O | T = I = ] bt ! !—! I
0.1 0.2 0.3 0.4
T
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Check Thrust Calculation Algorithm

We checked the difference between:

Thrust-RivetThrust

(1) ALEPH Rivet thrust algorithm [1] x10° htemp
. L 1400 — ~
(2) Exact thrust algorithm used in this paper - T e o
1200 — Std Dev 0.0006574

No significant difference between the two -
algorithms using archived data 10001

| | | 800 -
Experimentally we tried to do the following -
variations: 600 -
(a) Include missing momentum vector in the 4001
experimental calculation noo
(b) Used only charged particle and untfold }
" B 1 1 1 1 l L 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1
in both cases, we unfold to the same generator 03 o8 o= kT -5 025
Ievel definition (2). Thrust-RivetThrust
The difference is within quoted systematics. [1] Rivet Thrust code: https://rivet.heptorge.org/code/1.3.0/a00697.html
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Thrust Raw Spectra in 1994 and 1995 Data

L J o
Zoomed in around Y=1 Zoomed in at T>0.95
Full Ran . . | | . |
u ange  p thrust ratio (normalized) h_thrust ratio (normalized) h_thrust ratio (normalized)
h_ratio h ratio h_ratio
16 _ _
§ - Entries 69 é 1.4 - Entries 69 § 11 ~ Entries 69
= b Mean  0.7185 = Mean  0.7185 = 408 Mean  0.9747
@ 14— Std Dev _ 0.143 $ 13- Std Dev  0.143 3 - Std Dev_0.01431
= - F o 1.06—
N 12 E’ 1.21— E -
g - c—é's ~ TEU 1.04 —
2 10— S 11 l H H + + h[ : ) S 1.02— +
— 11— ] J‘ Hﬁ hﬂﬁ* H +++ f H+ e 1_='— +
|, A
- . | 0.98
61— 0.9 ’ * { i : L
o [ 0.96 —
. 0.8 -
4 - [ 0.94 — S
£ W ]lH 0.7 0.92—
Ty Wy |+ |+ﬁt+Tﬁ+#*ﬁwﬁ+ﬁW*ﬁ*ﬁ PR SR S - TEYE RN I T P I I T FTT T Y 0 3 ] | PR R S | | |
05 055 06 065 07 075 08 08 09 0.5 1 0'%_5 055 06 065 07 075 08 08 09 0695 1 895 0.96 0.97 0.98 0.99 1
Thrust Thrust Thrust

Data only comparison at high thrust pulls down. This is the opposite direction as the ALEPH/OF ratio

@
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Progress Towards More MC

root@slc6:~ (ssh)

this way, commands or text must be typed. For most of the other processors the
bar has a standard appearence and you may click on the bar commands.

The lower line shows commands which are common to all processors.

The upper line shows commands which may vary with the processors. By clicking
"Help" you get a short description of the commands on the terminal window.

The window layout is shown to the right of the lower bar. Windows can be
selected by clicking.

The contents of the DALI help window is slightly modified. Common commands

- like window selection - are not more shown, as they can be activated via the
bar. The two letter accelerators are shown on the right and can be enterd on
the terminal as before.

Simple tasks can be executed using the bar commands. The commands on DALI help
give more detailed information and commands.

If you click on a parameter the value and the status (off/on) of the parameter
are shown on the small parameter window together with the name of the current
processor. Attention: If a parameter has an off/on status, the status is
swopped, when selecting the parameter. If you want to see parameters value

and status without status change click twice on it. If you give a value to the
parameter the status is set to on. By typing "ON" or "OF" you can force the
status to be on or off.

If the value of a parameter is not explicitely given via the bar or DALI help,
it must be entered via the terminal. The value is only accepted if you enter a
new command on the terminal or via DALI help. Before giving a bar command you
must type one of the keyboard letters to end the value e.g. blank or <cr>.
Check in the parameter window that the value was accepted.

To remind you: If you click on a line ending with "->" you will get a new page.

The pointer is then set to the line "Back to last". If you did NOT move the
pointer again, you get the last page back after clicking. Therefore, a double
click is identical to keeping a mouse button down on pop down menues of other
programs.

This is version DALI_FZ2 (~DALI_F1) which is not more supported on VMS!

SRS EEEEEES Read thlS whcn flf’St USlng DALI_FZ ! SRR RN NSNS NENNERNEES
Read help file.
Open BOS.
Initialise DALI geometry from database.
DALI.STAT_Feb_13 stored.
End of DALI initialisation.
8 seconds. Minimum =

Introduction
Input from file /opt/aleph/Linux/dali/dalinew/DALI_F2.PERSONAL_MAC_SGT

m:/home/simonc/JULIA/myjul.epio |
Enter filename, <CR>=open file above, GB=Go Back Z"U
abadea®@Ixplus975:~ (-zsh)
Foreman hostgroup: lxplus/nodes/login
Availability zone: cern-geneva-c
LXPLUS Public Login Service - http://lxplusdoc.web.cern.ch/
Please read LXPLUS Privacy Notice in http://cern.ch/go/TpV7

e o e o e ok e ok o ok o ok o e o e ok e ok o ok o ok o ol o ol ok e ok e ok e ok o ok e ok o ol o ol ok e ok ol ok o ok o ok e ol o ok ok e ok ol ok ok ok o ok ok ok ok ok

/I\ LxPlus now requires 2FA from outside of CERN /!\
All details for 2FA enforcing on https://cern.ch/otg0156449

uchicago Anthony Badea

| JON

File handling
list of fil SR : \id<CR> select file id (=identifier}
Type: D#, M#. or .P# to get DST, MINI or POT of run #

X/ ALEPH-XDALI 13 Nov 2025 version F2 X11/XUIT

Type filename <CR>: {CR> = Open file and read first event

DALI_F2 Run=0

ALEPH

Evt=0

500cm

-500cm

T T T T 1
-500cm 0 H 500cm -600cm
A.+E.C, ¥'=cos{0 JI*Y-sin{0 )=¥

IIllllIIIJIIIIIIIIIIIIIIIIlIIIllllllllllllIIIIIIIIIIIIIIIIIIIIIIIIlllllllIIIIIIIIIIIIIIIIIIIIIIIIllllllllllll TITTTTTTT

Y¥ hist ,of

owing steps @

ication, only t

this upon ins

Table of contents
Graphical interface

X Windows System
X| DALIhelp

" type GBLCR>
CR>" to go to Top Level
READ DATA FILE
page FINO

BEGINNER:
Type GB<CR> to g

OPEN BOS

If you want,. tu
If no file is

dard files ---

"JD#<CR>" open EDIRC DST ) of run

" M#<CR>" open EDIR{ MIN » of run

" N#<CR>" open EDIR{ NAN } of run

", R#<CR>" open EDIR{ RAW ) of run

" P#<CR>" open EDIR{ POT » of
Example: ",D10360"

and get

EX1S » d .»
else the default one {(vs Y
number?}, DALI_vs ,FILE may be

modified by editing,

Example:

If DALI_v=,FILE contains the line:
3J=[AREA.EDIR]Three_jet ,edir.

one = the above file by typing:

"N3JLLR>",

In case of EDIR files the contents
of the EDIR file i ored up to
15000 event r with different
runs or up tp 3 ) event records.
if only one run is selected, If a
rUn was = ] e EDIR file
nust be : in to store a
differen

ard functionality. VMs hosted can use this

v AvAaniitins:

New Measurements with the LEP Archived Datasets
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Hadronic Event Selection

ALEPH e*e’, Vs = 91.2 GeV
| |

: I o | il

@ 1072 o Mmeereeson,

: : : C - ---- All archived MC Reco. -

Hadronic selection removes dilepton S — Selected archived MC Reco. -

' D10~ = =

final states 5 1994 Only °

L o | S g3l :
While highly efficient for hadronic 5 Oc@ﬁ
L -

final states, some fraction of hadronic 104
events are removed

This removed fraction is corrected for

during the unfolding procedure

— —h
S Q
o O
| | ||||||||
O O
e
+
N
o
N
X
AN
—o-
=
®
—|-||||||| | |||||||| | |||||||| | ||||||||

O 1
N
-
AN
-
@)
o
Q0
o

I\ITrk+Neu
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Tracking Efficiency

1.2 :
1155 S S S R
1.1 - - -
1,055 0.8 oo
1 e
S T 0.6 0.6
S 0.95 S - W
- i I
0-9" 0.4 0.4
0.85) i I
0'8;_ Credits: Janice Chen (MIT) 0.2 0.2
0.755 I i
ol b b b b b b b b _|||||||||||||||||||||||||||||I| _|||||||||||||||| | L |
09705 1 15 2 25 3 35 4 45 5 ® 05 1 15 2 25 3 032 1 0 1 > 3
P, 0 P
Trac:king efﬂciency typlc:ally apphed In the past: Nirx range Fraction of data (%) <Ntrk> ( g?l?)
: : 5,10) 3.1 82 8.9
3 a7reco 3 as7gen [ )
e(pr, 0, qﬁ,Nﬁf(ﬂine) = a’N / N 10, 20) 99.2 15.2 15.8
dprd0de [ dprdodd | |, 20, 30) 34.6 23.1 234
- / . 30, 00) 3.1 32.4  32.6
Herg, jche eff ciency .correc:’uon S épph@d 35, 00) 0.5 369 379
implicitly within unbinned untolding procedure ohve. Rev. Lett. 123, 212002 (2019}
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https://arxiv.org/abs/1906.00489

Electromagnetic (EM) Radiation Effects

Final state ete pai

— Trace gen/reco

- from y radiation (EM ISR/FSR)

Nisto

close in (0,¢), Remove t

Odd set of neutrals along beam pipe in MC —

Likely radiated photons, Removed those particles

eta {charge == 0 && phi == 0 && pt > 0.0009 && pt < 0.0011}

htemp

7000 f—
6000 f—
5000 f—
4000 f—
3000 E—
2000 f—

1000 —

Std Dev

Entries 209542

Q-
B

10

uchicago Anthony Badea

T 1.2C
y for subsequent ete- s F
2 1 15—_ | —— Clean Neutrals
ne ete- palr g o Clean Conversions |
= B —— Clean Both
£ 11 —
> — j
1.05— |
1— LL J -
ota {charge == 0 && phi == 0 && (pt <= 0.0009 || pt >= 0.0011)} 0.95 [ | N
‘htempmsza B ) °
Tl e’ 011 0oF Up to ~10% impact
- E on gen level Thrust
SUD:— 085__
EODE_ O:||||II |il|||||||||||||||||||||||||||||||||||||
00F- '8.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
200— Thrust
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Correcting the Spectrum to Particle Level

Detector-level Particle-level
- Implicit corrections and detector — Data
=i
effects accounted for with unbinned =
. . . V4
unfolding algorithm OmniFold
- Applied to single observable log 7
PP J S Step 1: Step 2:
Reweight Sim. to Data Reweight Gen.
Data Wn
As a high-level reminder, conceptually ) S o
s . . Pull Weights .
~ unbinned iterative bayesian o Slmulf't:(m B ad
: : = .
untfolding but very different procedure 2. /)’\\ D %

Andreassen et al. Phys. Rev. Lett. 124, 182001

How to Unfold with Al, CERN Courier, B. Nachman
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http://Phys.%20Rev.%20Lett.%20124,%20182001
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.124.182001
https://cerncourier.com/a/how-to-unfold-with-ai/

OmniFold Algorithm

Sequential reweighting using neural
networks (NN) to approximate
likelihood ratios

n—1

w,(m) = P (m) L |(1,Data), (vaSh,Sim.> (m)

Step 2 (NN) v, =v,,(OL (a),?u”,Gen.), (vn_l,Gen.) (1)

Detector-level Particle-level ’ 0
where L is the likelihood ratio  LI(w, X), (w', X)](x) = —=
~ Data h Pow x7)(X)
= Pus _
. . v, (m)=v,(F)
g \.A sim/gen matching used for ”
‘ \ of (1) = w,(m)
and the gen prior Is V(1)
Step 1: Step 2:
Reweight Sim. to Data Reweight Gen.
Data Wn (I/l) t = U t t
) Un—1 —— Wn | Un—1 — Un punfolded( ) n( )pGen,( )
E Simul‘at‘ion — 5 | Generation J‘dmp ) pSim.|Gen.(m | Dv,_1(OPGen. ()
- — data / / / /
% R Push Weights Z JdtpSimJGen.(m | t)yl’l—l(t )p(t)
| | | | R * % : * %
Andreassen et al. Phys. Rev. Lett. 124, 182001 ~ 2 m; Z R'ktk Unblnned IBU
I k=t
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.124.182001

Correcting the Spectrum to Particle Level

10() iLE.PH e*e‘,I \/§|= 91|.2 GIeV, IUnfollding14 Clols.ureI Chelck | _
,I_'_ % Ty %
‘83 1071 =" =
Successtul closure check on MC. Replace % 10-2 — -
data with MC reco, and run the full chain S = =
o 3L
D 107k

Verity that the final result (red) converges 10-4 i_ L Gfir;\l/de gtl\e/ls 1Reco'

to the gen level MC (blue) ? —— Archived MC Gen.
107 & I - == Unifold Step 2 C
(Note: Unifold = Omnifold) o O ; | =
== 1.9, o _____ =
T o 1.0F #——p-e=T-mo oIS TITITII==E
0.5 IV’ =
— 1 | | | | —]

-8 -6 _4 2

log(T)

ucl)icagn Anthony Badea New Measurements with the LEP Archived Datasets 77 D) @



OmniFold Ensembling

ALEPH e*e”, V's = 91.2 GeV, 100 Total Unfoldings

. . T 0 —— Enlsemble N=1 | Ensemble IN=12 —

NN output varies upon retraining by = = Ensermble N-4 Ensernble N=16 =
change in random seed— Ensemble NN’s § - Ensemble N=10 Ensemble N=32  —
to constrain effect to subdominant level ° 10~ = Ji:
= - I

Example measuring the bin-by-bin 2 102 =
spread over ensembles of different sizes = - .
1073 — —

Converged on 1 "unfolding” = 100 2o L E ’f ;E
training. Repeat for every variation Egc z g)g = ¥=
_8 —
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Experimental Uncertainties

ALEPH e*e’, {s =91.2 GeV, Chg. Track pT Variation

Vary selections, repeat unfolding, ana = : 8— B
. e 1.8 :

measure change in thrust. S L Example Track | -
~ T Variation :

Standard ALEPH variation: 5 1.4¢ P | —
- Track NTPC =4 to 7 S 1o | =
a @ B fl -

- Track pT = 0.2 to 0.4 GeV > 4 ity ..-" s 8 R
- Echarged = 15 GeV to 10 GeV O.8§— I ,.':' _
0.6 it K1 -

i 7118 ® ]

0.4 wﬂh" —

B '# ++¢.—-— Uncorrected data |

02:_ : e Selected archived MC Reco. _:

[ | | | | | | | | | | | | ]

10 -8 -6 -4 -2 0

log(t)

ucl)icagn Anthony Badea New Measurements with the LEP Archived Datasets 79




Neutral Particle Variations

Custom variation:

- Neutral particle efficiency (NEE)

Previous ALEPH result removed all 1-2 GeV neutrals to account
for generator and detector mismodeling. Since then charged

particle thrust created — that systematic redefines observable

— Theory variation handles the generator mismodeling and we
account for neutral particle energy scale and efficiency

ALEPH e'e’, {s = 91.2 GeV, Without Neutral Objects
| | | | | | | | | | | | | | | |
fl

1 l
Iy %’k

Variation / Nominal
N B OO OO

o

o
||||||||||||||||||||||||||||||||||||
N v/'
B i . _
llllll|lll|lll|lll:lll|lll|lll|lll|ll

- Neutral particle energy scale (NES) 0.6
0.4
—— Uncorrected data
02 e Selected archived MC Reco.
| o |
-10 -8 -6 -4 —2 0
log(r)
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Neutral Particle Energy Scale

Custom variation:

- Neutral particle energy scale (NES)
- Neutral particle efficiency (NEE)

- Thrust w/ MET vector

uchicago Anthony Badea

Vary up/down the neutral particle energy
spectrum before selections by 5%

MC / Data
> » »

1! 1 lllllll|lll|lll

—A
N

—i

&
oo

o
<D

o o
(ST N
IR L s

llllIllllIllllIllllIl lIllll|llll|llll|llll|llll

—— Nominal
— NES Up
—— NES Down

o
O 1717
o
N
o

New Measurements with the LEP Archived Datasets

40 50 60 70 80 90 100
Energy [GeV]

2108.048/7



https://arxiv.org/abs/2108.04877

Neutral Particle Efficiency

Throw out neutral particles that pass selections
with probability X% — choose 2.5%

—
N

S 1155_ I —gé)minal
= F - Y
N i — 2.5%
1055— - ] _r——
. E _._l—r_ -
1;_ _n_l_'_\_ _Lf"—_ __L__ —
C L 74T
Custom variation: o il 1|
- Neutral particle energy scale (NES) E U
- Neutral particle efficiency (NEE) 085
- Thrust w/ MET vector 0815 '1'0'"'2'0'"'3'0""45""‘“55
2108.04877
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Missing Momentum Vector Variation

Include MET vector as particle in thrust
calculation. Effect is well modeled in MC

ALEPH e'*e’, Vs = 91.2 GeV, With MET Object
T T T TITITm ™ ] 7

| B
| \s.._..,l _

?

1.8
1.6
1.4
1.2

Variation / Nominal

0.8

0.6
- Neutral particle energy scale (NES) 0.4

Custom variation:

—o— Uncorrected data
e Selected archived MC Reco.

- Neutral particle efficiency (NEE) 0.2

—h
III|III|III|III|III|III|III|III|III|III

- Thrust w/ MET vector B S

o
(@)
=\
— ol
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Theory MC Prior Untfolding Uncertainty

ALEPH e*e’, {s =91.2 GeV Generator Level Theory Variation . . . l .
o e R e Reweight gen. level Pythia 6 to Pythia 8, Herwig,
= 181 Upto Up to - Sherpa. Propagate weights to detector level.
O ; i
0 - ~10x — Repeat unfolding, measure ditterence w.r.t nominal
= 1.6 B ~1 5X ]
O $l¢
< B ® Large differences in .I B 0 ALEPH e e,V S = 91 2 GeV Generator Level
~ 14 . 10 =3 l T T L L B R R —
— + throughout spectra = = =
= {o° S 101 _
-IC_U, 1 2 R ® ¢ —_ - % §
c:U .o‘o.. : i 10_2 - _
S 1 Ul #i. o 3,;""06'&. l - s Example reweight Pythia6 | =
i JBLL TP umetgens g % b 1 103 = archive to Pythia8 =
- o «° LA . = =
_ [l 4 - M _ 4L : Archived MC -
- ® — — — - AICNnive
0.8 ! 10 = =g — Pythia8 =
I 4 Pythia 8 (RMS 0.59) | sl - wae'ght Step =
06 +Herwig (RMS 3.31) | 107 IJ Archived MG RW =
b 4+ Sherpa (RMS 4.20) — Il —t+—t—————t————————+——+——+]
2T 2k =
| | | ? | | | | | | | | | | | | O g) E ‘\ —
-8 -6 -4 -2 0 RS AV A E
IOQ(‘E) < g | —7 —6l | l—5l - l-4l - '—31 - l—2l - l—1l
log(1)
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IBU Comparison

V

o] -

To assess the impact of OF, repeated

with IBU. Notable other difterences:

- Hadronic event selection
corrected post unfolding with bin- 10~

ALEPH archived
— T T T T T T

o

Closure Test
Reco.

ete” 91.2Ge
1 1 1 1 l

| llllllll l llllllll l llllllll l llllllll [ 1]

by-bin correction F

' ICI ' 107" E —— Gen.

- No tracking efticiency correction : o
applied after unfolding 103
o) ‘ P
= S 1.25 =
Performed similar closure check to o (2 1.00
validate procedure = 075
0.0

ucl)icagn Anthony Badea New Measurements with the LEP Archived Datasets

85




Uncertainty Breakdown

IBU 7, ALEPH Bins OF 7, ALEPH Bins OF log 7, Custom Bins
-0 ALEPH archilved data | | ete” 91.2 (‘TeV -0 ALEPH archilved data | | ete” 91.2 GeV ALEPH archived data ete” 91.2 GeV
[ H. | I I I I I I I I I I I I I I I T T _ r— H. | I I I I I I I I I I I I I I I I _ [r— Ho 20 | I I I I I I I I I I I I I I I I I I I I I I I I I
§ s - Bootstrap Data :'l . § S - = Weighted Poisson Error . § s - — Weighted Poisson Error
o /2 i Bootstrap MC ete | o 2 i Bootstrap Data | o e i Bootstrap Data
5 L~ Total Stat. [ - H i Bootstrap MC e+e-> § = i Bootstrap MC e*e" |
Q 10 I Q 10F = Total Stat. C/ - Q 10F — Total Stat. -
- I . 1 - I 1 - I ]
: 1 _ : _ : !
Q._4()_=r--=%1".""}"'f":'?"':-}::::}::::_l .0 i e .():::I:}:::.,....,.:::,::::}
> __I _ I a" - _ . &* B ™ Ensemble Include pMeT T
& | IBU No. Iters Include pvET : | [ B Ensemble Include pvET - [ B . — NTPC — NEE -
8H — NTPC — NEE 1 8 — NTPC — NEE : 8 L Track pr NES + 5% -
‘: Track pt NES + 5% I i Track pr NES + 5% ] ] "|_| — Charged Energy = Total Exp. i
| = Charged Energy = Total Exp. _! | = Charged Energy = Total Exp. :'
_I I n — _I —
| L
4 ;l | I'r '-l-l 4 ;!—I —t
1L el s
| _! |.:_‘ .--:_.-L__-'I L g e =
. >, Of=F 1 — | .
Y C . — B -t — B K
S 407 — Pythia8.230 Sherpa 2.2.6 S 40F  — PyTHIA 8.230 SHERPA 2.2.6 L S 40F — PYTHIA 8230 — SHERPA 2.2.6
4_:': :: Herwig 7.1.5 = Total Theory ﬁ: 5 i HERWIG 7.1.5 = Total Theory : ] ﬁ HERWIG 7.1.5 = Total Theory
‘ | | 5 L - - .
20 H n L 20 Hils 20 '
-l I I i dIU -
i - fa i A A H Y ' '1.# :
_I o — m— N u m - | L — — | B L 'S
_-ﬂi:—@ '_;-*?IH_JI}I ] H_ ] FJ _EEMALlllh- i_‘:! ' |-‘J|- ] ] H ] [ R TR R N N : %w-p-rhgoluL 1 Jl
0 = 0 0
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 —6 —35 —4 —3 —2 —1
T T logT
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Neutrals Excluded — New Handling

ALEPH archived data ete” 91.2 GeV ALEPH archived data ete” 91.2 GeV
F— 4_; i ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I | ? ‘l_; 20 ] ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' ]
§ g 4} — Weighted Poisson Error _ E g - = Weighted Poisson Error .
N i Bootstrap Data ee | e I Bootstrap Data 1
E - Bootstrap MC I E . Bootstrap MC <e+e‘ >; .
Q 2r Total Stat. 1 Q 10 = Total Stat. -
ﬁ | - . _
- L | ! ! [ - I _
s 0 _—:: B s E e e e e e e R - i -
o E Ensemble Nuetrals Excluded i .0 : , , —
[1) [
L | — NTPC —  Bumer Included . & 2 .
6! Track pr = Total Exp. u [ - Ensemble Include pmeT -
" — Charged Energy - 8 — NTPC — NEE -
R ; 1 Track pr NES =+ 5% .
N :'_ "| = Charged Energy = Total Exp. 17
L [ [ et S— 2 H [
- ol
L |" -I-'l-—-l'-—l____ 1
- e=n = |
L1 ! :
211 |
e
St |
>, OF : S 40F = PyTHIA 8.230 SHERPA 2.2.6 : -
S 20F PYTHIA 8.230 HERWIG 7.1.5 : | : 1 ﬁ I HERWIG 7.1.5 = Total Theory {110
&2 F| — SHErRPA22.6 = Total Theory {LH I H-
N HIIIE 20 i
101 1 R gl
L O —1 2 = — 1 _
-== 0 A Mr=snyUill = : | = FA ]
O_ .I'lg-'T'-Td-lu.l I |J |_!|‘ I I I ] | O_Ehg—r-—i-r!-"'rl-! |h- i J|.L' ﬁ- I I H ]
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
T T
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Fully Corrected Thrust Spectrum

ALEPH archived data ete” 91.2 GeV
b‘l" I e AEEaEmET T T T T 7 i |
ol g ol
~l6 . .
100} ) - Good agreement with previous
ALEPH (2004) - ALEPH result and IBU result
1021 - Corrected data (OF) o T
Corrected data (IBU) i - Possible hint of a systematic
o S TR T T r i 'T_ .
g ule e broadening of the 7 spectrum,
P oo FETTITTITTT TR LTt : . . . :
2 il wEEg T with potential ag implications
=69
- %.(1)5 e < & - Possible sufficient precision to
75 :
09 . o o
s A - expand bins deep in dijet peak
gap L0 ' . . .
ook , region for higher granularity
EP 1.1 R N | .
3 Lo e study of NP regime
0 0.1 0.2 .
T
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Fully Corrected Thrust Deep Into the IR

o ALEPH Iarclhixlfedl data - eJlre_l 9|1.2|Ge|\_7
- 1oteteiotoioe; . . .
Ll L 3 ol T - Unbinned result allows us to test with the same
= —1L We'e _ : :
—e 10k C/ - measurement if the dataset supports dedicated
02l Probe deep - fine binning in specific regimes
== intoIR  : N ‘ os d | o IR | h
NS S ALEPH (2004) 1 - ew result probes deep Into the Ik region wnere
E_F - Corrected data (OF) § the observable 7 ~ AQCD/\/E and NP QCD effect
-4 _ become significant
O = - II-I-|I|-[-|I .
g 1.4 == PYTHIA 8.230 -
a [ + == PYTHIA Had. Off ~ I e ¢le 912 Gev
@ L - o= HERWIG 7.1.5 _ Sl‘é
(% 128 ++ = b oSHERPA226 - Expansion of ~3 bins. </
- [ _L_'l"'l'* = i ALEPH collaboration ALEPH (2004)
L0 __"",_F ______ i‘ﬁn...‘*__.hl__,-:- _ ____________ could have done this 10-2L 1t Corrected data (OF) e, -
L K ~:-.-' i . . Corrected data (IBU) T
I . o 1 but at the time the main | i
081 gy j interest was on pQCD ‘5 }éE ____________ é
] - S ] S . o A i
- oy 2 3 - 0.0 0.1 0.2 0.3 o.4T
logT
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Modern Interest in Thrust Regime (lll)

3(multi)-jet region

| | |
ete~-Z-hadrons

10 | -o-...“ I'_-‘M.‘o | — 0.1
Vs =Mz;=91.2 GeV - < P e
. 1} a(M2)=0.118 q_° ;
kS 2-jet@NLO 10.01
3T 0.1} - | ALEPH b
- 0.01} ) PanScales e’ | +Pythiag 311 Rt R
' _§' PGy — 2 hadronisation - o
10-3 .;F NNLL_ PGy ) (tunes PGg-24A) ':-; 104
141 I 11.4
1.2 11.2
c 1.0f 11.0
c 0.8 40.8
o 0.6 10.6
4; la4r 11.4
= 1.2F 11.2
= 1.0 11.0
0.8p 10.8
Toll | -1 0.6, . . 10.6
P QCD predictions in multi-jet e I 1
" v=T
regimes and parton shower A
. ] %102_ 1-Thrust (udsc) 1.4F
MC validated and tuned with T P
- ! o Vincia ( 0 =r
1? %‘Wgﬁm* A Vincia ( E., -
LEP event shapes e B
) Z‘T\ -'E 0.8
’ 0.6
aph 4.426 + Pythi;\g [ 11 1 | [ 1 1 1 | I I | | I I | | D I .
504 o 0 0.1 0.2 0.3 0.4 0.5
1-T (udsc)
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https://pythia.org/download/talks/SkandsPanTuning23.pdf
https://pythia.org/download/talks/SkandsPanTuning23.pdf
https://arxiv.org/abs/1303.4974

Covariance

Matrices

Theory Exp. Stat. Total Ratio

O =
OO

O

O = O ==
OO =

o oo~ oo~

AI.‘EI.)H.ar.Chi,Ve(.i data — Ie+el_ 91.2 (“TeV
. Correlation Matrix: T
e+e_ zj 40 I_ | | | I_
o N o) — -
c L |
e . —
ALEPH (2004) o E = u
.+ Corrected data (OF) & _ 30 ol ]
red

Corrected data (IBU) S = —
Tt A -
? | 1 | sl _g 20 _ B N
P N
: | | 10— =
= C = _
E———+———+——+—+ 0 b SN R T, O Em EE
E- - 0 10 20 30 40
RN Bin Index

5 0T 03 03 0.4 SamPIe covariance for bootstraps and ensembleg
r Hessian calculation for theory and exp. systematics.
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Covariance Matrices

Correlation Matrix: T 7100
¢ ALEPH archived data ete” 91.2GeV %S . = - -~ F-- = F &5 == -+ |z
b‘ b >SN o ! 1 [=H0.75
S Oy 1 = ool 1 |z
o NG — | il :
) ﬁ . S e+e— B E 80 ) 1 ] 0.50
44 By —- B F I
i S | i 1 [=
- . - o o [go2s
- ALEPH (2004) L e _ - 1 u
0 MM Corrected data (OF) - t"‘:;::;& — | N i 0.00
= o(mz) =0.1136, QF =0.10 GeV B == = 40 £ . =
- — o(mz) =0.1136, QF = 0.31 GeV [global fit] — | 1 _ 0725
— = ox(myz) =0.1180, Qf —0.31 GeV Theory at N°LL’ [arXiv:2412.15164] E7 £
- O | | | | | | | | | | | | _
S =1 —0.50
e
: s L 20 | i
= ;8) r i —0.75
() e N P — S — T SR R S S S RS —
0 20 40 60 30 —1.00
Bin Index

Sample covariance for bootstraps and ensembles.
Hessian calculation for theory and exp. systematics.
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Covariance Matrices

o ALEPH .arc.hi‘,’ed. data = ee” 91.2 GeV
of & : : . .
=R | e+e—> ——t Correlation Matrix: log T 71.00
107°F E > I T P =B " m O =
—1 0 - _ o 40 ]
- ’ 'g B = —10.75
1072 by - = B
= * = i= - — —10.50
f : M 30— SE
10-3L ALEPH (2004) ] B 4 [0.25
- —+ Corrected data (OF)  : B 1 =
104 ] - 20— - 0.00
g i L R S S S S e e S — — |_ : : 095
< l4r PYTHIA 8.230 n = - il
- I = PYTHIA Had. Off ~ 10— - 050
@ i bt wf HERWIG 7.1.5 ]l = E —U.
> 1.2} == SHERPA 2.2.6 - = - =
4 _'_' ] - . —0.75
m [ | O = ! ! ! l ! ! ! ! l ! ! ! ! l ! ! ! ! |—
10 __ ________________ : T O 10 20 30 40 —1.00
[ - Bin Index
0.8 —_ —
i ] Sample covariance for bootstraps and ensembles.
6 s T3 5 Hessian calculation for theory and exp. systematics.

logT
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Covariance Matrices

o ALEPH Iarclhiwlfedl data - e 9|1.2|Ge|\_/
- MRS i . .
S|& - s T — Correlation Matrix: log T
@) 10—1 = I!:... E :j =T 1] | ' ' ' | ' ' ' | ' ' ' | =
A o : S B :
B HH 7 o L _ =
1072 % = k= i ]
: 1 : m ]
03l ALEPH (2004) : 601 ]
+ -} Corrected data (OF) : = — =
T - = —< -
g LT - L }
= 14} PYTHIA 8.230 - mimg S 3
a2 I + == PYTHIA Had. Off i 3
@) ] = == HERWIG 7.1.5 _ 20 =R P —
> 12F 'l' M- == SHERPA 2.2.6 - B " 1
6 [ 1 ] = q— i —
= : IIIII = ___.1- : ()J_= - | | | I 1
R s e 0 20 40 60 80
l -l : Bin Index
0.8 N -"I-I“I- 7 |
- | | | - Sample covariance for bootstraps and ensembles.
—6 -5 —4 -3 -2 Hessian calculation for theory and exp. systematics.
logT
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Correcting the Spectrum to Particle Level

- Implicit corrections and detector
effects accounted for with unbinned
unfolding algorithm OmniFold

- Applied to single observable 7

As a high-level reminder, conceptually
~ unbinned iterative bayesian
untfolding but very different procedure

uchicago Anthony Badea

Natural

Synthetic

Detector-level

Step 1:

Reweight Sim. to Data

Data
Un—1 7 Wn

(Y

Simulation

\ R
PARY

Pull Weights

———p
<—m

Push Weights

Particle-level

Step 2:

Reweight Gen.

Wn
Un—1 7 Un

(Generation

=

Andreassen et al. Phys. Rev. Lett. 124, 182001
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http://Phys.%20Rev.%20Lett.%20124,%20182001
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.124.182001

OmniFold Algorithm

In theory the steps give us the following re-weightings

Detector-level Particle-level

(1,Data), <I/§_u15h, Sim.> (m)

_ Data _ oull _
553 Step 2 _ w; ,Gen. |, (vn_l,Gen.) (1)
. . . . Pwx (x)
\ where L Is the likelihood ratio L[(w, X), (W', X")](x) = S
p(w’,X’)(x)
Step 1: Step 2: h
Revfeli)ght Sim. to Data ReweigitlDGen. . . I/npus (m) — Un(t)
. ) sim/gen matching used for ”
Wn 1| —— W, o=V a)rFl)u (t) — a)n(m)
-2 Simulation T e Generation
E A‘\: . % and the gen prior is V(1)
= —
(j)>\‘ Push Weights

Andreassen et al. Phys. Rev. Lett. 124, 182001

— Assume we have these, follow the math
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OmniFold Algorithm

P pul (1) Step 2
V,(DpGen.(t) = (Dv,_1 (1) wr_Sen) PGen. P
Pw,_,.Gen ()

fdm PGen.|Sim.(f | m)pgim (M, (m)
yn—l(t) PGen.(t)
Vn—l(t)pGeﬂ.(t)

. _ push
=Jdm Un_l(t)PGen.|S|m.(f|m)l?Slm.(m)Vn_1 ") _pdatalm PGen.()

[
Vp—1PGen.(?) p(y,P_lﬂSh,Sim.)(m)

— Use that tP*"(m) = 1,_,(¢)

PGen.|Sim. (7 | M)Psim.(m) 1

= Jdm Pdata(mv,_(1) PGen.()

PGen.() p(y,ElfSh,Sim.)(m)

P(t|m)P(m)
— Use Bayes' Rule: P(m|t) =
P(1)
1

— Jdm Pdata(mv,_1(Opsim |Gen.(m | 1) PGen.()

p(y,P_lfSh,Sim.)(m)

— Usethalp push g (m) = Jdt/PSim.|Gen.(m | )0, (F)p(F)
v,_ [ ,olm.)

Psim. Gen.(m | Dv,_1(OPGen (1)

[dr'psim 1Gen.(m | ), ()t
or as binned version

Ri; .
=2ms 4. — Unbinned IBU

= Jdm Pdata(m)

ucl)icagn Anthony Badea New Measurements with the LEP Archived Datasets 97



https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.124.182001

OmniFold Algorithm

In theory the steps give us the following re-weightings

Detector-level Particle-level : (1.Data), <V,E)_u15h’ Sim.) (m)
. Data i ]
553 Step 2 _ <a),5)u”, Gen.) : (vn_l, Gen.) (1)
. . . . Pwx (x)
\ where L Is the likelihood ratio L[(w, X), w’, X)](x) = S
p(w’,X’)(x)
Step 1: Step 2: h
Revfeli)ght Sim. to Data ReweigitlDGen. . . I/npus (m) — Un(t)
. ) sim/gen matching used for ”
Wn 1| —— W, o=V a)rFl)u (t) — a)n(m)
-2 Simulation T e Generation
E A‘\‘ E— % and the gen prior is V(1)
= ’ —
(j)>\‘ Push Weights

(n)
| ' | | punfolded(t) Yi(PGen. ()

Andreassen et al. Phys. Rev. Lett. 124, 182001

pSim.|Gen.(m | OV, _1(DPGen. (D)
Idt,pSimJGen.(m | ), 1 (@)p(F)

= Jdm Pdata(m)
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OmniFold Algorithm

ow to gain access to the likelihood ratios in Steps 1
and 27 Train a classifier to minimize the following

Lgcelf]l = - de (PA()log(f(x)) + pp(x)log(l — f(x)))

oL ) pa®)
of L—f(x)  pgx)

Likelihood ratio trick: output of classifier
asymptotically converges to likelihood ratio
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OmniFold Ensembling

Neural networks used to
approximate likelihood ratios

Detector-level

In theory the steps give us the following re-weightings

Particle-level
n—1 ~°

w,(m) = P (m) L |(1,Data), <yp“5h Sim.> (m)

_ Data _ oull _
: Step 2 (NN) 2,0 =v,_;OL ||} ", Gen. ), (v, Gen.) |
N\ - TNT - A P x)\X)
where L is the likelihood ratio L{(w,X),(w’, X)](x) =
p(w’,X’)(x)
S 1 S 2: h
Retvfeli)ght Sim. to Data ReweitgfltlaGen. . . I/npus (m) — Un(t)
. ) sim/gen matching used for ”
Wn 1| —— W, o=V a)rFl)u (t) — a)n(m)
2 Simulation | " Ve I -
2 j\‘\‘ — % and the gen prior is Vo(?)
c \¢ < e
(j)>\‘ Push Weights

(n)
| | P unfolded”) = VnlPGen.()

Andreassen et al. Phys. Rev. Lett. 124, 182001
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pSim.|Gen.(m | OV, _1(DPGen. (D)
Idt,pSimJGen.(m | ), 1 (@)p(F)

= Jdm Pdata(m)
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OmniFold Visualization

B OmniFold
physics-level MC measurement
T |

physics-level variable

repeat x 4

Step 1 Step 2 pfj’;fol ded'? = UnDPGen. (1)
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https://cerncourier.com/a/how-to-unfold-with-ai/

DELPHI Thrust Backup
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Corrections to the Spectrum

102 g , , . , :
: DELPHI Open Data 1994 -
(1) Hadronic event selection: ol =* e*e~,V5=912 GeV _
- High efficiency, but removal of hadronic efficient i .““u..g + Unfolded f
- Removed fraction corrected for via unfolding 100 | * ag” 4 Fully corrected -
: [ ]

(2) Tracking efficiency: S

.. . S 107°
- Efficiency to reconstruct charged particles Q
i

accounted for in unfolding 10-2 L

(3) 1D IBU D’Agostini unfolding with RooUnfold:

3
- Implicitly handle (1) - (2) el
- Unfold to correct distribution for detector eftects )t
in fiducial phase space 50
1.25
o
5 100
- Bin-by-bin correction to full phase space without 0.75
QED effects 0.50 = | | | |

0.0 0.1 0.2 0.3 0.4 0.5

Credit: Jingyu Zhang and Luna (Y1) Chen (Vanderbilt)
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Uncertainties

105: 1 1 1 | 1 | |
. . DELPHI Open Data 1994 Acceptance Corr. _
- Experimental uncertainty: 10°F  g+e-. yE=912 Gev —_ L’\jnf.tmc:dell
. . . . - = Neutral SCale
- Variations in the selections o Neutral Bf .
- Variations in charged energy and efticiency — Charged Scale
.. oo ! Charged Eff. .
- Variation of neutral energy and efficiency 102} —— High p- track ._
= Multi corr. :
. . 5 10k Low E neutral
- Theory MC prior uncertainty: o | —— Response
- Max spread from variation of the MC prior in 3

unfolding. 4 sets of MC samples used: Pythia 5.7
and ARIADNE (open data with DELPHI tune),
Pythia 8.3 and Dire (hew MC + DELSIM)

Not shown also major 1994 vs 1995 differences lead

to asymmetric and anti-correlated uncertainties 000 005 010 015 020 025 030 035 040
T

Credit: Jingyu Zhang and Luna (Y1) Chen (Vanderbilt)
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Charged Particle Momentum

Credit: Jingyu Zhang,

Luna Chen (Vanderbilt)

Normalized

1.50
1.25
1.00
0.75

Ratio

0.50
0

1073k

Detector-level

DELPHI Open Data 1994
e, VS=912GeV -

Data 3
Pythia5 |
Pythia8
Dire

Adriane

-
—
-
~
-
o~
-~
-
-
e
4
-
-
-
-
-
-~
' -
“ —
=
3
-
-
-
-~
-
-

+++ 4+ 4+

WM,

. ‘“‘ “

#%;'P

10 20 30

PT, charged

Normalized

Ratio

DELPHI Open Data 1995

10°F % e ,Vvs=912GeV 3
10~ 4 Data E
4 Pythia5 |
107 4+ Pythia8 3
Dire
103 _;
-4 ’
10 .,
m#
10> vy
Detector-level {i
1.50 | |
1.25 l+
1.00 Ao ™ o0 e e -
|
ol A W
B ﬂ'am I
050 L . 1 | 1% .3 \
0 10 20 30 40 50 60 70 80
PT, charged

- MC describes charged particle pT (w.r.t beam line) well at low momentum

- Uncertainties included for the potential mismodeling of the detector effects
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Neutral Particle Energy Credit; Jingyu Zhang,

Luna Chen (Vanderbilt)

102 . . 10° . . .
DELPHI Open Data 1994 DELPHI Open Data 1995
101 102
e ,Vvs =912 GeV ete ,Vs=91.2 GeV
10° Fe 10' kg
o v
101 ) + Data. 10° o + Data.
o 4 Pythia5 o 4 Pythia5
o . © .
81072} .. + Pythia8 ¥ 101 ﬂﬂ + Pythia8
E i " Dire : = . Dire _
s 107°F o 4 Adriane 7} = 1077 3
= » 5 = . Oﬁuoo
1074 ¢ 1073 F mwm E
i | .
N | M 10-4 i Wm Y
| | Tt
10—6E Detector-level IO“SF Detector-level f
| 1 0—6 , ] ] ] ] ,
1.25 * “ i} 125t 3l !
5 - ¥ it " ' R M ) | TR
oC 0 o V] & I .
0.75 .‘“,t + ? ¥ ! ‘Il l # H* H 0.75 r & %Y H#N H ; | ’ H ."
R L i 1 000K e [ ST
0.50 1 1 1 ¥ 'f Al 0.50 ! g 1l i L A" f
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Eneutral Eneutral

- MC describes neutral energy spectrum well at high energy (1994 vs 1995 dift.)
- Require neutral energy < 50 GeV to reduce noise
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Fully Corrected Logarithmic Thrust

- Repeat full analysis (corrections,
unfolding, systematics, etc.) with

dedicated binning for log(7)

- DELPHI successfully probes also
deep in the IR regime where the

observable 7 ~ AQCD/\/E

uchicago Anthony Badea

(1/0)(do/dlog 1)

Ratio

102 : ! LI

. DELPHI Open Data 1994 4+ Fully Corrected

101k ete~, Vs =912 GeV + Pythiag

4 Pythia 8 Vincia

Pythia 8 Dire

100 - §

vvv\ﬁhhfml'ywm\’\’\’ E

[ W e ;

10-1 - “’ "%::‘!\:‘) -

. §

- L

- x ~ v y

102 3 s E

C o m ]

o™ B

! ey -

-3 L s _vs j

10 E.l:v._"

o .

- n

lo=¢p” 1
1.50 T

1.25

0.75

R
1.00 pesssadp ;m RSttt  AFRARIPAR A )
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An a IySiS St rategy Credit: Jingyu Zhang,

Luna Chen (Vanderbilt)

- Thrust calculated with exact algorithm using Hadronic Event Selection

all particles and missing P neutral particle E > 0.5GeV
selection 20° < 0 < 160°
- 1D D’AgOStiﬂi UﬂfO‘diﬂg to correct distribution charged particle 0.4GeV < p <100 GeV
in fiducial phase space selection Ap/p < 1.0
measured track length > 30 cm
- Bin-by-bin correction to full phase space distance to LP. in 7¢ plane < 4 cm

distance to I.P. in z < 10 cm
20° < 0 < 160°

. : Standard Nen 27
- 4 sets of MC samples used: Pythia 5.7 and ot 30° < or e < 150°

ARIADNE (open data with DELPHI tune), selection Eiot > 0.50E,
Pythia 8.3 and Dire (hew MC + DELSIM)

without QED effects
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Uncorrected Thrust Spectrum gt singyu zhang

Luna Chen (Vanderbilt)

107 . , : : 10% ¢ . , . ,
| DELPHI Open Data 1994 | DELPHI Open Data 1995
10° F ete~, Vs =912 GeV 3 10° F ete~,Vs=912GeV
| s ' [ Og '
101 i "",‘.. 4 Data ' 101 D OODOO 4 Data -
—~ | s P 4 Pythia5 — ' ooy, 4+ Pythia5
k> 0L e : i k= 0L o : ]
T 10 - + Pythia8 - T 10 o + Pythia8 =
5 —— . : 5 —_—— . 5
= . —— Dire ‘ = —_—— Dire
= 1071 —&— 4 Adriane - 2 10-1t —— -
10-2} == | 102} S ’
1077 F 1073 -
Detector-level ; Detector-level
1.10 T T T T 1.10 T
1.05 } - 1.05 i
O a3 O
§ 1.00 § 1.00
0.95 - 0.95
0.90 ° : 0.90
0. 0.4 0.5 0.
T T

ucl)icagn Anthony Badea New Measurements with the LEP Archived Datasets 109 @ o)



Particle Multiplicity

Credit: Jingyu Zhang,

Luna Chen (Vanderbilt)
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- Tuned Pythia 5 described data the best. Comparable to ALEPH
- Difterent modeling of 1994 vs 1995 conditions
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Fully Corrected Thrust Spectrum
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Fully Corrected Thrust Spectrum
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Fully Corrected Thrust Spectrum
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