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It's clean

Cleanest test of QCD
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it's peaked and quark dominated

91.2 GeV collisions do .
d_EA  q1q
¢ q
v
jets
e g |
Dominant jet diagram E

Peaked structure is useful for studying |ets
Out-of-cone energy — “energy loss”
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t predates anti-k7

anti-k

L EE
v
—_—- -s M
Measurements Time
done with previous anti-k; ~ default

generation of algorithm

Excellent opportunity for re-analysis
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HIgh quality archiveo data\

Badea, Komiske, Metodiev, Thaler,
Nachman, Lee, paper in preparation
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Jets are well calibrated




Jets are well calibrated

Cluster with e e~ version of anti-k;
1 —cos6;

d;; = min <El._2, Ed 2)
I —cosR

J
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Jets are well calibrated

MC-based
calibration

Response
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Jets are well calibrated

Two-steps:
+/- side difference
Multl jet mass




Jets are well calibrated

Up to 5% difference (relative)
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Performance
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Decent resolution

Good correlation 10-20% in the

No welrd structure

range we Imeasure
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List of measurements (so far)

~

anti-“k7" jet, R = 0.4

027 < Hjet < 0.87 «— acceptance (avoid beam pipe)

Inclusive |ets Leading dijets

Full jet mass
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INnclusive |et spectrum



~ Analysis overview
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Systematic uncertainties

i J et_ re | ate d ALEPH Archived Data 1994, e*e’ fs = 91.2 GeV
scale: change energy scale - -
" ) v 0.3_— AntikrjetR=04 - __
resolution: vary jet smearing _ E _

—o— SVD
—o— Closure
—o— Fake

o
N
L

e Unfolding
Prior & regularization
Different unfold method

Fractional Uncertainty

 Fake (combinatorial jet)
generator jet matching studies

* Modeling

\
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Energy spectrum

_ALEPH Archived Data 1994, e'e’ Vs =91.2 GeV
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Comparison to MC

Most generators can
describe the peak region

Up to 10-20%
disagreement at low E

— out-of-cone energy,
wide angle emission, ...

JHEP 06 (2022) 008
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Energy spectrum

_ALIIEPII-|/-\Irchlivelleatal19|94ie+|e'il§=|91l.2$3e\|/ _ I_O parton |eve|
S I | = delta function at 45 GeV
S T \ not too interesting to plot
S S NLO parton level sharper
St than measured data
NLL' resummed generally
i describe data
Jet E (GeV)
Joao Pires 21 Ringer, Sato, Neill JHEP 07 (2021) 041



| eading dijet



| eading dijet

Better guantity the in-cone
energy by limiting to only
the leading dijet

-
\ Ignore the mini-jets

We measure the “global” leading dijet
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ENnergy sum

0_1f\LEF:HAr<I:hiveqDat?199?,e+e;i§=191.2leevl - Otal Iﬂ-COﬂe energy
-0 : in the leading two jets

0.08+— 0.2n< Bt < 08n |
Leading dijet

n PRSI

0.061— —*- Data _|

A /ﬁ : Most generators can
i S ; \{ describe data within
\

;,/f (large-ish) uncertainty

1/Ngyery N /d(Leading dijet sum E) (GeV)

Dominated by
modeling uncertainty

Ratio to Data

40 60 80
Leading dijet sum E (GeV)
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Inclusive |et structure
& sSubstructures



Jet substructure

|dentity hard structure

Clean up
wide-angle
soft energy

Soft drop / mMDT
grooming

(ZCU’[, ﬁ) — (01,00)

ik

il v

Adapt to use energy and R, = opening angle
opening angle for e e Z, = energy sharing
M, = invariant mass

JHEP 1405 (2014) 146 26 PRL 100 (2008) 242001



JH
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JH
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At high energy similar to LHC results
Comparison to and HERWIG also similar
Disagreement in LHC can be improved by e e input
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JH

Jet mass

A

P
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Interesting to compare to
higher order generators

~
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| ooking Into the future



Many future possibilities

2D Fragmentation
Substructure function

e.g. SD, RSD, DyG,
Lund plane, ...

Correlation with
other stuff

Modern algorithms
e.g. EIC-inspired clustering

dependence

Testing ground for new algorithm developments
Provide reference measurements

~
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Concluding remarks



Jets in LEP eTe™ data

q
5 Z
ete” is the cleanest system to test QCD 6>A<q
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Jets in LEP eTe™ data

Calibrated and measured jet spectra and
substructure using the ALEPH archived data
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Jets in LEP eTe™ data

Input for MC generators .
+ reference result
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Jets in LEP eTe™ data

Q Q Q Numerous future possibilities
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Jets in LEP eTe™ data

€

q
B Z
eTe” is the cleanest system to test QCD 6>W<q

Calibrated and measured jet spectra and
substructure using the ALEPH archived data

Input for MC generators
+ reference result

Q Q Q Numerous future possibilities
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Backup Slides Ahead






Peaked structure

91.2 GeV collisions do .
d_EA  q1q
¢ q
v
jets
e g |
Dominant jet diagram E

Peaked structure is useful for studying |ets
Out-of-cone energy => “energy loss”
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Jet grooming

Soft drop/mMDT grooming  Recluster jet constituents
with C/A algorithm

Sequentially open up
jet until condition is met

min(E;, E,) 0,5 ¢
o Aot T

El E2
@ d\>> @jet r, = opening angle
i =

, = momentum sharing
(Zeuts £) = (0.1,0.0) M, = invariant mass

JHEP 1405 (2014) 146 42 PRL 100 (2008) 242001

algorithm direction




Jet calibration

“MC calibration” “Residual”
Jet energy scale
In data
Jet energy scale in - Jet energy scale %
data I in simulation

Jet energy scale

In simulation

Inclusive Selection

O(1%)

Strategy: first go 99% of the way there with simulation
Then data and MC ditterence in restricted phase spaces
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Simulated energy scale

Correct detector |et energy
in bins of jet direction (fjet)

Good closure with

Response
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0.9~  ° “« -

Energy leaking out
around beam direction

arxiv 2108.04877 44



Residual calibration: step 1

Fiducial dijet, two sides of the detector
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Look at data only, and calibrate out the
difference between e - and e'-going sides
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Residual calibration: step 2

Fiducial multijet invariant mass

Order =1
Order: Oth 1st 2nd 3rd 4th 5th; Not corrected Order: Oth 1st 2nd 3rd 4th 5th; Not corrected
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Take up to leading N jet above X GeV

Fit jet energy correction function parameters
Minimize “quantile difference” (~KS) between data and MC curves

Nominal: linear correction as a function of energy
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Jet resolution

Jet resolution in simulation

s Resolution
; ~
"
|
I

0.05[- -

of 0.45-0.50m F

5 10 15 20 25 30 35 40 45

Energy resolution: 10-25%
(Angular resolution: 0.01-0.05)

Jet Energy (GeV) _

Data resolution

MC resolution

0-5% difference in energy
resolution between data and MC

arxiv 2108.04877
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Unfolding

Unfolding performed
using the BayesUnfold
_ method implemented In
13 RooUnfold package

ALEPH Archived MC 1994, e'e Vs = 91.2 GeV
I I T I | I |

40—

w
(=)

= 1072

Gen Jet E (GeV)

I Flat prior as nominal

40
Reco Jet E (GeV)

2D unfold for mass &
Example: inclusive jet energy groomed quan’[ities
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2D smearing matrix

ALEPH Archived MC 1994, e'e” s = 91.2 GeV
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2D smearing matrix

Partial smearing matrix
Each block:

different jet E

Generally
well-behaved

GenR
[35.0 < 40.0]

h,. Percent-level

" 1 .
0 0.2 0.4 0 0.2 0.4 0 0.2 0.4

KRR Reco R Reco R Reco R ff_ d " |
& [35.0 < 4OG.0] [40.0 < 456.01 [45.0 < 5(?.0] O la g ona

Example: jet R

arxXiv 2108.04877 50



=) Groomed R £

ALEPH Archived Data 1994, e'e’ Vs =91.2 GeV_ |\/| UCh h i g her RG

-

10—P i 10.0 <JetE < 15.0 —— 40.0 <JetE - f | : 't
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g} z,-015-00 i neRwer || = soft radiation &
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Z -

o o ' :
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&30'854012 ~04 06 0 02 04 06 LHC/RHIC

Jet Ry Jet Rg

Very distinct behavior between low and high energy

Worse data/generator agreement at low energy

JHEP 06 (2022) 008 51



| eading dijet energy

ALEPH Archived Data 1994, e*e’ ¥s = 91.2 GeV
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Uncertainty
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Global leading dijet

detector detector
E3 > E2

We want to measure global leading dijet

But: out-of-acceptance jets appear lower in energy
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| eading dijet selection

Solution: require minimal total visible energy

Total visible energy = total energy of...
{Particles inside acceptance} U

{Particles close to a jet with 5 GeV in acceptance]

Nominal working point: 99%

Apply correction on
measured spectra

1— 0a0e®% "
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Total visible energy (GeV)
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| eading dijet correction

Data with visible energy
selection

o
(o) —

1/correction
o
T I®I T T I- T T

Unfolding (built with visible
energy selection)

o
N

O
o))

Truth level with visible
energy selection

o
4
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Leading Dijet Jet E (GeV)

Truth level without visible
energy selection

UOI108.1J07)

Correction derived
from simulation
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