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Preserved data



Collision systems

Proliteration of recent jet results from LHC and RHIC

Always with hadronic initial states on both sides

Harder sometimes to disentangle various etfects




Collision systems

Much cleaner
& complementary
& -
Today: some recent Q &
jet results with H1

and ALEPH
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Early j[et measurements

LER anti-kr, ...
< >
e om0 Mot D R
! HERA I Time

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

Excellent opportunity for re-analysis with new algorithms




Collision systems
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e e :clean
jet Jjet
/ MP|
72- %@é ? P a;‘ = P

Better control of
event kinematics

Cleanest test of
0QCD and models

PDF convolution
No longitudinal control
More ISR
MPI

Complements well measurements from other systems




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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Collision systems
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ep: bridging eTe™ and pp(p)

Only one side with hadronic initial state
— excellent middle-ground between ee and pp

@
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Good testing place fo& °

future EIC algorithms




Using the data:
ALEPH as example



Accessiblility of data

N

Analyses, ...

Need ALEP

H

MIT open data eftfort

> member for this step
>

Big tha
ALEPH

Nks to both the
collaboration

and MIT OpenData

N oD
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Jet clustering

1994 archived data & simulation analyzed

Energy-flow objects (combining tracker, calorimeter
and muon chambers) are used as input

anti-“k;" jet, R = 0.4

Hadron-hadron collider ete™ distance measure

. L Vil ARI-JZ- \ : Pl 1 — cos (91-]-

d; = min <pT’l. ,pg’j> & d; = min (Ei , E; _2 B W
dip = Pr; dig = E;
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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

Strategy: first go 99% of the way there with simulation
hen data and MC difference 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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Example raw and \ Gen Theta (1) _

corrected response
(= reconstructed/generated)
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Energy leaking out
around beam direction
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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
; ~
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Energy resolution: 10-25%
(Angular resolution: 0.01-0.05)
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Up to 5% difference in energy
resolution between data and MC

arxiv 2108.04877
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Accessing the data: lessons

 Mileage vary a lot depending on the experiment
e Some are in obscure format and hard to use
e Sometimes it's not the most easy to get control of stored
information (e.g. PID percentages) -- some lower |level
information will be useful
 Sometimes only one set of simulations available
* Enough information for end-to-end measurements”

 Many lessons for current & future experiments

e Best to do some "user tests' for open data as we go
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Some recent results



eTe”: jet energy

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

5)(1 0 | I | | | | I | I | | | |
4107

3x10'F  Antik;jet R=0.4

02m< 9J.et <08~®

Sl Most generators can
Jo describe the peak region

e iU Up to 10-20%
5 5 disagreement at low E

Ratio to Data

N — out-of-cone energy,
* T e wide angle emission, ...

JHEP 06 (2022) 008 21



eTe: jet energy

LO parton level

ALEPH Archived Data 1994, e*e” ¥s = 91.2 GeV

\
I A I T
A I | = delta function at 45 GeV
S T / »\ not too Interesting to plot
S S . NLO parton level sharper
ot | than measured data
N
3 1::; 1N : | ,
s R ; NLL resummed generally
S L v describe data

10 20 30 40
Jet E (GeV)

Private communication with Joéao Pires 22 Ringer, Sato, Neill JHEP 07 (2021) 041



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, >ﬁ
= Hleut |
AN 2 R

algorithm direction

@ d\>> @jet r, = opening angle

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

JHEP 1405 (2014) 146 23 PRL 100 (2008) 242001




JH

nﬂn(‘zﬂb,‘=:x))

/4 \ cnergy sharing Zg;

ALEPH Archived Data 1994, e*e” Vs = 91.2 GeV
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JH
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Jetz,
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

S Archived Data 1994, e*e Vs = 91.2 GeV

i Jet E > 40.0 GeV Antik, jet R = 0.4
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Interesting to compare to
higher order generators
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| eading particles (in jet) as probe

L eading "Alternating” picture
Subleading
Bl Ngg — Nos
=
Ngs + Nos
anti-kr jet, R = 1.0 “Random” picture
Sensitive to hadronization rhi=0

PRD 105, 051502 27



AlSO: subjet as proxy

Recursive soft drop

In addition to particles,
also look at subjets as
proxy 1o partons

algorithm direction

Study first split
and later splits

ED,

(Zeuts £) = (0.2,1.0)

JHEP 06 (2018) 093 28



ep:. |et Kinematics (detector level
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ep.r.vs. k,

~

Data DJANGOH RAPGAP
*.v oh1h2 _h1hg - - h1h2
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k, = relative transverse momentum

Data generally decently
reproduced by simulation

Atlargek,, r. ~ 0

r.tends negative

at small k

H1Prelim-22-032
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Generalized jet angularities

, ? (p[D‘): p Charge independent kTJet, R — 1.0

1 * Charge
Measurements unfolded
A using the Omnifold algorithm
0 1 2 ,B |
K, Wi ot B 5 « . ’\'\ )
%-2@(}{) Y
/16 — Z qulK j | | =

JHEP 11 (2014) 129 31 PRL 124 (2020) 182001



ep:. angularity results
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Concluding remarks



A lot of potential

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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summary

. Interesting recent jet substructure results from e*e ™
and ep

* Other efforts ongoing
* A lot of untapped potential

e [essons for the ongoing & future experiments In
terms of data archiving
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Backup Slides Ahead



ALEPH detector

Electromagnetic
Calorimeter

. -Q(O

Superconducting
Magnet (1.5T7)

o

Hadron Calorimeter

Muon Chamber
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Time Projection
Chamber
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-----
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e

| EP1 e+e_data taken at 91.2 GeV from 1992-1995
About 2.5M recorded hadronic events with ALEPH
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Recent ZEUS jet alphas
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