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Was the HERA jet program not already done?
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2019
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2018-19
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2020-22 Progress for polarized DIS motivates new 
unpolarized reference measurements …

Unpolarized

Unpolarized
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Centauro jet algorithm 

2021
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2020
“Hadron in jet measurements in DIS”

Polarized

Unpolarized
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2021

Prediction 
for HERA
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EIC prediction

2021

DIS Lepton-jet 
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F. Zhao et al. DIS 2022: Jet azimuthal anisotropy in ep collisions

https://indico.cern.ch/event/1072533/contributions/4786106/
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2020
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2022

Boer-Mulders



Was the HERA jet program not already done?
NOT QUITE YET…
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The H1 experiment at HERA

- Tracking system 
(silicon tracker, jet chambers, 
proportional chambers)
- LAr calorimeter (em/had) 
- Scintillating fiber calorimeter

Both combined using 
an energy flow algorithm

1% Jet energy scale

0.5-1% lepton energy scale
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Unfolding with Omnifold (via machine-learning). 
Andreassen et al. PRL 124, 182001 (2020)

17





19

2022



Jet transverse 
momentum

Well described by NNLO 
calculation, and some MCs 
like Herwig and Djangoh
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Jet pseudorapidity

Not well described at 
large pseudorapidity by 
NNLO, missing 
higher-order terms. 

Well described by Rapgap
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TMD calculation does a great job 
at low qT; collinear calculation 
does a great job at large qT. 

Large overlap between collinear 
and TMD frameworks 22

Lepton-jet momentum 
imbalance
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Textbook example of 
“matching” between 
collinear and TMD 
frameworks

First time seen in 
DIS! 

(not seen in 
fixed-target DIS)



TMD calculation does a great job 
at low qT; collinear calculation 
does a great job at large qT. 

Large overlap between collinear 
and TMD frameworks 24

Lepton-jet azimuthal 
correlations



Omnifold allowed us to 
do a simultaneous, 
unbinned “unfolding”

First-ever 
measurement that 
uses 
machine-learning to 
correct for detector 
effects.
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Jet 
pseudorapidity 
in slice of Q2. 
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Jet transverse 
momentum in 
slice of Q2. 
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Lepton-jet 
azimuthal 
correlation in 
slice of Q2. 
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Jet substructure observables with machine learning
https://www-h1.desy.de/h1/www/publications/htmlsplit/H1prelim-22-034.long.html
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https://www-h1.desy.de/h1/www/publications/htmlsplit/H1prelim-22-034.long.html


Charged
hadron 
Multiplicity
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Jet charge
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Dispersion
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All of them unfolded simultaneously!!!
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Jet Charge
Differentially in Q2

Gif not visible in pdf.. 38



All of them unfolded simultaneously!!!
& differentially in Q2
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All unfolded simultaneously!!
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Event shapes with grooming using Centauro metric
https://www-h1.desy.de/h1/www/publications/htmlsplit/H1prelim-22-033.long.html
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https://www-h1.desy.de/h1/www/publications/htmlsplit/H1prelim-22-033.long.html


Charge-asymmetryjet substructure 
https://www-h1.desy.de/h1/www/publications/htmlsplit/H1prelim-22-032.long.html
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https://www-h1.desy.de/h1/www/publications/htmlsplit/H1prelim-22-032.long.html


Every jet-related 
observable in ep collisions 
can and will be measured 
with H1 data  

The ultimate “reference” 
for future polarized ep and 
eA data at EIC

The road towards EIC during this decade
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https://www-h1.desy.de/publicati
ons/H1preliminary.short_list.html

Stay tuned. 
Just the 
beginning of a 
new & rich 
jet program
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https://www-h1.desy.de/publications/H1preliminary.short_list.html
https://www-h1.desy.de/publications/H1preliminary.short_list.html


EIC
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H1@HERA



Some speculative stuff
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H1 Collaboration Phys. Rev. Lett. 128, 132002 
was the first baby step towards unbinned cross-sections…
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First-ever demonstration of 
unbinned unfolding,
unbinned acceptance corr.
unbinned efficiency correction

But we reported 
Binned cross-sections…
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Check out our white paper on the subject. 

Perhaps in the future
we will just exchange replicas … 


