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 DIS in Breit Frame:
 Born-level has a struck-quark backscattering
 Current hemisphere is defined as struck-quark direction



Empty current events
Rare configurations where NOTHING shows up to the left



What might induce empty-current events in DIS?

Higher-order 
QCD processes 
& 
non-perturbative 
effects

Breit frame and 
the partonic 
center-of-mass 
frame deviate 
from each other. 

 Qualitatively, this topology can be explained by an off-shell parton with energy fraction x > xBj



Experimental setup
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Using 351 pb-1  of data 
collected by the H1 
Experiment during 2003-2007 
at 318 GeV center-of-mass 
energy

Reconstructed hadrons using 
combined detector 
information: energy flow 
algorithm

27.5 GeV e+-  (k) 920 GeV p (P)



Example of Empty-current event



Jet multiplicity in 
Empty-current events

Event have high-pT jets, just not 
going in the struck-quark direction



Fraction of empty-current
 events

Bin-migrations corrected with 
unfolding. 

QED corrections corrected with 
multiplicative factor 
(HERACLES)



The phase space for 
Born-level two-parton 
topology enabling the 
events of interest decreases 
with Q2 and xBj

Great discriminating power 
for state-of-the art DIS 
Monte Carlo generators, 
parton showers

Differential measurement of fraction of  
empty-current  events





Event shapes

Traditional observable, sensitive to 
QCD across all scales, calculable 
with pQCD / SCET

Several prior studies in ep (e.g. see 
right)



Centauro

Jet algorithm with 
asymmetric 
clustering distance 
measure  

Here Centauro is 
used to produce a 
clustering tree for the 
full event

Asymmetric jet clustering in deep-inelastic scattering: 
Arratia et al. Phys.Rev.D 104 (2021) 3, 034005

https://inspirehep.net/literature/1802090


Event grooming

 Whole event is 
clustered into one 
“Cantauro jet” 

Iteratively de-cluster 
until grooming condition 
is passed 

Groomed events are 
similar to groomed jets!

See Y. Makris Phys. Rev. D 103, 054005 (2021)



See Y. Makris Phys. Rev. D 103, 054005 (2021)



Results

Large values 
from 
Multijet events, 
hard splittings

Low values, 
from single-jet 
events, intra-jet 
evolution



Comparing to SCET. Sensitivity to non-perturbative parameter



Results

Large values from 
Multijet events, hard 
splittings

Low values, from 
single-jet events, 
intra-jet evolution



Multi Differential measurement of Centauro-groomed event shapes in DIS

New legacy 
event-shape 
measurement, 
great for 
challenging 
new generation 
of MC DIS 
generators, 
and SCET 

(both needed 
for EIC!!!)



Summary

First direct observation of quite 
spectacular event topologies, which 
probe higher-order QCD and 
non-perturbative physics. 

New measurement of event-shapes 
with grooming and Centauro metric, 
provide new ways to control 
non-perturbative effects for better, 
improved comparisons with pQCD 
and SCET!


