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Motivation for this study

• In LO DIS, we can study the quark-nucleus interaction using the 
scattered electron as a “tag” of the kinematics of the struck quark 
and the jet as a “probe” of the nucleus.

• We want to select a kinematic range in                                              
which the LO DIS process dominates.

• We also want to separate the struck 
quark jet from the beam remnant.
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Simulation parameters

• Electron-proton deep inelastic scattering with 𝑠𝑠 = 89 GeV,         
Eproton = 100 GeV,  Eelectron = 20 GeV is simulated with Pythia 8.
• No electromagnetic radiation is included.
• Higher order parton shower is included.
• Event cuts: 0.1 < y < 0.85,  W 2 > 4 GeV2,  Q2 > 1 GeV2

• y > 0.1 since x = Q2/ys, and the resolution of x diverges as y -> 0.
• y < 0.85 removes the region most sensitive to QED radiative correction.
• Q2 > 1 GeV2 : we do not simulate photoproduction processes (Q2 ≈ 0).

• Jets are reconstructed with the anti-kT algorithm with R = 1.0
• Particle cuts: |ηpart | < 4.5, pT

part > 0.25 GeV
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Differential cross section

1/16/2020 5

• In DIS, we expect one jet per event and electron and jet pT to agree 
well. At low pT, higher-order contribution and hadronization effects 
are not negligible, so the cross sections differ.



Differential cross section
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• Compare to the distribution with EPPS16 nuclear PDF included. The 
cross sections are lower than those without nPDF.



Event kinematics

• We obtain a wide coverage in x with jets: 0.008 < x < 0.7 (pT
jet ≈ pT

electron).
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Number of jet constituents
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• Number of jet constituents gradually increase with jet pT. Error bars 
represent standard deviation for each pT interval. 

• We require pT
jet > 4 GeV to get 

approximately 4 particles per jet
at least.



Separation of struck-quark and beam-
remnant fragmentation
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• Jets allow for a clear 
separation between 
the struck quark and 
beam remnant.

• We can increase Q2 

and apply a cut on 
the azimuthal angle 
difference to 
improve the 
separation.

e-, struck quark       e-, jet e-, hadron



Transverse momentum balance
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• pT ratio distribution peaks around 1. The azimuthal difference cut 
suppresses low-pT jets from beam remnant fragmentation (red bump 
on the left).

• In collider mode, we achieve
ν of TeV scale for this pT  range.
(ν = Q2/2mx)



Azimuthal correlation
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• Pythia e-p simulation result (green) agrees with theoretical 
calculation (black) 
PRL 122 192003 (2019)

• The distribution peaks at 0, 
because the electron and jet
are produced back-to-back in 
LO DIS. 



Winner-take-all jets
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• arXiv: 1810.12915

• In the standard E-scheme, at each step of recombination, the jet axis 
is defined by summing 4-vectors. In the WTA scheme, the jet axis is 
defined to align with the more energetic particle.



Winner-take-all jets
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• The peak around 0 gets narrower as pT  increases.



Groomed jets
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• It is possible to groom jets at the EIC with even the most aggressive 
β=0. At 30 GeV, about 2 particles (2 GeV) are removed by grooming.



Groomed jet radius
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• The groomed radius Rg is the angle between the two branches that 
pass soft drop. β=∞ represents no grooming at all.

• The smaller the β, the larger shift in Rg. Also more prominent shifting 
for higher electron pT.



Groomed jet radius
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• Compare simulation results (green) in the right panel of previous slide 
with theoretical calculation (black). They have the same shape 
although the simulation result is shifted.



Conclusions
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• With the kinematic requirements (0.1 < y < 0.85,  Q2 > 25 GeV2) for “tag 
and probe” studies in 𝑠𝑠 = 89 GeV e-p LO DIS, we obtain jets that

• have pT
jet ≈ pT

electron

• span 0.008 < x < 0.7
• For a jet to be measurable, we require that it has at least 4  

constituents, which roughly gives us pT
jet > 4 GeV.

• Azimuthal correlation cut |φjet − φelectron - π| < 0.4 suppresses beam-
remnant fragmentation. The distribution of |φjet − φelectron - π| peaks at 
0 and gets narrower with increasing pT.

• Jet grooming looks promising with the EIC jets.
• Next steps: study detector response to jets. We are currently 

working on single track detector response studies.



Backup
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Differential cross section without 
hadronization
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