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Letter of Interest

§ Google docs
§ Miguel Arratia, Zhongbo Kang, Stefan Prestel

§ https://docs.google.com/document/d/1jSk3xPv_VQNzuiDld1mD7tTIDeYn3ada04uzLzFEHSw/edit?usp=sh
aring

§ Signed by “The EICjets Community” [BOOST Community]
§ About 80 people

§ Please continue to sign your name on the above google docs if you are interested, as we proceed to 
develop a white paper via the Snowmass process
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Jet physics at EIC vs LHC

§ Extremely active developments in the last a few years

§ Following similar trend for jet studies at the LHC, however
§ We use jets for very different purposes

§ EIC: mostly QCD is our signal (to study)

§ LHC: mostly QCD is our background (to remove)

§ Jets produced at EIC are different from those at the LHC
§ Because of CM energy difference

§ This would add important puzzles to our study [instead of adopting LHC results with 
zero change]
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EIC jets are expected to be very “clean”

§ Clean at EIC vs LHC
§ Little energy is not associated with the jets

§ Lots of background at LHC
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Lower particle multiplicity in EIC jets

§ EIC jets contain relatively few particles and each particle has 
moderate energy
§ This offers unique challenges, as well as opportunities

§ For example
§ Rethinking jet algorithms [anti-kT defines all jets at the LHC, what about EIC?]
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Arratia, Makris, Neill, Ringer, Sato, 2006.10751



Continue

§ With fewer particles in the jet
§ Difference in jet algorithms and jet substructure methods can become very 

apparent, e.g., one might have to study “jet clustering” effect in more detail

§ With moderate energy for each particle
§ The hadronization effect could become much more important and has to be 

model more carefully [which is good for us, since EIC community is inherently 
interested in hadronization effects]

§ With a clean environment
§ Underlying event contamination will become less an issue

§ This is still a major challenge for LHC, e.g., soft-drop grooming might not be 
that relevant, or one has to use soft-drop for a different purpose
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Most importantly

§ EIC has polarized beam + nuclear beam
§ This would provide a whole new set of opportunities, which would not be 

possible at the LHC or HERA
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What can we use jets for?

§ 2017:

§ Our LOI:
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Direction 1: Jet substructure

§ Jet substructure as powerful probes for QCD dynamics
§ Jet shape, jet mass, jet angularity, etc

§ Hadronization might be the main non-perturbative contribution
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EIC, Aschenauer, Lee, Page, Ringer, 19 LHC, Kang, Lee, Ringer, 18 

§ Modification of such jet substructure in e+A would then inform us the 
hadronization process more directly [without too much contamination from 
other non-perturbative contamination]



Direction 2: Global event shape as precise probe of coupling constant

§ 1-jettiness: extraction of strong coupling constant
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Direction 3: Jets for flavor and spin structure of nucleon

§ 1D structure: e.g., unpolarized and helicity distribution
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Continue

§ 3D structure: TMDs, …
§ Lepton-jet correlation: TMD PDFs

§ Jet fragmentation functions: TMD FFs
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See also Makris, Neill, Scimemi, Wouter, et.al.



Continue

§ Flavor separation: jet charge [borrow ideas from LHC]
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Continue

§ 5D structure: Wigner distribution

§ Diffractive dijet production in small-x formalism can be connected 
to Wigner distribution

14

Hatta, Xiao, Yuan, 16, Hatta, Mueller, Ueda, Yuan, 19,
See also Salazar, Schenke 19, Mantysaari, Mueller, Salazar, Schenke 20
See also Bhattacharya, Metz, Zhou 17



Direction 4: modification of jets and jet substructure

§ Lots of progress along this direction recently
§ Understand hadronization process

§ Extract the properties of cold nuclear matter [color glass condensate]

§ Example: broadening in lepton-jet transverse momentum imbalance 

15

Liu, Ringer, Vogelsang, Yuan 18
Arratia, Jacak, Ringer, Song, 19



Continue

§ Modification of event shape
§ So far only nuclear PDFs is implemented

§ Expect to have final-state multiple scattering which lead to 
broadening/smearing in the 1-jettiness distribution. The size of the broadening 
is controlled by q-hat
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Continue

§ Transverse energy-energy correlators

17

Li, Vitev, Zhu, 20, 
see also other works at e+e-, pp



TMD study at the LHC

§ Growing field of jet physics at the EIC

§ Would be really exciting to develop theory for EIC jets, and continue to 
work closely with our LHC jet colleagues

18

Thank you!


