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First light: early 2030s!

‣$3 billion instrument
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Collisions of

• 3D proton structure 
from electron scattering

• Only collider of its kind  
when running

• Powerful Zero-Degree 
Calorimeter 

in the                   experiment
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• ~2-8% of the        events at HERA had forward neutrons 

• up to ~20%* of the        events at EIC

(H1 Collaboration, 1001.0532) (Y. Yamazaki, “Neutron angular distribution and dose in ZDC”)

Forward neutrons at 

“Sullivan process”

*extrapolation from HERA
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The Sullivan process: history
Proposed in 1971 right after learning of inner structure of the proton (Sullivan, Phys. Rev. D 
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Experiments disagree!



7

Quick math
$3 billion dollar  

collider



7

Quick math
$3 billion dollar  

collider

20% of the data not 
correctly explained 

theoretically

+



7

Quick math
$3 billion dollar  

collider

20% of the data not 
correctly explained 

theoretically

$600 million 
wasted! 

+ =



Experimentalists’ dream Theorists’ reality

‣ Mediated by a pion 

‣ Can access pion’s inner structure 

‣ But models don't fit data

‣ Widely separated momentum scales

‣ SCET gives a systematic description 

‣ Two quarks + infinite gluons     not a pion
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The Sullivan process: reality
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First principles formula for Sullivan process
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Unpolarized azimuthal modulations 

Simplified pion model: 

Illustrative EFT result (assuming spin-blind jet-side interactions):

Tell us whether unpolarized events prefer one direction in the azimuth.
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Easily extendable to other processes!
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Broader impacts

forward physics

hadron structure

probe the 
proton-to-
neutron 
transition 

cosmic rays

constrain 
hadronic MC 
modeling

saturation

test 
nonlinear 
small-x 
dynamics

gaps make our 
processes 
clean probes 
for new 
physics

new physics
inform EIC design 
and scientific goals

a major target for EIC!



13

Acknowledgements

Stella Schindler

LANL’S LDRD Program

Christopher Lee Ming LiuDuff Neill


