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Who am I
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- I try to be an experimentalist (the detector guy)
- I am actively running three novel complex (and fun) detectors
- I want to do KOTO-II, DAMSA, FASER, PICO … 
- I am in CPAD, DRD2, DRDCalo … 

All done by me, Praveen Kumar, Hoahui Che and Sasmit Gokhale



Colliding electron with proton and ions
Why collider in this room: DUNE's reaction and the EIC reaction contain the same W–nucleon vertex. 

- The collider offers what a neutrino beam cannot: a known beam energy, a free proton, and spin on both 
beams. That is enough to measure the pieces of the vertex that neutrino data leave open.
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Neutrino experiments

Before you can perform any neutrino oscillation measurements, three questions needed asks:

- How often? events = flux × cross section × targets. The flux can be separated measured given the 
independence of the target.

- With what shape? dσ/dQ², how the rate falls with the momentum transfer Q². This shape is set by the 
nucleon's form factors and fixes σ(Eν).

- What comes out? Eν is reconstructed from the visible particles. It can be bias, e.g. every unseen neutron 
makes the event look 50–200 MeV less energetic than it was.
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Form factor The weak interaction is a product of two 
currents at one point, with one universal 
strength GF. The lepton side is calculable; 
everything unknown sits in the hadron side.

Each coefficient can depend only on the one 
invariant available, Q^2.

Rate ~ square and sum over spins.           
dσ/dQ^2 is a known factor times a quadratic 
form in F1 , F2 , FA.

The form factor is fourier transform of the density of the nuclear 
system. 
A nucleon has three quarks, so the simplest model is dipole 
form. 
EM part is very precise. Axial part is difficult.
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Form factor continue

Two assumptions

- The weak vector current and the isovector 
electromagnetic current are two 
components of one vector in isospin 
space.

- Ignore the pion field for electron scattering
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EIC kinematics
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Beam polarization
Both electron and proton/ion can be polarized and 
kept at 80%/70% level. 

Combination of the two side polarization can give 
us a new degree looking into the weak interaction.
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Background removal

Weak interaction couples left-handed 
neutrino or right-handed antineutrino to 
nucleon. 

This fact helps to reduce EM 
background.
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Axial form factor extraction
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Background accounting
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Deep inelastic evaluation
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Handed!



Deep inelastic evaluation
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Two-particle two-hole (higher Q^2)
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Isospin decomposition
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Fixed-target + Collider

NNN workshop@SeoulGuang Yang (BNL) 16



Conclusion
Neutrino experiments have to deal with interaction cross sections and face 
major uncertainties. 

Electron scattering experiments are effective resources to help.

Polarizing both lepton and nucleon can decompose degenerate effects. 

Would be interesting to exhaustively utilize the heavy nuclei scattering data 
in future EIC.  
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