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Particles have to transverse the nuclear radisus ~ 10 fm in lab frame. 

To measure this on a single nucleon is impossible, in a nuclear target we have handles.

Consider reactions w/ e, gamma, neutrino on nucleus A.

Long formation time may hadronizes outside the nucleus, short time, interact in nucleus? How do they develop w/ time?

2 times relevant: produce a particle from sea, and formation time produce a hadron in it's ground state-- it's produced as an excitation, must go back down to groundstate.

If hadron reacts w/ a valence quark (part of nucleon) production time is the time it needs to pull partner from sea?  Production time is actually more complicated-- for a meson, 2: production of parton in target, it's already there. then need another one from sea. Will discuss more later.

p5 schematic of how interation progresses. shaded area shows hadron during formation time. formation and production lengths. What are these times, how large? and interactions (hadron already interact in production period?) measure for interactions might be nuclear attenuatiuon (ala electroproduction experiments)

p7 shows the regime for pertubative/non perterbative regimes. Below the line, forced to model. 

p8 Ulrich models int he following way: gamma* N (primary event) initial interaction, prehadron. They use pythia-- high energy genterator

PYTHIA: rumor 10GeV on upwards, we wanted to use at lwer W. Checked to W of order 2-3 GeV. Checked xsec there well. Is a problem to get resonance regime to high regime is tricky. 

once produced particle X, go through nucleus (scattering elastic/inelastic) 1 hadron hits a nucleon, hits another... not necessarily original hadron. Full Event generator used to put in experimental acceptance (record all particles)

PYTHIA might come in at 2 pts-- produced particle has high enough energy, hit a nucleon, and that needs to be treated again w/ higher E generator.

p10 

assume 0 cross section until particle produced, and then you model. Turn on, 1/2 of total xsec, till tau f, then sees full xsec (step function). Or goes quadratically (green) and red (linear). No knowledge betweem green/red other than experiment. final difference between leading (inital particles) and non leading(sea) hadrons . Non leading == linearly. leading particle is there from start, already feels some interaction, w/ a pedestal value.

Look at the times from the PYTHIA code itself, consistent picture. 2 examples, EMC at 100GeV, production time max at  Z = 0.2 (incoming hadron E/ energy transfer) at Hermes, lower E, two red curves.

final state: GiBUU: unique aspect, covers large branch of different processes. wrote it for heavy ion reactions .... to neutrinos.

Solves time evolution of spectral phase space density for each particle there (delta, mesons, etc)

Attenuation measurements from EMC, Hermes (red) EMC dashed band, 100-280 GeV. 

effective cross sections vs time at top. dashed vs solid: adding 1/q2 term == color transparency term. 

