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MotivationMotivation

elementary reactions (eN, γN) on  nucleon:

nuclear reactions (eA, γA @ GeV energies) :

formation time:
estimation via hadronic radius 

? reaction products 
hadronize long 
before they reach 
the detector

time dilatation: tf = γτf (~10 fm)

τf ≥
rh
c

= 0.5 · · ·0.8 fm

interactions with nuclear medium during tf

space-time picture of hadronization σ∗/σH ∼ t0, 1, 2,···



ModelModel

γ*N→X using PYTHIA
additional:

binding energies
Fermi motion
Pauli blocking
coherence length effects

propagation of final state X 
within GiBUU transport model

elastic/inelastic scatterings
(coupled channels)

experimental acceptance



Model: Hadronization in String Model   (Pythia/Jetset)Model: Hadronization in String Model   (Pythia/Jetset)
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Observables, ExperimentsObservables, Experiments

multiplicity ratio

Experiments
Elepton =

EMC 100…280 GeV
Hermes 27 GeV
Hermes 12 GeV
CLAS 12 GeV
CLAS 5 GeV

…multiple combinations of targets

ν, Q2, W, xB, . . .

zh =
Eh
ν
, p⊥ , . . .

RhM(zh, . . .) =

µ
Nh(zh,...)
Ne(...)

¶
Aµ

Nh(zh,...)
Ne(...)

¶
D

hadronic: 

photonic:
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Results: EMC & HermesResults: EMC & Hermes

σ∗

σh
=

rlead
Q2

+

Ã
1− rlead

Q2

!Ã
t − tP1
tF − tP1

!

EMC@100...280GeV 
and 
Hermes@27GeV 
described 
simultanously

Color transparency?
…small effect!

!

zh=
Eh
ν



Hermes@27: A.Airapetian et al., arXiv:0704.3270v1Hermes@27: A.Airapetian et al., arXiv:0704.3270v1
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Hermes@27: A.Airapetian et al., arXiv:0704.3270v1Hermes@27: A.Airapetian et al., arXiv:0704.3270v1
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no diffractive
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model uncertainty in 
angular distribution 

dσ

dp⊥
⇐⇒

⎧⎨⎩RM(p⊥, . . . )∆p2⊥ = hp2⊥iA− hp2⊥id

kinematical constraints 
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E00-108: „Duality“

data: T.Navasardyan et al., PRL 98(2007), 022001



JLAB@5GeVJLAB@5GeV

kinematical constraints

Fermi motion !!!!!
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model for γ and e induced reactions at GeV energies

combines:
• QM coherence in entrance channel
• coupled channel transport description of FSI
• 4D production/formation points per every particle

GiBUU is multi purpose transport code

can describe:
• coherence length effects in exclusive ρ0 production
• hadron attenuation 

• …much more…

pre-hadronic cross section increases linear in time
tiny hints towards color transparency 

SummarySummary

EMC
HERMES
JLAB



unique model for hadron production off nuclei between 
nucleon resonance region and DIS region

match PYTHIA and 
low energy model

O.Buss et al., nucl-th/0703060

Summary II: FutureSummary II: Future

duality at low energies
(prehadronic vs. hadronic)

CT at low energies
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Hermes@27: recent paper, no Q2 pedestalHermes@27: recent paper, no Q2 pedestal
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Hermes@27: recent paperHermes@27: recent paper

charge: +

Protons:

„known to be bad“
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data: T.Navasardyan et al., PRL 98(2007), 022001
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