
Giessen 12.11.04 Deep inelastic lepton nucleus 
scattering and hadronization

1

Deep inelastic lepton nucleus 
scattering and hadronization

H.J. Pirner, D. Grünewald, A. 
Accardi und V. Muccifora,

Universität Heidelberg,Iowa State 
Univ., INFN - Frascati

A.Accardi, V. Muccifora and H.J. Pirner Nucl.Phys. A720 (2003) 131, and
Paper by the same authors with D. Grünewald in preparation



Giessen 12.11.04 Deep inelastic lepton nucleus 
scattering and hadronization

2

Outline
• Motivation for semi inclusive deep inelastic 

lepton nucleus scattering
• Building blocks of the absorption model
• Rescaling of PDF and FF 
• LUND string fragmentation model -> formation 

length
• Absorption factor
• Comparison with HERMES data
• Mass number dependence of attenuation
• Conclusions
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Motivation

• Photon Quark Scattering gives a well 
defined starting point of hadronization

• Medium in which the quark propagates is 
well known: cold nuclear matter

• Soft processes dominate at Hermes 
<Q^2>=2.5 GeV^2

• We can compare energy loss of the quark 
with absorption of a colorless prehadron
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Semi Inclusive deep inelastic 
scattering

• Factorization theorem in 
QCD:

• Multiplicity:
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Building Blocks of the 
Absorption Calculation

Rescaling of Parton Distribution, Rescaling of Fragmentation Function
Calculation of the mean formation times of the prehadron and hadron
Calculation of the Nuclear Absorption Factor N_A,using formation times
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Rescaling of PDF and FF
• Assume change of 

confinement scale in bound
nucleons

• Two consequences:
1.)

2.)

• Rescaling implies a longer
DGLAP evolution (increased
gluon shower)
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Standard LUND String Fragmentation
Model 

• First rank particle contains struck
quark -> flavor dependent
formation length

• String fragmentation function:

proportional to 
-> dominantly quark production 

• Turning point of struck quark:

• Consider renormalization of string
tension due to realistic
confinement scales of hadrons:
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1st and 2nd Generation K-
Production
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Calculation of Prehadron
Formation Lengths (1)

F- Hypergeometric Function, C=0.3, D arise from the string fragmentation f(u)=(1-u)^D
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Prehadron Formation Lengths 

Scaled Hadron
f.l.=p.f.l.+z 
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Absorption model
• Inelastic scattering of (pre)hadrons on nucleons removes

them from the considered (z,nu) bin, rate is determined 
by mean free path

• Absorption factor:
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Prehadron und Hadron-Production 
probabilities at HERMES energies

for Kr target without absorption
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Comparison with HERMES data
Hermes Coll. A.Airapetian et al. Phys. Lett. B577 (2003) 37-Xe,Kr,Ne,He target
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Intermediate Resumé: 

• Rescaling + absorption are able to 
describe the data with

• Flavor dependent formation length is  
necessary

• Proton description is still unsatisfactory
because rescatterings may shift z to lower
values and/or higher twist diquark 
scattering

(prehadron) 2/3 (hadron)*σ σ=
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Naive A-dependence of 
attenuation

• Absorption model:
due to the fact that the attenuation is proportional to the
in-medium path length traversed by the hadron 
1-R_M=c A^(1/3)
Energy loss model:
due to the fact that the average energy loss is 
proportional to the in-medium path length squared
1-R_M=c A^(2/3)

• But!!! ….
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A dependence of attenuation
Absorption model

• Consider only prehadron formation
• Hard sphere nucleus
• Analytical calculation becomes possible
• W=0.19
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• 1-step absorption:

• Neglect Deuterium:

• Some simplifications:

A dependence of attenuation
Absorption model

(hard sphere nucleus                  )

• Expansion:
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A-dependence of absorption
1-R_M=c_1 A^(2/3)+c_2 A^(4/3)
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A dependence of attenuation
Energy loss model

*

*
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Quark energy loss  produces a shift of the
hadron momentum fraction z 
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A dependence of attenuation
Energy loss model

(hard sphere nucleus                  )

• Hadron momentum
fraction shift:

• Modified FF:
• Neglect Deuterium:
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Results correlate coefficient of A 
dependence with power of A:

• Correlations can be represented by 
confidence ellipses

• y-axis=power versus x-axis=coefficient
• Blue=energy loss
• Red=absorption
• Black =data
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Mass number A dependence of 
attenuation
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Conclusions:

• Revised absorption model describes data,
besides p-production

• Reasonable prehadron (=2/3 of hadron) 
cross section

• Confidence ellipses at larger z values 
favour absorption

• Intermediate z values may show energy 
loss, when more complete data set is 
available


