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Space-time perspective of DIS on nuclei
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Methodology
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By comparing pT broadening and hadron attenuation 
in nuclei of different sizes, one can measure the 
length of the color propagation process (fm scale)

Iron nucleusCarbon nucleus Lead nucleus

By comparing pT broadening and hadron attenuation 
in nuclei of different sizes, one can measure the 
length of the color propagation process (fm scale)
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HERMES data – observables
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Geometric Model
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Geometric Model
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Model variants
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Results: model vs nucleus size ~ A1/3
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Lund String Model
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Production Length Lp
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Estimations for future experiments
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Summary
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Treatment of the data
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Model uncertainty determination
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Pre-hadron cross-section determination
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Nuclear size dependent Lp
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Production Length Lp
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Estimations for future experiments
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Space-time characteristics of the struck quark

Assume: Single-photon exchange, no quark-pair production 
ÒJLabÓ example: Q2 = 3 GeV2, !  = 3 GeV. (xBj~0.5) 

Struck quark absorbs virtual photon energy !  and momentum p" * 
= | !"  " *|= #(! 2-Q2).  

¥ Neglect any initial momentum/mass of quark 

¥ Immediately after the interaction, quark mass m q=Q = #(Q2). 

¥ Gamma factor is therefore "  = ! /Q, beta is $ = p" */ ! . 

 JLab example: "  = 1.73, $ = 0.82

Rigorous? " , $ allow:  
1.extrapolations to EIC kinematics,  
2.test of time dilation in CLAS fits, and  
3.direct comparison between JLab and HERMES fits
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Geometric Model
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B-L Geometric model description III

Lp is distributed as exponential 
x0,y0,z0 thrown uniformly in sphere, weighted by ! (x,y,z) 
L*p = Lp except where truncated by integration sphere

!RM " = ! exp(# !
! z= zmax

z= z0 + L p

" (x, y, z) dx dy dz ) "x 0 ,y 0 ,z0 ,L p

The above are computed sequentially (same x 0, y0, z0, Lp) 

Data in (x,Q2,z) bin: Þtted to model, 3 parameters: q"0,<Lp>,# 
No dynamical information is assumed; it emerges from Þt 
Systematic errors: 3% for multiplicity ratio, 4% for p T broadening

L*p

zmax

! ! p2
T " = ! öq0

! z= z0 + L !
p

z= z0

! (x0, y0, z) dz "x 0 ,y 0 ,z0 ,L p



I believe that studies of this kind can be carried out 
at the same level of validity as the estimation of 
centrality in heavy ion collisions.

This model has the same foundation as the well-
known ÒGlauber ModelÓ used to estimate centrality 
in heavy ion collisions: the spatial mass distribution 
of protons and neutrons in the nucleus. 

Comment on the B-L model



Conclusion: good evidence for the following functional 
form. The vacuum term Lp0 is determined, but with large 

uncertainties. There are hints that may help us to 
understand color propagation mechanisms at lower and 

higher zh. The JLab data should allow a more precise study.    

Lp(A) = L p0 + c2A
2/3



Aims

Quark-Hadron Transition 
Discover new fundamental features of hadronization 
¥ Characteristic time distributions 
¥ Mechanisms of color neutralization 

Quark-Nucleus Interaction 
Understand how color interacts within nuclei 
¥ Partonic interactions with medium (ÒtomographyÓ) 

¥ energy loss in-medium: •  
¥ transverse momentum broadening: q!

Method: struck quark from DIS probes nuclei of different sizes



Comparison of Color Propagation in   
Three Processes

DIS D-Y RHI Collisions


