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Space-time perspective of DIS on nuclei
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Methodology
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HERMES data - observables
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http://www-hermes.desy.de/notes/pub/publications.html

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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Results: model parameters vs zj
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Transport coefficient
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https://arxiv.org/pdf/1212.0434.pdf
https://arxiv.org/pdf/1707.09973.pdf

Lund String Model

e quark
e antiquark

o pair creation

» Space

Remarkably successful model, foundational tool in HEP

- Alternative physical picture to pQCD: emission of many
gluons in vacuum, string as an average; quantitative

- Successful, but few connections to fundamental QCD

- We can compare some of our results to the Lund String
Model, and other results to pQCD



Production Length L,
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Production Length L,
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Production Length L,
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Estimations for future experiments
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Summary
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Additional Slides



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 L,
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Production Length L,

(t+1) = (1—2)p”

& m?

k(t — 1)

ZpT

le:M+1/<1—|—\/1—|—Q2/1/2) — 2uz



Estimations for future experiments

Space-time characteristics of the struck quark

Assume: Single-photon exchange, no quark-pair production
OJLabO example: €& 3 Ge\?, | =3 GeV. (5~0.5)

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?).

¥ Gamma factor is therefore" =1/Q, betais $ = 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

A\

B-L Geometric model description I > Zimax
e
z=270+ L, L
2n | & . | |
3 Pr. = | D | (XO’yO’Z) dz X0,Y0,Zo,L p
=27y

Ly IS distributed as exponential
X0,Y0,Zo thrown uniformly in sphere, weighted by ! (x,y,z)
L*» = L, except where truncated by integration sphere

£L— Lmax

!RM == | exp(#' = (X,y; Z) dx dy dz ) "Xo,)/o,Zo,Lp

Z=Zot+ Ly
The above are computed sequentially (same X o, Yo, Zo, Lp)
Data in (x,Q2,z) bin: btted to model, 3 parameters: do,<Lp>,#

No dynamical information is assumed; it emerges from bt
Systematic errors: 3% for multiplicity ratio, 4% for p T broadening




Comment on the B-L model

| 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 OGlauber ModelO used to estimate centrality
In heavy ion collisions: the spatial mass distribution
of protons and neutrons in the nucleus.



Conclusion: good evidence for the following functional
form. The vacuum term L , Is determined, but with large
uncertainties. There are hints that may help us to
understand color propagation mechanisms at lower and
higher z,. The JLab data should allow a more precise study.
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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 (OtomographyO)
¥ energy loss in-medium: ¢
¥ transverse momentum broadening: g

Method: struck quark from DIS probes nuclei of different sizes



Comparison of ColorPropagation in
Three Processes

A h
cold QCD
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DIS D-Y RHI Collisions



