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i Hadronization

process by which energetic quarks evolve into hadrons.




these are colored pairs:

| Confinement process isn‘t finished yet,
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 How do we get to colorless systems?



Physical picture, DIS (gluon bremsstrahlung) -
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Physical picture, DIS (gluon bremsstrahlung)
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Probability per unit time and distance of forming a q-qbar pair of given mass (squared).

Variations on this formula are found in the literature. This form basically follows Casher, Neuberger, Nussinov, 1979.

Depends upon the string constant kappa, = 1 GeV/fm

This value indicates the typical distance of string breaking in this picture is << 1 fm since typical mq2<0.1 GeV2, thus mq<<0.3 GeV and q-qbar mass <<0.6 GeV.

In first case, do not yet have color singlet objects that can turn into mesons



In second case, can follow color flow explicitly.












Physical picture of hadronization (in vacuum)

Production time 7, is time required to form a color singlet prehadron,
“lifetime of the deconfined quark™.

Formation time "rf is time required to form full sized hadron.



In-medium hadronization

Hadronization can occur outside the medium as well as inside the medium

- partonic multiple scattering— medium-stimulated gluon emissior

- prehadron interaction with medium — hadron attenuation
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Experimental tools and observables




Semi-Inclusive Deep Inelastic Scattering (SIDIS)

e(k) e’(k’)

Y*(q) ep— e’ X

proton (P)

2

2 = —q four-momentum transferred by the electron;
’ o, .
V= E -E energy transferred by the electron, = Initial energy of struck quark;
7—= E ha dron/ V the fraction of the struck quark’s initial energy that is carried by hadron;

pT hadron momentum transverse to virtual photon direction;

(P angle between lepton scattering plane and photon-hadron plane.



CLAS
CEBAF Large Acceptance Spectrometer
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i Jlab Measurement: CLAS EGZ2

= Targets: deuterium, carbon, iron, lead.

= Deuterium and solid target in beam
simultaneously for improved systematics:

- I > electron beam

deuterium solid target

= Luminosity ~103%s-1cm2
= Beam energies: 4 and 5 GeV



i Experimental observables

1. Hadronic multiplicity ratio
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* Experimental observables

2.Transverse momentum broadening

Ap; = p;(A)- p;(CH) h




Connection of the production and formation times
to the observables

How long can a light quark remain deconfined?

Quark is deconfined, emits gluons during production time ¢,

Measure 7, via medium-stimulated Ap;

How long does it take to form a color field of the hadron?
Hadrons interact with the medium during formation time tfh

Measure tfh via hadron attenuation R, in medium.



Present and future e+A facilities

X 10® /em?/sec <D = present D = future
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Preliminary data from CLAS for 7"

6 (12) GeV
C, Fe, Pb

n*, anticipating data 7’ , K’

huge luminosity
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Can we measure production time

= quark lifetime?!



Prehadrons formed on short time scales!

‘<ApT2> =2Cp,L ‘

dAvwerage Production Length =L assumiirng C=2
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Conclusion

- The microscopic information on space-time characteristics
of hadronization can now be accessed via DIS using nuclear
medium as an analyzer.

-Studies of hadronization are characterized by rich
complexity (color field restoration, gluon bremsstrahlung,
extraction of confinement quantities)

-Hadronization mechanisms can be tested, and extractior

of production times and formation times is now feasible
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