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Motivation

We know QCD is established and works in perturbative/partonic processes.

pPQCD mechanisms dominate at What energy is high enough for
high energies and small distances pQCD to be unambiguously applicable?

How do we address this problem @ JLab

Study space-time properties of parton propagation and fragmentation in QCD
Look for signatures of QCD such as Color Transparency & Nuclear Filtering
Study properties of quarks in-medium (e.g. unpacking the “EMC effect”).
Study quark distributions at x>1 (super-fast quarks).

An understanding of the timescales and mechanisms of quark propagation
and hadron formation is an integral part of this entire program and helps us
understand both the partonic and hadronic processes.




Hadronization in DIS

Nuclei can be used as unique detectors at tiny distances (within the
range of hadronization process) and allowing us to do direct
measurements in search of answers to the following questions.
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Experimental Variables

V - electron energy loss,
= initial energy of struck
quark (> 2 GeV here).

Q2 - square of the four
momentum transferred
by the electron

W - invariant mass of the final
state

Z, = E, .40/ V, the fraction of the struck quark’s initial energy
carried by the hadron (0<z,<1)

P+ —hadron momentum transverse to virtual photon (i.e., the
struck quark).




Obervables (1)

Hadronic multiplicity ratio

NP8 (2,0,07,Q% 9)
NPT (v,Q?)
A
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R\ + 7,(v,2,Q%) allow

N;?"S(z,u,p%,ce%‘f’)} access to 1 (v,z,Q% py)
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Connects to hadronic phase

® hadron formation times and mechanisms
® in-medium cross sections




Obervables (2)

Transverse momentum broadening

Access T,(v,z,Q?) via

2 7] 9 mesons (1t,K) channels
A PT: <PT>A_ <PT>D ) .

New baryon (A°)
channel

Connects to partonic phase

* in-medium partonic multiple scattering
= medium stimulated gluon emission
= quark energy loss




Existing HERMES data
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Each 1-D plot is intergrated over all other variables .




HERMES Data on p,-broadening

* Large p,-broadening
of Kaons compared

to pions

* No data on baryon
channels.
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CLAS Preliminary results

— | A dependence of R




Experimental Setup of E027
104 & E02-110 @ E=5 GeV

CEBAF: Continous Electron Beam Accelerator
Facility
CLAS: CEBAF Large Angle Spectrometer

Superconducting
Drift ~ g
Chambers (DC) Toroidal Magnet

35,000 wires deI =L7T-m
Og =350 um . ™~

‘ \

CLAS characterestics

@ Charged particle angles " 4 4 ‘N Cerenkov |
8° - 144° ™ - e yeashld

e Neutral particle angles ™ WM 'w i i
8° - 70° Ll e

® Momentum resolution
~0.5% (charged)

@ Angular resolution
~0.5 mr (Charged) Electromagnetic

@ |dentification of Time of Flight Counters N / ﬂ& Shower

Calorimeters
500+ channels, 145 ps resolution :
p, nt/m, KK, e/e* w , 1700+ charnels
' o/E = 10%/ES

electron beam direction




g;%erimental Setup: Targets & 7
- 2H + (Fe, C, Al, Sn, Pb)

Collect roughly 6 billion triggers in 50 days
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Particle IDs and Event Selection

Yo vs X, of e- candidates
| YecVsXecC
! [Enmes 2715081
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e Combine DC+ CC+ TOF + EC
time and energy information to
identify the scattered electron.
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Particle IDs of \° decay products (*H, )

AB cuts to select the pions and protons

AB=(B(m )-B__.) vs p for -ve Hadrons AR=(B(m )-B,

OF

) vs p for +ve Hadrons
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p - -.— -taVsHadP3 1.8 B 0.0
- p> 1 A3>-0. 5
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Particle IDs: Vertex cuts

vz of e- all Sec

vzEIAISC2

Intries BAz0Y

=26 -24

vz of Pim all Sec

ZPimAISC2
intries 71943

Apply vertex cuts to
differentiate between
the two targets.

vz of Pr all Sec

vzPrallSC2
Intries. 93810




Kinematic variables & Cuts

W of events with A candidates Q° of events with A” candidates
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Extraction of A° (Background subtraction)

Inv. M of A” from Liquid tgt for Z{0.42,0.48)

| inviLmd TOZ02
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Multiplicity Ratio Measurement

e Results not corrected for Multiplicity Ratio
acceptance and
radiative effects and
includes only statistical
errors

Unexpected and
surprising results !!!
— Due to acceptance

and/or radiative or
background effects?

Strong final state
interaction? Modification
of hadron structure
and/or its formation in
the nuclei?

0.3 0.4 0.5 0.6 0.7 0.8 0.9

Z
18




Summary & Future Work

* This new study will contribute to more detailed
understanding of parton propagation and the timescales
and mechanisms of hadron formation.

— Hadron attenuation
— Hadron production (t,) and formation times ().

In the very preliminary stage of analysis. A lot remains to
do.

Refining particle ID cuts (vertex, fiducial ..)

Background substraction

CLAS acceptance of all three final state particles

Radiative & Isospin effects.

Understand other systematic effects and uncertainties of the
baryon production channel

12 GeV measurements at JLab will further improve our
undestanding.




Thank you!!!




article IDs of \° decay products (*H, )

B vs p for +ve hadrons

BetaVpHadP
Entries 1089964
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Statistical Error Calculation

6 (

RE) h e h e
5= J1/Nb +1/NS + 1/NP + 1/N¢

A

(6 (A(P2)))" = ((P}) = (P)?) ,/NE + ((P4) = (P2)2) y /NE




Multiplicity Ratio Measurement

Multiplicity Ratio Multiplicity Ratio
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Results not corrected for acceptance and radiative effects and includes
only statistical errors
Unexpected and surprising results !!!

— Due to acceptance and/or radiative or background effects?

— Strong final state interaction? Modification of hadron structure and/or its
formation in the nuclei? 23




p;-broadening measurement

plbroadening

* Less broadening in
Pb than in Fe?.
Interesting and
unexpected !!!

— Large background
effect?

— Acceptance?
— Or any physics?




