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htroduction

& Goal: measure\observables of quark
propagation through cold QCD matter.

@ Primary: pions (PhD thesis of H.\Hakobyan)

& Extension: kaons (Ohio postdoc A. Daniel)
e Do kaons propagate differently from pions?
e Do s-quarks affect the hadron propagation?

e HERMES: K* and K- attenuation ratios differ.

e There is no difference between «t*, 7t or 7°.
o CLAS: KO attenuation ratios (first time shown)

Ken Hicks; Ohio U. ECT Trento, Feb. 29, 2008




12/ GeNM Science Review

@ 3 primary aims; GlueX, GPD; nuclear effects.

@ "Precise knowledge of the hadronization
process in nuclear matter is required to
extract fragmentation functions [in'nuclel]”

@ “A better understanding of these processes
would be valuable to research outside this
fleld such as the heavy ion program at RHIC.”

Ken Hicks; Ohio U. ECT Trento, Feb. 29, 2008




Relevance to RHIC

Relativistic Heavy=lon Collisions Deep Inelastic Scattering

Initial quark energy is known

These experiments try to recreate ] _
Properties of medium are known

conditions of the early universe.

Graphics by Will Brooks
4
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Hadronization Variables

energy transferred\by the electron (initial energy of struck quark)
four-momentum transferred by the electron (initial size of struck quark)
= EyaronfV » fraction of struck quark energy carried by hadron; 0<z,<1

guark/hadron momentum transverse to virtual photon direction.
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Observables

Hadronic multiplicity ratio:  Transverse momentum:

ap =(p7), (i),

Binning:

Q? (range 1.0-2.5 GeV?)
v (range 2.6-4.3 GeV)
z (range0.1-1.0)

Ken Hicks; Ohio U. ECT Trento, Eeb. 29, 2008




Thearetical Models

® No (dynamical) lattice/calculations/yet.

®/Accardi et al. (nucl-th/0211011).
e gluon radiation and absorptiontincluded.
e good agreement with HERMES data.
e increased deconfinement in nuclei.

& Many other

nhenomenological models.

Ken Hicks; Ohio U.
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Inside the Models

Figure 6: MNuclear attenuation of a hadron
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CLAS — the CEBAF Large Acceptance Spectrometer

Drift
Chambers

35,000 wires
ORr =350 um

Time of Flight Counters

500+ channels, 145 ps resolution

Superconducting
Toroidal Magnet

[Bd1= 1.7 T-m

Cerenkov
Counters

216 channels
99.5% efficient
over 50 m? area

" electron beam direction

Electromagnetic
Shower

= Calorimeters
1700+ channels
6/E = 10%/E%>







LAS EG2
Targets

« Two targets in the beam
simultaneously

2 cm LD2, upstream
 Solid target downstream
 Six solid targets:

-Carbon

-Aluminum (2 thicknesses)

Fv (Ccm) itrkD (sec 1) histi[151]
_Iron Went= 1003
F ean = -2,

-Tin




eg2:. pion-attenuation

2.20<v<3.00 1. 25<Q2<1 50 | n* B Carbon
EE 1 2_ : -
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Examples of multi-variable

(preliminary) CLAS data

0.60<Z_.<0.80 1.85<Q°<2.40 | |n*

M carbon
- - ¥ Iron
: @ Lead
1 —
i | ittt
0 8_ — HF_'T'——'F - + ‘ _+_+++ #f |
- L _+_4F - fir ] f
— i —.— 4 _Y__*__*_7 = *77 . » 77+,
0.6 . 7‘771'7—7—7y7—v—*"**’fY* - ¥ _“_++
el e N #
0.4 T+ ++**—F—+—7k++'*‘ —+
0-2 : _ ......

026 28 3 32 34 36 38 4

3.50<v<4.00 1.25<Q%<1.50 | * |

'EE 1.2 L :;:+ W iron
Lo @ Lead
1 L " ——
i T SURRURE
4 - _._+ -, T —T-+f
0.6 = M et T |
0.4
021
0 1 L1 Io-1\ L1 Io-zl L1 |0-3| L 1 b-4l Ll \0-5\ L1 Io-s\ 1 L IO-TI L1 Io-sl Ll b-gl 1 \ZITE1

| 2.20<v<3.00 0.60<Z .<0.80 | |n* | ’7. corbon
1.2 r ' Iron
- ® Lead
1 —
0.8 - - ockempgnen ™ S R i b _+_
- T I\ ——
0.6 S i e +
0_4 _+ » —— g ‘ —— » . S Jf
0-2 - _
0 L 1 L 1 1 L ‘ 1 L | 1 L | L 1 | 1 L 1 1
1 1.2 1.4 1.6 1.8 2 2.2 24
Cronin effect for Lead (Z ,>0.2) W 0.7<x,<0.18
T
= = W 0.18<X <0.24
x 5 @ 0.24<X,<0.3
A 0.3<X,<0.55

F-S
TTTT[TTTT
44:.;
S
1l
T

2 PR S
- i g
C A
N DR s
1" et
:_.s-ﬁ-r—ﬁné!:—:'f.s
Dol \ozl |04\ \0-6\ 1 |08| 1 \1 1 \12| |1-4\

R,—-_



p—- Broadening and Quark

Energy. Loss
@& Quarks'lose energy by gluon emissjon

as they propagate
e [N vacuum
e Even more within a‘medium

= This energy lossis manifested by Ap;?

i . m Ap;? isasignature of the
propagating quar

m AE~L dominatesin QED

quarksin nucle _ _
m AE~L? dominatesin QCD?

e —————————————

L

o
RV STy G EAN M edium-stimulated |oss
T_° | calculation by BDMPS
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eg2: pionp7 broadening

1<Q?<2 0.5<Z_,<0.6 |
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A-dependence of Ap+?

1<Q’<2 3<y<4 0.5<Z<06 | 1 | Only statistical errorsshown
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CLAS data: binninc
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B.Z. Kopeliovich et al. / Nuclear Physics A 740 (2004) 211-245

Cronin
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Examples of Experimental Data and Theoretical Predictions
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KO from M(rt*n)

2006,/05/16 09.00

eg?2, eKO skim, z—dependence of KO, LD2 (left) Fe (right)
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z-dependence of K° peak

LD2 Fe

cy<, enu skim, z—dependence of KO, LD2 (left) Fe (right)
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Sidebands

2006,/05/16 09.00 2006,/05/16 09.00

eg2, eK0 skim, z—dependence of KO, LD2 (left) Fe (right) eg2, eK0 skim, z—dependence of KO, LD2 (left) Fe (right)
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K°® Multiplicity Ratio

2006,/05/16 09.00

Fe/D

eg2, eKO skim, ratio (F op), Q2=1-2, nu=2-3 (bottom)
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Summarny

® There is good statistical precision of the
pion data at 5 GeV.

e Hadronization ratios and Ap-2.
e Cronin Effect looks interesting (preliminary)

® There Is modest statistical precision for
the K° data at 5 GeV.

e Can we learn how the s-quark hadronizes?

Ken Hicks; Ohio U. ECT Trento, Feb. 29, 2008




