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Semi-inclusive DIS of an electron off a single nucleon vs.
a nucleon inside a nucleus

One photon exchange reaction
X=(mtm ~,x°,...)
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Physical picture, DIS (gluon bremsstrahlung) ~ ©

Producti

Formation

Kopeliovich, Nemchik, Predazzi, Hayashigaki, Nuclear Physics'A 740 (2004) 211-245
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o ffffff Iwo distinct dynamical stages,
**************************************** each with characteristic time
® = 0 © scale
Production time tp Formation time tf
Time during which quark emits gluons is Time required to form
deconfined. Signaled by medium-stimulated color field of hadron
energy loss via gluon emission: Signaled by interactions with
(p; broadening) known hadron cross sections
No gluon emission
(Hadron attenuation)
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Experimental observables
Transverse momentum broadening: Ap% — p% (A) — p% (ZH)

)

e

e

N}?IS (Z,I/,p%—. 7Q2 ,¢)
N> (v,Q?)




The production and formation of the final hadron,
¢inside or outside?
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CLAS Eg2 experimental target




Experimental details

Rohacell foam scattering chamber

EG2 Experiment target in GEANT3
Solid (C, Al, Fe, Sn, Pb) target simultaneously
with deuterium target

H. Hakobyan, W. Brooks et al, Nucl. Instrum. and Meth. A592:218-223, 2008.



Real CLAS data

Liquid target empty Liquid target full
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CLAS vertex performance during the EG2 run period
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The fit uses Gaussian peaks, vy<1.4 cm, and equal widths for all
three peaks. Background parameter is a straight line.

Chisquared/dof = 1.06

Vertex resolution 2.1 mm (parameter 8)

Can resolve targets separated by 1.2 cm - acceptance
difference is negligible



Why we need double-target?

1) Acceptance corrections

2) Trigger efficiency

3) Charged particle reconstruction efficiency
4) Time-dependent modulations of these three
based on emergence and disappearance of
iInoperative channels

And on other factors such as atmospheric
pressure variations and drift chamber gas
composition variations.

Our requirement is to reach uncertainties competitive with HERMES



Percent change in multiplicity ratio
w/Wo acceptance (positive pions)

Effects of the Acceptance, in percentage
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Analysis for &+, 7, ®’, K, ® and n
hadronization studies
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4-D acceptance correction comparison between
RD and SMU analysis

Comparison of Multiplicity Ratios integrated over (Xb, Pt2, Q2)

Raw Data Acceptance Corrected
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See the talk by Sebastian Moran Thursday
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by Andrés Borquez (talks this Thursday)




Studies performed with CLAS Eg2
double-target (including the data
mining Initiative)

Nuclear Hadronization and Color Propagation

Color Transparency
Short Range Nuclear Correlations

Two Hadron correlations
EMC effect measurements

Hadronic structure functions measurements In
nuclel

Etc.
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RG-E: Exploration of subnuclear
maitter with CLAS12

Questions to address: )

<—L—>

*How long can energetic quark remain
“free”?

*How large Is the quark energy loss In the
nuclei?

How do hadrons form from quarks?




Like with CLAS, with CLAS12 as well multidimensional measurements of
observables will give access to multivariable dependence to the color lifetime
and to quark energy loss. We can do these studies in more dimensions and

with small error bars in contrast to HERMES.

Connections: Quark and gluon energy loss
in-medium is the basis for the Jet Quenching
observed in heavy ion collisions in the hot medium




Quark Propagation and Hadron Formation
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Extreme Conditions for the New Target

+ High Vacuum (6x10E-6 mbar) = lowgas loads

materials

 Magnetic Field (5 Tesla) —» Non-magnetic

materials

° Cryotarget (30 OK) » Low temperature

resistant

 Radiation Hardness

 Reduced space

he problem to solve is to generate precise
movement (to exchange targets in a short period
of time) In these extreme conditions.
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Full Assembly

Target Cell
Distribution
Piezo Tube
Solidtarget Motor \
Foam Position Holder .....
Scattering Control
Solidtarget Chamber Track ‘\\ =
samples in Holder \ :
Ribbon / g — \

Solidtarget

Beamline Ribbon
Track

Cryotarget
Cell




USM Target Assembly

From RGM ERR: “It is believed that the present optical encoder design will not
sustain the radiation environment” Changed to a resistive encoder

Position Control
Resistive encoder

Constant Tension
spring

Included in the new
resistive encoder

Hall-B cryo
Target (1:1
model)

Ribbon Track

Ring Holders
(spider)

Piezo Motor—

Target holder
(ribbon)

2N »
Solid Target System attached to the 1:1 model of the existing cryo
target at Hall-B.



Piezo Motor

From RGM ERR: “Test how the Piezo motor and encoder are affected by in
radiations and low temperatures”

Specs:

e Non magnetic
materials

e Previously used at 5
Tesla

e For vacuum up to 10E-
7 torr

e Operating temperature
{-20 to +70°C}

Film heater as option



Radiation hardness test

The solid targets are glued into the holes on this band. The band
slides in a channel in the black outer holder, positioned by a
piezoelectric motor. The radiation dose to that motor has been
calculated by Lorenzo Zana, and it is well below the levels to
which similar motors have been tested and found to continue
operating, in published studies:

Radiation hardness tests of piezoelectric actuators with fast neutrons at liquid helium
Temperature, CNRS-IN2P3-IPN Orsay, France

Target holder distribution

Backup

Targets:
Silver

_+7 Gold ™«

________________
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‘ \ \
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Free space Targets: Cross-hair

Carbon

Aluminum

Copper

Tin 25
Lead



Hardness Test
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BAND (Back Angle Neutron Detector)

(Mechanical design by Inaki Vega, Milan Ungerer)
With colleagues from MIT, TAU & ODU
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Target Ribbons with different size
solid targets on

e, N R



Thermal study-experimental setup
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Vacuum test
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Run Plan: (1-cm long deuterium cell)

Target PAC days Beam Luminosity Backup
current (nA) (/cm?3s) target in

case of
melting

Commission |3 - -

Deuterium |4 32 1.00E+35

Carbon 6 31 1.00E+35

*Aluminum |7 45 1.00E+35

Copper 8 83 1.00E+35

Tin 15 72 6.00E+34 Ag; 83*¥0.60
= 50 nA

Lead 17 108 6.50E+34 Au; 99%0.65
= 64 nA

Magnets 60% field inbending electrons 90% of the time

60% field outbending electrons 10% of the time

*to run the aluminum target days (7 PAC days) with RGD.




Conclusions!

CLAS experiment with double-target opened a large spectra
of studies like:

Nuclear Hadronization

*Color transparency

*Short range nuclear correlations

Two hadron correlations

EMC effect measurements

eHadronic structure function measurements in nuclei

*Etc.

More is coming with new CLAS12 and new double-target!
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