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Jefferson Lab

International community of 2000
users, which studies the matter
as a structure of quarks and

Based on superconductivity, CEBAF
accelerator produces a high quality electron
beam with 100% duty factor, now with
energies up to 12 GeV.

The unique design of the CEBAF accelerator permits
simultaneous delivary of a high quality electron
beam to four experimental halls.



The CEBAF upgrade from 6 GeV to 12 GeV

Add new hall

Add 5
cryomodules
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Experimental Hall B with CLAS

g Superconducting
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216 channels
99.5% efficient
over 50 m? area

electron beam direction

Electromagnetic

Time of Flight Counters ) \ Shower

Calorimeters
1700+ channelg
S/E = 10%/E%S

500+ channels, 145 ps resolution
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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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Studies performed with CLAS EQg2
double-target

Nuclear Hadronization

Color transparency

Short range nuclear correlations
Two hadron correlations

EMC effect measurements

Hadronic structure function measurements Iin
nuclel

Etc.



Some results of &+, ©, ®° and n
hadronization studies



Schematic diagram of semi-inclusive Deep Inelastic
Scattering of a lepton off a nucleon

One photon exchange reaction
X=(mtm ~,x°,...)

quarks gluons 4hadrog
cascades
ﬁ ‘.‘

Proton in “A” nucleus C



Experimental Variables

Q2 = -g2 four-momentum transferred by the electron (1-4)GeVz,
v = E-E* (lab) energy transferred by the electron (1-4.2)GeV,

z = E,/V fraction of initial quark energy carried by hadron;
Pt hadron momentum transverse to y* direction;

() angle between leptonic and hadronic planes

CLAS/DIS kinematics: Q2>1 GeVz, W >2 GeV ; 0.1<x<0.55
Ebeam=5GeV



Experimental observables
Transverse momentum broadening: Ap% — p% (A) — p% (ZH)
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Physical picture, DIS (gluon bremsstrahlung) ~ ©

Producti

Formation

Kopeliovich, Nemchik, Predazzi, Hayashigaki, Nuclear Physics'A 740 (2004) 211-245



O
o ffffff Iwo distinct dynamical stages,
**************************************** each with characteristic time
® = 0O © 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)
© O

0®



The production and formation of the final hadron,
¢inside or outside?
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Baier, Schiff, Zakharov, Annu. Rev. Nucl. Part. Sci. 2000. 50:37-69
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Transverse momentum dependence on 1/3 of nuclear mass
number (all together in 24 kinematical region)
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A<p?> (Gevic?)

Transverse momentum dependence on 1/3 of nuclear mass
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Hadronic multiplicity ratio dependence on z in
different kinematical regions
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Hadronic multiplicity ratio dependence on z in
different kinematical regions
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Multiplicity Ratio for

Multiplicity Ratio for m*
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Eta particle contains strange quarks!
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Eta particle contains strange quarks!
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Integrated multiplicity ratio dependence on z and

ri2 for T @Nd N
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Experiments with CLAS12



CLAS12

FTOF

Volker Burkert, CLAS12 Workshop, Genoa



hadron cT mass flavor  detection Production rate
(GeV) content  channel per 1k DIS events

7° 25 nm 0.13 wiidd 0% 1100

wt 7.8 m 0.14 ud direct 1000

™ 7.8 m 0.14 du direct 1000

i 0.17 nm 0.55 uiiddss ¥y 120

W 23 fm 78 uiiddss 7wtn—=x° 170

n 098 pm 096 wuddss w7 7 27

O 44 fm 1.0 uiiddss KYK~ 0.8

1 8 fm 1.3 uiiddss TR -
KT 3.7 m 0.49 us direct 75
N 3.7 m 0.49 s direct 20

K" 27 mm 0.50 ds O 42

P stable 0.94 ud direct 530

P stable 0.94 ud direct 3

A 79 mm 11 uds pm— 72

A(1520) 13 fm 1.5 uds pm- -

) T 24 mm 1.2 us pm’

By 22 pm 1.2 wuds A~ 11

i) -

—_ With new Eg2 target, designed and built in UTFSM

Hadrons in CLAS12



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 these
extreme conditions.

28



Types of Solid Targets

Properties of the solid targets

Target Longitudinal thickness Transverse thickness
Dimension Areal density (g/cm?) Radiation lengths Areal density (g/cm?)

Carbon 0.38 0.009 033

Thin Aluminum n 0.00 0.000 0.41

Thick Aluminum 0.58 mm 0.16 0.007 0.41

Iron 0.40 mm 0.31 0.023 1.2

Tin 0.31 mm 0.23 0.026 1.1

Lead 0.14 mm 0.16 0.025 17

e Diameter: 3 mm

New targets types will include: 4He, C, O, Ar, Pb and others.
Unfortunately no Fe.

29



Materials for Cryocell fabrication

30



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




Solid Target
1:1 working model

i /?[ lasbbed (20
HICKNESS .S QO pm

FIAT NESS .Qa [/

?ARI)LLE&/SM ol  /

» S | . - - -
i | — .
{2 A B e T T \
- - \
1 g . - —~ - — =
P - _4) OOy | “
" i v -



BAND (Back Angle Neutron Detector)

(Mechanical design by Ihaki Vega, Milan Ungerer)
With colleagues from MIT, TAU & ODU




EIC (Electron-lon collider)
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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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