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LAB RESOURCES LIST
Jlab Proposal No.:

Date

List below significant resources - both in equipment and human - that you are requesting from Jefferson Lab
in support of mounting and executing the proposed experiment. Do not include item that will be routinely
supplied to all running experiments such as the base equipment for the hall and technical support for routine
operation, installation, and maintenance.
Major Installations (either your equip. or new equip
requested from JLab)

Major Equipment
Magnets :

Power Supplies:

New Support Structures
Targets:

Detectors:

Electronics:
Data Acquisition/ Reduction
New Support Structures

Computer Hardware:

New Software

Other:
Other:
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BEAM REQUIREMENTS LIST
Jlab Proposal No.:
Hall:

Date

Anticipated Run Date

PAC Approved Days:
Hall Liaison:

Spokesperson:
Phone:
Email:

List all combinations of anticipated targets and beam considerations required to execute the experiment. (This
list will form the primary basis for the Radiation Safety Assessment Document (RSAD) calculations that must
be performed for each experiment.)
Condition
No.

Beam
Energy
(MeV)

Mean
Beam
Current
(µA)

Polarization and Other
Special Requirements
(e.g. time structure)

Target Material (use
multiple rows for complex
targets - e.g. w/windows)

Material
Est. Beam-On
Thickness Time for cond.
No. (hours)
(mg/cm2)

The beam energies, EBeam, available are: EBeam = N x ELinac where N = 1, 2, 3, 4, or 5. ELinac = 800 MeV, i.e,
available EBeam are 800, 1600, 2400, 3200 and 4000 MeV. Other energies should be arranged with the hall
leader before listing.

7/7/2010 10:24 AM

PAC 36 Proposal Submission Form

4 of 5

https://www1.jlab.org/ul/apps/proposals/edit_proposal.cfm?cove...

HAZARD IDENTIFICATION CHECKLIST
Jlab Proposal No.:

Date

Check all items for which there is an anticipated need.
Cryogenics

Electrical Equipment

beamline magnets

cryo/electrical devices

analysis magnets

capacitor banks

target magnets

high voltage

type:

exposed equipment

Radioactive/Hazardous Materials
List any radioactive or hazardous/toxic
materials planned for use:

flow rate:
capacity:
Pressure Vessels
inside diameter
operating pressure
window material
window thickness

Flammable Gas or Liquids
type:
flow rate:
capacity:
Drift Containers
type:

Beryllium (Be)
Lithium (Li)
Mercury (Hg)
Lead (Pb)

flow rate:
capacity:
Special Target Materials

Tungsten (W)
Uranium (U)
*Helium (3He)

*Helium (3He)

Other (List below)

Deuterium

Vacuum Vessels

Other Target Materials

Radioactive Sources

Large Mech. Structure/System

inside diameter

permanent installation

lifting devices

operating pressure

temporary use

motion controllers

window material

type:

window thickness

strength:
Hazardous Materials

Lasers
type:

cyanide plating materials

wattage:

scintillation oil (from)

class:

scaffolding or
elevated platforms
General
Experiment Class

PCB's

Base Equipment

methane

Temp. Mod. to Base Equip.

permanent

TMAE

temporary

TEA

Permanent Mod to Base
Equipment

Installation:

photographic developers

Use:
calibration

Major New Apparatus
Other:

other (list below)

alignment
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Computing Requirements List
Data:
Proposal Title:

Spokesperson:

Experimental Hall:

Silo/Mass Storage (Tape):
Amount of Simulated Data Expected (TB):
Amount of Raw Data Expected (TB):
Amount of Processed Data Expected:
Online Storage (Disk) Required (TB):
Imported Data Expected from Offsite Institutions:
Exported Data Expected to Offsite Locations:

Computing:
Simulation Requirements (SPEC CINT2000 hrs):
Production (Replay, Analysis, Cooking) Requirements (SPEC CINT2000 hrs):

Other Requirements
Please add any additional information that will be useful for JLab's Information Technology group
regarding unique configurations or that may require additional resources and/or coordination. Please
indicate if possible what fraction of these resources will be provided by collaborating institutions and
how much is expected to be provided by JLab.
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Study of Color Transparency in Exclusive Vector Meson
Electroproduction off Nuclei Experiment PR12-06-106
K. Hafidi, L. El Fassi, M. Holtrop and B. Mustapha, spokespersons

Introduction
In 2006, PAC-30 approved the PR12-06-106a experiment. Since then, there have
been new developments. They consist of published results from Hall C Color
Transparency (CT) studies for positive pions (E-01-107) and the final results of
Hall B for ρ0 mesons (E-02-110), in addition to significant progress on the
theoretical side. We also updated the rates using the latest versions of our event
generator and CLAS12 FastMC detector simulation package. Although the new
rates do not differ significantly from the older ones, we decided to adopt a new
strategy for the beam time request guided by our latest CT results and theoretical
developments. There have been no changes in the technical realization of the
measurements and only CLAS12 baseline equipments are needed. In this report,
we are not going to repeat the information included in the original proposal. We
will rather focus on the new developments and refer to the original write-up for
details.

Scientific case
CT is a fundamental property of QCD1. It illustrates the power of hard (high
virtuality of the virtual photon Q2) exclusive reactions to isolate Point-Like
Configurations (PLC) in the hadron wave function2. The selected PLC has small
transverse size proportional to 1/Q. It acts as a color dipole and therefore
interacts in the nuclear medium with a dipole cross-section proportional to its
square size. As a result, the PLC is expected to travel through nuclear matter
experiencing reduced attenuation due to the cancellation of the color fields of its
quarks. CT can be observed experimentally by measuring a reduced attenuation

a

The original proposal is located in http://www.jlab.org/exp_prog/proposals/06/PR12-06-106.pdf

1

of particles as they exit a nucleus. For high energies, it is well established.
Experimentally, it has been demonstrated3 in diffractive di-jet production by the
E791 collaboration at Fermilab. Theoretically, the CT property of QCD is used
routinely in the proof of QCD factorization theorem4 for deep exclusive meson
processes (di-jet production). While at high energies, the PLC propagates in the
medium with a frozen small size, at intermediate energies; it starts expanding
inside the nucleus. Therefore, CT at intermediate energies offers a unique probe
to study the space-time evolution of special configurations of the hadron wave
function and their interactions with the nuclear medium. Furthermore, the onset
of CT is a necessary condition for factorization5, which is an important
requirement for accessing Generalized Parton Distributions in deep exclusive
meson production. Recently, CT was suggested6 as responsible for one of the
most surprising results observed at RHIC7, namely the anomalous increase of
the ratio of proton-to-pion produced at large transverse momenta with the
centrality of the collision.
More than twenty years of experimental efforts invested in the CT studies were
not sufficient to unravel all the secrets of this elusive phenomenon. While the
searches in the baryon sector were deceiving, the results for mesons have been
very promising. Since PAC-30, pion CT results from Hall C experiment E-01-107
have been published8. Quasi-elastic pion electroproduction (e, e’ π+) on 1H, 2H,
12

C,

27

Al,

64

Cu and

197

Au was used to measure the pion transparency over a Q 2

range from 1.1 to 4.7 GeV2. The results show an increase of the nuclear
transparency with Q2 in qualitative agreement with models including CT
effects9,10. Exclusive diffractive electroproduction of ρ0 vector meson provides a
tool of choice to study CT. The PLC is directly produced from the virtual photon
since both are vector particles. However, one has to keep the coherence length
effect11 under control because it can mimic the CT signal. This could be achieved
by either looking at the Q2 dependence of the nuclear transparency for fixed
coherence lengthb (lc) or making the measurements at small coherence lengths

b

The coherence length can be estimated relying on the uncertainty principle and Lorentz time
2
2
0
dilatation as lc = 2ν/(Q + M ) where in our case M is the mass of the ρ

2

compared to the nuclear radius. When the coherence length is small, the initial
state

is

dominated

electromagnetic

by

interactions

instead of hadronic ones, which
dominate
coherence
Previous

for

intermediate

length

values.

measurements

by

E66512 collaboration at Fermilab
and HERMES13 collaboration at
DESY were also suggestive of
CT however they lacked statistical precision. CLAS measurements,

which

used

electron beam on 2H,

5

GeV

12

C and

56

Fe targets show as expected

that the nuclear transparency
(2H

ratio

is

used

for

normalization instead of 1H) is
independent of the coherence
length due to the small values
of the coherence length (see
Figure 1). However, the nuclear

transparency ratio was found
to significantly increase with Q2
for

Figure 1: The nuclear transparency as function
of the coherence length for C (top) and Fe
(bottom). The inner error bars are the
statistical uncertainties and the outer error
bars are the statistical and point-to-point
systematic uncertainties added in quadrature.
The bands in the bottom are the normalization
errors.

56

Fe while the increase for

3

12

C is less pronounced (see Figure 2) due probably to the magnitude of CT effect

itself. The present results
differ significantly from the
preliminary

results

(see

figure 5 of the proposala)
presented

to

PAC-30

because the latter were
missing several corrections.
The dramatic increase of
the

nuclear

transparency

found previously was mainly
due to acceptance effects
created by 4 cm distance
between deuterium and the
solid target. This dramatic
effect is due to our small t
cut dictated by our selection
of the diffractive process. At
last, we decided to not
correct for the effect of the
ρ0

decaying

nucleus

inside

and

the

subsequent

pion absorption in order to
exclude any model dependence off our results. This
task is left to the theoretical
models. The transparency
ratio for both

12

C and

Figure 2: The nuclear transparency as function
of Q2 for C (top) and Fe (bottom). The inner
error bars are the statistical uncertainties and
the outer error bars are the statistical and
point-to-point systematic uncertainties added
in quadrature. The bands in the bottom are the
normalization
errors.
The
curves
are
predictions of the FMS model with (solid
curves) and without (dashed curves) CT
effects.

56

Fe is found to be compatible with a model calculation by

Frankfurt, Miller and Strikman (FMS14) including both the effect of ρ0 decay and
color transparency. One should mention that a twin model9 based on similar
ingredients succeeded in describing the Hall C pion transparency. FMS model
4

provides a reaction theory for ρ0 electroproduction tailored to our experimental
kinematics. The model derives a treatment of the energy lost by the ρ0 in each
step of multiple scattering that also accounts for the momentum transfer to the
nucleus. The effect of CT was included by introducing an effective interaction,
which depends on the interaction length. For propagation lengths smaller than
the formation length, the interaction of the expanding PLC is taken into account
via the quantum diffusion model. In the case where propagation lengths are
larger than the formation ones, a typical Glauber-like interaction is used since the
hadron is fully formed. The effects of the ρ0 decay to +- inside the nucleus,
which can be important at low Q2, were also included.

Beam time request
In this update, we revisited the beam time request for mainly two reasons. The
first reason is that previously the effect of CT predicted by Kopeliovich 15,16 et al
was very large. This large effect is ruled out by our 5 GeV results, which are
more in agreement with the FMS model predicting somewhat smaller CT effects.
The second reason is that our knowledge of systematic uncertainties did improve
due to our experience with the 5 GeV data. The beam time request was adjusted
so that the statistical uncertainties on the second largest Q 2 points match the
expected systematic point-to-point uncertainties.
Targets
Error type
Kinematical cuts
Acceptance effect
Background subtraction
Radiative effect
Total error

56

Fe
Point-to-point Normalization
(%)
(%)
1.5
0.5
2
1
2
0.5
2
0.5
4
1.4

12

C

Point-to-point
(%)
1.5
1.5
2
1.5
3.3

Normalization
(%)
0.5
1
0.5
0.5
1.4

Table 1: Summary of the largest systematic uncertainties for 5 GeV data

Table 1 summarizes the different systematic uncertainties for both

12

C and

56

Fe

obtained for 5 GeV data. They are separated into point-to-point uncertainties (Q2
5

dependent) and normalization uncertainties (Q2 independent). We expect to have
similar systematic uncertainties for 11 GeV measurements. The old and new
estimations (obtained with updated simulation codes) of the statistical
uncertainties based on 8 days for C, 12 days for Fe and 16 days for Sn are given
in Table 2.
Q2(GeV2)

1.25±0.25

1.75±0.25

2.25±0.25

2.75±0.25

3.25±0.25

3.75±0.25

4.5±0.5

5.5±0.5

0.8(1.4)
0.8(1.7)
0.8(1.6)

0.7(1)
0.7(1.1)
0.7(1.1)

1(1.2)
1(1.4)
0.8(1.3)

1.6(1.7)
1.6(1.8)
1.3(1.8)

2.5(2.4)
2.6(2.6)
2.1(2.6)

3.9(3.5)
4.1(4.1)
3.3(4)

4.5(4.3)
4.6(4.5)
4.6(4.5)

9.1(7.5)
9.5(7.8)
9.2(8)

Targets
12

C (%)
Fe (%)
108
Sn (%)
56

Table 2: Summary of the statistical errors expected for a coherence length bin
between 0.4 and 0.5 fm. The values in parenthesis correspond to the quoted
uncertainties in the original proposal. The others values are the updated one for 8
days C, 12 days Fe and 16 days Sn.

They are very similar and calculated only for one coherence length bin covering
the range from 0.4 to 0.5 fm. The improved statistical uncertainties based on 12
days for C, 16 days for Fe and 24 days for Sn are shown in Table 3.
Q2(GeV2)
Targets
12

C (%)
Fe (%)
108
Sn (%)
56

1.25±0.25

1.75±0.25

2.25±0.25

2.75±0.25

3.25±0.25

3.75±0.25

4.5±0.5

5.5±0.5

0.6
0.6
0.6

0.5
0.5
0.5

0.8
0.8
0.6

1.2
1.2
1

2
2
1.6

3
3.2
2.4

3.5
3.6
3.4

7
7.4
6.9

Table 3: Summary of the statistical errors expected for a coherence length bin
between 0.4 and 0.5 fm. They correspond to for 12 days C, 16 days Fe and 24 days
Sn.

Deuterium is not included since it is used simultaneously with each solid target.
We also propose to take 4 days of hydrogen to better control the other processes
that contribute to the ρ0 background. This data is also useful in studying tracking
efficiency and momentum smearing. In addition, we would need 4 days on
hydrogen at the same position as the solid target to better control the acceptance
correction. The beam time is summarized in Table 3.

6

Targets
1
H
C
Fe
Sn

Beam Time (days)
8
12
16
24

Table 3: The beam time requested on each target

Figure 3: Expected statistical uncertainties for nuclear transparency
(12C) for the coherence length between 0.4 and 0.5 fm

Figures 3, 4 and 5 show the projected statistical uncertainties for C, Fe and Sn
respectively with predictions from the FMS model. Measurements with different
nuclei sizes are important for quantitative understanding of the PLC formation
time and its interaction in the nuclear medium.

7

Figure 4: Expected statistical uncertainties for nuclear transparency
(56Fe) for the coherence length between 0.4 and 0.5 fm

Figure 5: Expected statistical uncertainties for nuclear transparency
(108Sn) for the coherence length between 0.4 and 0.5 fm

8

Summary
Study of CT via vector meson electroproduction is a clean way to access small
size configuration in the hadron wave function. CLAS E-02-110 results represent
the strongest evidence of the onset of CT at intermediate energies. The next step
is to understand quantitatively the PLC formation time and its interaction in the
nuclear medium. The proposed measurements with an 11 GeV electron beam
are intended to do just that. It will extend the Q2 range up to 5.5 GeV2, which will
allow for significant increase in the momentum and energy transfer involved in
the reaction. Therefore, one expects to produce smaller configurations that live
longer: the optimum parameters for CT studies. The measurements on several
nuclei with different sizes will allow studying the space-time properties of the PLC
during its evolution to a full size hadron. With a total beam time of 60 days, the
experiment is expected to make quantitative studies of a fundamental property of
QCD, namely color transparency.
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