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Abstract

The description of exclusive reactions at high momentum transfer relies on
the Hard Scattering Picture of Quantum ChromoDynamics. Particularly, the
electromagnetic interaction with a nucléon at high enough Q2 is predicted to
select small transverse size components of the valence wave function. The evolu-
tion of these small components in a nuclear medium is characterized by a reduced
interaction significant of the occurence of color transparency. The present report
is a feasability study of a color transparency experiment in the deuterium in the
context of the ELFE/DESY project. It is shown that the availability of such
an electron facility allows uniquely to study accurately color transparency and
therefore contributes to the understanding of the non-perturbative mechanisms
of Quantum ChromoDynamics.

1 Introduction

Exclusive processes at large momentum transfer give direct access to the valence wave
function of the nucléon. In that energy range, where the factorization scheme allows
to disentangle between the perturbative part of the electromagnetic interaction and
the non-perturbative part of the wave function, elastic form factors scale according to
a well-known law [1, 2]. For the nucléon, this transition appears precociously around
Qo=2 GeV2/c2. The precise understanding of the advent of the scaling regime neces-
sitates more dynamic observables. This is the goal of the color transparency program
in (e,e'p) scattering off A mass nucleus.
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For a given nucleus, the color transparency signal can only be seen if the Lorentz
boost is large enough to permit the ponctual component selected by the electromag-
netic interaction to leave the nucleus without interacting. Such a constraint leads
to relatively large momentum transfer about Q2 ^A1^3 GeV2/c2. For heavy nuclei
(A>12), Q2 is by far larger than Q2,, meaning that this regime is not appropriate for
the understanding of scaling. It is therefore necessary to investigate cautiously (e,e'p)
scattering off light nuclei (A=2,3).

The relevance of that argument motivates a growing interest in the search of color
transparency effects in light nuclei [3, 4, 5]. New exploratory experiments at CEBAF [6,
7] will study the (e,e'p) scattering off 2H and 3He in the momentum transfer range 2-
5 GeV2/c2. However, the present knowledge of the interaction of the mini-hadron
with the nuclear medium promotes a higher Q2 range to pin down color transparency.
Combined with the rapid fall off of the (e,e'p) cross section at CEBAF energies, this
strongly supports the investigation of color transparency in light nuclei by means of
higher beam energies as would be available at the ELFE/DESY facility.

The present work reports on a feasability study of a color transparency experiment
in the deuterium in the 15-25 GeV beam energy range. After a brief description
of the reaction model, kinematics and counting rate are presented for two different
instrumental options, namely, a pair of high resolution spectrometers [8] and the large
acceptance detector MEMUS [9, 10]. The distortion of the color transparency signal
through experimental resolution and radiative losses is also investigated.

2 On-Shell Rescattering and Color Transparency

Electrodisintegration of the deuterium has been investigated theoretically by many
authors. The present study focusses on the on-shell rescattering model that has been
proven sucessfull in some other context [4].

The cross section of the 2H(e,e'p)n process at high momentum tranfert consits of
two dominant interfering amplitudes: the quasifree and the rescattering contributions.
The quasifree part involves the single interaction of the electron with a moving proton,
that is essentially the elastic electron scattering convoluted with the deuteron wave
function; the neutron remains here spectator. The rescattering contribution takes care
of the additionnal interaction between the struck proton and the neighbouring neu-
tron, that is in essence color opacity. While the imaginary part of the rescattering
amplitude involves predominantly the interaction between two on-shell nucleons, the
real part remains small and even vanishes when the imaginary is maximum. It ensures
a marginal contribution of off-shell effects and allows to describe the interaction prob-
ability through the well-known proton/neutron cross section. This establishes in turn
the reaction process model on a firm basis. Color transparency effects will appear then
as a deviation from this reference.

In order to get a flavor of the expected effects, color transparency is introduced by
means of a toy model [4]. Its main feature is a decrease of the interaction probability
when the distance between the nucleons is smaller than the distance needed for the
mini-hadron to recover his normal size. In addition, this cross section reduction scales
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with the transverse size of the selected ponctual component.
Independently of any color transparency model, the expected effect is a reduction of

the final state interaction between the nucleons. Therefore, any experiment intending
to pin down color transparency should look at a kinematic region where conventional
approaches predict maximum rescattering effects. The search for such a region is
illustrated on Fig. 1.

Disregarding the trivial y> angular dependence, the 2H(e,e'p)n process depends on
four physics parameters: the incoming beam energy E, the momentum transfer Q2, the
recoil momentum p r of the neutron and the Bjorken variable x (defined with respect
to the proton) which is directly correlated to the recoil neutron angle 0r. As shown
on the first set of curves of Fig. 1, the beam energy acts conventionally as a phase
space and counting rate magnificator. Particularly, the restricted phase space allowed
for actual CEBAF energies should be noticed. According to its usual understanding,
the momentum transfer controls the transverse size of the probed object and acts con-
sequently as the leading parameter of the color transparency phenomenon. The x (or
9r) and p r parameters are relevant of the hadronic part of the interaction which is
discussed in another contribution to this workshop [4]. Rescattering effects turn out to
be maximum for x=l (quasielastic scattering) and large p r (small distance between the
nucleons). As expected, color transparency reduces the rescattering contribution lead-
ing to a cross section ratio close to unity. Then the effects are particularly significant
when the quasielastic scattering at small inter-nucleons distance is selected.

3 Spectrometer Option

The experimental study of exclusive processes has to deal with very small cross section
reactions which in turn asks for high beam intensity. The subsequent high luminosity
requested for these experiments tends to favor the use of spectrometers. This choice is
furthermore strengthened when the final state of the experimental process consists of a
few strongly correlated particles. As a first attempt, the study of the 2H(e,e'p)n process
is herebelow worked out using the pair of high resolution spectrometers proposed for
the original ELFE proposal [8]. These spectrometers are characterized by a solid angle
of 7 msr and a momentum acceptance of ±10%.

The preliminary concern of a feasability study is the expected counting rate which
indicates the relevance of any experiment. In addition to the basic cross section, the
counting rate is here suffering from a matching factor between the electron and hadron
arms which corresponds to the coincidence detection of the outgoing electron and pro-
ton. While the cross section is essentially increasing with beam energy, the matching
factor is a complex function of the outgoing particle parameters. The counting rate
is further constrained by some other design parameters of the spectrometers, namely
a minimum detection angle of 10° and to a less extent a maximum momentum of 25
GeV/c. The resulting settings and counting rates are shown in Tab. 1 for several mo-
mentum transfer. Kinematics correspond to the maximum rescattering effects region,
i.e. a large recoil neutron momentum (pr=500 MeV/c) and a Bjorken variable x=l .
The resulting scattered electron and struck proton angles (0e and 0p) and their mo-
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mentum are quoted in the table. The counting rates N assume a 1038 nucleons/cm2/s
luminosity, a ±0.50 GeV2/c2 momentum transfer acceptance and a ±0.05 Bjorken vari-
able acceptance. Further cuts are applied on the missing momentum (Pm 6 [400; 600]
MeV/c) and the missing energy (Em < 100 MeV) spectra. It is clear from this table
that the spectrometer option does not suffer from any count rate limitations in the
energy range of interest.

Table 1: Kinematics and counting rate of the spectrometer option.

Q2

(GeV2/c2)
6
8
10
12
14
16
18
20

Pe
(GeV/c)

11.80
13.74
15.67
16.61
17.54
16.47
15.41
14.34

0e

(°)
10.6
10.3
10.0
10.2
10.3
11.3
12.4
13.6

(GeV/c)
3.90
4.99
6.07
7.15
8.22
9.29

10.36
11.43

n
25.5
23.3
21.5
19.9
18.6
17.1
15.6
14.5

N
(cp/h)

68.9
48.6
44.8
40.1
40.1
36.3
35.3
34.9

The study of the 2H(e,e'p)n process is further constrained by the ability of the ex-
perimental setup to select quasielastic events at the relevant kinematics. This capacity
is currently expressed in terms of the missing energy (SEm) and momentum (5Pm)
resolutions which must allow to disentangle between quasielastic scattering and single
pion electroproduction. The proposed spectrometers have a Sp/p=5xl0~4 momen-
tum resolution and a S9=Sip=1.0 mrad angular resolution. Additional contributions
included in our calculations to SEm and 8Pm arise from the beam energy resolution
(8E/E=0.2x 10~2 for the ELFE/DESY project) and radiative losses in the target which
result in an overall distortion of the experimental signal. The resulting missing energy
resolution ranges from 32 MeV for a 15 GeV beam energy to 58 MeV for a 25 GeV
beam energy, therefore allowing for the separation of pion production processes; the
resulting missing momentum resolution ranges from 28 MeV/c for a 15 GeV beam
energy to 43 MeV/c for a 25 GeV beam energy, leading to a correct identification of
quasielastic scattering events.

The last major issue of this feasability study concerns the extraction of an eventual
color transparency signal from experimental data. In other words, what is the accuracy
or counting time requested to distinguish between the transparency and the opacity
regimes and ultimately between different descriptions of color transparency? For that
purpose, it is mandatory to dispose of a model independent experimental signature.
The ratio of the total to quasifree cross section is not satisfactory in that respect since it
involves the model dependent quasifree process. A possible clue to this problem is the
investigation of the ratio of the total cross sections for different kinematic regions [6].
Indeed, the low x and/or the small p r regions are expected to be significant of color
opacity while the x=l and large p r region is sensitive to color transparency (Fig. 1).
Therefore the Q2 evolution of the ratio of the total cross sections measured at x = l and
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x=0.5 (for example) for a given large p r , or at pr=500 MeV/c and pr=200 MeV/c (for
example) for x=l , should be strongly sensitive to the occurence of color transparency.

Fig. 2 shows the Q2 evolution of the transparency ratio Tspec. at the fixed 500
MeV/c recoil momentum and defined as the ratio of the cross section for x=l to
x=0.5. The error bars correspond to 5 hours of data taking at each kinematics, that
is 10 hours per Q2 point, assuming a 10.83 /iA beam intensity and a 2% radiation
length (15.14 cm) target thickness. Theoretical points are the expectation value of
the experimental ratio for a perfect detector and in absence of radiative losses while
experimental points take into account these two effects. The resulting distortion of the
transparency signal is shown to be small and essentially due to radiative losses. Note
that this effect can be further reduced by lowering the target thickness and increasing
the beam intensity to keep the same luminosity. As expected, the proposed ratio
Tspec. exhibits a strong sensitivity to color transparency effects, even with the very
conservative toy model. Therefore, an unambiguous experimental signature of color
transparency in the deuterium can be obtained within 80 hours of data taking, using
a pair of high resolution spectrometers.

4 Large Acceptance Detector Option

The original ELFE proposal offers an additional experimental alternative for the study
of exclusive reactions. An important part of the physics program involves many par-
ticles (>3) in the final state and requests then a large acceptance detector [9, 11, 12].
Despite the suitability of the spectrometer option for the study of color transparency
in the deuterium, the comfortable counting rates of Tab. 1 suggests that the same
study might be achieved at lower luminosities. Taking into account a 2TT acceptance
and the simultaneous measurement of the whole Q2 range, a large acceptance detector
option might then compete with the spectrometer one.

For the purpose of this feasability study, we consider the large acceptance detector
MEMUS [9] designed to operate at a 1035 nucleons/cm2/s luminosity. Its revisited
design and performances are presented in another contribution to this workshop [10].
Its main relevant limitation with respect to the study of the 2H(e,e'p)n process is the
3° minimum forward angle. Kinematics and counting rates are given in Tab. 2 for a
15 GeV incident beam energy and the Bjorken variable x = l . The angular range for
the recoil neutron (9r) and the struck proton (6P) are quoted for a 100 MeV/c and 700
MeV/c recoil momentum, respectively. The counting rate N corresponds to the sum of
the events with p r > 400 MeV/c within a ±0.5 GeV2/c2 momentum transfer acceptance
and a ±0.05 Bjorken variable acceptance around the central kinematics. Although the
obtained values cannot be compared directly to those of Tab. 1, it appears that the
MEMUS option does not suffer from any count rate limitations in the energy range of
interest.
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Table 2: Kinematics and counting rate of the large acceptance detector option.

Q2

{GeV2/c2)
6
8
10
12
14
16
18
20

Pe
(GeV/c)

11.80
10.74
9.67
8.60
7.54
6.47
5.41
4.34

0e

(°)
10.6
12.8
15.1
17.5
20.3
23.4
27.2
32.2

-Or

(°)
52.2-32.5
57.2-38.6
61.1-42.7
64.1-46.8
67.4-49.9
69.2-52.3
72.1-54.9
74.2-57.2

-oP
(°)

33.9-42.2
28.8-35.3
25.3-30.6
21.7-26.2
18.9-22.8
16.5-20.0
14.2-17.3
12.0-14.8

TV
(cp/h)
49.5
22.2
13.5
10.6
8.2
7.1
6.6
6.0

Fig. 2 shows the Q2 evolution of the transparency ratio TMemus a^ the fixed x=l
Bjorken variable and defined as the ratio of the cross section for p r > 400 MeV/c
to p r < 200 MeV/c. The error bars correspond to 100 hours of data taking at the
previously denned kinematics and luminosity. The quoted ratios are the experimental
expectation value assuming a perfect detector (100% efficiency and infinite resolution)
and without radiative loss corrections. Here, the main results are the sensitivity of
the proposed ratio to color transparency effects and the ability, as far as statistics is
concerned, of the MEMUS detector to measure accurately the expected effects in a
reasonable counting time.

As described in the previous section, the ability of a given experimental device
to select a particular reaction channel vetoes its reliable study. The missing energy
and momentum resolutions of a large acceptance detector are manyfold quantities
which depend on the characteristics of each individual elements of the detector. The
present studies of the MEMUS response and capabilities in the context of a color
transparency experiment in the deuterium lead to the resolutions: SEm=l52 MeV and
SPm=69 MeV/c. Such values clearly forbid any attempt to separate unambiguously
quasielastic scattering from single pion electroproduction. However, the almost com-
plete hermiticity of the MEMUS detector delivers additional information about the
reaction process. Particularly the charged particle multiplicity, easily extracted from
the tracking devices, allows to identify single charged pion electroproduction. The only
remaining parasitic reaction is then the 2H(e,e'p)7r°n process which identification might
be achieved via the electromagnetic calorimeter of MEMUS. A firm answer about this
problem necessitates a deeper investigation of the MEMUS behaviour which is still
under study at this instant.

5 Conclusion and Outlook

The above feasability study shows that the investigation of color transparency in the
deuterium can be worked out successfully in the context of the project ELFE/DESY.
The most promising experimental setup would consist of a pair of high resolution
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spectrometers operating at a 1038 nucleons/cm2/s luminosity. However, the large ac-
ceptance detector MEMUS would also suit to this experiment if a 1035 nucleons/cm2/s
luminosity can be reached together with a clear separation of the single TT° electropro-
duction channel.

Besides these elementary requirements, more general background studies needs to
be achieved in order to refine the appropriate design of each experimental setup. An
accomplished experimental proposal would also benefit of improvements of the theo-
retical description of the reaction channel (A, N*... excitations and Meson Exchange
Currents) and of the color transparency effects. Nevertheless, it should be stressed that,
within the framework of a crude but very conservative approach of color transparency,
it has been shown that the ELFE/DESY project offers an unique opportunity to study
accurately the color transparency phenomenon, leading to a better understanding of
non-perturbative mechanisms of Quantum ChromoDynamics.

We would like to thank B. Pire and J. Ralston for their fruitfull comments and
support.
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Figure 1: Figure 1: Total differential cross section and total to quasifree ratio for
selected kinematics. The different curves correspond to the basic on-shell rescattering
model without (full line) and with (dashed line) color transparency effects. The constant
unit ratio is shown (dotted line) for reference.
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Figure 2: Figure 2: Theoretical (open symbols) and experimental (full symbols) trans-
parency ratios for the spectrometer and large acceptance detector option. Expected
results are shown without (triangles) and with (circles) color transparency effects.
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