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BEAM REQUIREMENTS LIST
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List all combinations of anticipated targets and beam conditions required to execute the experiment.

(This list will form the primary basis for the Radiation Safety Assesment Document (RSAD) calculations that
must be performed for each experiment.)

Condition Beam Mean Beam Polarization and Other Target Material Material Est. Beam-On
No. Energy | Current Special Requirements (use multiple rows for Thickness | Time for Cond.
(MeV) (LA) (e.g., time structure) complex targets — (mg/cm?) No. (hours)
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available E;___ are 800, 1600, 2400, 3200, and 4000 MeV. Other energies should be arranged with the
Hall Leader before listing.
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COMPUTING REQUIREMENTS

Amount of raw data expected: The average trigger rate is estimated to
be about 500 Hz. The total amount of data for a 10-day run is about
500-700 GB.

Computer power required for reconstruction and analysis: for online
analysis, the standard Hall-A online Linux computer, which has two
P-333 cpus, is considered to be good enough. For offline analysis after
the experiment is done, we need roughly 100-200 cpu-day computing
power.

Computer power required for simulations: none.

Amount of on-line disk storage: 20 GB, or standard Hall-A configura-
tion.

Amount of data to be imported and exported to outside institutions:
none.

Other special requirements: none.
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The apparent scaling in 902,, deuteron photodisintegration, first observed several
years ago at SLAC, has led to several related experiments and a number of theoret-
ical calculations. We have in the past year measured in Hall A, with up to 2.5-GeV
photons, cross sections at large angles and the proton polarization at 902,,. Very
preliminary online analysis of the induced polarizations yields the very surprising
result that the induced polarizations apparently vanish starting at about the same
energy at which the existing cross section data start to scale, to follow the con-
stituent counting rules. Given this result, we propose further measurements to see
if this observation holds at other angles. We request 10 days to measure an angular
distribution at Ey ~ 2 GeV.

1 Introduction

At beam energies above a few GeV and four-momentum transfers —t > 1
(GeV/c)?, cross sections for several exclusive photoreactions demonstrate the
approximate validity of the constituent counting rules.! These rules can be
derived from perturbative QCD 2, but pQCD is generally considered to be
inapplicable to these data3. The apparent onset of scaling®® comes at partic-
ularly low energies, near 1 GeV, for deuteron photodisintegration; in contrast
photo-nucleon reactions at this energy exhibit pronounced resonance effects.
These observations, and the theoretical approaches discussed below, demon-
strate that photodisintegration, with its high momentum transfer, may be
amenable to description in terms of quark degrees of freedom. A successful
approach of this type would be an important step in trying to understand the
transition between QCD and meson-baryon degrees of freedom in describing
nuclei, one of the major goals for research at the Thomas Jefferson National
Accelerator Facility (JLab). ‘

We have recently extended the photodisintegration studies by measuring
the recoil proton polarization at 907,,. We discuss below the surprising result
that we have obtained: the measured proton polarization is consistent with
vanishing above about 1 GeV, as would be expected from hadron helicity
conservation. Meson-baryon models predict large polarizations, and quark
models do not generally require hadron helicity conservation. It might be
considered troubling that pQCD, which cannot be right for this reaction in
these kinematics, does require both helicity conservation and scaling of cross
sections. Thus, pQCD is the model in best agreement with all the data at
90%,,, and photon energies above 1 GeV.

Here we propose to measure an angular distribution for the proton polar-
ization at a photon energy of about 2 GeV. These data, along with ongoing
theoretical work, will provide an improved determination of the photodisinte-
gration reaction mechanism.
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Figure 1: Deuteron photodisintegration data compared to several theories, mentioned in the
text. The cross sections are multiplied by s, so that quark-scaling behavior results in a
constant value. '

2 Existing Data and Theories

In the past few years, we have performed several experiments *%7® to study
photodisintegration, to attempt to determine the onset of apparent scaling,
and thus lead to an understanding of the reaction mechanism. The published
results of Hall C experiment 89-0125, and previous data?, are shown in Fig. 1,
taken from reference 5. Scaling is seen from quite low energies at 69 and 89;,,,
but there is a much slower fall off of the cross sections with energy at the more
forward angles of 36 and 522,,. The curves shown include the reduced nuclear
amplitudes (RNA) model ® (long dash), quark-gluon string (QGS) theory '°
(dot dash), and conventional nuclear physics calculations ***? (dot and solid).

Our understanding of these data from these models is not satisfactory.
Scaling is seen and expected at high momentum transfers, but almost certainly
much higher than the kinematics of these data. The QGS calculations are
expected to work best at low momentum transfer, consistent with the good
agreement at 362,,, and poor agreement at larger angles. The Nagornyi nuclear
calculations *? agree well at 90%,. The RNA approach does not agree well
at any angle. It is necessary to understand if the good agreement for some
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Deuteron Photodisintegration
2.4 GeV
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Figure 2: Deuteron photodisintegration angular distribution at 2.4 GeV, compared to the
calculations, described in the text.

calculations at some angles is fortuitous, or whether the calculations are correct
and why the disagreement arises for other angles.

In Fig. 2, we compare the angular distribution data at 2.4 GeV, taken
from Fig. 1, with the asymptotic meson-exchange model 1? of Nagornyi and
Dieperink, and with a quark-model calculation '* of Radyushkin. The quark-
model calculation was normalized to the photodisintegration data point at 1.6
GeV and 90¢,,, so the agreement with the data at this energy indicates that
the large-angle energy dependence is satisfactory. Both show good quantitative
agreement with the data, except for under predicting the forward-angle rise.
Nagornyi also estimates the effects of helicity conservation on the cross sections
by turning off anomalous magnetic moments of the nucleons, in the “hcon”
calculation. Similar quality of agreement has also been shown in another quark
model calculation 4.

We have recently completed Hall A experiment 89-0198, measuring proton
polarization at 902, as a function of beam energy. Because the experiment
was just completed, we show in Fig. 3 the online data, set to 0, and the online
statistical uncertainties, to indicate the quality of the measurements. (We are
unwilling at this point to present the online values, but they are described be-
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Figure 3: Deuteron photodisintegration induced polarization uncertainties from Jefferson
Lab E89-019, along with previous data and two theoretical estimates.

low and will be presented at the PAC meeting.) Systematic uncertainties have
not yet been precisely evaluated, but for the online analysis are about 0.1. (We
expect to obtain systematic uncertainties of ~0.05 in the final analysis, in line
with the statistical uncertainties.) We also show older data'®, a conventional
meson / baryon calculation from the Bonn group '°, and vanishing induced
polarization, as would result from helicity conservation, expected in simpler
quark models.

Preliminary analysis shows that the data are of good quality. The low-
energy data points are consistent with most of the earlier measurements from
Tokyo and Kharkov. However, they contradict the increase in induced po-
larization with energy seen in the highest energy Kharkov experiment, from
about 700 - 900 MeV. At these energies, the magnitudes of our measured po-
larizations are much smaller than those of Kharkov.

To calibrate the polarimeter analyzing power and false asymmetries, mea-
surements of ep elastic scattering were taken at the same proton spectrometer
and FPP analyzer setting as for each of our data points. For this reaction,
the proton polarization depends on the beam helicity; the two polarization-
transfer components determine both the proton electromagnetic form factor
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ratio uGg /G a and the polarimeter analyzing power A, as the beam polariza-
tion was measured by the Hall A Mgller polarimeter. The induced polarization
vanishes in ep elastic scattering, in the one-photon exchange approximation,
so summing data from the two beam helicity states measures the false asym-
metries of the polarimeter. Given this calibration and the data overlap at
the lowest energies, we have confidence in our preliminary results, despite the
disagreement with the higher-energy Kharkov experiment.

‘We find the induced polarization steadily dropping above 500 MeV beam
energy. In particular, the induced polarization is consistent with vanishing
above about 1 GeV. This observation can be explained as resulting from hadron
helicity conservation (HHC). HHC requires that the sum of all hadron helicities
is the same in the initial state as in the final state.

For point particles, helicity conservation is a direct result of the electro-
magnetic coupling, which violates helicity conservation only at the level of
m/E. Thus, helicity conservation for quarks is not unreasonable. However, in
coupling the quarks to form a nucleon, orbital angular momentum may con-
tribute, leading to the initial and final state hadrons having different helicity.
Large momentum transfer elastic pp scattering is known to have non-vanishing
polarizations, and thus hadron helicity non-conservation. One explanation for
these data is the contribution of the independent scattering mechanism. 7

We consider the observed vanishing photodisintegration induced polariza-
tion to be highly surprising for several reasons.

o Our new data disagree with the old higher-energy Kharkov data, and the
trend implied by these data.

e The calculations by the Bonn group indicate that the Dy3 and D5 reso-
nances should contribute to the reaction, leading to large induced polar-
izations up to 1.5 GeV, peaking near 1 GeV.

e A measurement was performed during the past year at Yerevan!® of the T
asymmetry, the cross section asymmetry between linearly-polarized pho-
tons polarized parallel and perpendicular to the scattering plane. These
unpublished data at 902, show large asymmetries, as the photon energy
increases up to 1.5 GeV, tending towards 1 with increasing energy. If
there is HHC, ¥ is generally nonzero and results from a combination
of amplitudes that, with typical assumptions about the relative phases,
requires $(90°) — —1. The inference is that HHC most likely does not
hold.

¢ In the hadronic sector, proton-proton elastic scattering and A produc-
tion are well known for their HHC-violating polarization effects at large
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energy and momentum transfer. It has been speculated that these large
polarizations can result from independent scattering (Landshoff) mech-
anisms. 17

At this point, we can only speculate as to why helicity conservation ap-
pears valid in deuteron photodisintegration. In the framework of meson-baryon
theory, Lee*! has indicated that photodisintegration proceeds largely via ab-
* sorption of the photon on one of the nucleons. The intermediate nucleon may
be excited to some baryon resonance. The energy of this particle is shared
with the second nucleon though a meson-exchange / final state interaction.
Naively, since the nucleon-nucleon interaction has significant polarization ef-
fects at these center of mass energies, one should see non-vanishing polariza-
tions in photodisintegration as well. However, calculations 1® indicate small
polarization effects from final state interactions at higher energies.

Most of the polarization generated in the meson-baryon calculations results
from interference between the resonances and the Born term. If the polariza-
tion is to vanish in these models, either that the resonance contributions are
vastly overestimated, or somehow the combination of all resonances acts to
wash out the induced polarization at all energies.

Helicity conservation is not generally a fundamental symmetry in quark
calculations, but it is often assumed in simpler calculations. Since the nucleon
Pauli form factor directly measures helicity non-conservation, it is clear that
one does not generally expect helicity conservation in JLab kinematics. One
possibility is that for these large momentum transfer photoreactions, the pho-
ton interaction becomes point-like, suppressing the Landshoff mechanism and
allowing helicity conservation.

An alternate explanation comes from the framework of non-forward parton
distributions, in which one expects the amplitudes to be largely real. This
would cause the induced polarization, the imaginary part of an interference of
amplitudes, to vanish, naturally leading to our experimental result. Too, it
could potentially explain the recent Yerevan Y. asymmetry data, which result
from the real part of an interference of amplitudes.

The induced polarization is perpendicular to the scattering plane. For a
polarized photon beam, there are two additional proton polarization compo-
. nents, in the scattering plane. The polarization transfers C,; and C, lead to
the proton spin being polarized perpendicular and parallel to the proton mo-
mentum direction, respectively. The polarization transfer C, is the real part
of essentially the same interference of amplitudes as the induced polarization
P, so it should not generally vanish with non-forward parton distributions.
However, the interference contains products of helicity-conserving amplitudes
times helicity-violating amplitudes, so in the limit of HHC, both observables
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will vanish. C, is generally nonzero, and model dependent. It does not have
any direct implications for HHC, and we will not discuss it further.

From this discussion, it is clear that the vanishing of P we have presented
above is not sufficient to claim HHC in deuteron photodisintegration; it may
instead indicate that the amplitudes are nearly real. We did however measure
the photodisintegration with polarized beam, except for the point at 1.15 GeV,
and thus C, can also be determined. Only two of the four other points above
1 GeV have been analyzed so far. 2° The polarizations appear to be small;
when all the points are analyzed will it be clearer if the vanishing induced
polarizations reflect HHC, rather than real amplitudes.

Given these results, we have been in contact with several theorists con-
cerning the data and polarization calculations. Polarization calculations are
now underway in the QCD rescattering model 1* and in the quark-gluon string
model 12, There is also interest from Nagornyi ‘2, Radyushkin 13, Ralston,
Carlson, Afanasev, and Jeschonnek.

Given our recent experimental results, and the current status of theory, we
have concluded that it is important to measure an angular distribution for the
proton polarization. The vanishing polarization could be a general phenomena,
at all angles. The polarization could decrease monotonically with angle, as has
been seen in Regge-theory calculations for several photoreactions at beam en-
exgies of several GeV.?! The vanishing polarization could be correlated with
the apparent scaling of the cross sections. It is possible that the polarizations
are not generally 0, except at 902, . Resonance contributions could be large,
as in the Bonn calculations, but unlike these calculations actually have a node
near 902,,. To summarize, characterizing the angular distribution allows com-
parison to expected theoretical calculations, in addition to directly providing
clues about the underlying physical processes. By measuring at the highest
feasible energy, near ~ 2 GeV, we ensure that we are in the region at which the
702, cross sections scale, and improve the applicability of the quark models.

3 The Experiment

We propose to measure an angular distxibution for deuteron photodisintegra-
tion at a beam energy of about 2 GeV. This energy is the highest feasible
energy for an angular distribution; this can be demonstrated by noting that
the 1.95 GeV point in Fig. 3 was taken in four days, compared to the ten
days of data for the 2.5 GeV point, with its poorer uncertainty. This proposal
represents an improvement over the previous proposal 8 in line with our ac-
tual measurements during fall 1999, by requesting measurements of both the
induced polarization P and the polarization transfer C, as well as C,. The
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physics arguments were presented above.

We plan to take advantage of technical improvements to increase the figure
of merit, and reduce the beam time, for the experiment. Experiment 99-007,
which extends G%, measurements®* to higher Q7 is tentatively scheduled for
late fall 2000. It will install a thicker analyzer with higher figure of merit in the
polarimeter. This allows an estimated factor of 2 reduction in the beam time
needed. This analyzer is appropriate only for higher proton momenta, which
we will be running in this experiment. Installation and removal of the thicker
analyzer are difficult tasks; we assume that this experiment will be approved
and scheduled for immediately after E99-007. As a result, we will be able to
take advantage of the modified analyzer, and reduce the beam time request
accordingly.

The experimental techniques are identical to those of our recently com-
pleted experiment, E89-019. We use a 30 uA, ~70% polarized electron beam
impinging on a 6% Cu radiator to generate the polarized photon beam. The
mixed electron + photon beam then strikes the Hall A 15-cm cryogenic deu-
terium target. The hadron spectrometer is used to detect protons correspond-
ing to photon energies near the end point, for the chosen center-of-mass angles.
Reconstructed target quantities are used to eliminate background events, and
scattering of the protons in the polarimeter is used to determine the proton
polarization. -

During E89-019, we obtained uncertainties of AP 2 0.05 for the induced
polarization at the target for our 1.95 GeV data point; the uncertainty was
about 0.07 for C; due to the beam polarization, and about 0.23 for C, due to
the beam polarization and the unfavorable spin transport for this spin compo-
nent. The measurement took 4 days. Thus, 2 days are required for this mea-
surement with the improved analyzer. For the forward angles at this energy,
larger cross sections lead to higher count rates that approximately compensate
for the decrease in polarimeter figure of merit with higher proton momentum.
As a result, similar times are required at each angle.

We do not propose to improve upon the statistical uncertainty of our
recent measurements, as systematic uncertainties on the induced polarization
will be about 0.05 (absolute). This results mainly from the false asymmetry.
. For the polarization transfer, the false asymmetry is small. The uncertainties
from spin transport, analyzing power, and beam polarization are about 5 %
(relative), becoming quite small for small polarizations. However, checks of
helicity conservation require both P and C, to vanish, so we believe it is not
reasonable to measure one of these two components to much greater precision
than the other.

Table 1 shows the proposed kinematic points, uncertainties, and times.
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The large increase in the uncertainty for C. near 702, results from the 180°
rotation in this spin component at = 1.9 GeV/c. The times shown in Table 1
total 9 days for photodisintegration measurements.

An additional one day is needed for elastic ep scattering to calibrate the
polarimeter. This is optimally done with a higher beam energy than that of the
measurements, in the range = 3.5 to 4.0 GeV. Each of the 5 ep measurements
. requires about 4 hours.

Table 1: Proposed data points, uncertainties, and times for F & 2 GeV angular distribution.

Bem O1ap Py pr —t AP [ AC, [ AC, time

(deg) (deg) (GeV/c) (GeV/c) (GeV/e)? (absolute) (days)
37 20.1 2.35 0.8 0.4 0.05 / 0.06 / 0.09 2.
53 294 2.19 1.1 1.0 0.05/0.07/0.16 1.5
70 40.1 1.96 1.3 1.7 0.05 / 0.07 / 0.62 1.5
90 54.3 1.65 1.3 2.7 0.05 / 0.07 / 0.24 2.
110 71.2 1.34 1.3 3.8 0.06 / 0.05 / 0.09 2.

4 Summary

During fall 1999, this collaboration measured recoil proton polarization in
deuteron photodisintegration. We obtained the result that the induced po-
larization is consistent with vanishing, inconsistent with meson-baryon model
calculations. The data indicate that hadron helicity is conserved and / or
the reaction amplitudes are real. Polarization calculations are expected to be
available in several quark models in the near future.

Our understanding of the implications of the data, and testing of the new
calculations, can be greatly improved by measuring an angular distribution at
the highest feasible energy. We request ten davs to perform such a measure-
ment at 2 GeV.
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