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Computing Requirements for
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e Raw Data: ~250 GB.

¢ Computer resources for reconstruction and analysis: 15,000 SPECint95 hours.
e Computer resources for simulations: ~15,000 SPECint95 hours.

e On-line disk space: ~80 GB.

e No foreseen need to transfer data to other institutions.

e No other special requirements.
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FY at low Q?

Abstract

We propose to extend measurements of the proton and neutron structure functions, F} and FJ,
to low Q® and moderately low Bjorken z, into a regime where there is presently little data on these
fundamental quantities. In addition, recent work suggests that in the low Q2, low z regime, F¥ drops
quickly with decreasing momentum transfer, which can be interpreted as an insensitivity to the quark
component of the nucleon sea. We will investigate this phenomenon and, utilizing quark-hadron duality,
explore to what extent this effect occurs at low Q2 but moderate z.

1 Introduction

The structure functions F¥ are quantities fundamental to our understanding of physics at the nucleon scale.
Over a broad range in momentum transfer Q2 and Bjorken z, these quantities are well measured. Fig. 1
shows a set of F} data representative of the world’s data in this regime plotted as a function of Q2, binned
in x. Over the large range in Q% shown, and especially at higher Q2, the structure of the data in each z bin
is well understood in terms of logarithmic scaling violations. Here, perturbative quantum chromodynamic
(PQCD) calculations of leading order (LO) and next-to-leading order (NLO) terms together with target
mass corrections reproduce the data very well. At values of z from 0.01 to about 0.2, however, there are
almost no data in the region Q? < 0.7 GeV2.1

Fig. 2 shows a diagram of Q? versus v in the region generally accessible to Hall C at Jefferson Lab. The
resonance region is bounded by the two lines of constant invariant mass, W2 = m2 and W2 = 3.5 GeV?.
Lines of constant x emanate from the origin. The light shaded bands on the lines of constant z denote the
regions where precise Fj' data currently exist. While the structure function data generally extend down to
the resonance region for z > 0.14, there is a paucity of data at low Q? and low z.2

The dark shaded bands on the lines of constant z indicate where we propose to measure the proton
and neutron structure functions. The objective of the proposed experiment is to map out F§ in both
the low Q?, low =z (W? > 3.5 GeV?) region where there is presently little data, and in the the low Q2
moderate = (resonance) region (using a quark-hadron duality approach for the latter). Recent Jefferson Lab
work indicates that in both of these regimes we are seeing the onset of a transition in F} with decreasing
Q? [Nic99]. In one interpretation, the two results together could yield information about the coherence
length of ¢g pairs in the sea.

2 Motivation

In Fig. 3 we show a plot similar to Fig. 1, but zoomed in on the low Q? region. The existing precision data,
which in most cases extend down to a four-momentum transfer of roughly 0.7 (GeV/c)?, are shown as a light
band for each « bin (the width of the band is indicative of the uncertainties in the data). In addition, we
show several individual data points at z ~ 0.07, described below:

1The data at = > 0.2 extend down in Q? all the way to the resonance region.

%Note that there exist data at low Q2 and very low z from E665 [Ada96a), H1 [Abt93, Ahm95, Aid96, Ad197], NMC [Arn97],
and ZEUS [Der93, Der95a, Der95b, Der96, Bre97, Bre98], but these data are at energy losses much greater than those we are
considering here.
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Figure 1: Representative data for F} (from E665 [Ada96b], H1 [Aid96, Ad197], and ZEUS [Der96, Bre97]),
shown as a function of Q2. For plotting clarity, each z bin is offset by a constant. This figure is taken from
Ref. [Cas98].

Q® (GeVic)

v (GeV)

Figure 2: Q? versus v. The resonance region is in between the lines of constant W2 (W? = m?2 and
W? = 3.5 GeV?). Lines of constant « are shown, with light bands indicating existing data. The dark bands
along lines of constant z indicate the kinematic region over which we propose to measure F¥ and Fj.
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Figure 3: F} as a function of @? in the low Q2 region. The light bands at constant z are representative of
the world’s data.

o The square datum is from a study of quark-hadron duality based on recent data from Hall C at Jefferson
Lab [Nic98, Nic99]. The point was taken from a scaling curve obtained by averaging inclusive scans in
the resonance region, and is from a region where duality holds well (thus higher twist effects appear to
be small or cancelling).

¢ The two triangles are from a SLAC experiment performed in the 1970s [Ste75), and they generally
confirm the trend indicated by the duality approach.

* The stars are preliminary results from a few brief test runs taken in Hall C in the summer of 1999
(at different kinematics than the SLAC data). While there are still large systematic uncertainties
associated with this data set (reflected in the errors bars), it does confirm that F? is decreasing rapidly
with decreasing Q2.

Note that the good agreement between the three data sets at low Q? indicates that higher twist effects are
not playing a large role here. The thin solid line shows the evolution (LO) at = = 0.07 expected from PQCD.
The low Q? data described above not only show violations from scaling, but are clearly deviating from the
ezpected )* evolution in a region where higher twist effects do not appear to be substantial.

The dashed line shows a sample Fy oc Q2 curve, a condition that is required by gauge invariance at the
photon point. While the low Q2 data do not obey the expected evolution, they also do not yet have the
slope implied by the photon point requirement.

We can view this ‘turn off’ of F} in another context, with interesting implications. The Bloom-Gilman
(quark-hadron) duality study referenced above has led to the following observation: the curve of F¥ obtained
by averaging inclusive scans in the resonance region (a so called ‘scaling curve’) has a shape very similar
to the well-known zF; data set — see Fig. 4. Recall that to first order, zF} is sensitive to valence structure
only. The F; curve shown in Fig. 4 is in striking contrast with the usual picture of F, obtained from
deep inelastic scattering (DIS) experiments and associated parameterizations (NMC [Arn95], MRS [Mar94],
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Figure 4: The data are zF3 as a function of £ (£ can be considered as Bjorken x with corrections for target
mass effects; the two quantities are essentially the same at low z). The line shows F; derived from a duality
study of the resonance region, which at low z is sensitive to low Q2. The F; curve has been adjusted by a
factor of 18/5 to account for quark charges. This figure is from Ref. [Nic98].

CTEQ4 [Lai97]), which has F, rising with decreasing x, reflecting large contributions from the nucleon sea.
In other words, the duality data (which, in contrast to DIS data, probe low Q? at low z) suggest that in this
regime, F} may be sensitive to valence structure only. The goal of this proposal is to study the structure
functions F;"P in this region where F} drops off.

We can see from Fig. 5 that the fall off of F¥ seen in the Jefferson Lab duality study is consistent with
data from other experiments probing significantly lower z. The three plots in the figure show F¥ as a function
of z for three different values of Q2, together with the parameterization from the GRV collaboration [Glu9s,
Glu98]. At low «, the structure function F¥ depends very strongly on Q2. This is consistent with the
conclusion from the Jefferson Lab data: for fired =, as we move to lower momentum transfer, we see an
apparent drop-off of the nucleon sea. There has also been long-standing debate about how low in Q2 we
will be able to make reasonable use of the parton model. The GRV curves in Fig. 5 indicate that this
particular version of the model works surprisingly well even down to the Q2 ~ 1 (GeV/c)? range, although
by Q% ~ 0.3 GeV/c)? it is breaking down.3

The kinematics proposed in this experiment would extend the existing Jefferson Lab data down signif-
icantly in both Q2 and z, in the region where a drop off in F, has been observed and the parton model
appears to be failing. One of our objectives is to learn how the Q% dependence of the structure functions
at low z relates to that at higher  (where we expect to be dominated by valence structure). The proposed
experiment also includes some data in the resonance region. This will allow us to explore the nucleon struc-
ture functions at low Q* but moderate z (namely, in the resonance region) using quark-hadron duality. The
Jefferson Lab duality study has shown that local duality (individual resonant peaks averaging to the DIS
scaling curve) holds quite well even down to small momentum transfers [Nic98, Nic99]. If we assume that

3The GRV model uses parton distributions evolved from Q2 = 0.4 (GeV/c)2.
4The JLab work indicates that local duality holds at the several percent level above Q? =1 (GeV/c)?, and roughly at the
10% level at Q2 = 0.5 (GeV/c)2. Future analysis is planned to determine these levels of agreement more precisely.
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Figure 5: F} as a function of z for three values of Q?, with a logarithmic z scale. The proposed experiment
would extend the Jefferson Lab data down to z = 0.01 at Q2 ~ 0.03 (GeV/c)2.



B 9 B P 07 :
(GeV) (deg.) (GeV) (GeV/c)?
4.4 16.0 0.4-3.9 0.016-1 0.13-1.42 0.18-0.95
(22 settings)

4.4 10.5 0.4-3.9 0.007-1 0.05-0.61 0.18-0.98
(22 settings)
3.3 10.5 0.4-3.1 0.007-1 0.04-0.36 0.24-0.98

(20 settings)
2.2 10.5 0.4-2.2 0.008-1 0.03-0.16 0.35-0.98
(17 settings)

Table 1: Kinematics for the proposed experiment. Data will be taken with *H, 2H, and Al (dummy) targets.

local duality holds, we can use resonance-averaged measurements to extract information about the behavior
of F» in kinematic regions otherwise inaccessible.

Finally, we are also interested in finding out how the structure functions behave as we increase z at low
Q2. As pointed out above, one interpretation of the Jefferson Lab inclusive data is that Fj is insensitive to
the nucleon sea at low Q2. In other words, as we increase the wavelength of the probe, it will at some point
fail to resolve ¢ pairs in the nucleon. By looking at the structure functions at low Q2 as a function of z, we
hope to shed light on this situation and possibly learn about the coherence length of ¢g pairs in the sea.

3 The Experiment

This experiment will use the HMS together with the standard 4 cm cryogenic target cells filled with 'H and
?H liquids. In order to access the lowest z and Q? proposed, the HMS will need to reach 10.5 degrees. The
HMS has been used at this angle before (during E93-021, The Charged Pion Form Factor), but reaching it
again will require reinstallation of a low-profile beam pipe downstream of the target. Other than this, no
special hardware or beam conditions are required.

Because the SOS cannot reach large momenta and because the HMS and SOS cannot simultaneously be
at very small angles, all primary data in this experiment will be taken with the HMS. The SOS will be used
to perform auxiliary scans and to monitor the luminosity.

Table 1 gives the kinematics proposed for the experiment. We plan to perform cross section measurements
of systematic uncertainty of about 3%, which has been previously achieved in Hall C and which easily satisfies
the physics goals of the experiment. The ratio of longitudinal-to-transverse cross sections, R, is necessary to
extract F; from the experimentally measured cross section. When the results of a recent measurement, (E94-
110, A Measurement of R = o /or in the Nucleon Resonance Region) become available, the uncertainty
introduced by this quantity should be less than 1%.

Over the kinematic range proposed, the rates are very high — 1 kHz and greater for beam currents around
10 to 50 uA — so even quick runs obtain 1% statistics with 10 MeV binning. Much of the running time will
be spent making target and HMS momentum changes. For the beam time request, we assumed runs of 15
minutes, together with 25 minutes per HMS momentum change and 10 minutes per target change. Estimates
based on parameterizations of data indicate that m-to-e ratios are roughly 10 at the lowest-momentum
kinematics. Using the HMS Cerenkov and shower counters, pion rejection of over 1000 is routine, so pions
pose no problem. Table 2 gives the beam time requested for the experiment.



Activity Time

(hours)
Data acquisition 68
Configuration changes 70
Beam energy changes 18
Checkout 12
Total 168

(7 days)

Table 2: Beam time request for the proposed experiment.

4 Summary

We request 7 days of beam time in Jefferson Lab Hall C in order to conduct an investigation of the nucleon
structure functions F} and FJ* at low Q? and moderately low , where they are currently not well measured.
The measurement is of value not only because these are quantities fundamental to our understanding of
physics, but also because it appears that the structure functions may be undergoing a transition in this
kinematic domain. The resonance-region data will also be a valuable addition to the Jefferson Lab inclusive
data, which has yielded some very interesting studies on Bloom-Gilman duality.

The experiment requires no special equipment. Aside from reinstallation of a smaller beam pipe down-
stream of the scattering chamber, it puts no unusual demands on the Hall C hardware or the accelerator.
It makes use of hydrogen and deuterium targets, the HMS in its current configuration, and beam energies
already attained.
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