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1. Motivation

This work [1] represents a continuation of the study of tleeglc and magnetic polarizabil-
ities (an, and 3., respectively) of the nucleon. There has been much prognebg experimental
study of the nucleon static and spin polarizabilities over past few decades. See References
citeGril2 and [3] for review articles of prior experimentSurrently, the static polarizabilities of
the proton are known more precisely than those of the neutiosaeen in Table 1 where the values
are taken from [4]. This discrepancy has implications fathtibe study of the polarizabilities (it
is more difficult to extract the spin polarizabilities whdwetstatic polarizabilities are poorly con-
strained) as well as other topics in nuclear physics sucllaslations of the proton-neutron mass
difference [5] and the Lamb shift of muonic hydrogen [6]. Ider to improve the uncertainties
of the neutron electromagnetic polarizabilities more expental data is required. Additional data
should increase the kinematical range of the existing dathyding an extension to energies above
pion photoproduction threshold that would balance themeuand proton world data sets. The
experiment detailed below sets out to establish the fdagibf a measurement taken at photon
energies at and just above pion photoproduction threshold.

Proton [10* fm?] Neutron [104 fm3]
a 10.65t0.35;4+0.235r+0.3,  11.55+1.255+0.235r+0.8h
B 3.1570.355%0.23sF0.3n  3.65F1.25:44+0.235gF0.81

Table 1: Summary of recent extractions of the electdg @nd magneticff) polarizabilities with statistical,
theoretical, and Baldin-sum-rule uncertainties. Takemff4].

2. Experiment

This measurement was conducted at the former Tagged Phatdlity TPC) at the MAX IV
laboratory in Lund, Sweden[7]. The pertinent details of éixperiment are described below; the
reader is referred to [1] for additional information.

A ~190-MeV energy electron beam was injected into the TPC witevas incident upon a
thin aluminum foil. The recoil electrons were momentumbgred using the SAL tagger magnet
and hodoscope [8, 9]. The bremsstrahlung photons werenadéid and then fell upon a 17-cm-
long liquid deuterium target. Photons that Compton-soadtédrom the target were detected by
one of the three large-volume Nal detectors placed at B20°, and 150. Coincidences between
a photon in the Nal detector and an electron in the hodoscopesed to determine the photon
energy. For this measurement, the tagged photon energieim éine nominal energy range of
140-160 MeV. Each detector has an energy resolutioAEX 2% at the tagged energies. The
experimental setup is shown in Figure 1.

The data collected for this measurement were obtained &inedusly to data for a measure-
ment of T~ photoproduction off the neutron in three run periods in 28h& 2015. Due to the
priority of the T~ measurement, the run conditions were not optimized fometitrg a Compton-
scattering cross section. The goal was to demonstrate #sébfiity of measuring thel(y,y)d
cross section above pion threshold - the first measuremaistlahd.
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Figure 1: Experimental layout showing the locations of the focal platarget and Nal detectors for the
Compton scattering experiments.

The new challenge facing near-threshold measurementsitérde Compton scattering is the
contamination from photon-producing reactions involvihg pions. The large pion photoproduc-
tion cross section~100x greater than the Compton cross section) indicates thabpe@mitted
from, for example, ther” +d — 2n+ y reaction, can overwhelm the elastically scattered photons
Plotting the photon energies from Compton scattering affdbuteron at the detector angles (see
Figure 2), and taking a cutoff &hresh~ 135 MeV to eliminate contribution from the capture pho-
tons, already demonstrates that the best-case scenatlis@xperiment is to collect a full range
(four 5-MeV-wide bins) of data at 60and possibly one or two bins at the back angles.

3. Analysisand Results

The data were analyzed by identifying photons whose en@lfjyithin a narrow interval of
the tagged photon energiiss= Eget — E(, € [-2,3] MeV). The timing spectra of these photons
was produced to identify the coincident peak, which wasgirseed to obtain the photon yield.
(See Figure 3 [1].) The photon yield is then normalized torthmber of incident photons, target
thickness, and detector solid angle to obtain the scagterioss section. A small corrections were
applied to account for absorption of photons in the targemlikg previous Compton-scattering
work at MAX 1V, the recoil electron rate in the hodoscope aiels was low enough (100 kHz vs
1 MHz) that rate-dependent effects were minimal.
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Figure 2. Compton-scattered photon energies at each detector ampkethreshold cut at 135 MeV (to
remove contamination from pion-related events) is showmeds
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Figure 3: Timing spectra for the 60detector showing the coincident peak and the background.

The differential cross section is shown in Figure 4 for théed®r at 60. The data agree
with the general expectation that the Compton cross sestionld increase as the photon energy
increases above pion threshold. Unfortunately, the welgtiarge uncertainties of these new data
are too large to make a meaningful extractiorogfand 3,. The data at the back angles produced
visible coincident peaks, but the signal-to-noise ratis W large to extract cross sections with
reasonable uncertainties. Those results are not repceted h
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Figure 4. Compton-scattering cross section at’ &3 a function of incident photon energy. Statistical
uncertainties are shown. Systematic uncertainties itetiday the gray band.

4. Conclusion

This experiment indicates that measurement of the Comptiss Gection near pion threshold
is possible. The major limitation to the results reporterkhe statistical as the experimental setup
was not optimized for collecting Compton-scattering daithWigh statistics. The analysis indicate
near threshold measuremenris € 150 MeV) are nearly impossible without an active target. The
elastically-scattered photon peak will be contaminateglhuytons coming from pion interactions.
This will be especially problematic at back angles, whiclildarequire slightly higher photon
energies to extract cross sections. However, at apprepeiaergies, the measurements can be
obtained and, in principle, cross sections and polariisilextracted. The success of such future
experiments would have multiple benefits: adding to the remobdata points in thd(y, y')d data
set, adding data points that are more sensitive the poldlitess, and creating a data set that is
more comparable to the(y, y') p data set.

We hope that this work will inspire future experimental ahddretical work on the(y,y )d
reaction above pion photoproduction threshold.
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