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Abstract: The number of U.S. nuclear physics laboratories actively engaged in low-energy, few-body experiments with hadron beams has declined in recent years. This parallels a similar decline in the number of physicists who are actively engaged in such experiments. Nevertheless, vigorous experimental activity still exits at a number of unique facilities, for example, at NIST, Ohio Univ., Los Alamos, and TUNL. Other special facilities are still operational and potentially available if needed, at Wisconsin, Florida State, and at a number of accelerator laboratories where the program concentration is on nuclear astrophysics. A summary of the types of available facilities, with a few relevant examples of experiments underway or completed, is provided.
1. INTRODUCTION

Low-energy, few-body, hadron physics is an active field of current research in the United States, though the number of physicists engaged in such work and the number of U.S. laboratories where such experiments can be undertaken has declined substantially. This decline began in the 1970s when physicists in many accelerator labs turned their attention from studies with light ion beams to the newer field of studies with heavy ions.  Most recently, NSF funding for the important IUCF nuclear physics program has ended, and many scientists engaged there have moved to the much higher energy, light-ion spin-physics program at RHIC. Other facilities, like the Wisconsin polarized proton and deuteron source, remain intact and attached to an accelerator but lie idle for lack of personnel and support. Active programs at a number of other low-energy accelerators utilize slightly heavier light ions (e.g. polarized Li beams at Florida State) or concentrate on measurements important for nuclear astrophysics (e.g. at Notre Dame, Yale, or Colorado School of Mines). These efforts usually do not venture into the experimental realm of few-body physics. 

Thus by attrition, active low-energy hadron facilities remaining today are usually unique. They represent the only places in the U.S., and often in the world, where experiments of a particular type can be pursued. These experimental programs span the neutron energy range from cold, at the National Institute of Standards and Technology (NIST) reactor, to 10-20 MeV at Ohio University and the Triangle Universities Nuclear Laboratory (TUNL), to hundreds of MeV at the Los Alamos Neutron Science Center (LANSCE). Light ion programs are concentrated in the energy range from 10’s of keV to a few 10’s of MeV, most notably at TUNL. My brief overview here considers what particular facilities are available in each of these laboratories and what types of measurements are actively underway there. 

2. ACTIVE PROGRAMS

2.1. National Institute of Standards and Technology (NIST)

A detailed description of the capabilities of the neutron interferometer facility at the NIST reactor is provided in a separate talk by D. Jacobson at this conference [1] and in earlier literature. [2]  This interferometer employs Bragg reflection of neutrons from three slabs which were precision machined from a single, perfect silicon crystal to preserve their mutual alignment. The first ‘splitter’ slab divides an incident cold neutron beam into two beams which traverse separate paths before they are both redirected by Bragg diffraction in the second ‘mirror’ slab to interfere at the third ‘mixer’ slab.  An intervening two-chamber target cell allows gas to be introduced into one path, thereby causing a scattering phase shift for that neutron path which changes the beams’ interference pattern. Two recent papers characterize the overall experimental capabilities of this system and its use in very high accuracy new measurements of the n-p and n-d coherent neutron scattering lengths. [3,4]

2.2. Ohio University

This 4.5 MeV Van de Graaff accelerator with its beam pulsing system is equipped with a traditional ‘neutron swinger’ magnet system to change the angle at which the incident beam strikes a D(d,n) or T(d,n) neutron production target.  The ‘swinger’ facilitates a 30 m time-of-flight path to a fixed neutron detector array to measure the outgoing neutron flux and energy. Recently this system was used for very high-accuracy n-p cross section angular distribution measurements at 10 MeV. [5] 

2.3. Los Alamos Neutron Science Center (LANSCE)

2.4. Triangle Universities Nuclear Laboratory (TUNL) 

The U.S. low-energy, hadron physics program with the widest variety exists at TUNL. Many of experiments there rely on the availability of intense spin-polarized H± and D± beams from an atomic beam polarized ion source [8]. On-line polarimetry at the ion source [9] facilitates easy tuning to obtain pure vector, and for D, pure tensor beam polarizations.  

In TUNL’S low-energy target area, polarized and unpolarized H or D ions are available directly from this ion source at energies between 20 and 80 keV. With a ‘mini-tandem’ accelerator [10], it is possible to cover the 80 to 680 keV energy range. Cross section measurements important for big bang nucleo​synthesis, for the D(d,p) and D(d,n) reactions, were made using these systems and are being reported at this conference by Leonard [11]. 

Polarized and unpolarized beams at TUNL can also be accelerated in a tandem accelerator to energies between 1.5 and 20 MeV. A contribution by Fisher et al. [12] describes recent high accuracy measurements of the cross section and analyzing power in p + 3He scattering between 1 and 5 MeV. The cross sections were measured using an intense gas jet target which was initially constructed in Erlangen [13] and was refurbished and installed at TUNL to provide target thicknesses of 5x1016 atoms/cm2. Scattering from the free jet provides extremely clean spectra. A gas recirculation system is under construction. With that, jet target thicknesses up to 1018 atoms/cm2 are thought possible with acceptable gas consumption. Studies are underway to determine whether backgrounds can be reduced sufficiently so this system can be used to measure p+p analyzing powers near 5 MeV. 

New polarized 3He gas target systems are under development for use in complimentary p+3He target analyzing power and spin correlation parameters measurements at similar proton energies [14].  The Pyrex target cell has 8 (m thick Kapton windows both for the passing beam and for emerging scattered particles. It resides inside a compact sine-theta coil which provides the highly uniform B-field needed to establish the polarized 3He quantization axis. The target polarization is measured using NMR. An adjacent, separate, compact system is under construction for polarizing the 3He by spin-exchange with optically pumped rubidium. 

When a 5-20 MeV, 2 (A deuteron beam is incident on a heavily shielded deuterium target pressurized to 8 bar, the D(d,n)3He reaction produces a highly collimated secondary neutron beam with a flux measured at 1.3 meters of 5x104/sec-cm2-µA. Such a source at TUNL has been used in the n-d star breakup measurements being reported by Crowell et al. at this conference [15]. If the incident deuteron beam is vector polarized, outgoing neutrons are also polarized [16] and are being used for new analyzing power measurements in n-d scattering [17].  
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