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DETAILED DESCRIPTION OF THE EXPERIMENT OR ACTIVITY

(Describe the science of engineering research being addressed, importance, and a description of how this experiment campaign will contribute to the progress of this research.)

Short Range proton Interrogation Studies
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Energetic protons have been used to excite beta-delayed neutron and gamma emission from a variety of materials, from 12C to 238U. Cross section measurements performed at LANSCE in 2007 reveal a distinctive pattern of neutron emission for Uranium that may be diagnostic of high Z special nuclear materials (SNM). Figure 1 details the cross sections for a variety of materials across the periodic table.

Figure 1) Delayed-neutron cross-sections as a function of time.  In each measurement the proton pulse was delivered at Time = 0 on this plot. 

These measurements were performed using 800 MeV protons at the LANSCE pRad facility. Targets nominally consisted of a few 10s of grams of material. The targets were mounted in air on target ladders either at the pRad object location or at image location 2. The proton flux on target was determined by use of the Line C current torroid as well as beam pictures and radiographs using pRad cameras. The neutron detector consisted of a 12” long by 2” diameter tube filled with an atmospheric pressure gas mixture containing 3He, housed in a polyethylene box to moderate the neutrons. A typical experimental layout is shown in figure 2.
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Figure 2) Typical experimental layout at the pRad object location. The HE containment vessel is removed from the beam line. 

Plotting these cross sections as a function of Z shows that high-Z SNM cross sections are much larger than for an array of other high-Z materials. As shown in Figure 3 we have identified only one other beta-delayed neutron emitter with similar cross section, 17N.
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Figure 3) Delayed-neutron cross-sections as a function of atomic mass. Delayed neutrons from Pb, Hg, and Au appear to come from fission. Typical structural materials like Fe and Al have cross sections ~ 1/100th of Uranium. 18O generates a very high cross section, among the highest measured.

Additionally, delayed neutron yields were measured for scenarios where the incident beam and the outgoing neutrons penetrated a variety of materials surrounding the targets of interest. A schematic of this setup at the pRad IL2 is shown in Figure 4.
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Figure 4) 10 to 20 kg targets of Pb and 238U are ‘interrogated’ through various thicknesses of intervening materials.

A variety of relatively common ‘environmental’ materials were stacked in the beam line to modify the beam on target through degradation and formation of cascades, there by modifying the neutron signal through those processes as well as by neutron generation in the intervening materials. A preliminary analysis of the yield is shown in Figure 5. The intervening materials consisted of the following:
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Figure 5) Relative neutron yields for Pb and 238U as a function of intervening material.

Proposed Measurements

The Diagonal Pass collaboration proposes to measure delayed emission neutrons and gammas over the longest practical flight paths in the Line C dome. An extended neutron detector, based on the current design, will be positioned as far from the targets as possible to measure neutron detection at a distance. The detector will consist of an approximately a 4’ by 4’ array of the 2” tubes. We may also transport the pRad-type proton bursts through some length of air or other materials to the target to study some of the effects of activation and cascade formation. Figure 6 shows a schematic layout.

We also will check some of the previous cross section measurements using the new detector(s) over the longer flight path, and potentially measure additional cross sections from materials determined to be of interest from an interrogation standpoint. These measurements can tell us much of what we need to know about the signals generated by a proton active interrogation system. These data will be used in validating model calculations such as MCNPX for this interrogation mode.

Time request

The basic interrogation process is to shoot a pulse of ~1011 protons at the target and then count delayed emissions for 3 to 5 minutes. With the overhead of setup and target/configuration changes, experience shows we can achieve ~10% statistics measurements at the rate of about 1 target or configuration per hour. We estimate 50 to 60 runs, involving measurements of at least two different neutron flight distances, at two different target locations (OL & IL2), with several new bare targets and several mixed targets.   

In 2007 the Diagonal pass measurements were conducted mostly during Cycle B Fridays when the pRad facility was idle. pRad supplied an EIC, a DAQ operator, and beam-line support personnel during these runs. A similar arrangement is possible for the proposed measurements.

[image: image6.emf]ﾥMaterial density    thickness*

ﾥNo shielding (air)             0.1 g/cm

2

ﾥAluminum            27.4 g/cm

2

  4ￓ

ﾥSteel            81 g/cm

2

  4ￓ

ﾥWater 30.4 g/cm

2

  12ￓ

ﾥPolyethylene (CH

2

)           29.5 g/cm

2

  12.5ￓ

ﾥSand (SiO

2

)            44.7 g/cm

2

  8ￓ

ﾥLead                         229.6 g/cm

2

    8ￓ

[image: image7.emf]~4ￕ x 4ￕ detector


Figure 6) Schematic layout of longer flight path running.


