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Basic Requirements

a)  T ≈ 4 GeV protons at ~1011 protons/pulse. One pulse about every 5 minutes, delivered to the U line. 2cm spot at the diffuser with nominal AGS emittance.
b)  The experimental team will furnish atmospheric pressure 3He proportional counters for neutron detection and assorted gamma detectors.

c)  The team will provide data acquisition computers to be set up near the U line, in the existing LANL trailers, using existing telecommunications.

d)  96 beam hours for data acquisition, 48 hours for detector and target installation and testing.

PROPOSAL SUMMARY

Proposal for an AGS Experiment

Delayed Neutron and Gamma Emissions Supporting Active Interrogation

Beta-delayed emission from nuclei in materials excited by energetic protons yields neutrons and gammas that can be used to diagnose the presence of fissile materials. Inducing and detecting such signals is of great interest to Homeland Security and Defense programs. Measurements using 800 MeV protons show that heavy nuclei have a distinctively long (minutes) neutron and gamma emission signature (due to beta-delayed fission products), while lower-A materials exhibit only shorter lifetimes products (mostly due to spallation). Because of these signatures, and also due to the superior penetrating power of high energy protons, protons at a few GeV may be a useful diagnostic probe of materials located as much as a kilometer or more from the proton source. Standoff detection, allowing the interdiction of the surreptitious smuggling of fissile materials or weapons, would be an important tool for national security. We propose to extend measurement of delayed neutron and proton emission on a range of targets to 4 GeV using pulses of protons provided by the AGS accelerator. These measurements will extend the current 800 MeV data set up to 4 GeV and will allow for validation of Monte Carlo simulation code extrapolations.

We propose to measure beta-delayed neutron and gamma emission cross sections as a function of time following a short proton interrogation pulse. We will utilize neutron detectors composed of proportional counter tubes containing a 3He gas mixture surrounded by a polyethylene moderator. Gamma rays will be measured using a set of existing CsI (10x10x30 cm3) and LaBr (5x5 cm) detectors. This information will be used to benchmark physics models used for active interrogation calculations in the MCNPX Monte Carlo code.

Two sets of measurements will be made at 4 Gev. The first will measure the neutron and gamma emissions from specific target materials spanning the periodic table. The targets will consist of ~100-gram samples ranging from 12C to 235,238U. The targets will be mounted on a linear stage in air just downstream of the end of vacuum near the current proton radiography diffuser, upstream of the blockhouse (old neutrino cave). The U line will be configured to end vacuum at the diffuser location, ~ 100 meters upstream of the beam stop. We will accumulate time-stamped data for a period of up to 7 minutes following the delivery of a short pulse of ~1011 protons. 

In the second set of measurements the proton beam will be transported through ~100 meters of air from the diffuser location to a thick target situated in front of the U-line beam stop. These data will be used to help understand the delayed neutron and gamma signatures that arise from beam passage through air; the contributions of air shower/cascade particles in the transport to and through the target; and signal detection at significant distance from the targets. The target will consist of ~ 20 kilogram of 238U. Various materials such as water, Aluminum, steel and lead will be arranged so as to shield the detectors from the target. Target in/target out runs will allow us to separate the signature from the uranium from the beam line overburden, the air, and the beamstop.
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Purpose

Active interrogation using low energy neutrons, accelerator produced or cosmic-ray muons, bremsstrahlung radiation, and protons has been proposed as a technique to remotely detect fissionable materials in vehicles or cargo. High energy protons have some advantages because of the dose multiplication one obtains when thy interact with overburden materials, and because of the ability to transport high doses over long distances using accelerator produced beams .
We propose to measure beta-delayed emission of neutrons and gammas induced by the interaction of 4 GeV protons with a range of targets. A beam kinetic energy of 4 GeV has been chosen because it may allow interrogation standoff distances of a kilometer or more. Cross sections from relevant elements/materials will be measured, and emission yields from materials in a mixed environment with the beam pulse propagating through ~100 meters of air will also be measured. These measurements will provide benchmarks for physics models used in Monte Carlo simulation codes.
Similar measurements have already been conducted with 800 MeV protons at Los Alamos’s LANSCE facility. Cross sections for neutron emission as a function of time after a proton pulse were measured for a variety of targets, as displayed in Figure 1. Note that 235,238U exhibit a relatively long time constant and larger cross section when compared to common lower-A materials (18O has a very large cross section but only a 4 sec lifetime).
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Figure 1)  Delayed neutron cross sections versus time.
The time dependence of delayed neutron emission from uranium is well fitted using the 6-element decay equation for fission decay of uranium. These are shown as the black lines in Figure 1. Most lighter elements are distinguished from the actinides by short lifetimes.   This is also readily apparent in the figure. 
We propose to measure these cross sections at higher energy to help us understand how they scale as a function of energy. We will also identify and characterize the behavior of backgrounds induced by beam propagation through air and from other materials in the interrogated environment.

Method and Apparatus

Short proton pulses (~1011) will be directed on targets at a rate of up to one pulse every 7 to 8 minutes. A set of neutron and gamma counters will then record emissions as a function of time over a period of 6 to 7 minutes after the interrogation pulse.

Basic cross sections will be measured with targets mounted on a translation stage in air just downstream of the end of vacuum near the diffuser upstream of the U-line blockhouse. The detector will be located ~1 m from the targets. This detector will be a 5 cm dia. x 30 cm long sealed proportional counter embedded in a 10 cm thick polyethylene moderator. The gas mixture will be at atmospheric pressure, consisting of roughly 30% 3Helium, 35%Argon, 30% carbon tetra-fluoride (CF4), and 5% ethane (C2H6).

Neutron yields from targets in a mixed environment will be measured by placing 20 kg of 238U near the beam stop, placing shielding or environmental materials (overburden) such as polyethylene, lead, water, aluminum, and steel in the beam just upstream or downstream of the targets. The detector will be located ~100 meters upstream of the beam stop, with the incident beam and delayed emissions both traveling through that distance of air. This detector will be an array of ~1 m long proportional tubes embedded in a matrix of polyethylene moderator. Target in/target out measurements will be used to separate the signals from the target, and the innocuous material in the overburden and the beam stop. A sketch (Figure 2) shows the proposed U-line configuration. A second sketch (Figure 3) shows details of details of the cross section target location and vacuum line changes needed to support the two different measurements we propose.
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Figure 2) Proposed U Line layout
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Figure 3) Details at the end of the beam line vacuum.
Detectors

The neutron detectors described above either exist or will be constructed and tested at LANSCE. Phosphors for imaging the beam on target with a Pullnix camera system will be provided by LANL. A set of Bergoz coils will be provided by LANL to monitor the incident beam current.

Targets

A preliminary list of targets for cross section measurements includes the following:

	Null (backgrounds)
	Aluminum
	Carbon

	238U (~60 grams)
	Iron
	Tungsten

	235U (~60 grams)
	Silicon
	Gold

	238U (~5 kg)
	Calcium
	Steel

	Lead
	18O (isotopically enriched water)
	seawater

	Mercury
	16O (isotopically enriched water)
	TBD


These targets will be mounted in air on target wheels previously used by proton radiography.
The overburden targets will provide a measure of neutron yields when the materials of interest are placed in an environment that includes shielding. A framework will be erected to support these materials in front of the beam stop.
	Target
	Shield
	Comment
	# of runs

	Null
	Null
	target out, backgrounds
	1

	238U (20 kg)
	Null
	bare target
	1

	238U (20 kg) and Null
	Lead
	shield for gammas
	2

	238U (20 kg) and Null
	Water
	shield for neutrons
	2

	238U (20 kg) and Null
	Polyethylene (borated)
	shield for neutrons
	2

	238U (20 kg) and Null
	Aluminum plate
	surrounding structural material
	2

	238U (20 kg) and Null
	Steel plate
	surrounding structural material
	2

	238U (20kg) and Null
	Lead + water or poly
	composite shield
	2

	238U (20kg) and Null
	to be determined
	
	4


These runs will be compared with MCNPX models and with similar data taken at 800 MeV at Los Alamos.
Time Request

This proposal requests 96 hours of pulse on request beam delivery. Each cross section measurement is estimated to take 2 hours, up to 10 proton pulses/target, positioning and entries. Approximately 20 targets at 2 hour each yields 40 hours. Each mixed target run will involve target in/ target out runs, yielding approximately 18 runs at 3 hours each for 54 hours. A couple of hours are included for calibration/ checkout of the beam monitors.

Mounting the experimental apparatus will be contingent on beam line preparations in the U-line, and the arrival of funding from the sponsor, the Defense Threat Reduction Agency (DTRA). 

Hazardous Equipment

Mercury and Lead are cross section targets of interest in these measurements. Our Mercury sample is ~ 2 Kg in a small polyethylene bottle. Up to 1000 Kg of Lead may be used as a shield in the mixed environment runs, through some of which the beam will pass. Targets also include 50 gram samples of 235U and 238U, as well as four 4”-square plate of 238U weighing ~ 5 Kg each. The uranium targets are wrapped in thin foils of aluminum. A Material Balance Area (MBA) will be required to manage the area where the targets are used and stored in accordance with DOE requirements for the control and accountability of special nuclear materials.

Special Requirements

We require the removal of the Proton Radiography quads currently in line U. Also, the removal of stacked shielding in the tunnel downstream of UQ16 is required. Modification of the vacuum beam line downstream of UQ16, as shown in Figure 3, will be needed after the cross section measurements, to transport the beam through air to the mixed environment targets. Reconfigure the mounting of dipole magnet WD1 so it can be moved off the beam line during these runs (precluding RHIC running during that period). Signal and motion control cabling will be provided and installed by LANL personnel. Some modifications to the AGS beam extraction magnets and power supplies may be needed to support this pulse-on-demand mode of running at 4 GeV.
Computing Support

The experimental team will provide data acquisition computers and electronics, connecting to the existing telecommunications network at the LANL trailers.

Experimenter Commitment

The experimental team has been working closely with Collider-Accelerator Department management (Phil Pile, Derek Lowenstein) and DTRA to plan these measurements. DTRA plans to allocate funds to BNL to support these measurements. This set of measurements is essential to the larger program of active interrogation in terms of selecting a design energy for the development of an active interrogation test bed facility.
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