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Estimates of X-Ray production and dose rate for the Project X MEBT absorber test bench
Lionel Prost & Sasha Shemyakin
Introduction
The beam absorber is a critical component for the design of the planned Project X Medium Energy Beam Transport section (MEBT). In order to evaluate the absorber preliminary design against irradiation by a high power density beam, a test bench is being devised.
The test bench set up is shown on Figure 1. It consists of an electron gun, two solenoids, a test chamber, and a beam collector. The gun is at an elevated potential of 30 kV. The absorber prototype is mounted inside the stainless steel test chamber and can be moved in and out of the beam path. The test bench will be located in the MI-31 building on a platform adjacent to the Pelletron, which lies on a concrete slab (the ceiling of the cave underneath). For High Voltage Safety purposes, the test bench assembly will be located inside an interlocked fenced area (see Appendix A for a floor plan), such that the electron beam will be promptly shut off if the door of the fence is opened. The fenced area also ensures a minimum distance from the source to an individual standing on the platform > 1m.
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Figure 1: Assembly drawing of the test bench. In addition, schematics of the absorber prototype and electron beam envelope are depictured.
The primary goal of the experiment is to verify the robustness of the prototype absorber subject to a high power density deposition. Under such conditions, the target temperature will reach ~1000 °C. At this temperature, we expect to be able to see the beam spot on the target itself, hence permitting a direct measurement of the beam size and in turn of the power density deposited onto the target. In order to view the beam spot, one of the ports on the vacuum chamber must comprise a glass window.
This notice summarizes the results from estimates of the expected X-rays dose rate near the test bench assembly.
Assumptions and hardware limitations
For these experiments, the nominal beam parameters are 30 kV and 170 mA. While a 40 kV power supply will be used, its output voltage will be limited to 30 kV (maximum beam power: 30 kV  200 mA = 6 kW). Appendix B shows a schematic of the electrical circuitry, which will be used to clamp down the voltage.
The electron beam is DC. The absorber is made of Molybdenum (Z=42). All dose rates are estimated at a distance of 1m from the X-ray source (i.e. the absorber).
Then, we assume:
· All X-rays produced have the maximum energy possible i.e. 30 keV
· The X-ray beam is treated as being mono-energetic
· The beam-to-X-rays power conversion uses the following equation from Ref. [1]:
· 
						(1)
with i ≡ beam current in A, Ek ≡ beam energy in V, and a’ ≡ a constant = 1.210-9. Px-ray is the total X-ray power in W.
· The X-rays have an isotropic spatial distribution
· Variables/parameters mean values are replaced by their value at 30 kV
Results of calculations and discussion
For 30 keV, 200 mA electrons DC, the beam power is 6 kW. Subsequently, the X-rays power calculated from Eq. (1) is 9.3 W. Note that a less conservative approximate conversion ratio formula found in several Radiation Safety Manuals (e.g.: Ref. [2]) gives only 5.3 W.
The dose rate due to this radiation is estimated according to references [3-6] for two cases.
1. A 6 mm-thick lead glass cover of the vacuum window (http://www.torrscientific.co.uk/images/stories/docs/065_DS-VPZ-KXRLG-FEB10-D.pdf
part #VPZ150LG) completely suppresses the X-rays

2. Vacuum chamber wall (taken to be iron): ~0.2 mrad/hr
The dose rate appears to be well within acceptable limits.
Note that the dose rates expressed above are for air (as the irradiated ‘volume’). From “UNSEAR 1988 Report, p.57”, the air-to-tissue conversion is approximately 0.7, or expressed with dose units, 1 mrem ≈ 1 mrad/0.7. Consequently, the radiation dose equivalent for the vacuum chamber walls case is ~0.3 mrem/hr. Also, note that for X-rays, the Relative Biological Effectiveness (RBE) is equal to 1.
Conclusion
An electron beam impinging onto a surface produces X-rays. With conservative assumptions, it was estimated that the dose rate for an individual standing on the platform outside the fenced area that will enclosed the test assembly (> 1m) should be on the order of 0.3 mrem/hr, for a 30 keV, 200 mA electron beam. 
[bookmark: _GoBack]References 
[1]	“Handbook of X-ray Spectroscopy – Revised and Expanded”, Practical Spectroscopy Series Vol. 29, R. Van Grieken and A. Markowitz editors, CRC Press, 2nd edition (2001) ISBN-13: 978-0824706005, p.4 Eq. (5)
[2]	Stanford’s Radiation Safety Manual developed by the Health Physics staff http://www.stanford.edu/dept/EHS/prod/researchlab/radlaser/manual/rad_safety_manual.pdf
[3]	National Council on Radiation Protection and measurements Report 69: “Dosimetry of X-Ray and Gamma-Ray Beams for Radiation Therapy in the Energy Range 10 keV to 50 keV”.
[4]	On-line presentation from Joseph F. Buono RTT Allied Health Science Nassau Community College (1 Education Drive Garden City, NY 11530-6793) http://rtscanner.com/Documents/ahs134%20-%20phy_10_kerma_v02_21_NS_.pdf
[5]	“Radiation Detection and Measurement” (second edition, 1989) by Prof. G. Knoll.
[6]	X-rays mass attenuation coefficients, mass energy-absorption coefficients and densities from the National Institute of Standards and Technology (NIST)
(http://www.nist.gov/pml/data/xraycoef/index.cfm) and ORNL-3552, UC-25-Metals, Ceramics, and Materials, TID-4500 (26th ed.) 1964
(http://www.ornl.gov/info/reports/1964/3445604437116.pdf)



Appendix A: Test bench area floor plan at MI-31
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Notes: The green lines indicate the region of the platform effectively ‘shielded’ by the lead-glass window.


Appendix B: Resistive divider schematic for limiting the anode power supply output voltage to 30 keV.
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The divider has three resistors (1% accuracy), which values are chosen to give a 0-7.5 V output for the 0-10 V IRM output (settings). In this manner, the power supply will be limited to 0-30kV for a normal 40 kV full scale. This divider will be inserted between the IRM and the supply and located directly at the rear of the power supply.
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