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Acceptance of Energy Degraders for the 

DTL-1 and D-plate Energy Degrader / Faraday Cups

Inspection reports indicate that the DTL-1 energy degrader (ED) has an area of 4.7987 in2 (30.959 cm2). A mass measurement by David Ireland using the balance in LANSCE-2’s shop in the basement of MPF-3 gave 2.1150 g. The average effective thickness is then 0.06831 g/cm2. 

Similar measurements for the D-plate ED gave 21.408 in2 (138.12 cm2) and 10.171 g, for an average effective thickness of 0.07369 g/cm2. 

A tech note
 by R.Shafer recommends a thickness of 0.0415 mm for a graphite density of 1.74 g/cm3, or an effective thickness of 0.0722 g/cm2. 

The D-plate ED is just 2% higher than nominal. The error on the model calculations and the measurements add up to about 2%, so this ED is accepted with no further analysis.

The DTL-1 ED is 5% low, so some further analysis is warranted. The choice of ED thickness is based on allowing all protons above a certain energy, in this case 7.1 MeV, to pass through to the Faraday Cup, while blocking lower energy particles that are not properly accelerated. The IBM TRIM code is used to determine the ED thickness that allows this to happen. For the nominal effective thickness of 0.0722 g/cm2, the ED stops almost all protons below 6.8 MeV and passes all protons above 7.1 MeV. Since the DTL-1 ED has a smaller effective thickness, it will still pass all protons above 7.1 MeV, but it will now stop most of the protons below 6.6 MeV, as shown in Fig. 1. For comparison purposes, the corresponding calculation for the nominal case is shown in Fig. 2. 

What is the effect of lowering energy of blocked protons? A model calculation
 of the DTL-1 exit energy as a function of RF phase is shown in Fig. 3. We see that there is a large region of acceptable blocking energies, between about 6.8 and 5 MeV. The thickness of 0.06849 g/cm2 will allow the separation of properly accelerated particles from the improperly accelerated particles. 

The DTL-1 ED is therefore acceptable as delivered.    
Attachments: Inspection reports for DTL-1 and D-plate energy degraders. 
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Fig. 1. 6.6 MeV, 0.393 mm thick, 1.74 g/cm3 density.
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Fig. 2. 6.8 MeV, 0.415 mm thick, 1.74 g/cm3.
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Fig. 3. Model calculation showing energy of particles exiting DTL-1 as a function of RF phase. 

� R. Shafer, “SNS DTL Absorber Energy Cutoffs and Thicknesses,” 31/Jan/02, SNS104050200-TR0016-R00.


� D. Jeon, private communication. 
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