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[bookmark: _Toc419582933]Radiation Shielding of the Booster Injection Absorber 
Initial Conceptual Design

[bookmark: _GoBack]   The initial conceptual design for the new injection insert, as described in the PIP-II RDR, utilizes an existing straight section (Long 11) with a flange-flange length of 5.68 m between gradient magnets and a vertical three bump chicane as shown in Figure 3.36. The injection stripping foil is located after the two central chicane dipoles. Here, the vertical chicane dipoles not only move the closed orbit onto the foil, but serve as vertical painting magnets as well. The bending angle of each of the chicane dipoles is approximately 40 mr.  Horizontal painting magnets are located in the short straight sections on either side of the injection straight. A dipole located over the upstream gradient magnet serves to place the incoming H- ions onto the proper injection orbit at the foil. As the injected H- pass through the two central bump magnets, this dipole or a corrector in the transport line will needed to ramped to compensate the change in the central dipole field due to painting. As can be seen in Figure 3.36, the injection waste beam absorber can only fit between the last chicane dipole (PM3) and the gradient magnet.
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Figure 3.36: Initial concept for PIP-II injection into Booster. 
A preliminary MARS [79-81] model of this injection layout was developed assuming 400 W of waste beam power made up of 2% H- missing the foil and 0.2% H0. The absorber is made of a small 5 cm x 5 cm x 30 cm tungsten core surrounded by 15cm steel on a concrete pedestal surrounded by marble. Additionally, the up and downstream magnets have a 10 cm marble shield on the top and aisle side. An estimate for tritium production in the soil around the injection straight indicated that providing an adequate shielding is not an issue. Additionally, estimates of the residual activation on components in the area and absorbed dose in the magnets surrounding the absorber were made.  Figure 3.37 shows a side view of the model for the absorber area inside the Booster tunnel and the absorbed dose in the adjacent magnets. The residual activation on the downstream gradient magnet upstream flange is on the order of 100 mSv/hr and the absorbed dose in the upstream end of the gradient magnet is on the order of 4 MGy/yr. With typical lifetimes of kapton and insulation 20-30 MGy, this leads to magnet replacement every 5-7 years. This is problematic due to ALARA issues for magnet replacement and to the cost and schedule downtime.
  
[image: geometry_Elevation_view][image: ]
[bookmark: Figure_3_36][bookmark: _Toc426116012]Figure 3.37: Elevation view of a MARS15 model (left) and absorbed dose (right). 

Alternative Configuration

   It is clear that the desire to utilize the existing length of the long straight section is problematic in terms of proximity of the absorber to the gradient magnet, absorbed dose in adjacent magnets, and residual activation of components. 
An alternate configuration, which reduces the length of the gradient magnets by ~30% to increase the straight section length by about 0.86 meter, is considered. This configuration utilizes a vertical four bump chicane with the foil between the two central chicane dipoles allowing for the waste beam to impact the absorber farther from the aperture of the gradient magnet and additional room for shielding of the absorber as shown in Figure 3.38. With the foil located at the peak of the chicane bump, the strength requirements on the chicane dipoles are relaxed. Additionally, there is room for separate painting magnets (in both planes). Magnet apertures are represented by open boxes.
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[bookmark: Figure_3_37][bookmark: _Toc426116013]Figure 3.38. Alternative configuration for injection insert using a vertical 4-bump and separate painting magnets.
A preliminary MARS model for the alternate injection layout was developed that includes the copper coils of the gradient magnet. Figures 3.39 and 3.40 show a fragment of the corresponding MARS15 model and the absorbed dose, respectively. The model includes a 30 cm tungsten absorber (magenta) surrounded by 10 cm steel (gray), the upstream chicane dipole ferrite yoke (red), the downstream gradient magnet yoke (tan) and coils (green). A 10 cm piece of marble (brown) is shown upstream of the gradient magnet. The same beam conditions were used as before to look at the absorbed dose and residual activation. The absorbed dose to the coils of the gradient reduced substantially to 0.12 MGy/yr. The latter practically eliminates the issue with magnet replacement due to degradation of kapton and other insulation for a reasonable lifetime of the facility. The residual dose is in the range of 10-100 mSv/hr, still a bit high. Additional optimization is required.
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Figure 3.39. A fragment of the MARS15 model for the alternative configuration.
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Figure 3.40. Absorbed dose distribution for the region shown in previous Figure.
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