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Abstract

In the J-PARC/ COMET (COherent Muon to Electron Transition) experiment, which aims to explore the muon-electron
conversion process, Phase-a, an engineering run with a proton beam intensity of 0.3 kW, was completed in February 2023.
Subsequently, development is underway for a Phase 1 experiment with a proton beam intensity of 3.2kW. In Phase-a,
beam windows with a window thickness of t0.5-®270 and ®220 with a spherical beam transmitting part made of Ti-6Al-
4V alloy were fabricated by a 3D-printer and mounted on the beamline. We are currently developing an aluminum alloy
beam window by metal 3D-printer using AISil0Mg as raw material for introduction into Phase 1. The beam window to
be developed is attached to a @260 mm. vacuum duct made of A5052 aluminum alloy, which is inserted into the inner
cylinder of the solenoid. The beam window with a conventional JIS flange shape stops transporting pions at the flange.
To maximize the beam transmission area, we are developing a beam window made of AlSi10Mg, which can be welded
directly to a cylindrical part made of A5052. This beam window requires a pressure resistance performance of 0.3 MPa
and an ambient temperature range of -60°C to room temperature. Currently, the structure and fabrication methods are
being studied (metal laminate fabrication, HIP, heat treatment, polishing/thickness adjustment), CAD modeling, structural
analysis, and then fabrication of the beam window. To confirm the strength of the actual beam window, tensile tests were
conducted on specimens fabricated by AM+HIP and on heat-treated specimens, respectively. To confirm weldability,
weld tests, strength tests, and evaluation of the amount of strain due to welding are conducted between AM and A5052
melted material. In this presentation, we report on the development of an aluminum alloy beam window for J-
PARC/COMET Phase 1 using a metal 3D-printer.
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Figure 1: Manufacturing process of beam window.

2.2 HIP /L3

BEEESNEZT AI= AE841T, WE ., Wiz
LA D7-012 500°CT HIP LA B 2729, —
J7C, @i T HIP LA B2/ LR IR E DMK T35
EMESTWD[2], Foxid, HIP EEZIK<HH 92
72912, J. Macias 50 HIP $A4HZBT 5 3CHR[B125 %
(2L, HIP {REE% 380°C& L7, Figure 2 |27 RIS
K D22 FLERDARAFMEEARWIE CERH L7 HIP §:F%
RY, B, [E ST AR RER TRBID
A O A2 72 C 180MPa (ZRR B LT-,

Porosity (%)

. —
100 150 200 250 300 350
HIP pressure (MPa)

Figure 2: The simulation results by J. Macias et al and Set
HIP conditions [3].
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Figure 3: T6 treatment results.
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Figure 4: TIG welding test results.
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Figure 6: Mock-up of beam window and measurement
position.
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Table 1: TIG Welding Deformation [mm]

Before After
TIG welding | TIG welding Displacement
Q7 -1 0.115 4.558 4.443
Qi FH 0.027 0.116 0.089
GEEME 0.003 0.020 0.017
@FEME | 0.005 0.150 0.145
OEEL 249.98 249.69 -0.29
O©FIER 249.97 250.22 0.25

Table 2: EBW Deformation [mm]

Before EBW | After EBW | Displacement
O Vi 0.071 0.147 0.076
@& Vi B 0.011 0.035 0.024
QFEAEME 0.003 0.007 0.004
@FEME 0.006 0.025 0.019
GEERE 249.99 250.04 0.05
OIS 249.95 250.01 0.06
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Figure 7: Window deformation caused by TIG welding.
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Figure 8: Window deformation caused by EBW.
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