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A NEW FLUX CONCENTRATOR MADE OF CU ALLOY FOR THE
SUPERKEKB POSITRON SOURCE
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Abstract

A Flux Concentrator (FC) made of Cu alloy was developed to avoid discharge problem caused by deformation. The
alloy has 40 times higher yield strength than that of Oxgen free copper (OFC) after brazing process. Evaluation results
of several alloys are described from brazing, mechanical and electrical point of view. Manufacturing process including

heat treatment are shown in the following section. Consideration on increase of Ohmic heat due to higher

resistance

is discussed in detail. The alloy will be a candidate to replace OFC in some application where brazing is necessary and
higher yield strength and good electrical conductivity are required.
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Figure 1: Cross sectional view of the SuperKEKB positron source.
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Figure 2: Flux Concentrator (FC) mounted on a vacuum . : - :
flange with several componets. Red allow shows electrical Figure 3: Discharge mark after a large discharge.
connection point to the FC.
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Table 1: Summary of Mechanical and Electrical Properties of Tested Materials

Material C1020 SH-1 SH-2 NC50
Heat cycle no yes no yes no yes no yes yes
Aging no no no no no no no no yes
Electrical conductivity %IACS 1022 102.1 908 76.0 81.1 685 503 251 488
Hardness 87.4 304 716 600 459 558 953 612 954
Tensile strength MPa 3274 2321 402.6 2372 4431 2383 648.7 3237 6588
Elongation % 216 544 368 568 326 514 148 466  10.6
Yield strength MPa 3223 129 2936 579 3482 40.8 551.8 109.7 513.1
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Figure 5: Strain-stress graph of NC50 (red) and C1020
(black) before (dashed line) and after (solid line) heat cycle.
Thick solid line shows the result of NC50 after aging.
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Figure 6: Temperature profile during brazing process of
the Cu pipe to the block.
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Figure 7: Wire Electric Discharge Machining of the FC.-

(keysight, E4990B) % #fi LHIE L7721 v ¥— X v
27, EHIR, 1 VX2 X2 AL OHERER% Fig.
812, WL DDz BT 2 #Pi{H % Table 2 iZ
TNTNRT, /81 TEP 7 1+ — N 20—k
WINE EEERAMD -, 2L LOEPIOEIT
NC50 & e (C1020) DIEPIEDETH 5 2 4%
X DIED2 DI/NE W, Table 3 IZHHIKDOFRE EH &
REDSRD - EFEEDHZ 779, NC50 £ C1020
DFEBEITZTNTNTIOW, 680 W TH>7-DT*E
DHIX 1.16 12725, Z 4l Table 2 1IZ/x L7z R Ol
EMED LT WMEIZ 72 > TW 5,

Table 2: Comparison of Resistance of FC Made of OFC
(C1020) and NC50 at Several Frequency

Frequency Rcio20 [m&2] - Rnoso [mf2] %
[kHz]

) 3.24 3.78 1.17
10 12.8 15.1 1.18
100 65.0 86.3 133
1000 268 392 1.46

Table 3: Comparison of Total Heat Dumped to the Cooling

Water
C1020 NCs0
Inlet cooling water temp. [°C] 3220  31.85
Outlet cooling water temp. [°C]  39.07  39.87
Cooling water temp. rise [°C] 6.84 8.02
Cooling water flow rate [L/min] 1.42 1.41
Total heat load [W] 680 790
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Figure 8: Impedance, Resistance and Inductance value as

a function of frequency for FC head made of OFC (C1020)

and NC50.
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Figure 9: Result of heat distribution simulation.



Table 4: Bunch Charge of Positron with Primary Beam Parameters and Positron Yield Before and After Replacement of

the FC

Date design  2020/7/1  2020/10/12  2021/7/6
Primary beam energy [GeV] 3.46 3.01 2.87 2.92
Primary beam bunch charge @ target [nC] 10 8.2 8.1 9.0
Positron yield @ first BPM after target [e /e—] 0.58 0.23 0.51 0.59
Positron bunch charge @ first BPM after target [nC] 5.8 1.9 4.1 53
Positron bunch charge @ linac end [nC] 4.0 1.3 2.1 3.0

Figure 10: Measured temperature distribution of the FC
made of NC50 during operation at 12 kA.
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