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A Memorandum of DesignWork of New Charge-transform Devices
for Injectors and Extractors of Proton Accumulator Rings

Yasuo SUZUKI *

Neutron Science Center
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received May 13, 1997)

New methods of charge-change devices are studied for injectors and extractors of proton accu-
mulator rings. The rings are developed to accumulate protons by charge-changing H™ ions coming
from a super conductive linac. This paper aims at remaining the study results including unsuccsesful
ones as a memorandum for future detailed design works.

Many methods of charge-change are considered by interaction of electrons, ions or photons with
injected particles in the strong magnetic wiggler field. In these methods, collision with a injected

plasma and photo-excitation by Doppler-shifted laser beam are considered to be most promising.

Keywords: Accelerator, Ring Injector, Neutron Science, Pulse Neutron Source
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Recombination Coefficient o for optically-thin Mydrogen Plasmas
[L.C. Johnson and E. Hinnov: J. Qaunt. Spectrosc. Radiat. Transfer 13, 333 (1973)]

T,= 250K 2.0 X 10°K 8.0 X 10°K 3.2 X 10°K
n, =~ 0 5.0{-12} 1.3{(-12) 4.9(-13) 1.8(-13}  om’/sec
= 10° 6.1(-12)
108 7.3(-12)
107 1.0(~11}
108 1.8(—11) 1.6(-12)
10° 4.5(—11) 1.9{—12) ,
10'° 1.9(—10) 2.7(-12) 6.1(—13) 1.8(—13)
10% 1.3(— 9) 4.8(—12) 7.3(=13) 1.9(—-13)
10'% 1.2{— 8} 1.2(-11) 1.0(—12) 2.1{—13)
1013 1.2(= 7) 4.8{-11) 1.7{=12) 2.4(—-13)
10'¢ 3.2(—10) 3.9(-12) 3.1(—13)
10'3 2.8(— 9) 1.4{-11) 4.8{—13)
10'¢ 2.8(— 8) 7.1(=11] 7.0(-13}
107 3.2(—10) 1.5(—12)
108 S 2.4{— 9) 9.0(-12)
- oo 1.2(—20n, 2.8(—24)n, 2.3(-27)n, 8.3(—30)n,
T,=1.28 X 10° 5.12 X 10° 2.048 X 10° 8.192 X 10°
n,— 0 5.6{—14) 1.5{—14) 3.4{—15) 6.5(—186)
= 1pt° 5.6(—14) 1.5(—14) 3.4{—15) 6.5(—16)
10! 5.7(—14) 1.5(~14) 3.4(-15) 6.5(—16)
10'? 5.7(—14) 1.5(-14) 3.3(—15) 6.4(—16)
10%3 5.9(—14) 1.5{—14) 3.3(-15) 6.4(—16)
104 6.1(—14) 1.5{—14} 3.2(—15) 6.2({—16)
1018 6.5(—14) 1.4{—14) 3.0(—15} 5.8(—16)
10'¢ 7.2(—14) 1.5(—14) 3.0(—185) 5.7(—16)
1017 1.4(—13) 2.4{—14) 4.1(—15) 6.6(—16]
10'8 7.7{~13) 1.2{—13) 1.5{—14) 1.6{—15)
-+ oo 7.0(—31)n, 1.0(=31)n, 1.2{-32)n, 1.1{—33in,

Values for T,= 500, 1 X 10%, ..., 4.096 X 10°K are giver in the original paper, where plasmas optically

thick to Lyman lines are also treated.
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Radiative Recombination Coefficients

[W.J. Boardman: Astrophys. J. suppl. 9, 185 {1964)]

1.957 X 10
6.062
1.019X10
1.306
1.301
g9.646 X 10
4,802
1.217
1.438
4.442
7.503
9.864
1.045 X 10
8.752 X 10
5516
2.351
5130 X 10
1.090 X 10
3.360
5.690
7.606
8.388
7.591
5.436
3.018
1.128
2.167 X 10

=15

-4

-15

=14
-i5

-16
=15

-l6

1.191 X 10
1.049
6.341 X 10
3.847
2.203
1.083
3.971 X 10
8.021 X 10
8.386 X 10
7.435
4.571
2.872
1.759
9.798 X 10
4.556
1.549
2.857 X 10
6.126 X 10
5,459
3.398
2.188
1.403
8.472 X 10
4534
1.988

§.282 X 10~

1.064

T=10%K
5185 X 10 1° 8
7611 X107 3
2,044 X 10713 8
2.562 X107 8
7.770 8
8.547 8
1.198 8
3.719 8
5,352 9
3.679 9
6.675 X 1071 9
2081 X107* 3
3.274 g
3.239 9
1.586 9
4147 X 1078 g
1281 X107 3
2.111 10
2.413 10
1.807 10
6.787 X 107%* 10
2.774 10
8.616 10
1.435 X 107" 10
1,764 10
1.589 10
gs16 X 1071 10
2,882

T=10°K
5.058 X 107" 8
6.893 X 10718 8
4.468 8
2.154 8
1.643 8
5.854 X 10717 8
9.265 8
7.588 8
3.624 g
1.122 3
4.798 9
4.059 g
2177 3
g.831 X 10718 5
2.716 9
2797 X 10717 9
2.412 9
1.374 10
7.265 X 10718 10
3.089 10
7.642 X 107" 10
1771 X107V 10
1.548 10
g.128 X 1078 10
5.256 10
2.705 10
1.070 10
2.384 X 1077
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b) e+H —=> H'+e

o () =4mads(a/ ,8)" [M-"{ln (8°/1=7%) —8°} +C-:]

C. =M.-"{lnec.+11. 2268]

M..” =0. 5549

lngc:» =—0. 8970
lnecs:e =—0. 7103

lnCdp :—O- 6436




