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T /s Tms/$ /s Tur/s 7./s
126+ 50 1.01x107 1. 05x10° 2.40x10° 1. 06x10°% 1. 91x10°
100 2. 81x107 2.95%106 1.32x10° 7.74x107 8.73x10°
200 7.81x107 8.18x10° 8. 24x10° 5.86x107 3.66x10°
300 1.42x10% 1.48x107 2.62x107 5.09%107 7.55%10°
400 2.16x108 2.26x107 6.24x107 4.66x107 1. 16x107
500 2.99x10% 3.13x107 1.26x108 4.38x107 1.52x107
36 Ar1st 50 1.01x107 1.11x10° 5.96x10" 6.40x107 5.62x10*
100 2. 81x107 3.11x10° 1.47x10° 4.70x107 1.39x10°
200 7.81x107 8. 63x106 9.15x10° 3.55%107 8.00x10°
300 1.42x10% 1.56x107 2.91x10° 3.08x107 2. 24x10°
400 2.16x108 2.38x107 6.94x10° 2. 82x107 4. 42x108
500 2.99%108 3. 31x107 1. 40x107 2. 66x107 7.02x10°6
132 X @54 50 1.50x107 1.79x10° 1.53%x10° 3.30x107 1.39%x10°
100 4,20x107 5.01x10° 3.24x10° 2.42x107 2.99x10°
200 1.17x10¢® 1. 39x107 7.87x10° 1. 83x107 7.12x10°
300 2.11x108 2.52x107 1.43x10° 1.59%x107 1.24x10°
400 3.22x10°8 3. 84x107 2.29x10° 1. 46x107 1. 87x10°
500 4. 47x108 5.33%x107 3.38x10° 1.37x107 2.57x10°
238 g9t 50 1. 68x107 2.09x10° 3.45%x10* 2.39x107 3.38x10"
100 4,71x107 5.85x10° 6.55x10* 1. 76x107 6.45x10*
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200 1.31x10® 1.62x107 1.37x10° 1.33x107 1. 34x10°
300 2.37x10°8 2. 94x107 2.25x10° 1.15%x107 2.18x10°
400 3.61x108 4. 48x107 3.30x10° 1. 06x107 3.17x10°
500 5.01x10% 6.22x107 4.53x10° 9.94x10° 4.30x10°
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Ts/$ Tms/S ze/s Toc/$ /s
126+ 50 6.54x103 6.91x102 2.51x10? 2.33x10° 1. 79x10?
100 1. 83x10* 1.93x10° 1.38x10° 1.71x10° 7.68x10?
200 5.09x10* 5.37x10° 8.62x10° 1.29%x10° 3.03x10°
300 9.21x10* 9.72x10% 2.74x10* 1.12x10° 6.28x10%
400 1.40x10° 1. 48x10* 6.53x10" 1.03x10° 1.00x10"
500 1.95x10° 2.06x10* 1.32x10° 9.65x10* 1.39x10*
36 Arlst 50 6.54x10% 7.27x10% 3.59%10° 1.57x10° 5.22x10%
100 1. 83x10" 2.03x10° 1.54x10? 1.15x10° 1.41x10?
200 5.09x10* 5.65%x10° 9.57x10? 8. 74x10* 7.98x102
300 9.21x10* 1.02x10* 3.04x10% 7.58x10* 2.22x103
400 1. 40x10° 1.56x10* 7.26x10% 6.94x10" 4. 48x103
500 1.95x10° 2.16x10* 1.47x10" 6.53x10" 7.42x10°
192 X e+ 50 9.77x10% 1. 17x10° 1. 61x10? 9.13x10* 1. 40x10?
100 2.73x10* 3.27x10% 3.42x10? 6.70x10" 3.05%102
200 7.60x10* 9.09x103 8.31x10? 5.07x10* 7.43x10?
300 1. 38x10° 1.65x10" 1.51x10° 4, 40x10* 1. 33x10°
400 2.10x10° 2.51x10* 2.42x10% 4.02x10* 2.07x103
500 2.91x10° 3. 48x10* 3.57x10° 3.79x10" 2.95x10%
238 g9zt 50 1.09%x10" 1. 36x10° 36. 4 6.93x10" 35.3
100 3.06x10" 3.82x10% 69. 2 5.09%10" 67.7
200 8.51x10* 1. 06x10* 1.45%x10? 3.85x10" 1.42x10?
300 1.54x10° 1.92x10" 2.37x10? 3. 34x10" 2.32x10?
400 2.35%10° 2.93x10* 3.48x10? 3.06x10* 3.40x102
500 3.26x10° 4.06x10* 4.78%10? 2.88x10" 4.65%x102
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(L FIHRECS B . 5x107 electrons/cm?®) /s /s Trotal /S
A2k /(MeV/u)
/s
26+ 50 3. 77x10° 1.91x10° 1.79x102 1.71x102
100 4.17x10° 8.73x10° 7.68x10% 6.48x10%
200 5.02x10° 3.66x10° 3.03x10° 1.89x10°
300 5.94x103 7.55x109 6.28x10° 3.05x103
400 6.95x103 1.16%x107 1.00x10* 4.10x103
500 8. 03x103 1.52x107 1.39x10* 5.09x103
36 Arlst 50 3.54x10% 5.62x10" 5.52x102 2.15x102
100 3.90x102 1.39x10° 1.41X 102 1.04x102
200 4.70x102 8.00x10° 7.98x102 2.96x102
300 5.57x102 2. 24x10° 2.22x103 4.45x102
400 6.51x102 4.42x108 4.48x103 5.68x102
500 7.52x10% 7.02x10° 7.42x10° 6.83x10%
182 X 54+ 50 33.8 1.39x10° 1. 40x102 27.2
100 37.3 2.99x10° 3.05x102 33.2
200 44.9 7.12x10° 7.43x10? 42.3
300 53.2 1.24x10° 1.33x103 51.1
400 62.2 1.87x108 2.07x103 60. 4
500 71.9 2.57x10° 2.95x103 70. 2
238 (J92+ 50 10.9 3.38x10* 35.3 8.3
100 12.0 6. 45x10" 67.7 10. 2
200 14.5 1. 34x10° 1.42x102 13.1
300 17.1 2.18x10° 2.32x102 16.0
400 20.0 3.17x10° 3.40x10? 18.9
500 23.2 4.30x10° 4.65x102 22.1
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Loss Mechanism and Lifetime of Ion Beam in HIRFL-CSRe "

XUE Ying-li'"'*, CAI Xiao-hong" #, YU De-yang'
(1 Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;
2 Graduate School of Chinese Academy of Sciences, Beijing 100049, China)

Abstract. The loss mechanism and lifetime of ion beams in collisions with residual gas, internal target and
electrons in e-cooler in heavy ion cooler storage rings were studied. The partial beam lifetimes resulting
from various loss mechanisms and the total beam lifetimes of 50—500 MeV/u2C*", ** Ar'®t, ¥2Xe™" and
28" stored in the experimental ring of the Cooler Storage Ring at the Heavy lon Research Facility in
Lanzhou (HIRFL-CSR) were calculated. The calculations indicate that the charge exchange process be-
tween ion beams and the internal target, as well as the radiative recombination process with the electrons
in e-cooler restrict the beam lifetime considerably. For heavy ion beams such as **Xe*'" and **U%", the

radiative recombination is the dominant loss mechanism.
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