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Dependence of the Charge-Pickup Reaction Cross-Section on
Projectile Nucleus Mass in Nuclear Collisions at the 400 A MeV
Energy Region

LI Rong, ZHANG Donghai
(School of Physics and Electronic Engineering, Shanxi Normal University, Taiyuan 030031, China)
Abstract: This study experimentally investigates the charge pickup reaction cross-sections of “C, “Ar, “Fe,
and *Kr projectiles incident on Al, C, and CH, targets at around 400 A MeV, using CR-39 solid-state nuclear
track detectors. The aim is to explore the dependence of the charge pickup reaction cross-section on the
projectile size in the 400 A MeV region and provides experimental evidence for the reaction mechanism in this
energy range. The data on the relationship between the charge pickup reaction cross-section and the projectile
mass were fitted using both power-law and linear functions. The power-law exponent parameter b was found
to range from —0.01 to 0. 71, indicating a dependence on the projectile mass Ay that differs from observations

at higher beam energies with heavier projectiles. The slope parameter B of the linear fit ranged from —0. 004
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to 0. 24. These results partially support the idea that the charge pickup reaction process involves collective

contributions from peripheral and surface interactions.

Key words: intermediate and high energy nucleus-nucleus collisions; charge-pickup reaction cross-sections;

CR-39 nuclear track detector
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Tab.1 Quantities of unreacted '*C projectile ions, their product yields N, and the corresponding charge-pickup reaction cross-sections depend-

ing on incident energy and target material

WA e/ A MeV EiLreA s HUELRE /mm KRR C Kt N Hht Gay/mb
398 Al 1 3.0 43 794 5 6.3042.821%!
390 Al 2 3.0 43393 5 6.35+2.8411%
382 Al 3 3.0 41825 4 5.2742.641
374 Al 4 3.0 40 980 4 5.38+2.691%

mean Al 5.83+1.37
398 C 1 5.0 48 325 8 3.9741.401
389 C 2 5.0 46 712 8 4.1541.47%!
380 C 3 5.0 45042 7 3.7741.431
371 C 4 5.0 43 284 6 3.374+1.371
mean C 3.82+0.71
398 CH, 1 10.0 46 522 14 2.4440.65
387 CH, 2 10.0 43392 13 2.4340.6711
376 CH, 3 10.0 39903 12 2.4340.701
365 CH, 4 10.0 38061 12 2.5440.7301%
mean CH, 2.46+0.34
398 H 1 1.68-1.20
388 H 2 1.57+1.25
378 H 3 1.76+£1.27
368 H 4 2.1341.29
mean H 1.78+0.62
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Tab. 2 Quantities of unreacted *’Ar projectile ions, their product yields K, and the corresponding charge-pickup reaction cross-sections

depending on incident energy and target material

R BER/A MeV R B HUJELEE /mm R Ar B K% Gay—.1/mb
495 Al 1 3.0 29 155 7 13.294+5.021%
475 Al 2 3.0 28 480 6 11.66+4.761%
455 Al 3 3.0 27 269 6 12.18+4.9711%
435 Al 4 3.0 26 094 5 10.6144.741%

mean Al 3.0 11.94+2.44
495 C 1 5.0 32 330 9 6.8142.271%
473 C 2 5.0 29 898 8 6.5442.311%
451 C 3 5.0 28 348 8 6.9042.441%
429 C 4 5.0 26 636 7 6.4342.4318)
mean C 5.0 6.67+1.18
495 CH, 1 10.0 28 423 11 3.1740.9619
467 CH, 2 10.0 24 575 9 3.00-£1.0019
439 CH, 3 10.0 23322 10 3.524+1.111%
411 CH, 4 10.0 22111 8 2.97-+1.051%
mean CH, 10.0 3.16+0.51
495 H 1 1.3541.83
470 H 2 1.2341.89
445 H 3 1.8342.06
420 H 4 1.24+1.99
mean H 1.414+0.97

F 3 RIFIRE A IR A A S0 G 30 O F e B4 740 Co (80 LUK HL i 143 USRI
Tab. 3 Quantities of unreacted “°Fe projectile ions, their product yields Co, and the corresponding charge-pickup reaction cross-sections

depending on incident energy and target material

WHLAER/A MeV LIy AP HEE /mm KB Y Fe Bt Co ¥kt Gas—,/mb
497 Al 1 2.0 15299 4 21.70+10.85""
478 Al 2 1.5 14 553 3 22.82413.17117
mean Al 1.75 22.2648.53
497 C 1 5.0 14 206 4 6.97+3.4917
468 C 2 5.0 15173 5 8.06+£3.601"
mean C 5.0 7.52+2.51
497 CH, 1 10.0 15625 3 1.5740.9117
462 CH, 2 10.0 14 149 5 2.90-+1.3017
mean CH, 10.0 2.24+0.79

F 4 ORI BE AN R R SOV 04 5K 84 7™ Rb P80 L K F a4 BRI AT
Tab.4 Quantities of unreacted *Kr projectile ions, their product yields Rb, and the corresponding charge-pickup reaction cross-sections

depending on incident energy and target material

WIAER/A MeV Y B HUERE /mm Kr¥i Rb ¥t Gayer/mb
395 Al 1 2.0 24 251 10 22.82+7.2218
359 Al 2 2.0 24 275 10 22.80+7.2118!

mean Al 2.0 22.8145.10
395 C 1 5.0 24 586 4 3.98+1.991
354 C 2 5.0 23276 3 3.1541.821%

mean C 5.0 3.57+1.35
395 CH, 1 10.0 16 323 4 2.011.000%
341 CH, 2 10.0 20 886 5 1.96+0.88¢]

mean CH, 10.0 1.9940.67
395 H 1 1.03-+1.80
348 H 2 1.3741.60

mean H 1.2041.20
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Tab.5 Charge-pickup reaction cross-sections for different projec-

tiles on four targets within a specific energy range

fiot SR AL 45 U AR 6,4, — 4 1/mb
Al 2C 5.834+1.37
Al OAr 11.94+2.44
Al “Fe 22.2648.53
Al SRy 22.8145.10
C 2C 3.8240.71
C OAr 6.67+1.18
C YFe 7.5242.51
C SRy 3.5741.35

CH, 2c 2.46+0.34

CH, “OAr 3.16+0.51

CH, “Fe 2.24+0.79

CH, SKr 1.994-0.67
H 2c 1.784-0.62
H OAr 1.4140.97
H SGFC
H SRy 1.2041.20

35

= 30

E
725

[33
(=]

LT IR N AT o,
S o

N

VL7 AT 78 i B0 I07 F8R T XS5 SRR S5k ) e RS 1)
Fig. 7 Power-law fit describing the dependence of the charge-
pickup reaction cross-section on the projectile mass number for the

four targets

35

b
w
(=]

25

20

15

10

ML U N T o /m

Pl 8 A ML 1 v AirF M IS, A T T S A5 o 2 P o I 5 ]
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Tab. 6 Fitting parameters a and b, and »*/dof from the power-law
fitting function (2)

B a b X/ dof
Al 0.96+0.36 0.7140.10 0.36
C 2.98+2.37 0.13£0.23 2.63
CH, 2.61+1.17 —0.014+0.14 1.17
H 2.9240.04 —0.20%0.01 1.37
LPERBALG KRN
Onz—1— a1 BAp, (3

Kb o 1B NG SH, BRI 7. AN A B
/ME ' /dof B W3R 7.
7 RMEREIA R ORIIE S B a8, YLK ¥/ dof
Tab. 7 Fitting parameters a and 8, and y*/dof from the linear fit-

ting function (3)

% a 8 x'/dof
Al 2.89+0.93 0.24+0.03 0.27
C 4.2341.45 0.0140.04 2.98

CH, 2.67+0.42 —0.004-£0.01 1.09
H 1.8620.09 —0.01£0.002 0.02
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