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Fig. 1. Schematic diagram of experimental equipment.
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Fig. 3. Targets K-X ray spectra produced by 15 MeV helium-like C ions.
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Fig. 4. Variation of K-X ray branching ratio of different metal targets induced by helium-like C ions with incident energy.
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Fig. 5. Comparison of X ray generation cross sections of C** and H incident on each target at single nucleon energy.
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BEA, BEA-MI #EG 5 BNE(E, X5 Fe #UAI Ni
HURH TR Bl R R ARG, 5 4n N 1
JEF L 52)2 2519, 2Dy /0, 230 FLFIRATRE (43571
h 2698, 2465, 2371 eV) L Fe #5F L 7¢)2 25, s,
2D /2, 2Py o HEFHUERANRE (4318 844, 719, 706 V)
BRMNZ, AR A SIRERE T, ASTEF5HRE
TFHREHES A Nb # L 722 2 B R0 2855 .
BEHEE =R B IE A i BEA BRI 3] i3
25 I, ZAEIX Fe $IUFN Ni #1SC 354045 5 BEA <7
PR, T Nb $EF1 Mo § 5 PWBA 54 B .

043201-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 73, No. 4 (2024)

043201

4 % #

A T A4 AT T BIEESN 15—55 MeV Y28
A C BT Fe, Ni, Nb, Mo $I/ER 1 K-X
FRIETELR, X SER 0 70 70 B LA BSR4 1) 7= A
AT T IHE ST, L5 kKB 26 S ITER Fe #UF
28 FICE Ni#ll, i TAh¢)= 2 fl BRI el 555 3K
K 5 K, X SR iR xS o BE LA S 25 s g iy
HEINTE/N, W 41 570K Nb #UA 42 50 E Mo
HEZ i AN AN B S8 K 5 K, X SRR
5 3 OB A GBS B Re AR L JC A B ARk i . 1R
VEPE AT B T IR, L TR FRERE T &
HASEE FSAETANSERN K-X 4™
AR, BT EE FRGREEF L SN
BERAETZHEE, SEILA K-X Gy 4= 4w 1
i, S5 RRIIRA C B ik X SH4 M sk L
HETEN 10>—10° fi5.

ASHREBE AR A C B Tl s Ak 50 5T
L 72 )2 22 W B A R B D SR I 1) e 1 HE A 28
AN, Bl K-X G AR SR\, 52
B % PR, WO DT RO NI EE  n SR R
J8 7= A 22 L R LA O o B 1) 22 H 8 5
Hr= ARG BEA H4 ARG M W0 S50 25 5, PR
AN HE T R R /N, BEA BRE H PWBA
1 ECPSSR P& 01 38 G iR 12 AR X 44 o HL A A5 1
BT RO R T N TR . 2 B O A
(AR A5 e BT 22 S B S, SR S ok Ak s
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Abstract

The physical process and experimental phenomena of the interaction between highly charged heavy ions
and atoms are very complex, particularly in the intermediate energy region, because of the limitation of
accelerator and existing theoretical analysis, less systematic researches, incomplete atomic data, and not so high
accuracy. The research of celestial element X-ray data is more scarce and the research of X-ray data of celestial
elements is even more scarce. Helium-like C ions with 15-55 MeV kinetic energy provided by the HI-13 MV
series accelerator of the China Institute of Atomic Energy are used to bombard Fe, Ni, Nb and Mo thick
targets. The HpGe detectors are used to measure the K-X ray emission, and the corresponding K-X ray
emission cross sections are obtained. Due to the different ionization degrees of the shell layers of various target
atoms, the branching intensity ratio of Kgto K, X rays emitted by Helium-like C ions interacting with Fe and
Ni target atoms decreases with the increase of the kinetic energy of the incident ions, while the branching
intensity ratio of K-X rays emitted by Nb and Mo target atoms does not change significantly. The K-X ray
emission cross section of target atom is calculated by using the formula of thick target cross section, and
compared with the results of different theoretical models and proton. The results show that with the increase of
the kinetic energy of helium-like C ions, the total emission cross section of the Kgzand K, X ray emitted from
Fe and Ni target atoms are most consistent with the BEA correction model considering multiple ionization, and
the total emission cross section of Kgzand K, X ray emitted from Nb and Mo target atoms are closest to the
theoretical values of PWBA model. When the energy of proton is the same as that of single nucleon C ion, the
cross section of K-X ray produced by proton is about three orders of magnitude smaller than that produced by

helium-like C ion.
Keywords: X-ray, ion beam, cross section, binary-encounter approximation, planar Born approximation
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