Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

BraggléBsIX Xe?0" b5 R [ ¥ A4 FHI o Ak Iy XS 2%
Z23E K AW RikFE KEEF

20+

X-rays produced by interaction of Xe“" " with different targets in Bragg peak energy region

Liang Chang-Hui  Zhang Xiao-An  Zhou Xian-Ming ~ Zhao Yong-Tao  Xiao Guo-Qing

5] Fi{% B Citation: Acta Physica Sinica, 70, 183201 (2021) DOI: 10.7498/aps.70.20210215
TEZE [T View online: https:/doi.org/10.7498/aps.70.20210215
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

129 & 5 T A S Cultl 22 T 2 030 2T A 28 ATX S 2 3%

129X ¢ * induced near—infrared light and X-ray emission at Cu surface

YEREHR. 2020, 69(21): 213301 https:/doi.org/10.7498/aps.69.20200500

T Bohr it 12 3 T4E R B Y1522 X4
I L—shell X-rays from near Bohr—velocity 1?™ jons impacting on various targets

PIFRE4. 2021, 70(2): 023201  https://doi.org/10.7498/aps.70.20201236

CsDIGRAIAE10100 ke V XHFEHE X (9081 R AT
Calculation of Csl photocathode spectral response in 10-100 keV X-ray energy region

PrPiezd. 2018, 67(8): 085203 https://doi.org/10.7498/aps.67.20180029

R X eq+(4q20) B8 715 N TR R LAR
Visible light emission from surface of nickel bombarded by slow Xeq+ (4 ¢ 20) ion
PrPezd. 2018, 67(8): 083201  https://doi.org/10.7498/aps.67.20172570

KUREX S A CHHARHT BRI 5
Research on dual energy grating based X-ray phase contrast imaging

YrH2E4. 2017, 66(1): 018701  https:/doi.org/10.7498/aps.66.018701

B TR AP AZ I AR B A A IS

X-ray transmission characteristics and potential communication application in plasma region

WIFEAEAR. 2019, 68(4): 040401  https://doi.org/10.7498/aps.68.20181973


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210215
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200500
https://doi.org/10.7498/aps.70.20201236
https://doi.org/10.7498/aps.67.20180029
https://doi.org/10.7498/aps.67.20172570
https://doi.org/10.7498/aps.66.018701
https://doi.org/10.7498/aps.68.20181973

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 18 (2021) 183201

Bragg IF8E X X *5AREMMIEA~ER X &”

REED KANAZ

L EIRE

Rk#ED  HEF?

1) (RBHIME 2 Be 5 o R B A BRI A bt B R 5oL =, R 712000)
2) (b EERMEBGT BRI, 22 730000)
3) (PULASMARFIIAABE, P9 710049)

(2021 4E 1 F 28 HUH; 2021 4£ 5 A 7 HkEIEUH)

RFE 22 N B F el 28 F AL 0 = 320 kV S TS B FLEA R T-&, WE T3I5EHN 6.0 MeV ) Xe?0*
BT 5V, Fe, Ni, Cu, Zn #R M EH =4 MAFE X S35, 4041 T REE N 1.60 keV 19 X TR 04 7=A: LI, IF
I 28 ik A BRI BT Xe?0t 5K [A) B0 AR T B 20 — RS0 R 7E SR M A ZE I o] 5 1SR ). X Tl
I M 25 7 X2 B F 5 R W 38 A0 B VE B, 5280 th %A W 2% 31 Xe 19 Mo X B4R, M3 T RER N
Xe B Mo X SHR BT 89 X B2k, FRILER H Xe B9 Moo X 5128 A g H2E H1 Xe 708 A9 _F 5% 100 B9 80 7~ 550

TR A

SR LIS T, X 1k, AR, S T LT

PACS: 32.30.Rj, 34.50.Fa, 34.80.Dp, 79.20.Rf

1 5 =

17 HL ff 45 B F (highly charged ion, HCI) it
A BT B AR IR A AL R b A BE R AR G
LIPS (Bragg) MIEAR, 1EHT SR i
] Bragg W& {EL it 3 B il H R H 43 ik & . 7E Bragg
WEERRTIT, HCT B REMHLIIIT SEA A B 2 1~ B 24
HRYRYT | BB TR Sl Y e AR 2 B ) B B2 R
ARy T B EEANE. 0 H, H SR
TRl A B N GT 2 R SR R E B R 2
PN IR 7 4 B - RS Wi 2 A T Dt ) 3L )
H R -7,

Bragg U4 fig X7l Ho R 1Y 3 B 78 3 /R 1R
(vp M 2.19 x 106 m/s) BT, iZRE X B+ 5 [ A
Ji Rl A B N e 2 AR B R A A X
T/NT YR I 25 1, # sl Be A 2 LA™

DOI: 10.7498/aps.70.20210215

Wt Bt S EAE RN R R R SR
T J - A B H T (4 3R SR R M g R 180, X
P F, Wot)Z2id B F R R CHE R
= 0121 fii¥E Bragg WREX, ASTEFHEA LUEHY
RER R FF, A L 05 A I ) AR5 A Fa o 25
e, ST R A EAERIE o FHLE, Fi,
Bragg WEREIX 1IN 522 BN 2%, B T HEEE
CHE, WA REfEEZ TR E s THT
AR,

DATE A AH DGR Y 32 B4 TR A /N T 3 ) o B 1Y)
A X 1314 Frh s B X 1517 T ZE AR fiAK 6 RE X,
Z RN LI AR IR, AHSCHY S It D, B
PO AR S AR FRIRUE. AR RRIX, TN
FEJEII AR Ze, AAAE — LA ELE T A 1Y 1)
BB AR SCHFSE shAE N 6.0 MeV . N 1.36v, [ H
B P Xe20t ORI 2 AR AR i o BE il
1.60 keV MY HEME X GF 2k, HAA % T Xe MYFFAE

*ER A RBIASSE (S 11505248, 11605147) FIBEPUARHET A AR 2EIERIDFFEHRI (LS 2020JM-624) B B EREL

t BIE1E#E . E-mail: zhangxiaoan2000@126.com
©2021 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

183201-1


http://doi.org/10.7498/aps.70.20210215
mailto:zhangxiaoan2000@126.com
mailto:zhangxiaoan2000@126.com
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 2 3R Acta Phys. Sin. Vol. 70, No. 18 (2021)

183201

M X 5§k (0.80 keV) HIPI AT, J&REA & F#0J5E +
WA JE T 302 I RRE X 12k, Song 45 B 5T
T HETE M 350—600 keV [ Xet (¢ = 27—30) &
5 Al, Mo il Be i BAE LT X HT2k
W5, Zhang 4 SIF5Y T g4 350—600 keV 1Y
X+ BT 5 Au R HEAE RSP X 25
%F, Zhao 45 I WFFE T RERN 350 keV Y Xett (g =
27—30) B 15 Be REAHEAEH SRR H X $14k
R, FRWEE R T LR, IR T AN FI R AR A
SCBERHZ RS 10 & SEHLHI A TilE— 25 (R 43 #T

2 LR EAUNE T %

ARSI RAE T ERFE B U TS 320 kV
RSB LR 6 15 L0 % o b od i
B, SCE SR mE W E 1. R Xe0tH
14.5 GHz Hi - A1 fig 2 4z B 5 I (electron cyclo-
tron resonance ion source, ECRIS) i i 43 M ik
TEAF R 5|, P 2ead fin s as sk | SR 45
LA 2 A BAT R BR R = 25 (29 10710 Pa)
BROP MR, S R L. MR T AR
15 mm x 15 mm, JEE A 0.1 mmP021,

K1 Sl EERER (1, ECRE T, 2, Wik,
3, NG 4, PUGOEH; 5, 90/ BT g4 ; 6, DU 5
Bi; 7, 60 MG 8, W H A ERIE M 9, $1; 10, fEi%E
AR A8 11, X AR R S 12, o if 3k i 5 13 4
13, R R 14, B FEBURIR S

Fig. 1. Schematic drawing of experiment setup. 1, ECR ion

source; 2, analyzing magnet; 3, high volt accelerate plat-
form; 4, four-stage aperture; 5, 90° deflection magnet; 6, mag-
netic quadrupled lens; 7, 60° deflection magnet; 8, ultra-
high vacuum target chamber; 9, target; 10, silicon drift de-
tector; 11, X-ray recording system; 12, penetrable faraday
cup; 13, common faraday cup; 14, projectile number record-

ing system.

BT SHAHEAERT AR X B4R AMP
TEK 2\ 7 B 9 XR100 SDD U fif: 1 5% 45 ] £

HEFTHRI. RIS A A ARk 7 mm?, #463k
AR B IS 12.5 pm, 7E 5.9 keV W47 A ) RE
PN 139 eV (KR T8 /FWHM). 2125k 100
B, SR8 9 5B B Y A 0.5—14.3 keV,
BRIMRANE 2 iR, o] LA R -k i 7 &%
SIRT X LG R RZ IR . PRI R X R P,
B 32.52 mm, 5 LR TH AL 45°9E 1, BRI
SER AN 0.0066 st. SEEG T Fe 124 Am iU
VEXTPRIMAS AT TARRE . Ml U TR S
Wi, 56 T 2 s or 88 5 A s 55 e o)
NS T BT T TRl ) 2,

Detector efficiency

2 4 6 8 10
X-ray energy/keV

P2 RN AS YR 58 e
Fig. 2. Efficiency values of the detector.
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Fig. 3. Characteristic of X-ray spectra induced by the impact of Xe?
(a) V; (b) Fe; (c) Ni; (d) Cu; (e) Zn.
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Fig. 4. Relation between relative yield of Xe Maa X ray

and target atomic number.
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Table 1.  Flight time of the first hollow atoms from
6.0 MeV Xe?'* ions above the different target.

womgrjey ARG RS A
A% 4.30 68.00 40.40 7.16
Fe 4.50 71.15 38.61 6.84
Ni 5.15 81.43 33.74 5.98
Cu 4.65 73.52 37.36 6.62
7n 4.33 68.46 40.12 7.11
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Fig. 5. Relation between flight time of the first hollow

atoms and target atomic number.
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X-rays produced by interaction of Xe?’* with different
targets in Bragg peak energy region’
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Abstract

The inner shell process produced by the collision of highly charged ion with medium atoms near the Bragg
peak is an important frontier area of atomic physics under extreme conditions such as celestial plasmas and
controlled nuclear fusion plasmas. Because of the special complexity of the inner shell process produced by the
collision of ions with atoms in the Bragg peak energy region and the relevant experimental research is less,
limited by the experimental conditions, there remain some interesting and unanswered questions.

We report the experimental data of X-ray spectra produced by the impact of Xe**+ with 6.0 MeV kinetic
energy on V, Fe, Ni, Cu, and Zn surface in the National Laboratory of Heavy Ion Research Facility in Lanzhou,
China. The generation mechanism of X-ray with energy of 1.60 keV is analyzed. The results show that when
Xe?"* without initial holes interacts with different targets, the Ma X-ray of Xe is not observed, but X-ray with
energy twice as great as that of Xe Ma X-ray is observed in the experiment, which is called Xe Maa X-ray and
considered to be generated by the two-electron-one-photon process of Xe on the upper surface of the target. The
existence time of the first-generation hollow atoms on the upper surface is calculated by using the classical over-
barrier model when Xe?* interacts with different targets, which is consistent with the variation of Maa X-ray
yield with the atomic number of target, therefore it is further proved that Maa X-ray is formed by the two-
electron one-photon process of Xe on the upper surface of the target. Of course, this conclusion needs further

analyzing and verifying with more experimental data.

Keywords: highly charged ions, X-ray, Bragg peak energy region, two-electron-one-photon
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