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Fig. 1. Experimental setups of ions beam-plasmas interaction at the Institute of Modern Physics, Chinese Academy of Sciences.
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Fig. 2. Structure diagram of the gas discharged plasma target.
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Fig. 7. (a) Evolution of energy loss of 100 keV H* ion in the plasma (1.03 mbar, 4 kV) during plasma lifetime (Il is the experiment-

al point of energy loss of H*, A — is the energy loss contributed by bound electron density and free electron density calculated

by Bethe theory, respectively); (b) change of electron density; (c) ionization degree with time.

(a) U=4kV U=0V
¢= 1mmg
Anode Tube wall Cathode
(20 mm) (20 mm) (30 mm)

wn
=
= 1.5 5
E 1.0 2
8 <
0.5 \3
IS
Z/HIIII
A 8

TS E BT EESATE = 1.1, 3 ps B AY5- A

P/V
4000
3000
2000
1000

nge/arb. units

z/rnm

() AP B9 0 50780 o B (20 mam) B I B0 (30 mm) BX3ks (b) £ = 3 ps IO HL S T P LSS (c), () %65

Fig. 8. (a) Two-dimensional model with anode (20 mm), tube wall (20 mm) and cathode (30 mm) regions of cavity; (b) potential

distribution during discharge at t = 3 ps; (c), (d) free electron density of plasma in the ¢ = 1.1, 3 ps.

T S 30y DN i 41 4 45 5 A o )l ) R R
BT T 2R SEI IS, VA B TR R Yy
AR ol R e R a N DRaRE SRR S 7
Schneider®! F#E57 T ARG TR ) 1 2R P X%
FFATEAL, R IZ AR i R LG R shREfE | R
Jifiia (W) AL (e S X = FhEFEpLE
A [ VE I EE SR, BIAE B g /N T 1%, fig
ARG N 3%—5% W, A il 46 A A R
HE 4 ps N, BTEfi &2 40%. Kk, A1k DIAE
A PURIAR I 5 32, I BT BE 2 AR A5 1 45 5
T ARl H 28 R A R AT SRR N R (L
FIH COMSOL £ ¥y Bl 37 — 245 B AF XA
SIS I FH ) T30H A5 B R B AT TR A AT

TR, JF LA R 3 1 — AR R BARA 5T
X4, AnEl 8(a) Pis, FEILAF B F IR R b i) —A~
AT DI, v S H A, T A, B 42 i
BLT A B AN, A7 545 s (0 DX ) A4
B AR I RO (¢ = 1 mm) 5AMEE
ARG 8] 8(b) 45 R B R THHLE ¢ = 3 ps
I 21 ) F S ) 3 A1, 37 e O DL S BRAR Ak 73 A
151, SRR B4R B3 R BB R L 1R 8(c),
(d) 73531 5.7 1 AN [R) i 2 A P Ll e T R )
A1, AT LR SRR A 5 B i E R AR
SEI B, B 4 B IR A, %5 R 5 A 18
B ie) B HOT B ZIE M— D 5100 A H IR
- ) TlE 48 st NS A ms B[R] P S B £, X

073401-6


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. 7 (2024)

073401

us RN T A, BT S A BB
SIARTE LA A E]. AAIED 8 38 &3, H i L T7E
PR B oAb P %5 38 v T i i L b ()38 2 | 50K
AN 5 h % O mAfF R KR ST (P =
nik Ttk To, ng AT, 5300 55 B8 AR P B 7% )8
HEFIRE), EIZEIBER T, SR A H
HL - Fh A oty 1A 2, 2 i P 3 2t PR
FOG PR ) AN, BT 2 N [ T R
TRE A S AR AR B R R
% sl BEARAIG, PRI i i/ INFL A Mg 19 S0 T 5k
A A R TR F P R R AR
A DA RF— A3 e 0 B AR RE 1R AR R — A AR
SEMEALRE 7)) PR RS [ i RSN, R A
BB AL R AT i A Rrs e B, TR BT A
T, IR rs s & Y R T B RO R T
R, BRICARADLZE S 5 FRAT 6 S0 b R T AR A
O SR o ) SR U e AE S S A N 1)
ZERUE BN, ST LR, Z-pinch B EURH
% BAEE B TR N, AU A T 2
JEITE e JE T R, T LR T B PR e R
B, B R R B e R AR AR, X — 2
IR TR A B O AR T AR T D AR
TN B RS R R

4 %

FEF i Rl B 3 A BT S T A I R S
W5 &AM EAE &, SC56 m R R T
100 keV 1) J5T - HAE B 43 FL B8 S A6 B TR [ e
PR, 456 HISRE S S TIRRESHS W 4
(T, = 0.68 eV; ng = 2.41x10'7 cm?), A5 T
B PR S R AR, R PR T
Vi Bt 2 4 B TR B AT B T T B — B, R
FH COMSOL F2 77 % 55 B A fb s B2 T e 1A
P, S BRAE A B A = s 1AL, FA i Pl R
JIBEEERIVE R T BIZ ) S5, AE R R )
o, SR TR T B T T, s
U N AR L T2 B TR A 3. X — o R B
RFATHE— 2 TRAMI G B T R 5 55 8 T oA B
FHE AR AL T SR RS S AR B

TR e R 2 B A A B BT 5T BT 320 KV HAL faF A%
BTPGATR T2 R B & %
F A IR AL R B A

S 30k

(10]

(11]

(12]

(13]

(14]

(15]

[16]

(17]

(18]

(19]
(20]

[21]
[22]

(23]

(24]

073401-7

Peacock N J, Robinson D C, Forrest M J, Wilcock P D,
Sannikov V V 1969 Nature 224 488

Sun D X, Su M G, Dong C Z 2013 Eur. Phys. J. Appl. Phys.
61 30802

David C, Avizonis P, Weichel H, Pyatt K 1996 IEEE J.
Quant. Elect. 2 493

Weber B, Fulghum S 1997 Rev. Sci. Instrum. 68 1227

Rocca J J, Hammarsten E C, Jankowska E 2003 Phys. Plas.
10 2031

José L B, Igor A, Manuel C, Turlough D, Robert F P, Holly
G, Maxim K, Elena K, Ildar F S, Roberto S, Enrique V S,
Teimuraz Z 2018 Space. Sci. Rev. 214 58

Cao S Q, Su M G, Sun D X, Min Q, Dong C Z 2016 Chin.
Phys. Lett. 33 045201

Tan W Q, Liu Y Y, Li X Y, Yuan P, Zhao H, Li Z C, Zheng
J 2021 J. Appl. Phys. 129 043302

Zhang S, Chen C, Lan T, Ding W X, Zhuang G, Mao W Z,
Lan S J, Wu J, Xu H Q, Deng T J, Zhu J F, WuJ R, Zu Y
M, Kong D F, Zhang S B, Yao Y, Wei Z A, Liu Z X, Zhou H
Y, Wang H, Wen X H, Liu A, Xie J L, Li H, Xiao C J, Liu
W D 2020 Rev. Sci. Instrum. 91 063501

Xu G, Barriga-Carrasco M D, Blazevic A, Borovkov B, Casas
D, Cistakov K, Gavrilin R, Iberler M, Jacoby J, Loisch G,
Morales R, Mider R, Qin S X, Rienecker T, Rosmej O, Savin
S, Schonlein A, Weyrich K, Wiechula J, Wieser J, Xiao G Q,
Zhao Y T 2017 Phys. Rev. Lett. 119 204801

Bethe H 1930 Annalen Phys. (Leipzig) 397 325

Cheng R, Zhou X M, Wang Y Y, Lei Y, Chen Y H, Ma X W,
Xiao G Q, Zhao Y T, Ren J R, Huo D 2018 Laser Part.
Beams 36 98

Shi L L, Cheng R, Wang Z, Cao S Q, Yang J, Zhou Z X,
Chen Y H, Wang G D, Hui D X, Jin X J, Wu X X, Lei Y,
Wang Y Y, Su M G 2023 Acta Phys. Sin. 72 133401 (in
Chinese) [S2FEPK, FE8H, E W, EHAL, B, JEDE, Rk,
FEAR, BT, 56, RE, W, EHE, %R 2023 4
FR2EHR 72 133401

Wang G D, Cheng R, Wang Z, Zhou Z X, Luo X H, Shi LL L,
Chen Y H, Lei Y, Wang Y Y, Yang J 2023 Acta Phys. Sin.
72 043401 (in Chinese) [T FEZAR, BHL, LW, PG, 15508,
SRR, BRARLL, T, EHIE, B 2023 YRR 72 043401
Zhao Y T, Zhang Y N, Cheng R, He B, Liu C L, Zhou X M,
Lei Y, Wang Y Y, Ren J R, Wang X, Chen Y H, Xiao G Q,
Savin S M, Gavrilin R, Golubev A A, Hoffmann H H 2021
Phys. Rev. Lett. 126 115001

Luo X H, Cheng R, Wang G D, Zhou Z X, Wang Z, Yang J
2022 Nucl. Phys. Rev. 39 490 (in Chinese) [J§E 1%, 41, FE
7K, S, E0R, 2 2022 JETRZYEIEES 39 490)
Kuznetsov A P, Byalkovskii O A, Gavrilin R O, Golubev A
A, Gubskii K L, Rudskoi I V, Savin S M, Turtikov V I,
Khudomyasov A V 2013 Plasma Phys. Rep. 39 248

Cheng R, Zhao Y T, Zhou X M, Li Y F, Wang Y Y, Lei Y,
Sun Y B, Wang X, Yu Y, Ren J R, Liu S D, Xiao G Q,
Hoffmann D H H 2013 Phys. Scr. T156 014074

Kuznetsov A P, Golubev A A, Kozin G I, Mutin T Y,
Savelov A S, Fertman A D 2006 Instrum. Ezp. Tech. 49 247
Zhang H C, Lu J, Shen Z H, Ni X W 2009 Opt. Commun. 282
1720

Hanif M, Salik M 2014 J. Russ. Laser Res. 35 230

Griem H R 1997 Principles of Plasma Spectroscopy
(Cambridge: Cambridge University Press) p281

NIST Atomic Spectra Database, Kramida A, Ralchenko Y,
Reader J, NIST ASD Team https://physics.nist.gov/asd
[2023-8-17]

Chandrasekhar S 1943 Rev. Mod. Phys. 15 1


https://doi.org/10.1038/224488a0
https://doi.org/10.1038/224488a0
https://doi.org/10.1038/224488a0
https://doi.org/10.1038/224488a0
https://doi.org/10.1038/224488a0
https://doi.org/10.1038/224488a0
https://doi.org/10.1038/224488a0
https://doi.org/10.1051/epjap/2013120470
https://doi.org/10.1051/epjap/2013120470
https://doi.org/10.1051/epjap/2013120470
https://doi.org/10.1051/epjap/2013120470
https://doi.org/10.1051/epjap/2013120470
https://doi.org/10.1051/epjap/2013120470
https://doi.org/10.1109/JQE.1966.1074061
https://doi.org/10.1109/JQE.1966.1074061
https://doi.org/10.1109/JQE.1966.1074061
https://doi.org/10.1109/JQE.1966.1074061
https://doi.org/10.1109/JQE.1966.1074061
https://doi.org/10.1109/JQE.1966.1074061
https://doi.org/10.1109/JQE.1966.1074061
https://doi.org/10.1109/JQE.1966.1074061
https://doi.org/10.1063/1.1147894
https://doi.org/10.1063/1.1147894
https://doi.org/10.1063/1.1147894
https://doi.org/10.1063/1.1147894
https://doi.org/10.1063/1.1147894
https://doi.org/10.1063/1.1147894
https://doi.org/10.1063/1.1147894
https://doi.org/10.1063/1.1557056
https://doi.org/10.1063/1.1557056
https://doi.org/10.1063/1.1557056
https://doi.org/10.1063/1.1557056
https://doi.org/10.1063/1.1557056
https://doi.org/10.1063/1.1557056
https://doi.org/10.1007/s11214-018-0485-6
https://doi.org/10.1007/s11214-018-0485-6
https://doi.org/10.1007/s11214-018-0485-6
https://doi.org/10.1007/s11214-018-0485-6
https://doi.org/10.1007/s11214-018-0485-6
https://doi.org/10.1007/s11214-018-0485-6
https://doi.org/10.1007/s11214-018-0485-6
https://doi.org/10.1088/0256-307X/33/4/045201
https://doi.org/10.1088/0256-307X/33/4/045201
https://doi.org/10.1088/0256-307X/33/4/045201
https://doi.org/10.1088/0256-307X/33/4/045201
https://doi.org/10.1088/0256-307X/33/4/045201
https://doi.org/10.1088/0256-307X/33/4/045201
https://doi.org/10.1088/0256-307X/33/4/045201
https://doi.org/10.1088/0256-307X/33/4/045201
https://doi.org/10.1063/5.0032388
https://doi.org/10.1063/5.0032388
https://doi.org/10.1063/5.0032388
https://doi.org/10.1063/5.0032388
https://doi.org/10.1063/5.0032388
https://doi.org/10.1063/5.0032388
https://doi.org/10.1063/5.0032388
https://doi.org/10.1063/5.0005868
https://doi.org/10.1063/5.0005868
https://doi.org/10.1063/5.0005868
https://doi.org/10.1063/5.0005868
https://doi.org/10.1063/5.0005868
https://doi.org/10.1063/5.0005868
https://doi.org/10.1063/5.0005868
https://doi.org/10.1103/PhysRevLett.119.204801
https://doi.org/10.1103/PhysRevLett.119.204801
https://doi.org/10.1103/PhysRevLett.119.204801
https://doi.org/10.1103/PhysRevLett.119.204801
https://doi.org/10.1103/PhysRevLett.119.204801
https://doi.org/10.1103/PhysRevLett.119.204801
https://doi.org/10.1103/PhysRevLett.119.204801
https://doi.org/10.1002/andp.19303970303
https://doi.org/10.1002/andp.19303970303
https://doi.org/10.1002/andp.19303970303
https://doi.org/10.1002/andp.19303970303
https://doi.org/10.1002/andp.19303970303
https://doi.org/10.1002/andp.19303970303
https://doi.org/10.1002/andp.19303970303
https://doi.org/10.1017/S0263034618000010
https://doi.org/10.1017/S0263034618000010
https://doi.org/10.1017/S0263034618000010
https://doi.org/10.1017/S0263034618000010
https://doi.org/10.1017/S0263034618000010
https://doi.org/10.1017/S0263034618000010
https://doi.org/10.1017/S0263034618000010
https://doi.org/10.1017/S0263034618000010
https://doi.org/10.7498/aps.72.20230214
https://doi.org/10.7498/aps.72.20230214
https://doi.org/10.7498/aps.72.20230214
https://doi.org/10.7498/aps.72.20230214
https://doi.org/10.7498/aps.72.20230214
https://doi.org/10.7498/aps.72.20230214
https://doi.org/10.7498/aps.72.20230214
https://doi.org/10.7498/aps.72.20230214
https://doi.org/10.7498/aps.72.20230214
https://doi.org/10.7498/aps.72.20230214
https://doi.org/10.7498/aps.72.20230214
https://doi.org/10.7498/aps.72.20230214
https://doi.org/10.7498/aps.72.20230214
https://doi.org/10.7498/aps.72.20230214
https://doi.org/10.7498/aps.72.20230214
https://doi.org/10.7498/aps.72.20230214
https://doi.org/10.7498/aps.72.20221875
https://doi.org/10.7498/aps.72.20221875
https://doi.org/10.7498/aps.72.20221875
https://doi.org/10.7498/aps.72.20221875
https://doi.org/10.7498/aps.72.20221875
https://doi.org/10.7498/aps.72.20221875
https://doi.org/10.7498/aps.72.20221875
https://doi.org/10.7498/aps.72.20221875
https://doi.org/10.7498/aps.72.20221875
https://doi.org/10.7498/aps.72.20221875
https://doi.org/10.7498/aps.72.20221875
https://doi.org/10.7498/aps.72.20221875
https://doi.org/10.7498/aps.72.20221875
https://doi.org/10.7498/aps.72.20221875
https://doi.org/10.1103/PhysRevLett.126.115001
https://doi.org/10.1103/PhysRevLett.126.115001
https://doi.org/10.1103/PhysRevLett.126.115001
https://doi.org/10.1103/PhysRevLett.126.115001
https://doi.org/10.1103/PhysRevLett.126.115001
https://doi.org/10.1103/PhysRevLett.126.115001
https://doi.org/10.11804/NuclPhysRev.39.2022008
https://doi.org/10.11804/NuclPhysRev.39.2022008
https://doi.org/10.11804/NuclPhysRev.39.2022008
https://doi.org/10.11804/NuclPhysRev.39.2022008
https://doi.org/10.11804/NuclPhysRev.39.2022008
https://doi.org/10.11804/NuclPhysRev.39.2022008
https://doi.org/10.11804/NuclPhysRev.39.2022008
https://doi.org/10.11804/NuclPhysRev.39.2022008
https://doi.org/10.11804/NuclPhysRev.39.2022008
https://doi.org/10.11804/NuclPhysRev.39.2022008
https://doi.org/10.11804/NuclPhysRev.39.2022008
https://doi.org/10.11804/NuclPhysRev.39.2022008
https://doi.org/10.11804/NuclPhysRev.39.2022008
https://doi.org/10.11804/NuclPhysRev.39.2022008
https://doi.org/10.11804/NuclPhysRev.39.2022008
https://doi.org/10.1134/S1063780X13030069
https://doi.org/10.1134/S1063780X13030069
https://doi.org/10.1134/S1063780X13030069
https://doi.org/10.1134/S1063780X13030069
https://doi.org/10.1134/S1063780X13030069
https://doi.org/10.1134/S1063780X13030069
https://doi.org/10.1134/S1063780X13030069
https://doi.org/10.1088/0031-8949/2013/T156/014074
https://doi.org/10.1088/0031-8949/2013/T156/014074
https://doi.org/10.1088/0031-8949/2013/T156/014074
https://doi.org/10.1088/0031-8949/2013/T156/014074
https://doi.org/10.1088/0031-8949/2013/T156/014074
https://doi.org/10.1134/S0020441206020151
https://doi.org/10.1134/S0020441206020151
https://doi.org/10.1134/S0020441206020151
https://doi.org/10.1134/S0020441206020151
https://doi.org/10.1134/S0020441206020151
https://doi.org/10.1134/S0020441206020151
https://doi.org/10.1134/S0020441206020151
https://doi.org/10.1016/j.optcom.2009.01.036
https://doi.org/10.1016/j.optcom.2009.01.036
https://doi.org/10.1016/j.optcom.2009.01.036
https://doi.org/10.1016/j.optcom.2009.01.036
https://doi.org/10.1016/j.optcom.2009.01.036
https://doi.org/10.1016/j.optcom.2009.01.036
https://doi.org/10.1007/s10946-014-9417-4
https://doi.org/10.1007/s10946-014-9417-4
https://doi.org/10.1007/s10946-014-9417-4
https://doi.org/10.1007/s10946-014-9417-4
https://doi.org/10.1007/s10946-014-9417-4
https://doi.org/10.1007/s10946-014-9417-4
https://doi.org/10.1007/s10946-014-9417-4
http://dx.doi.org/10.1017/CBO9780511524578
http://dx.doi.org/10.1017/CBO9780511524578
http://dx.doi.org/10.1017/CBO9780511524578
http://dx.doi.org/10.1017/CBO9780511524578
http://dx.doi.org/10.18434/T4W30F
http://dx.doi.org/10.18434/T4W30F
http://dx.doi.org/10.18434/T4W30F
http://dx.doi.org/10.18434/T4W30F
http://dx.doi.org/10.18434/T4W30F
http://dx.doi.org/10.18434/T4W30F
https://doi.org/10.1103/RevModPhys.15.1
https://doi.org/10.1103/RevModPhys.15.1
https://doi.org/10.1103/RevModPhys.15.1
https://doi.org/10.1103/RevModPhys.15.1
https://doi.org/10.1103/RevModPhys.15.1
https://doi.org/10.1103/RevModPhys.15.1
https://doi.org/10.1103/RevModPhys.15.1
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 7 (2024) 073401

[25] Zhang Y N, Liu C L, Cheng R, Zhao Y T, He B 2020 Phys. elb

Plas. 27 093107 [29] McKenna K F, York T M 1977 Phys. Fluids 20 1556
[26] Kreussler S, Varelas C, Brandt W 1981 Phys. Rev. B 23 82 (30] Commisso R J, Bartsch R R, Ekdahl C A, Freese K B,

[27] Gus’kov S Y, Zmitrenko N V, I'in D V, Levkovskii A A, o ) )
Rozanov V B. Sherman V E 2009 Laser Plas. 35 771 McKenna K F, Guthrie Miller, Siemon R E 1981 Phys. Fluids

[28] Lei Y, Cheng R, Zhao Y T, Zhou X M, Wang Y Y, Chen Y 24 1919
H, Wang Z, Yang J, Ma X W 2021 Laser Part. Beams 2021 [31] Schneider W 1972 Zeitschrift Phys. 252 147

Diagnosis of bound electron density by measuring energy loss

of proton beam in partially ionized plasma target”
Chen Yan-Hong?  Wang Zhao"?  Zhou Ze-Xian "3  Tao Ke-Weil)
Jin Xue-JianV?  Shi Lu-Lin"%  Wang Guo-Dong"?  Yu Pei?
Lei YuY¥  Wu Xiao-Xia? Cheng Rui V%7  Yang Jie V?4%
1) (Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)
9) (University of Chinese Academy of Sciences, Beijing 100049, China)

3) (Faculty of Physics and FElectronic Engineering, Northwest Normal University, Lanzhou 730070, China)

4) (Advanced Energy Science and Technology Guangdong Laboratory, Huizhou 516000, China)

( Received 31 October 2023; revised manuscript received 27 December 2023 )

Abstract

Partially ionized plasma contains the bound electrons, which have an effect on the instability of the
plasma. The evolution process of bound electron density cannot be obtained by using the existing optical
method used for diagnosing the free electron density. In this work, we carry out a high-precision experiment: the
energy loss of a 100 keV proton beam penetrating through the partially ionized hydrogen plasma target is
measured on the platform of ion beam-plasma interaction at the Institute of Modern Physics, Chinese Academy
of Sciences. The bound electron density is obtained according to the energy loss model of Bethe theory. The free
electron density is measured by laser interferometry and the electron tempercture is obtained from the measured
spectrum (T, = 0.68 eV; ng, = 2.41x10" cm?). It is found that the bound electron density decreases during
plasma lifetime. The diagnosis of bound electron density by measuring energy loss of ion beam has the
advantages of on-line, in-situ and high resolution, thus providing a new way to solve the problem about
measuring the bound electron density in partially ionized plasma. A COMSOL simulation reveals that the high-
temperature free electrons will be ejected quickly out of the plasma area through a mechanical diaphragm, thus
reducing the total number of free electrons. In order to maintain a relatively high degree of ionization in this
plasma, in principle, more and more bound electrons are ionized into free electrons, the density of bound
electrons decreases correspondingly. The simulation result accords well with our experimental data. Based on
this finding, more detailed plasma target parameter is obtained, which is helpful in deepening the understanding
of the interaction process between ion beam and plasma. In future, more researches of low low-energy highly-
charged ions-plasma interaction will be conducted.

Keywords: bound electron density, energy loss of proton beam, free electron density, ionization degree.
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