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Fig. 1. The schematic diagram of the experimental setup.
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Fig. 2. The experimental results that proton beams of
100 keV pass through the hydrogen target with differ-
ent pressures and arrive at the different positions by

deflecting of the dipole magnet.
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Fig. 3. The comparison of the effective pressure and
the indicated pressure by IonIVac ITR 90 vacuum me-
ter. The IonIVac ITR 90 ionization type vacuum
gauge results are shown by A; the Varian CDG-500
thin film capacitive type vacuum gauge results are
shown by A. The results of energy losses are shown by
B and ¢, which means the twice experimental mea-
surements. The corrected effective pressure is shown

by a solid line according to the recommended formula.

M3 AT DU Y F S A e T A SR
WSS B SRR ERURE. LT, %
T E AR EE — A #) T 1000 mbar, #A10H
& IE JG S bR U SEARANAUA 3 mbar £ 47, @
i Ll A R AR KR £ R AN E 1E 22 AT 2R 4R,
P ) 5 AR R AR A 3, OB R /N 3 4T

HORF &, R BABRATRFH 15 T Red N & 7 VA Re e AR
‘i AR AT 8 AR = N 1A R BUE. K
HE RN EL R EERG, P RAT T
P B 1) 5 v B A AR 1 mT A P R R SR

A, K A R B S T R S R S
REP A BT T . BARZE SRR R R
WA IR B 0 R R L B R AE R SR A
) X 1) [ B 163 000 o 465 SR ARUS 1E 5 10 F B L 2S5 i &
REE R, HEMEEREX NSAEERWD, f
BURE 2 mbar PL R B, 1228 B SN E A 45 R B
BT R RSB IEE RS ESITA RS
J&, HBEESEREAE, 2 58k R, X prik
H ) Varian CDG-500 B 2% i1, HIE# 0l & T/EX
(B Z)°8 107310 mbar. 2R, M#0JE N SAARETE
1 mbar & BUR B, FRATIA N 00 & e i 1 L 22
HELT R M R MR, R R 7 RER
MWEJ7 5, WA SR ERE T RIIE RS, Y
SEPUXF AN [ R SRS A B R 5 R PR 2850 I HE
M. SIS T E RA GRS PERLA
0.5 keV, P55 & 3115 b 2 Hp SRR 22, Fn o %
REAR T VA AT RS IR 22/ T 10%.

Vo P 2 B A U N R R S T D S
X LG, SRR AR R RS ITHER) iz, AR
RV, e B A s N R A AR AR AR AR K
HLF-, L8 I a3 Do SR 15 2 08 1 g 1 DL 25 A0 )
B ) SR BB R . 1 B AR 1 IF B 1 A 8 A,
B = AR T LA, FRARL I KN S AR B RRE
BU. 2P B A B A I R FE v TR [R] =
JLFE TSR A AT TAEMR B E RS 2, AN &S
SRR S AT, R I AN [E) A 2 ) S A LA A T
S IE R E. EIRATR LI ST A B A7 A S A
B YR S R SR T A, R L S T &
WARIE TR, TR T REB SR S, S gk
(173 K 2 B OK B (SR LS, T R ) L
TR RS, Rk, W B R B S T AN RE AT AR
REHAH B TS E5RAHCENE T/E AE3H
A DLRA A F, H B A S T Bl S AR RS A
BB AR EEZ AR K E . HIA %
SRS R R T RE IR B A R A SR E S
FERF -, R T T Rediibs & SRR A B =L
SAERIRE AL 7R T HR S I R RE e v DR b
E AR R, YT THRRER .

TS P % R i L S TR A 4R 4 T A

044101-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 4 (2018) 044101

I —AS RS, AU o0t < e AR AT P i 4 EL 7
PETRAR, I AR S B 2 SO R A
5. SRR SEETR, RABULI R AN S SRR IR B
I IS AE . SR HA RO e 7, HE AR
AN, TR 5 AR E IR 5 BT IR A D A
855, ETHAE RIS & Z B0 R 28 M Ia LA
A—E TSR] BATRISEi b, B3 R 5k
FEPERI, BT A RREMTUR, Hb sl AR
FERITH iy (RIAEAR AN ), thm] RE R 502 T30 1 v
B 1B 3 Ias BB BoR TR BUR U 2 T 1%
RS R R & TR TR M R 510
Ja R T A TR

i PR 5 SIG I R S B, R R T A
THAN R H 5 TR LA U AN A v R S A A
RESE/EE TR IR SR, Tk RbEE
AR A2 AN R A HERA . R I 52 BR -0
STFA B (RIE, Toiont i 1 A LB JR T T
BEAT SR LA SN (R R, T ey SO Bl A
AR TS AR S B A L EL(Y. AH J T RE A5
7578, B 1 RENE A5 BIHERS 10 = kG P AR IR 1%
FERNAT 28 s AU A, e A5 SR &, W] AR
TORAE N T S (R TR, BT S AR
M BH A TAC IR R 75 B Re ik, #OR BLA Uk
T R I B VA AR A TCVE A B 1Y, (E M i S B P 5
I & b B R LS

4 % #®

B L R ESP R S A B R D e ) I BU
I SEB0M & T 98 2 B K 100 keV T %5
220 mm K SIS IR T RER VR, 46
WA E TR AR, KGR N A R
JiF -5 FEAIME. TR 49 ) <A s sl % 45 SRl
177 b, R H B S I R A R AN R R R
SMRA R AR, BT AN R E A1
HRAEIE, A ReE SCIG RepiSs AL, X T A
R A0, R R BRI AT, R KT8
bR SR, BT IR A B 1 2% (AL A T
TERE JIBRE, Tkl R MmN IR T H B TR
Z 51500 AR 5 T2 B I & TAE. A6
b 5, A 5 A e 1 7 U AR 5 EDW HE A H AR
B T IE s AR T 1A L A SO R T, ek
LBNAS SR I. IX e Ao Tk R RIS T B T

SE TN, BT RS0 R Y
SERTE IR FC R A EERIE R, R Al R
BT Al 7 FH Ak L AT AR R IR e T .

BT b R B I AR B 5 BT 320 KV HLAR RS B
FERA LT & LAEN R 8 TAE LR T8 5 ) & o o
L.

SE 30k

[1] Bohr N 1913 Philos. Mag. 25 10

[2] Hoffmann D H H, Weyrich K, Wahl H, Gardés D, Bim-
bot R, Fleurier C 1990 Phys. Rev. A 42 2313

[3] Jacoby J, Hoffmann D H H, Laux W, Miiller R W, Wahl
H, Weyrich K, Boggasch E, Heimric B, Stockl C, Wetzler
H, Miyamoto S 1995 Phys. Rev. Lett. 74 1550

[4] Grande P L, Schiwiztz G 1998 Phys. Rev. A 58 3796

[5] Bethe H 1930 Ann. Phys. 397 325

[6] Gardes D, Bimbot R, Rivet M F, Servajean A, Fleurier
A, Hong D, Deutsch D, Maynard G 1990 Laser Particle
Beams 8 575

[7] Koshkarev D G 2002 Las. Part. Beams 20 595

[8] Deutsch C, Maynard G, Bimbot R, Gardes D, DellaNe-
gra S, Dumail M, Kubica B, Richard A, Rivet M F,
Servajean A, Fleurier C, Sanba A, Hoffmann D H H,
Weyrich K, Wahl H 1989 Nucl. Inst. Meth. Phys. Res.
A 278 38

[9] Weyrich K, Hoffmann D H H, Jacoby J, Wahl H, Noll
R,Haas R,Kunze H, Bimbot R, Gardes D, Rievt M F,
Deutsch C, Fleurier C 1989 Nucl. Inst. Meth. Phys. Res.
A 278 52

[10] Servajean A, Gardes D, Bimbot R, Dumail M, Kubicard
B, Richard A, Rivet M F, Fleurier C, Hong D, Deutsch
C, Maynard G 1992 J. Appl. Phys. 71 2587

[11] Casas D, Barriga-Carrasco M D, Rubio J, Moralea R
2014 Glob. Nest. J. 16 1085

[12] Belyaev G, Basko M, Cherkasov A, Golubev A, Fert-
man A, Roudskoy I, Savin S, Sharkov B, Turtikov V,
Arzumanov A, Borisenko A, Gorlachev I, Lysukhin S,
Hoffmann D H H, Tauschwitz A 1996 Phys. Rev. E 53
2701

[13] Hoffmann D H H, Weyrich K, Wahl H, Peter T, Meyer
T V J, Jacoby J, Bimbot R, Gardés D, Rivet M, Dumail
M, Fleurier C, Sanba A, Deutsch C, Maynard G, Noll
R, Haas R, Arnold R, Masuimann S 1988 Z. Phys. A:
Atom. Nucl. 330 339

[14] Wang Y N, Ma T C, Gong Y 1993 Acta Phys. Sin. 42
631 (in Chinese) [EAM, D5, B 1993 #HAik 42
631

[15] Tsuneta S 1996 Astrophys. J. 456 840

[16] Deng J C, Zhao Y T, Cheng R, Zhou X M, Peng H B,
Wang Y Y, Lei Y, Liu S D, Sun Y B, Ren J R, Xiao J
H, Ma L D, Xiao G Q, Gavrilin R, Savin S, Golubev A,
Hoffmann D H H 2015 Acta Phys. Sin. 64 145202 (in

044101-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1080/14786440108634305
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.42.2313
http://dx.doi.org/10.1103/PhysRevLett.74.1550
http://dx.doi.org/10.1103/PhysRevA.58.3796
http://onlinelibrary.wiley.com/doi/10.1002/andp.19303970303/abstract
http://dx.doi.org/10.1017/S0263034600009009
http://dx.doi.org/10.1017/S0263034600009009
https://doi.org/10.1017/S0263034602204188
http://dx.doi.org/10.1016/0168-9002(89)91127-3
http://dx.doi.org/10.1016/0168-9002(89)91127-3
http://dx.doi.org/10.1016/0168-9002(89)91129-7
http://dx.doi.org/10.1016/0168-9002(89)91129-7
http://dx.doi.org/10.1063/1.351076
https://doi.org/10.1103/PhysRevE.53.2701
https://doi.org/10.1103/PhysRevE.53.2701
http://dx.doi.org/10.1007/BF01294879
http://dx.doi.org/10.1007/BF01294879
http://dx.doi.org/10.7498/aps.42.631
http://dx.doi.org/10.7498/aps.42.631
http://dx.doi.org/10.1086/176701
http://dx.doi.org/10.7498/aps.64.145202

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 4 (2018) 044101

Chinese) [MR4E)1l, X7k, 8L, FRW, i, THE,
T, AR, SN, R, S, LA, B,
Gavrilin R, Savin S, Golubev A ,Hoffmann D H H 2015
YIFLEAR 64 145202]

[18] Lu T X 2000 Atomic Nuclear Physics (Vol. 2) (Beijing:

Atomic Energy Press) pp55-56 (in Chinese) [/ 47 JiE
2000 JRFEZWEL (35 —hR) (Abat: JRTRE i ARAL) 55 55—56
]

oy

[17] Cheng R, Zhou X M, Sun Y B, Lei Y, Wang X, Xu G
2011 Phys. Scr. T114 014015

Experimental investigation on diagnosing effective
atomic density in gas-type target by using
proton energy loss”

Chen Yan-Hong" Cheng Rui’® Zhang Min"? Zhou Xian-Ming"?
Wang Yu-Yu? Lei Yu"? Ma Peng-Peng"® Wang Zhao'%
Ma Xin-Wen?  Xiao Guo-Qing"

Zhao Yong-Tao?*
Ren Jie-Ru?

1) (Institute of Modern Physics, Chinese Academic of Science, Lanzhou 730000, China)
2) (Xi’an Jioatong University, Xi’an 710049, China)
3) (University of Chinese Academic of Scienc, Beijing 100049, China)
4) (Northwest Normal University, Lanzhou 730070, China)

( Received 13 September 2017; revised manuscript received 11 December 2017 )

Abstract

The investigations of interaction processes between ion beams and gas and between ion beams and plasma play
important roles in atomic physics, astrophysics, high energy density physics, and inertial confinement fusion. The
atomic density of target is one of the key experimental parameters which may determine the interaction mechanism and
experimental results. How to precisely diagnose the atomic density of target in different matter states, like gas phase
and plasma phase, is challenging work on the experiments in laboratory. Conventionally the vacuum gauges are used
to measure the pressure inside the gas target, but the accuracy is limited for a complex target system and they can
hardly work in a strong radiation surrounding, especially in plasma where the high temperature can physically damage
the gauges. Therefore we propose a new method to measure the atomic densities for both gas target and plasma target
based on the heavy ion beam accelerator facility at the Institute of Modern Physics, Chinese Academy of Sciences. In
our experiment the protons are extracted from an electron cyclotron resonance ion source (ECRIS) and accelerated to
100 keV then transmitted to the target. A two-stage differential pumping system is constructed to keep 10~7 mbar order
of magnitude in beam line when the gas is filled into the target area where the pressure could increase to higher than
1 mbar. A 45° dipole magnet is used to bend the protons which have passed through the gas. The energy is determined
by the different positions of protons at the position-sensitive detector which is placed at the end of magnet. Consequently

the energy losses of protons at different pressures are obtained. There have been proposed many theories for calculating
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the energy loss of protons in gas, and we chose the very popular code named SRIM to simulate the experimental case.
Finally the effective linear atomic density of target along the ion beam trajectory in the target area is obtained. For
comparison, the conventional vacuum gauges (one is the hot cathode gauge—IonIVac ITR 90 and the other is capacitance
diaphragm gauge—Varian CDG-500) are simultaneously used in the experiment. The results show that the recalibrated
effective pressure obtained by the energy loss is close to the pressure measured by Varian CDG-500 but much lower than
the pressure from IonlVac ITR 90. Only after the detection efficiency correction, could the corrected results of IonIVac
ITR 90 be coincident with the effective pressure obtained according to energy loss. Moreover we find that the effective
atomic density determined by the protons energy loss shows that these advantages over the conventional gauges are
not only the high accuracy and reliability but also the in-situ measurement, high temporal resolution and the ability to
work in the complex radiation and hot plasma environment. These properties may play a great role in the experimental

researches and relevant topics.
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