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B OK, SEUG oy B 2 N B, 7E AlE B AR & N 10
eV LLJgE 152 56 43 #% K T 100 meV, A LA A& 15 2
M S5 ik 22 LR, R B R R G iR 2 498100
meV. f Z&S3OATRIA0A I T 281 /02p1/2 W
K 3T A8 43 W A2 (31.9540.15) eVAI (31.7940.16) eV,
36AT15+ *D 40A1"15Jr % % 281/2—>2p3/2 E/‘] Ef( if ﬁlé 53\ %U
2 (35.002£0.18) eV (34.9640.15) eV, NIST %t
AR 251 /0—2p1 o KIERITBEJE 31.8672 €V, 2s1/0—
2ps o 19 BF AT fiE 2 35.0383 VTl WL L 3R ATTE i s
3o B A0 I A5 R S R S R RO, AR R 22
BIA KT 0.26%. {8 /& NIST 45 Hi 19 5008 X 10 52
AU 38 (1 Ar' Pt BT, A 45 H R R EUR 36 140
f ArST B TR ERGE g SO0AST B PRI R B
B % F 5 B RO R 1 R A7 2R H R BRGE R BRGE R 1 2
fii, M §3010ALIT (251 5—2p; s2)= (160£219) meV,
530 A0ALI (25 19 —2p3 o) = (40£234) meV. HRHEE 4
AR, POOAr T BT 251 /0 —2p 0 KIT T
AL Z RS 0.861 meV, 2s1/5—2p3 o BKIL T 1AL
FH 3N 0.868 meV, Itz /N T S0 HE ST 2 (1
R BN ME, L H AT Sl & ¥ DR 1% R i B
b il As 2 8

YR, TR R T Z=18~
35 ML, BT R RB AR E KN Y, ST R,
ZHAHEANE, SRR RN, F TSR
KRR R T RS E T, BkYs 2°
JAELL, BEEE Z 80, 5 sl 0 G iz i oK T R R R

W T IR TR 77 L AR W UK, DR 351 252 77 VR
FH T 900 o A A T )AL R B, Zubova 2y
R T 45 R 2 Y 2 e el A B 2822808
7, 238,236 789+ BT 238,2341789+ BT 251/2—>2p1/2
AE BRI I R AL R FE 3 4 N —111.9 meV, —114.3
meV fil —225.6 meV, X NFATHELE DR % 22 071k
TFRE s v S B TR B R B R T 3. 6 T
TR A 234238 SO [ R T IDRIE, 11X A
37 2% 19 J5 T 4% VR 4 07 MRS AR AR 25 434 0.028 fm, fH
2 DR SLIRIGIE A7 (R 30k 5] T —225.6 meVPS, 7Eix
Pl fr XA sh e R EE R, HATFRA17E CSRe LI DR
sz i AT RS 5 V00 e 3 00 P T R £ [ o 3 B B A
GEA BB T, RE NS 1 BRS B B TR 8 7 o 4 2
fH. CSRe Ml &k HIAF 7] L4 A 55 0 55 ¥ 0 5= A2 i
B B Ras R MR =Y, AN HIAF LT
¥4 £ i 7 55 SRing it % T 881 T DR 5256 ()8 74
FHRLO A S S AT YA B ~1 meV. EAR AR
K, CSRe f HIAF A LA iy [7) 7 2 6 o 3% 7] op -
HEAT DRS00, 5 78 75 54047 FRUH M A% 25 75 1 10 Hh T
TR RGHIRES, SRR, Mrpig
HR BN S A% LR B4 A U TS L, DALk Rl
BT 5 S5 T AR TR L ST ) S5 T AR R 43 A A HE A
SEZS I VEARAE, oW 5C 59 R A% 22 AR AR 43 A WA R
LR ) R G B 4R

5.0

1!
I
0 J u. L{H‘ . | .-'{z\ }?‘\ . {Kkﬂ.}@

0.0 0.5 1.0 1.5 2.0 2.5
Relative energy/eV

Bl 6 (TELRRE) R4 23238 USOT [A) A 5 55 1 % BL A M

—.— DR of 248"
—._ DR of 2388+

Rate coefficients/(10~* cm?s™)

BT E A
Forp 234,238 U89 ()4 2 19 J5 1A% v T 38 O AR A R A 224X
50.028 fm.

5 HILFRE

T T 5 55 T I 52 H0 R A2 HF FF B 1 T A B
TR SN, S A IR T, R R P
(AR RS, QED R0, HL S IR B 4% R~ 2k



- 202 -

R T %

%35 %

i¥ it

R, 2 T bR b A A S R TR T . AR SC
7E HIRFL-CSRm b JF & 7 2848 3640 A5+ 87 () DR
SEHG,  SE6 R TR TAIE3E BE VI L DN0~35 eV SER
Fp A %% 3 T281/2—>2p1/2$ﬂ281/2—>2p3/2 R AT X} B A 3
PRIORRED, I HI & T LR BRIE T B R BE. R
FHGRASP2KAE 7 0 H A 7 R BB 4T 175, W
T 3640 A5 B (R R A B b R B R B RIS K
NFRY, ERTTEER, SRR ERESIEDN, Higit
TR T A SOA0AL T B 25, 10— 2py o BRIEIFI AL
RN 0.861 meV, 2s1/0—2ps o BKILHI AL RS
N 0.868 meV, FHit/N 7T CSRm | DR sS4 T
S HERE T ~10 meV, [KULTE DR i F 3 A W52 3 0
IR BB SR, (HRMISTHE R, 8480w
SETHHEMEBSS Z2° RIEH, KA CSRe B
Kok HIAF FIF ARG U R E N m A S &1
1) DR 55, SkOF I FA R REREM R, e
F%%ﬁmﬁﬁ A DASRARAH O S 4% 1A% FEL AR 42 A
AN

Bt @ﬁmm&@%ﬂﬁ%@?kﬁ$%ﬁ%ﬁﬁ
AR3CHF
SE3CH -

[1] KING W H. Isotope Shifts in Atomic Spectra[M]. New York:
Plenum Press, 1984: 54.

2] PALFFY A. Contemporary Physics, 2010, 51: 471.

(3] CAMPBELL P, MOORE I D, PEARSON M R. Progress in
Particle and Nuclear Physics, 2016, 86: 127.

[4] NORTERSHAUSER W, SANCHEZ R, EWALD G, et al.
Physical Review A, 2011, 83: 012516.

[5] NEUGART R, BILLOWES J, BISSELL M L, et al. Jour-
nal of Physics G: Nuclear and Particle Physics, 2017, 44:
064002.

[6] KOZHEDUB Y S, VOLOTKA A V, ARTEMYEV A N, et
al. Physical Review A, 2010, 81: 042513.

[7] LIJ, NAZE C, GODEFROID M,
2012, 86: 022518.

[8] ZUBOVA N A, KOZHEDUB Y S, SHABAEV V M,
Physical Review A, 2014, 90: 062512.

9] NAZE C, VERDEBOUT S, RYNKUN P, et al. Atomic Data
and Nuclear Data Tables, 2014, 100: 1197.

[10] FRANZKE B. Nucl Instr Meth B ,1987, 24: 18.

[11] SCHUCH R, BARANY A, DANARED H, et al. Nucl Instr
Meth B, 1989, 43: 411.

[12] WOLF A, BERGER J, BOCK M, et al. Zeitschrift fiir Physik
D Atoms, Molecules and Clusters, 1991, 21: S69.

[13] ELLIOTT S, BEIERSDORFER P, CHEN M H. Physical
Review Letters, 1996, 76: 1031.

[14] NAKAMURA N, KAVANAGH A P, WATANABE H, et al.

et al. Physical Review A,

et al.

22]

23]

24]

Physical Review Letters, 2008, 100: 073203.

TU B, XIAO J, YAO K, et al. Physical Review A, 2015, 91:
060502.

BRANDAU C, KOZHUHAROV C, MULLER A, et al. Phys-
ical Review Letters, 2003, 91: 073202.

LESTINSKY M, LINDROTH E, ORLOV D A; et al. Physi-
cal Review Letters, 2008, 100: 033001.

MULLER A. Advances In Atomic, Molecular, and Optical
Physics, 2008, 55: 293.

SCHIPPERS S. Nucl Instr Meth B , 2015, 350: 61.
BRANDAU C, KOZHUHAROV C, LESTINSKY M, et al.
Physica Scripta, 2015, 2015: 014022.

MA X, WEN W Q, HUANG Z K, et al. Physica Scripta,
2015, 2015: 014012.

BRANDAU C, KOZHUHAROV C, MULLER A, et al. Phys-
ica Scripta, 2013, 2013: 014050.

SCHUCH R, LINDROTH E, MADZUNKOV 8, et al. Phys-
ical Review Letters, 2005, 95: 183003.

BRANDAU C, KOZHUHAROV C, HARMAN Z, et al. Phys-
ical Review Letters, 2008, 100: 073201.

HUANG Z K, WEN W Q, XU X, et al. Nucl Instr Meth B,
2017, 408: 135.

MA X, WEN W Q, ZHANG S F, et al. Nucl Instr Meth B,
2017, 408: 169.

HUANG Z K, WEN W Q, WANG H B, et al. Physica Scripta,
2015, 2015: 014023.

HUANG Z K, WEN W Q, XU X, et al. Journal of Physics:
Conference Series, 2017, 875: 012020.

HUANG Z K. Studies of DR Experiments of Li-like and Be-
like Argon Ions at the CSRm[D]. Lanzhou: Institute of Mod-
ern Physics, Chinese Academy of Sciences, 2017(4): 25. (in
Chinese)

(TR k. E?E%?‘/‘\i‘ﬂﬁ%ﬁfﬁCSRmﬁﬁE‘J%’S’%E\ o
TR T E A LA D] 22 M b [ A2 B AT A BT I,
2017(4): 25.)

XU W Q. Investigations on Fine Spectroscopy of Doubly-
Excited States in Strongly-Correlated Ion Systems[D]. Hefei:
University of Science and Technology of China, 2014(2): 32.
(in Chinese)

(R PE. KRR AR R BRSO 403 223 58 [D]. & AE:
ERIZEH AR K, 2014(2): 32.)

WEN W Q, MA X, XU W Q, et al. Nucl Instr Meth B, 2013,
317: 731.

KILGUS G, HABS D, SCHWALM D, et al. Physical Review
A, 1992, 46: 5730.

FRICKE G, BERNHARDT C, HEILIG K, et al. Atomic
Data and Nuclear Data Tables, 1995, 60: 177.

SHABAEV V M. Physical Review A, 1998, 57: 59.
ANGELI I, MARINOVA K P. Atomic Data and Nuclear
Data Tables, 2013, 99: 69.

HUANG Z K, WEN W Q, XU X, et al. Astrophysical Jour-
nal Supplement Series, 2018, 235: 2.

SALOMAN E B. J Phys Chem Ref Data, 2010, 39: 033101.

HENNING W F. GSI-Darmstadt. November, 2001.


http://dx.doi.org/10.1080/00107514.2010.493325
http://dx.doi.org/10.1016/j.ppnp.2015.09.003
http://dx.doi.org/10.1016/j.ppnp.2015.09.003
http://dx.doi.org/10.1103/PhysRevA.83.012516
http://dx.doi.org/10.1088/1361-6471/aa6642
http://dx.doi.org/10.1088/1361-6471/aa6642
http://dx.doi.org/10.1088/1361-6471/aa6642
http://dx.doi.org/10.1103/PhysRevA.81.042513
http://dx.doi.org/10.1103/PhysRevA.86.022518
http://dx.doi.org/10.1103/PhysRevA.86.022518
http://dx.doi.org/10.1103/PhysRevA.90.062512
http://dx.doi.org/10.1016/j.adt.2014.02.004
http://dx.doi.org/10.1016/j.adt.2014.02.004
http://dx.doi.org/ 10.1016/0168-583X(87)90583-0
http://dx.doi.org/10.1016/0168-583X(89)90384-4
http://dx.doi.org/10.1016/0168-583X(89)90384-4
http://dx.doi.org/10.1103/PhysRevLett.100.073203
http://dx.doi.org/10.1103/PhysRevA.91.060502
http://dx.doi.org/10.1103/PhysRevA.91.060502
http://dx.doi.org/10.1103/PhysRevLett.91.073202
http://dx.doi.org/10.1103/PhysRevLett.91.073202
http://dx.doi.org/10.1103/PhysRevLett.100.033001
http://dx.doi.org/10.1103/PhysRevLett.100.033001
http://dx.doi.org/10.1016/S1049-250X(07)55006-8
http://dx.doi.org/10.1016/S1049-250X(07)55006-8
http://dx.doi.org/ 10.1016/j.nimb.2014.12.050
http://dx.doi.org/10.1088/0031-8949/2015/T166/014022
http://dx.doi.org/10.1088/0031-8949/2015/T166/014012
http://dx.doi.org/10.1088/0031-8949/2015/T166/014012
http://dx.doi.org/10.1088/0031-8949/2013/T156/014050
http://dx.doi.org/10.1088/0031-8949/2013/T156/014050
http://dx.doi.org/10.1103/PhysRevLett.95.183003
http://dx.doi.org/10.1103/PhysRevLett.95.183003
http://dx.doi.org/10.1103/PhysRevLett.100.073201
http://dx.doi.org/10.1103/PhysRevLett.100.073201
http://dx.doi.org/10.1016/j.nimb.2017.04.024
http://dx.doi.org/10.1016/j.nimb.2017.04.024
http://dx.doi.org/10.1016/j.nimb.2017.03.129
http://dx.doi.org/10.1016/j.nimb.2017.03.129
http://dx.doi.org/10.1088/0031-8949/2015/T166/014023
http://dx.doi.org/10.1088/0031-8949/2015/T166/014023
http://dx.doi.org/10.1088/1742-6596/875/2/012020
http://dx.doi.org/10.1088/1742-6596/875/2/012020
http://dx.doi.org/10.1016/j.nimb.2013.07.043
http://dx.doi.org/10.1016/j.nimb.2013.07.043
http://dx.doi.org/10.1103/PhysRevA.46.5730
http://dx.doi.org/10.1103/PhysRevA.46.5730
http://dx.doi.org/10.1016/j.adt.2011.12.006
http://dx.doi.org/10.1016/j.adt.2011.12.006
http://dx.doi.org/10.3847/1538-4365/aaa5b3
http://dx.doi.org/10.3847/1538-4365/aaa5b3
http://dx.doi.org/10.1063/1.3337661

%2 WIS BT A AR IR CSRm WU LT A SLR T U284 2040 Ar T B T R R B ) - 203 -

http://www.fair-center.eu/for-users/publications/fair- [40] MAO L J, YANG J C, XIA J W, et al. Nucl Instr Meth A,
publications.html. 2015, 786: 91.

[39] YANG J C, XIA J W, XIAO G Q, et al. Nucl Instr Meth B,  [41] WU B, YANG J C, XIA J W, et al. Nucl Instr Meth A, 2018,
2013, 317: 263. 881: 27.

Investigation of Isotope Shift Effect of Li-like 304 Ar’* by
Dielectronic Recombination Spectroscopy at the CSRm

CHUALI Xiaoya?, HUANG Zhongkui', WEN Weiqgiang', WANG Hanbing', XU Xin®, WANG Shuxing?®, LI Jiguang?,
DOU Lijun'?, ZHAO Dongmei', ZHU Xiaolong', MAO Lijun®, YIN Dayu?,
YANG Jiancheng!, YUAN Youjin', MA Xinwen®
(1. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
8. Department of Modern Physics, School of Physical Sciences, University of Science and Technology of China,
Hefei 230026, China;
4. Institute of Applied Physics and Computational Mathematics, Beijing 100088, China)

Abstract: The cooler storage ring is equipped with an electron-cooler. It is an excellent experimental platform
for dielectronic recombination (DR) experiment of highly-charged ions. In this paper, the dielectronic recombina-
tion experiments of lithium-like Ar'®" ions with mass number 36 and 40 are conducted at the HIRFL-CSRm(main
ring of the Cooling Storage Ring of Heavy Ion Research Facility in Lanzhou). The experimental electron-ion col-
lision energy scale is from 0 eV to 35 eV. Extrapolation method is exploited to obtain the excitation energies of
transitions 2s; /o—2p1 /2 and 251 /—2p3 /2 of the 36,40 Ay15+ jons from experimental data. Meanwhile, GRASP2K
program is utilized to calculate the mass shift factors and field shift factors of 2¢49Ar'5* ions for 251/2—2p1/2
and 2s;,3—2p3/ transitions to obtain isotope shifts in DR spectra. In theoretical calculation, isotope shifts
of 3040Ar15F jons corresponding to 251/2—2p1/2 and 2s;/5—2p3/o are 0.861 meV and 0.868 meV, respectively.
They are both less than the experimental precision (~10 meV) of these dielectronic recombination experiments
at the CSRm, which explains that isotope shifts cannot be distinguished from the experimental dielectronic re-
combination spectra. However, the field shift of highly-charged ions is proportional to Z°. In the future, the
dielectronic recombination experiments of highly-charged heavy ions even radioactive ions will be conducted at
the HIRFL-CSRe (experimental ring of the Cooling Storage Ring of Heavy Ion Research Facility in Lanzhou) and
the future large accelerator facility——HIAF (High intensity Heavy-ion Accelerator Facility) to measure isotope
shifts to obtain the nuclear charge radius information.
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