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Charge Transfer Cross Sections for Dysprosium and Cerium
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Symmetric resonant charge transfer cross sections between singly ionized ions and the parent
atoms were measured for dysprosium and cerium in the impact energy of 200~2000eV. The cross
sections were determined from the ratio between the number of ions produced by charge transfer and
those in primary ion beam. The primary ion beam was produced by a laser ion source in which their
atoms were ionized by laser resonant photo-ionization. The slow ions produced by charge transfer
and fast primary ions were detected with Faraday cups. The obtained cross sections were (1.82%
0.14)X 10 “cm” for dysprosium and (0.88+0.12) X 10™“cm” for cerium in the above energy range. The
difference of these values can mostly be explained by considering the electron configurations of these

atoms and ions.

Keywords: Charge Transfer Cross Section, Symmetric Resonant Charge Transfer,
Resonant Photo-ionization, Dysprosium, Cerium, Laser Ion Source, Impact Energy,

Faraday Cup
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T % llE LT EOEA) RITB L, FORRE b LICEEIL—1 4 /RS &
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F4 A7y 4 (Dy) OBAIIEEKG 22012 ICEBH c ERANTHRES
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£ 3 TIXEFEVIO LA L $EICEA F V E— 2RI SN, FCUIAST 2 A 4
V- LEDRA L., FC2ICIIBFBATERA 4 Y OMUCERBIT R S vE
A F ¥ —LD—ERHEUNENS & 9 127 5 7-DRQAHENT 5,

LI 2 CIIBHBATRIC R E2WEA 4 v ¥ — 2A0LENFCLICEIR S L,
F 1 ERRATERA & v OEREATFCAUED SN 1-ORWS—FE L % 5o



JAERI-Research 98-030

RV=V3/V1 (V2=V3) &35 &, LECHlERRL D,
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$eo T, BATBATRTERDRE IR 2 1IHed 5
0. 1=RV=V3/V1<0.5 (3. 1)
DD LOBBEERRERN TRET 2L EVD 5o

(2) BUSHERRA 4 VT4 F v ¥— LB OZE R A
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DEMHRQDIEFERA L RE L7

Tk 1, 20BMEAL 00V, BR2 LEHADEMVIHLO OVDIEEDRITE
A F Vit EA 4 v ¥ — A DBRHREQ2/AQL & FABERIZEERE ] & DRRDH]
BB Z T 4R, B ) EMHRUIEERE IS 5, ERE]
IIETFHENCIHZHEIST DT, BRBITAERA 4 ¥ EVRUCEHORTERNIC Y
BT 3 o L DBHEND HNTz, (60T, ERAF VHEA AV E— LADBEML
RQ2/Q D BRI B MR 2 DB, FEEE DR HREED O EHE
DFEREEDAE % KD 5 I FEHAERE I T DHHE TEl o TRET U X »
Z &b,

(3) 77957y THh_REFHIDF

FAFVE—LADIANVE—DEL LB ET7 I Ty TRl DA * Ui
W GRSY ozt AR, TRETFIMIEENDG, FOB A X VRHRE 77
F— v FRAEIRIAL b ICT7 — ABMNOBE I RETFERIIF L7 — A&
R OREERITHND T2 Y O A =T TIEEROA + VBl & h KREREHR
DER RN D, BRHBABOT — ABMITI L TA A VRO B Z K&~
FUF— L )R ERIEBMICLTBINEA F RHRERE CRAE L - ZREFIIR
HARICER Y A 4 VBRI AST A A4V EROAHVERR S5,

BERDER TR A VLAY BLUH KU 2 A4 4 VEBIC & BFHRED 50

TREFHHERFEFML-AERICE D L, 4 F VREROKRRATHERF TR\ViE.

—REBFOHEII0. UkeVD A + ¥ TR VF— L DRI ), ZREFHHHFTT
LE—L LB TNl keVTIZH 8 0 %IETAY, L LEREDITHEERZ
BT T RET R BIED T AV F—A0. 95keVEFH 2 Y, ZkeV T b KREFH
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= ST, FAATRY LA F KL, Fig. 5 (RS ERBATHITERHIEH
DEZRTT 757N v TFCIDA F VOB & 7 — A LichE & +T5VIC
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ZCT, M TRETFRHEEREY y L LT
(Q2/ QIT5VY) _,
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Thbo BRBITERA F Y DIFIVF—EI3300eVEL T THAHDT, FR2THK
BFRHIITERL,
ZORER L) TREFHHRy £ 4 F Y T RIVF—E, L ORI TREE
1252 bivs,
y = 2.5X10% - (E(eV)- 465 ) : E;> 465V (3. 3)
y =0 . Ei< 465eV

FClOMHARETITEEAS OV ED T — 7 b, ZOR%EHVTRC2 LFC1DED
A F y%ﬁ%ﬁt%;ﬁbf:o

(4) BRRATHUCEROEN

BBy BOEATRE T 7970 T2 DAFBOT — A EMND
A2 THERENABMNHM % 2 KtDLlaplace FEERIZ L DEIE L7z, Fig. 7\
ST & O ICBRARATRUCERICIZEE 4 ERETINERV, 0. TRASEERICENmS ., &
FRBATESRA & Y OZRNVF—R0.V,(eV) &%), 7797 —Hv 72 THEH
B, TEBHBITREHTOEA AV E—L L EFE— L EDEHEIFVF—E L
IR THEZ b5,

E; (eV)=(V,-V3)+0. 3V, (3. 4)

T, VIZER 1 OEIIEET, B3 LER4 L OEMMERRF—& L7,



JAERI-Research 98-030

3. 2 BT R

(1) F4Ax7ayv s (Dy) OBERR

Fp AT LNIOWNWTELNT7 797 —h v 71 BLU2 OERIEH
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(2) V,=600V, V,=300V, V;=100V, Vi, =0V

(b) V;=1200V, V,=900V, V,=200V, V=0V

(C)V,=2000V, V,=1700V, V;=200V, V=75V

(d) V,=2000V, V,=1700V, V;=200V, V=0V

BTG DO S EEE 330 A /s TREFEREIIAL. 6 X 10"/c’l ABY 5,

CHSOEBFRER L WIS L TENEND T 7 57— Ay TOEMEZEL.
TREFHINE, BEFFESFERLT (2. 1) NS ) EWBITEREL.

(3. 4) RICEDAF VFEREIANVT—2EH L7z, HOBGEORRIIEDED
flzEe L7z

A I EHRIFZNVF=I0. 1~ %keVOHBDRETHONIZ T 7 77— v T2
L 104 F VERBEORQAQLRFig IR, I TEMBITRLH TOREER
FEAS3 0 A/STOEICHEBILLTH D, M, BAEN 7757y 7104
Y RRHEARETINE Vg 12 0 DEEORIEME T, BHAT (3. 3) RiTL h ZKREFK
HOREFIE LIAETH 5,

F7o. COREERLY (2. 1) REAWTER L-EMBITHIERE 4 4~
e A VF— L OEEFig 101R T, COERPLT A AT AOFEER
BED A F v L BT L OBRHATHITERE o J3BHRL ANV F—29. 1 ~2keVOHBFHATIZ
I2—%E T\

0 o=(1.82%0. 14) X 10 ca?
PELNT, ST, IS EDEAEERE 0, TH D,

(2) U s (Ce) DERR
LYy AIOWTESN:T7 7T F—h v 71 B L2 DEMREHEAEER
Bl%Fig. 11(a) b) 1R T, (a) (b) DEEMEEIILLT OEY TH 5,
(a) V;=1000V, V,=700V, V,=200V, Vig,=0V
(b) V,=1800V, V,=1500V, V3=300V, Ve, =75V
BT B SO ESEEITH0 A /s TETFEEIZHS. 0X 10" /el A4 § 5,
CNLDBIIEE L W EERES L CERFRD 7 7 570y TOBHEZEH L.
TREFHHER, BEFEESTERLT (2. 1) RX V) EFBITIIEEL.
(3. 4) RICE DA A VHRIFINVF—Z2EH L7z, HOBEORERIIEDED
MR L7
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F+ VIR HAREIITEE 13 0 DIFEDORIEMET, BAA (3. 3) RUTE Y K&ETF

OB RIEL7AETH %0
7., CoflEERLY (2. 1) REAVTER L-EMBITHERE 1 4~

HEETANE— L OBGEEFig 131RT . COERP L) T AORRIRED A F

v L BT E OBRRATHIER o (3T 3 VF—2%0.2~1. 8keVOFFTIZIZ—E
o o=(0.88£0.12) X 10 e’

BN, T, LIS NEEOEARERE 0, Th 5o
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(1) BAATHERIIERES L CHERFUIIONT

FAF YLD, F VERIANVF DB BR T 77 77— v TDAF
VHRHEERE COKEFRHIKRE (D, FOBREEE LTV RWigEnl
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B A F VAR EBE DB ZEIKEL 2 b LEA A ¥ E— L DR IV
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72
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Fig3 A ratio of a charge detected by Faraday cup 2, Q2, to a charge detected
with Faraday cup 1, Q1, as a function of the applied voltage of collector
electrode.

Vapor deposition rates are normalized to 10A /s on the reaction region.
(a) Applied voltage difference on collector electrodes A V=V1-V2=400V
(b) Applied voltage difference on collector electrodes A V=V1-V2= 150V
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Fig7 Distribution of electric potential in the charge transfer interaction
region. The potential distribution was calculated using two—dimensional
Laplace equation. The Laplace equation was numerically solved by Gauss—-
Seidel method with spatial grids of 40 X 30 .The curves are contour lines
with constant potential plotted at every potential 0.1V, where V, is the
potential applied on the electrode 3 and 4.
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Fig8(1/2) Typical waveforms of the dysprosium ion currents detected with
Faraday cups 1 and 2. Signal of primary beam ions and slow ions
produced with charge transfer interaction are shown on the upper and
the lower side in each photo, respectively.

Applied voltage on electrodes and detection plate on FC1, and atomic
density at the collision region for the cases (a)(b)(c)(d) are shown on the
right side of each photo.
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Fig8(2/2) Typical waveforms of the dysprosium ion currents detected with
Faraday cups 1 and 2. Signal of primary beam ions and slow ions
produced with charge transfer interaction are shown on the upper and
the lower side in each photo, respectively.

Applied voltage on electrodes and detection plate on FC1, and atomic
density at the collision region for the cases (a),(b)(c)(d) are shown on the
rght side of each photo.
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impact energy, corrected for secondary electron emission rate.



JAERI-Research  98-030

(a)

: nh2Zoom: 20.0X Vert . Ce

Vi=1000v

N V,=700V

K V=200V

Ve, =0V
E,=860eV

J=116 A /s
(N=3.1X10"/cm®)
Q,=6. 43pC
Q,=0.073pC

Laser irradiation 0 o=1.1X10Mem?
I ! 1 ! i ! ! R |
0 8 10 15 20
Time (us)

Current

(b)
Ce
V,=1800V
V,=1500V
V=300V
Veei=75V
E;=1590eV
J=111A/s
(N=3.0X10"/cn’)
Q,=7.53pC
| . — 0,=0.076pC
Laser irradiation 0 .=9. 3X10"%en?

l ! 1 i | ! 1 ! 1

0 5 10 15 20
Time (us)

Fig11 Typical waveform of the cerium ion currents detected with Faraday
cups 1 and 2. Signal of primary beam ions and slow ions produced with
charge transfer interaction are shown on the lower and the upper side in
each photo, respectively.

Applied voltage on electrodes and detection plate on FC1, and atomic
density at the collision region for the cases (a)(b) are shown on the
right side of each photo.
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Fig12 A ratio of a charge detected by Faraday cup 2, Q2, to a charge
detected with Faraday cup 1, Q1, as a function of the ion impact energy
for cerium, normalized to vapor deposition rate of 100A /s at the

collision region.
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FigA1—-2 A typical intensity distribution on ion beam at a distance of 45mm
from the electrode of laser ion source.
Applied voltage on the electrodes: V1=600V, V2=300V, V3=0V
Diameter of the ion outlet hole on the collector electrode: D=7Tmm ¢
The hole is covered with mesh with transparency of 81%.
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FigA2 Velocity of atomic beam vaporized with electron beam bombardment,
as a function of deposition rate at a stand off distance of 382mm from
the metal surface in a water cooled copper crucible.
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