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Study of the Isotope Shifts of Sm I by Saturation Absorption
Spectroscopy and Multiconfiguration Dirac-Fock(MCDF) Calculation
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Abstract

We measured and analysed the isotope shifts of the Samarium(Sm) which is one of
the Lanthanide elements. The measurement was performed by Doppler—free saturation
absorption spectroscopy with visible and near UV(NUV) diode lasers. The field shift
contribution to the isotope shift was analysed with a relativistic atomic structure
calculation code, MCDF(Multiconfiguration Dirac-Fock). The field shift is related to
the characteristics of electron charge distribution at the origin of nucleus. The
deviation of the electron charge density at the nucleus was calculated by the MCDF
code for visible and NUV transitions and was compared with the experimental
results.

T

1. }ﬂi



THNA olFe AN AR FEAge] BF W AuE AFHEL WS Fa
& As 2w ohyel, A ARue] FYaE nRE 1 AYER FE] 99
oAl A golest el WA glojdE @A eavh Hrh ey diiEe] 4f
shelle] A% AAAA e H3d A7 P22 HJe daAd 4o §994 oF
Bl e ARE gAEA @ Adeolth 53 UV 99 doldgol Aot A
o @l HE =2 Mol FES AL AolE Bt 3rbaE o)A 3
o] o2 Qlgte] UV JHo|Ae] F9UA olFatel tigh A5 Wkt A3tolr),

Sme dAME 629 AL dx2A e ok AP 2(HSm, YSm, Sm,
Sm, Sm, Sm, P'Sm)E A3 gloH, SmE 1 9 2427 2AHE

o o,
W

o

ié
>

e offt
o,
U

BSmo 2 watwE, ¥sme w77k 46.27 hel v 224 640 KeVolA

) A E ztE= WA 103 KeVE ztE 72abad c o]y 8 sme o g g

o7 o]&s u HE=%+= WERAS W(bone)o| HolH o HEANZ AFEEH T AYAL
=

>~
e

ftlo
of

WG AEAE ZAHOR o §¥I grvide AT B9 FY FAR TAE
nolt Aow delArHll £@ Avtele abs 4F A4 Aol ANA UA % et
ek A FHY FUE AT Qo] AABA GHAAE vl BPF 2HE=AS
wolA R 7 e divie 8 Ast Lxe 2 Wl o) A4 Felo] ATE AANE

o X

2
£ gAle] el Ho] SttH2l. 53] 4f6s—4f66p configurationEell wslA F
@& Holdgo] EAstuglel Sm 1o B9U% olEF B ZvA Tz B we B
et A7t AaAlAgTh HFEE dye dolAe] Fdd mBa EHsWe AL
550nm-620nm &G o)A E& ATpSo] dojHrHI-4] EI Fo HE He
AIAS bR 289 g pEE thelo= do] At Baslel] thatA ALgEH I gle
M BAERE o]0t #ol S ALE3 635-69nmA S o] Sm Ie] Mol AEe] fI %

H2gol 23 PAvto e dolAsk ARHAA = A9 Fge] 2P

of Abg¥ 1
UTH ATl A= 398-400nm THFFF el A thole = #HolAE AFEste] Sm 19
FAYL olTHS =AY & 42 King-plot WRHI6] E ab-initio AAHS E3}o]
S-S FASEAT s EA olEgkel A e Fya el field shiftv o] F Aol A
o Az FEHEE Fgo HlEstrgE HdAte] st "k WS ddEs a2t
12 E MCDF codeg AH&3sto] zhzte] doldeo dial Alitetdar, AP d3=25E dof
7 A5 E King-plot Bl o8] =243t field shift ratio®} H]u s} T}

DN
11t
oo
ol
L
%E,
iR
B

THEE ol @s A fste] dAEY deFel 71913 Doppler &7} A|AH
X3 F5 BAHEE AEarh dolA FPe e 398 - 400 nm #HF G 9% &



137}74(399.0 nm)ol| A
ole= #HolAe FH
¥ (mode hopping) 1
= dojx e HEe 2
B FA 79 Q dA = F2E piezoelectric
1= ] 10 GHz® g 9elA scan® + AU

= IAANA s WHsA A o)A A=7F ut
gl sld AR W ZtE WAL AES sk
thole = #olA e 4L wavemeter(Burleigh, WA-4500)2 =439, A2 o]
< A4 scan¥ = dolA e A HFS e ZIE] 1 GHze free spectral
range(FSR)% Zt= Q2 &3F Fabry-Perot(FP) HE Al E AF-&3FA T}

m 559 ATV ddd dEe T FUE ST = ol Eo
Oi Jt}. Turbo molecular pump® &< 10° torr AEZ YES =712 WAAA

R TIUEE A Ao TR FAsd. ol
s2

R

32 o [o 2

[e5

glo] AHle st HEwla kel AWl O R o] AR whoukEko
[e]

=
Bt = 51 a1, H3EW-S mechanical chopperel 2l&] Al 7]7}F ¥ 2% At} Chopperd 7
Tre Aad FevE HAAag 98l 35 kHzE HAgelal, WE 4185 Lock-in
3719 referencetl &2 ARGl T UAFT7] 9 A AE St v AP Frol e

o
=2 #AZ50] Lock-in 7|8 BUX 1 FP FAAe B3 A5 9 Sl A5t}
ZAF Qo 4/%6s” "F5(3125.46om )~ 4/ 5dbs” TF,(28180.95cm ~ 1) el 399.002
nm @o]ﬁ_gi é:ﬂ'g%]% 1%_134‘ Z’:]__Tq' 7].2_11_‘0/] z}]_/\ %o OJ}\E 154Sm IOZSm’ 15051’11,
=

2
1‘*SSm, 144Smfﬂ ~HAEZo] F RyE S selstgon o B 19 A AR

=
fre)
)
¥
N
1o
12
fols
il
o

w

= | B
rlr
Y,
o
o
AN
of
ol
2
i) ot

152 150 149 148 147 144
“Sm | 'Sm Sm Sm Sm Sm

ARH(%) | 2271 | 2672 | 744 | 1383 | 11.24 | 1497 | 3.09
% 1. Sme YA A

4 =YY 29l Msm, YSmE 1=7/29] AW S ztaglo] J=59] 1A =99} J=49] o

7159 Abolol A 4270 2] ZwlAl FZ2E A ER S B Lo AdgEYe] YEY

a1 H 79 peakETF HAW BT FEH A= Zdth SAHE 2HER] S A (FWHM)

2 oF 20MHzZ +2 Ho]Ae A AE3} #lo] A2 band widthel] 23l A|gHe ),

ZHE FYL oo N E oA King-plot> 1H-29F Zt} King-plote] y&

A 7| &7 25 T3 specific mass shifte} field shift, F++ IHF o] A3 A3}
< % 29 YERA T King-plot &4 WS 913 7|E doldo=me &4 sp A



3.5x10™ |-

3.0x10™ |-

2.5x10™ |

2.0x10™ |

1488m
1799.6 MHZ | 1158.3 MHz

1.5x10™ |

1.0x10* | “'Sm 150

1825.9 MHz

Sm

Intensity (Arb. Unit)

5.0x10°

0.0

2 3 4 5 6
Frequency Detuning (GHz)

9 1. 399.002 nm A o]A el Doppler-free 2385 ~FED,

2000
@ " —m— 399.002 nm
2 1500 |- 152-150 A 672.588 nm
é 1000 - 148-144
3 .
g 500 L 154-152
©
£ =
o = -500 |
Q.
o
o - - -
g -1000 148_1441A54 152
e -
8 500 150-148
=
@]
= -2000 - 152-150

A
-2500 1 1 1 1 1 1
-2400 -2200 -2000 -1800 -1600 -1400 -1200
Modified isotope shifts of 598.97nm transition (Reference)
(MHz)

% 2.399.002 nm Aol A3 672588 nm A eolA el King-plot.



o] Z &}3. specific mass shift7} 021 598.97 nmel 4/%6s* "F,—4/%66p "D, Ho]xS M
sttt Field shift7h Aol % o S=F. (7). XA HAZTE A NG A
o Wggs Fd 5 vk 714 Ft King plot?] 71 &7|2%E dojxm Sme
nuclear factor f(z)¥ &% 193 (GHz/Am)[6]S A&ttt 18-2¢] HAK8 7pA 3
9 (672588 nm)e] King-plot At5+= FaFd[ble] A& QAE33Th 399.002 nm &

o] X o] FHYaolE g field factores ¥ HF3E ZE3 672588 nm 7ol F9 Ui
o5 # ¥ King-plote] 71 &7+ &9 #e 2te 45 B 5 9tk
[sotope pairs Isotope- NMS oM 5 &%
Pe DA shift (MH2)| (MHZ) | (MH2) | (MH2) (fm)
154-152 801.6 35.0 -476.626 | 1243.2 0.235
152-150 18259 35.9 -489.336 | 2279.3 0.432
150-148 1158.3 36.9 -502.562 | 1624.0 0.308
148-144 1799.6 76.9 -1047.0 | 2769.7 0.525

¥ 2.399.002 nme =A% 994 ol% E NMS, SMS, FS, 3
@ e Aol Wty

3. MCDF code& A}-&3t ab-initio Al%F

YDA o] gl A field shiftE A Fol&d & oF,— SE~aAd0)*a}/Z - AZ) - &>
2 XFHEO6] A7 |g0))2 el FAdAY dAte] AdEE e A,

A= AR A\ AEeeE Aagle]l AAME Zol ofEst= gol™, &2 H 3
Wb o] A 3ol Wateks yebdicth whabA field shifts 319 S4lol e Aol AsE =
of Bleleta, F& o FAlo] EEste s AR HAAEo & S Fh

bebe] a2 LA IE 62 ‘:'ﬂf Arolmg A=A g3/t FodAL, AYEH
tE5drE 74]’\}?3‘} Dirac-Fock ®WH & Aokgtt), JojE4 ssd-E T3t code=

= 19703t %ol Jean-Paul Desclaux7]- Paul Indelicato, Yong-Ki Kim¥} &7 7i3}
a1 ypdated MCDF(Multiconfiguration Dirac-Fock) codeE AF-&3} 1 tH71.

399.002 nm H o)A (4£%6s* "Fe— 45d6s* "F,)ol Sl
o FAYA olF#Hbl= tgaEA AFF E 59 =: <
eSS Bt o] AL field shifte] ko] <5<l Az #AHo] gorm= field shiftS 2



At 3 FAo A HAape] AdE Eﬂﬂ% ab initio 7ﬂ :rL } 1. MCDF codeZ
AF8-38FH AL, 6s-6p Mol e[5] thgt 7 x}e A

%719 radial function®.Z & d3}7} Thomas-Fermi %E% fi‘jrj 7}7@ kil -3k
AZHEY ais = AL-8-3F 9 AL, sk configuration A7+ s) ¢4 o}
4%6s* "Fy— 4f%6p *F, A o1A(672588 nm)e ¥ FAloAe Aedm W=
AH0)2=—18 ( @ He2 471 Ha webA field shifts= &4 7S ZAAC
4%6s* "Fs— 4f5dbs TF,  A0]1%1(399.002 nm)el M  F4lolAe HAstdEn W=
A ¢(0)12=4582 FF7F HaL field shifte ¥F7F A o] AL grrp5gdololA & A7)
Foll 3+ A5 Alo]l 9] screeningd] AR Bs, 6sA =S M FAlo) A AAte] AL E
7F S7kske] YEld 292 5 5 Qo Tl ol i joll tiEl field shiftel & A
oA AL AatAE Apolo] AR om  ou  dv[T= Al g(0)IF] Al g(0) 5= F;/F;°l
#AA7E wEFEojoF . Fiji King-plotoll A 9oj A& electronic field factor ©]t}.

FINBA ddel e 465" "Fy(0em )~ 4766 *F(14863.85cm ') Aol Zele
672588 nm Zo]d[5]el et field factor®] Hl&= °F(.274/ —0.276~ —0.99 2= HAH¢]
detdimo] Wakako] Ml 458/(—186)~ —2.46 2k L A7)l 3o} Aol7t drh o] A
41f5d6s° 'Fy =97 e A @Y configuration® 2 o] Foj XA @kar 13 466
configuration ol =# F=9¢ Eggwo] 97| wjFEel Ho=m AT ol o] & gk
Configuration mixing &35 123 3% MCDF Al A3 Aol AHAEE &

ol HI7F 272/(—186)~ —1.462% Aol 7= sk

4. A&

Abrbe] - GRS TEAlE B AR G MY sHEA olEdts AT o=
HolAE A5t EZH gy AAY =

E A&ste] FALAL ol FgtolA o Fum A
configuration mixing< &l Suw] A Ao} vjws z Oa]i] 3f

ATt

5. #uwd

[1] Azuwuike Owunwanne, Mohan Patel, and Samy Sadek, The Handbook of
Radiopharmaceuticals, Chapman&Hall (1995).

[2] M. Wakasugi, T. Horiguchi, W. G. Jin, H. Sakata and Y. Yoshizawa, ]J. Phys.
Soc. Jpn. 59, 2700-2713 (1990).



[3] H. Brand, B. Nottbeck, H. H. Schulz, and A. Steudel, J. Phys. B: At. Mol. Phys.
11, 1.99-1L103 (1978).

[4] H. Brand, B. Seibert, and A. Steudel, Z. Phys. A, 296, 281-286 (1980).

[5] H. Park, M. Lee, E. C Jung, J H. Yi. Y.-]. Rhee, J. Lee, J. Opt. Soc. Am B, 16,
1169-1174 (1999).

[6] W. H. King, Isotope shifts in Atomic Spectra (Plenum, New York, 1984).

[7]1 J.-P. Desclaux, Comput. Phys. Comm. 21, 207 (1975).



	분과별 논제 및 발표자

