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* 4270 (AERE—R 4029) THE ZEEMAN 'EFFECT OF :
Y‘___IY ARC AND SPARK SPECTRA OF YTTERBIUM AND
! THULIUM. L. Allen (United Kingdom Atomic Energy
_____ w Authority. Research Group. Atomic Energy Research e i
Establishment, Harwell, Berks, England). May 1962. 34p. -
& i A description is given of the techniques used to measure e e e
350 Zeeman patterns in ytterbium I and IT and 368 Zeeman ’
patterns in thulium I and II. Wavelengths of the lines to- ——————
gether with the position of the 7 and o components and a
description of the type of pattern are listed in tables. Good
agreement occurs between the g values in ytterbium and
those published by Racah. The g-values for 38 thulium i
levels are also given. (auth) L

VA /ge.cz /e [3a. R 3




5 962
Tn e G, Aplo usisams [/g3

erc O%ng_(/q_*&ﬁg“_\@:,iﬁ\%\%L_ow@mﬂ"w QTW):'

- } . \
OO O, | Yl  w &%yﬁ_(ar__wnm&b&:_mmﬁ__\,_u_._




]

e R@- ) 6F- 1Y

; 7 135.  Onpenenciie  HOHH3AWHOHHOrO MNOTEHUHana' " - -
. ‘nyrosoro cnektpa Tyaaus. Blaise Jean, Vetter;]
P Raymond. Détermination dii pofenticl” d'ionisation du:-- -
A spectre darc du. thulium. «C. r. Acad. sci», 1963, 256,
N2 3, 630—633 (dppaniu.)* s
[To H3MepeHHIO HHTEHCHBHOCTEIl KOMMOHEHT H unTepDa-;
JaM CBEepXTOHKOil CTPYKTypnl 70 Jmmuii JyroBoro cmexrpai™
i :Tu onpeienenn 3uauenust J 17 yposnueil, MpHHALJIEKAULUX
. xongurypauuam 4f'36s6p u 6f'36d6p, u 10 yposueii, npu-—""""
b Inaamewamux K 4f136s7s wu 4['°6s8s. Tlonrsepineno, uTo,
! OCHOBHBIM -cocTostHieM siBasiercs 4fR6s22F%,;,. Tlo skctpa- 77 ~
NONSILHE KBaHTOBOro jAe(eKTa OUEHEH NOTEHUHaJl HOHH3a-!
wnn Tul 581+0,02 38. i - ... B. CommmkoBi

1963
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" m) BP-/167- 7iir

‘%{Determination of the ionization potential of thulium from arc: ~——
N ectra. Jean Blaise and Raymond Vetter (C.N.R.S., Bellevue,.

"~ France). Compt. Rend. 256, 630-3(1963)." The study of hyper-’
fine structure of 70 lines in the arc spectrum of Tm permits'
evaluation of J and.hyperfine sepns. of 17 levels belonging to the: e
configurations 4f!* 6s 6p and 4f** 5d 6p, and 10 levels for 4113 65 7s
and 4f8 65 8s. From these latter values, an ionization potential-—————
wf 5.81 % 0.02 e.v. for Tm 1 was obtained. M. M. de Maine

1943
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Onpenenene NOTeHUHAN3 HOHH3AUMM AYrOBOrs:
MT cnektpa Tyaaus. Blaise"Jean, Vetter Raymond.!
W Détermination du~potentiel”d'ioriisation du specfre d'arc;
mj - du thulium. «C. r. Acad. sci.», 1963, 256, Ne 3, 630’—633i
. (ppann.) y : sy :
" Tlo H3MepeHHIO HHTEHCHBHOCTEii KOMIOHEHT H HHTepBa-
JlaM CBEpXTOHKOil cTPYKTypbl 70 JuHHil AYroBOro' cnekTpa
onpepneneHsl 3HaueHust J 17 ypoBHeil, mpHHaaiexaumux KO-,
durypauusm 4f1%6s6p 1 6f135d6p, n 10 yposueil, npunanne- | -
Kawux K 4fP6s7s n 4/'36s8s. TloaTpepixiaeHo, YTo OCHOB- |
HBIM cocTosiHneM siBasercst 4f136s22F%/,, Tlo aKcTpamoasiuint |
KBaHTOBOro Jedexkra ouened norenunan nonndamun JTu [
581+002 s6. . . . B. Cowikop

’Ih(7) | BP- |167- 711 - /963
V 4 B19.
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21965 Y
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~ 9J1149. HccaenoBaHHe CBEPXTOHKOiH CTPYKTYpbl JAyro-i
Bbix auuuit Tul®®, Bordarier Y, Vetter R, Blai-!
se-J. Etude des structures’ hyperfmcs des-raies-d'arc: del
169Tm. «J. phys.», 1963 24, Ne 12, 1107—1112 (¢ppanu.;|
pes. aHrJa.) !

Hcenenosana CBEpXTOHKasi CTPYKTYpa 70 anunii cncmpa;

" Tu I. Ina 27 ypobueit onpeieJenbl SHEPrill, CBEPXTOHKOC

skautero  xondurypaunn  4f136s7s.

pacuiensenne u Beanunnst J. Knaceuguuuponano 58 muuuii.! |
TouHO H3MEpeHO CBCPXTOHKOC PacuICMJICHIIC OCHOBHOTO CO-|
crosiing OW=—49,5-10-3 cu~!. TcoperHueckn npeackasa-! ;
1a 3HCPTHS H CBCPXTOHKOC paculCMJeliie YPOBsl, NpHHaIC- |

l
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BB 7766~ VY 1965
1 Recent advances in the study of the arc and spark spectra of|
thulium._ Jean Blaise and Pierre Camus  (C.N.R.S., Bellevue,
France). ~Compt.”~Rend.~"260(18)(Groiipe 6), 4693-6(1965)

(Fr). Temps. of emission are tabulated, with corresponding
configurations and J and g values. . David A. Edwards °

-
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1965

y 2J1231.  Tocnepuine MOCTHMEHHS! B H3Y4CHHH HCKPOBLIX.
M IYroBbIX cnekTpos Tyaug. Blaise Jean, Camus!
Pierre. Prorgés récents dans I'étude des spectres d’arc
et "d’étincelle du thulium. «C. r. Acad. sci.», 11965, 260,
Ne 118, 4693—4696 (¢dpanu.)

CTHYHOIT HAeHTHONKauHe{l KoHHIypaunn i THPOMAri. oT-
HOLUCHHIT. : :

anBe}Ie}lbl TaO/HIbL CIICKTPOB HCMYCKAHHS TYJAHA C Ya~r———

I/




.| MOHH3aLHH MO HNAHHBLIM CMeKTpa AyrH Tyaus. Camus

-'mo3BoJisier GoJiee NMPaBHJbHO - HANTH TOTeHUHan HOHH3a-

‘i Tu, xoTopoiit pasen 6,22-+0,2 38, Hpcﬁzﬁ'em'xnacc'uqiu-

+ Kauns cnektpa ayru Tu.

1964

" 511223. Hoboe ONpENCCHIe  BeAHYHHBI noTeHyHaa

Pierre, Blaise Jean. Nouvelle détermination™dul
poteiitiel " d'ionisation’ du spectre d'arc du thulium.
«C. r. Acad. sci.», 1965, 261, Ne 21, 4359—4361 (¢panu.)

Hcnonvsys spgekr 3eemana, apTOPbl ONpEAeNHJH TPH
HanGonee rayGOKHX yPOBHS Kouourypauuu 4 f136s 8s, dro




i Anew determination of the arc spectrum ionization potential of
{Tm. _Pierre _Camus_and _Jean Blaise (C:N.R.S., Bellevue,
France). Compt. Rend. 261(21){Group 6), 4359-61(1965)(Fr).
The 3 lowest-lying energy levelsin the 4f16s8s configuration of Tm

These new assignments result in a change of the caled. ionization
“{ potential of Tm 1 from an earlier réported value of 5.81 3= 0.02
v. t06.22 = 0.02 v. Certain other errors in a previous publjca-
tion (CA 63, 6490k) have been corrected, and several ‘addnl.
levels in the arc spectrum of T (Tm 1 and Tm 11) are identified.
~—m o - W.-T. Carnall .

‘Thave been reassigned to spectral lines observed near 41,000 c¢hn. =3[~




) 2 g R

e (1) Bp- 1996 —vny
v The ionization potential of Tn; I: , V__f};_(.):shi_ Murakawa (Un'i;i—.~

Tokyo). J. Phys. Soc. Japan 20(9), 1733(1965)(Eng). An

ionization potential of 6.51 == 0.08 ev. for Tm 1 was obtained

m from the hyperfine structure of the 4f36s5%F7,-4f83656p'Gy)2
line at 5676 A. The ionization potential of Er 1 was caled. as

6.3 =& 0.1 ev. _J. E. Wollrab

7
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m 19 137. * TeopeTHueckoe HCCe0BAHHE HYCTHBIX KOHd-

& \ aumii 4f'%6s6p w 4f125d6s2 meiiTpadbHoro atoma Tu.
w Camus Pjerre Etude théorique des conligurations
‘paires 4f1%6s6p et 4[125d6s? de Tm. I/ «J. Phys.», 1966,

27, Ne 11—12, 717—725 (¢ppanu.; pes. anra.)
B Gasnce pomu. ¢-mmit  xondurypaumit 4f36s6p u
. 4/125d6s2, MOCTPOCHHEBIX NO CXeMe Paccena — Caynnepea,
onpejcscHbl  MaTPHUBLL  3JCKTPOCTATHY. B3aHMOACICTBHS
__..DJICKTPOHOB 11 CMiH-OPGHTANBIOrO B3anMoneiicTsust, Iloay-
E "~ uennble MaTPHULI pacmajalotcst na  GAOKI PasIHYHBIMI
{ ;3naveniaMi J (IpHYeM MaKCHM. TOPSIIOK  GJ0K-MaTphig
nocruraer 49). Ilpn namnexawtnx sHaueHHsX paxHa’bHBIX
2 ‘ . mapamerpos Fy u G, 1 napamerpa  CnuH-opGHTa/BIOro
- 7777 maanmopeitctnus, §.ymanoch naentHdHUHpoBaTh 68 HaGo-
) ; ;MACMEIX YDOBHeif,” KAK NpPOHCXOMAWINX M3 KOHQHIypammit
T T A[6s6p " n . 4f1%5d6s2  (cpemuexpafpatitunas

ouwnbKa

1766
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93 cu~1); nutepnpernpopann 24 ypoBisi Komnburypauti |
- (4["6s6p u 44 ypopus xoudurypaumn 4f125d6s2.  Ilas  no-|
©iCleRHEll KONDUIypaltn HU3MUIIIT HHTCPIPETIPOBANHbLT ypo-l
Benb 3Hg (3/2, 9/2)>13119,6 ca-!. CoGetB. -1 npen-
(CTaBJCHBl B cxeMe cBs3n Jy, J,, naunGosee 6H3KoIT K pe-
;anblioit cutyawinn. CpaBHenne TeopeTHY. I HaGMOZaeMbix
. 'HHTEHCHBIOCTEll IEPEXOOB B OCHOBHOE COCTOSIHNe 3F nox-
TBEPXKAACT  «CMELIHBalIey Koudurypaunit  4f1%6s6p 1/
:4f'25d6s2. TloapoGuo TaGyJaHpPOBaHbl  COGCTB. BCKTOPHI,
;CoGCTB. 3naueHiist onepatopa sueprii 1 paxtopst Jae,
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VIT 249y - /ot
J(Cey¢r,Nd Pa,Sm, Eu, : F a .
' Dy, ! o,Er 1u, Yb)
Reader d., Sué r J.
J.0pt. Soc. America, 1966, 56,19, 1189-94.

Ionization energies of{he neutral
rare earvhs, _

RJ,1967,1D16 g, s
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\‘9 14, Crpyxrypa YPOBHCii 07HOKPATHO HOHH3HPOBaH-

" . LBP-2356-71)

” Horo Tyaua (Tm II). Spector Nissan. Level structu-
— re of singly jonized thuliom (Tm I1). «J. Opt. Soc. Amer.»,
1967, 57, No 3, 812—317 (anra.) ¢ :

Hacrcs HHTCDpNpeTalns cpeime 40 riayGokoneskaugix
SHepreTHy. yposnueii woma Tm*, Kax orwmeuacryes, TCPMBI
KOH(urypaunii tina 4N YAOBJICTBOPHTCBLHO  OIIICH-
BaloTest B npuGakenny TCHeanorny. cxeMmwl, - npuuem p
KauecTse mnexommnpx BLIGHPAIOTCST TepMDI . KOHQHTypauy
AV, Kax nonoGonouka 4/”, TaK H BHEIUHHC M0a060M0uKl
ONNCLIBAIOTCS B OTAeABLHOCTI B pamMxax LS-cBsasu. Kaac-
CHQHUHpOBaILI CAcayiomie 4 rpvnns - ypopueii: 4f12(3H,,
STy, 3H;)6s® (3 YpoBiis),  4f12(3Hg)546s (20 ypoBHeit),
4/12(*H,)6s6p (12 YPOBHeii) 1 4f13(2F7/2)Gp (6 yposneii).
OGosnauenns TCPMOB W 3HEpriN COOTBETCTBYIOUIHX ypog-
Heil npexcravaens g TaGannax. Cepasp 4f-anekTponos ¢
2ACKTPOHAMH BHEWNNX 0Go/10veK OCyHIECTBJSICTCS 10 cXe-

———— =X _00010uek ocyutectn.

o ' '
(P4 97
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.
Me JiJ e 3a ucx_moueﬁuex\y ypoBHeil  KoHpurypain:
4/1%5dGs, rae napsny co exemoii J \—(Syy Lyy)Jy npuns-
Ta cxeMa JL;,. (Mugekes I u 1 ornocaites coornercr-|

BeHHO K 4[”- u BHewnnM [/'-nozodon ouxam). OTMeuaer-|
Ci, NTO cXeMma cBsi3n JJ [, Xopowo corjacyercst ¢ 3Kcne-i
PiM. AAHHBLIMK 110 HMHTCHCHBHOCTSIM JHHHIl, TOrza Kak
.cxeMa J{L;) naet GoJee peryJspHoc paciosoxeHiue ypos-
Hell no myabtunietaMm. Ilpusesen psaa 3mauenuii mapa-
MCTPOB CNHH-OPGHTANBLHOrO B3aHMOACIHCTBHSI §; 11 OOMEH-;
fibIX napamerpos Caeiitepa G ., KoTOpbie GbIAH NOJYUCHDI|
HCXOAsl HEMOCPEACTBEHHO M3  3HaueHuil aHepruit coorncr-t
CTBYIOIIHX YpOBHeii Ha OCHOBE AaHHOI BbilUE K.naccmpm(a-t
‘unn.  IlpuMennTs MeTo4 HaHMCHBWIHX KBajpaToB AJs
OnpefesieHHss napaMeTpPoOB B3aHMoOAelicTBHSI  He YyaaeTtcs

BCJCACTBHC HEJOCTATOUHOCTH 3SKCHEPHM. AaHHBIX.
A. H. Iepcriok

'\ :



Tm & s% 2ssevim - W

99832v Level structure of singly ionized thulium(Tm 1r).|
Nissan_Spector (Israel At. Energy Comm., Soreq Nucl. Res.
7~ Center, Yavne). J.Opt. Soc. Amer. 57(3), 312-17(1967)(Eng).
The structure of ~40 low-energy levels of singly ionized Tm is
given.. The 20 4f12(3H,)5d6s levels are interpreted in JyJyp |
and  JiJir coupling schemes, and 12 4fR?(3H¢)6s6p and 6
of the 4fB6p levels are given JiJir designations. The 1st 3
levels of 4f%0s? are established. The intensity relations of|"
o the transitions connecting some of the levels are discussed.! "~
. The values for the interaction parameters directly obtained from |
these levels are given. __RCKX =

e
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=222 199

Tm Z5908b) Study of infrared emission spectra with a SISAM
[interference spectrometer with selection by modulation ampli-
tude]. II. Emission spectrum of thulium. Camus, Pierre;
Guelachvili, G.; Verges . J. (Lab. Aime Cofton, C.N.R. oy I
Orsay, F‘r.;. Spectrochim. Acta, Part B 1969, 24(7), 373-88
(Fr). The spectrum emitted between 0.8 and 2.5 x by an elec- ‘
trodeless discharge tube filled with Tm was recorded with a
SISAM. Wavenos. of 537 lines were measured with an'accuracy ‘L
from 0.05 to 0.25 cm. ", depending on the intensity of the lines.
A 2nd SISAM has a resoln. limit of 0.027 cm. =i and allowed
measurements of intense hyperfine and Zeeman structures. In -

this spectral range 330 lines were classified. __ RCNS, |

e s

9 |

C.A 1969 - /5 \ 4
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Tm 1/ /970

/)9 1278. CnekTp -ABYKPATHOro HOHH30BAHHOTO aToMa

yaaus, Tulll, S__u%ar Jack. S\Sectrum of doubly ioni-:

zed thulium (Tm III). «J7 Opl. Soc. Amer.», 1970, 60,

Ne 4, 454—466 (amra.) ;

v [pusesena Ta6nuua MK BOAH (M COOTBETCTBYIOLIHX'
nepexonos) 848 cmextpanbubix aunmit Tulll npu B03Gyx-

JCHHH B CKOJB3SIefl HCKPe C MaKcHM. ToxoMm 6 a. Ananus,

3THX JHHHI @aa 108 sHepreTHY. ypoBHEN, MpHHAAMEKALLHX'
xonpurypaunsy 4f13, 4f12 5d, 4'? 65 u 4f12 6p. Nana Teo-'

PETHY. MHTEPNPETALHs MOJYUCHHBIX Pe3y.abTaTOB. Bu6a. 18.

b (97090
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_ 079" Spectrum of doubly ionized “thulium  (Tm  111).
ck (Nat. Bur. of Stand., Washington, D.C.). J.Opt.
-66 (Eng). A list of 848 low-excita-

] Soc. Amer. 1970, 60(4), 454
— tion spectral lines of Tm 111 has been obtained by utilizing the
v sliding-spark light source at a peak current of 6 A. An anal. of
rgy levels belonging to the configura-

— these lines yielded 108 ene z 1
tions 4/, 4/'5d, 4f uGs, and 4/%6p. The classified lines and level
—yalues are presented as wellasa theoretical interpretation of these{™
... RCKX l

conﬁgurations. ) ) I
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) < 40758z Theoretical study and interpretation of the electronic',/ ?/?/ {
;i m / configurations in thulium (Tm 11). IL 0dd excited configura-|
=4 tions 4f12(5d + 6s)6p and 4£%*7s. Camus, P.; Sugar, J. (Lab.!
Aime Cotton, CNRS 1I, Orsay, ¥r.). Phys. Scr. 1, 4(6),.
e 963-8(Fr)s The calen. of the energy eigenvalues and the Lande;

g factors of Tm!* in the configuration 4f12(5d + 65)6p taken!
S RN together, has allowed the identification of 175 odd levels with

a mean error of 97 em-?. - The configuration 4f125d6p is jdentifie

at 44,838 cm™, The eige_nvectors'of fitsp and those of fdp for;

S

d—ﬁ‘“ the matrixes with J >5 are given 10 the *JyJ: coupling scheme,
T where *Jy is an eigenveotor of the real core f%. The 4 levels of:
_ye the configuration 4fTs are interpreted, and the ‘value of the!

ibq'i'z—ayt'irdr} potential of Tm!*, fitted by interpolation with the.
neighboring elements (12.05 volts), is confirmed. »
i =

Sy
e e
T o g
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40757y Theoretical study and interpretation of the electronic
configurations in thulium (Tm 11). I. Even: conﬁgurationsl
——————4f13(5d + 6s)* + 4f%6p. Camus, P.; Sugar, J. (Lab. Aime|
Cotton, CNRS II, Orsay, Fr.). Phkys. Scr. 1971,74(6), 257-61
———-——— (Fr). The calcn. of the energy eigenvalues and the Lande g
factors of Tm!t in the configurations 41*(5d + 6s)* 4+ 4fY%6p| ,
taken together, has led to the interpretation of 155 even levels:

fh -

!.-m e/

il

whose energies are predicted with a root mean square error of
‘105 cm™. The configuration 4f15d%* is correlated with 36
| exptl. levels, among which is the Jlowest level at 30,508 cm~1.

Eigenvectors of the subgroup of configurations f2ds + f1p are
given in the JiJ: coupling scheme, which is the closest to the!
phys. coupling. l

o
ﬂﬁ’fﬁf}’.g‘
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T |5 [Py
m— y \ 160362s Free-ion energy levels of triply ionized thulium— —
Ancluding the spin-spin, orbit-orbit, and spin-other-orbit inter-/
————————— | —actions. Morrison, Clyde A.; Wortman, D. E. (Harry Dia-
mond Lab. Washington, D.C.). U.S. Nat. Tech. Inform. Serv.,|
e | ———~AD Rep. 1971, No. 735319, 29 pp. (Eng). Avail. NTIS.|
l From Gout. Rep. Announce. (U.S.) 1972, 72(5), 61-8. .Thel
I o energy levels of triply ionized Tm were caled. for a no. of reported
; parameters characterizing the spin-orbit and coulomb interac-!
C tion by using total angular momentum states of the 4f? con-|
{ =i figuration. TFor typical values of these parameters, severe term |
| mixing occurs. The effects. of the spin-spin, orbit-orbit, and
{ ~ " spin-other%rbit interactions on the free ion levels are also in- ————
i vestigated. The inclusion of all 3 latter interactions, with the
I —— — | —--—exception of the contact term of the spin-spin interaction, adds \
|
I

only 3 parameters to the coulomb and spin-orbit parameters.

!
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3 134.  CpepxToHKast CTPYKTYpPa UETHBLIX YPOBHeil Tul,}

. BO3HHKAIOWNX H3 KoHpurypaumit 4f'25d6s2+4-4f16s6p. C a
/77 mus P. Structure hyperfine des niveaux pairs 4f’25d652+(\
+-4f'*6s6p de_Tml. «J. phys.» (France), 1972, 33, Ne 8—9)
749—754 (¢ppani.; pes. anra.) ’
; ‘Paccuntanbl KOHCTalThl CBEPXTONKONO B3amMoxciicTaus A |
(&') ueTHbIX TepMOB Tul, BO3HNHKAIOUINX NPH CMCUIHBAHIM KO- |
durypaunit 4f125d6s24-4'36s6p. YunreiBamuch 4 THna B3an- |
MoZelicTBHa  simepuoro cnuna [ (I=1/2). ¢ 3ncx1‘poxmqfti

o193 73 @



000.104K0ft: CNHH-OPGHTAMBIOS, - MHTOABHOC - CIHH-CITHHOBOE, f
KOHTAKTHOC CNHH-CINHOBOC N KBAIpymo.bloo. i1exTpon-
Hule - Y2THBIX TCPMOB NPOMCK. Tiila CBA3M, mnpea-
CTaB.JICHHBIC B BHIC JHHCIHON KOMGHUALMN G-unit cessn
Paccera—Caynaepea, onpezecnn TYTCM  MHHHMH3ALHH
CPCIHCKBAIPATHYHOrO OTK.IONHCHHST PACCUMTAHHBIX H SKClc-
puM. suepruit Tepmos.  Mcnoassosanuz 3Tix G-unit npy |
BLIGICICHIN KOHCTAHT A i CcpaBlicHHe NOCACIHHX € 3Kerme- |
PUM. JaIUbIMIt ACMOHCTPHDYET BBICOKYIO TOYHOCTb pacycra
(cpeanexBaipatnunoe otkAOHCHNe Ads 27 Beamunn A He |
npesviaer 9%). Ormevaetest, uTo yuer npu BoiuncacHnn A
BBLICIIIX PCISTHB. MONMPABOK NPHBOINT K M3MeNelisiy, Je-
AU B TIPCAEIaX OWHGOK 3KCMCPHM. HM3MepeliHs  KoH-
CTaHT CBEPXTOHKOro B3ammozeiicrsis, E. I, Hawesckasn
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) 81361h Theoretical study of the odd configurations 4f135d6s
and 4f26s26p of thulium (Tm 1). Camus, P. (Lab. Aime Cotton,
CNRS 11, Orsay, Fr.). J. Phys. (Paris) 1972, 33(2-3), 203-7
(Fr)." The calcn. of the energies and Lande g factors of the levels

4 belonging to the configurations 4f*5d6s and 4fs’6p led to the
- identification of 66 odd levels, with a mean square deviation of 79
S cm™!. 37 out of 39 possible levels of f13 ds were obsd., of which
“C the lowest permits the location of this configuration in the ener?

level scheme of Tm The 29 obsd. levels out of the 69 possible
for J©%s7p show that this configuration(starting at 22,468 cm™) is
quite close tc that of f%ds. The eigen vectors are given by jiL,

coupling for f13ds and Jj; for f¥s2p, the best approxns. to the real
_coupling. A Syamal

SRS SUWE (1~ SRS — T S
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2 153353c Spectrum and energy levels of neutral thulium. |
gar, J.; Meggers, W. F.; c%{m—mr-mrsmﬁ“

atl. Bur. Stand., Washington, D.C.). J. Res. Nat. Bur.

Stand., Sect. A 1973, 77(1), 1-43 (Eng). A new set of measure-

. ments of the spectrum of Tm 1 at 2513-11,750 Ais given. The
f . light source utilized for the observations was a microwave- |

excited Tm iodide lamp. Second spectrum lines were recognized

by comparing the output of this lamp with that of a 6A sliding

spark. The results of Zeeman effect studies of these lines are
included. Anal. of these new data led to the discovery of 348 |
new energy levels and provided revised values for the 142 al- ‘
ready published. Measured Lande g factors are given for most \

“of the levels, s e

. IS é’///y.




Yy — 755y 1973

TW 11 I517. CnekTp M 3HEpPreTHUCCKHE YPOBHHM HeATpaab-
oro tyausti. Sugar J, Meggers W. F, Camus P.
pectrum and ecnergy levels of neutral thulium. «J. Res.
at. Bur. Stand.», 1973, A 77, N\e 1, 1—43 (aura.)

Uccnemosan cnektp Tm b oGnactn 2513—11750 A. Ha
OCHOBAHHH NOJYYEHHBIX JNad€HBIX H HccaAeloBaHus sddekrta

eku’,«,qg 3eemana upenTH(HUHPOBaHO 348 HOBLIX 3HEpreTHY. ypoB-
[ Heil M NpHBeNEHbl TpOBepeHible NAaHHbE I8 H3BECTHLIX
142. Inst GonblIMHCTBA YPOBHeil TPHBEAGHBL 3HaueHus
_g-daxTopos. N — S

o, 1973 v 11
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7 C’W/A Phys., 1943, 53, WY 2035 ~
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Be v, 194,869 | (e cunenan)
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Sluis ¥@ K.L. Yendern, Nugent L.J. .

Jonizetion snergiles of doubly muzil end
triply ionized Jenthanides @ by & lineari-
zation technique, ' ‘ .

S onem. Foys. " ,1974,60,N 5, 1927-1930
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12157.  Mcnonbsosanne MeTona MOAeAbHOro noTeH-|
‘uHana mpH pacuete PHAGEProBCKHX COCTOSIHMIY peakose-'
Meabnbix anementog_Tm, Yb—Lu u yx_nonos. Application
of model potential method in calculating Rydberg states'

i rare-carth elements Tm, Yb, Lu and their ions. Vi-
dolova-Angelova E. P, Ivanov. L. N, Le-!
tokhov V. S. «J. Phys. B: Atom. and Mol. Phys.»,
1982, 15, Ne 7, 981—991 (auru.) . f

MeTon0oM TeOpHH BO3MYLIEHHIT ¢ MOZCABHBLIM noremma-:
JI0M pPacCuHTaHbl 3HEPrHH H BOJH. (-IHH pPHAGEPrOBCKHX

o on- 14108 /982
I |

CCCTOSIHHI aTOMOB H HOHOB pPENKO3eMCJBHBIX 3/IeMEHTOB!

Wam ‘Tm, Yb, Lu. [ns mocrpoenus mMOTeHWHana HyJIeBOro mo-
PAlKa HCnosib3yercs IKCnmepkM. HudopMmauwus o cnekTpe

[é CHCTEMH C OJHHM 3JIEKTPOHOM CBEpPX 3aMOJHEHHBIX 060-

JIONeK, TPH 3TOM YUHTHIBAMHCh BCe BKJAAH B IHEPrHIO C
ACHMNTOTHKOH 1/n® no rnaBHOMy KBaHTOBoMy uMcay n..

wembe//. Taxoit moTenuHan HCmonMb3yeTcst 3aTeM B KauecTse Hyne-
BOro® NPHO/HXEHHS JUIs 3afauH JABYX HIH TPeX KBasHua-

2198078, wih O Wl ke



CTHY, (3JEKTPOHOB M BaKaHCHil) CBEPX 3aNoOJHEHHHX 060-
Jiouek. IlompaBKH K 3HePrHH pacCYHTHIBAIOTCS B paanx:
TCOPHH BO3MYyIICHHH, NMPHUEM NepBLIT MOPSLOK YYHTHIBAeT-|
Ci NOJHOCTbIO, a M3 BHCWHX _ NOPSIKOB  BHGHPAIOTCS
BKIaJb ¢ acHMNTOTHKOIt 1/nd. Ilonyuennt sueprun cieayio
LIHX p‘lmﬁe})roa*cxnx_ cocTosinuit: - 4f%sns  pns_ Tm]
- 4f"6sns, 4f“6snp nms Yb u Lu*, 4fMns, 4f¥np nas b+
i Lu?+, 4f¥6s2ns, 4f'%65%np,” 4]6s’nd nas Lu. :
s T T e S AL AT 38M6ekos.
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Beatseh J. f’
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/100 42341a Laser spectroscopy of Rydberg uutolonlnﬂo:’
states of rare-earth elemen ulium, - Vido nva— ngelova,.
tat f h el t th ll Vid l Angel i
Angelov, D.; Bekov, G. I.; Fedoseev, V.; Ivanov, L. 6nst Solld
State Phys., 1184 Sofia, Bulg.). Sq'r":nger Ser. Opt Sci. 1983,
40(Laser Spectrosc. 8), 227-8 gEng) o energies of the 4/131/26.11125.
(J')n a/z[ of Tm Rydber eg autoionizing states with J' = 3, 4 and J.
2, 11/2 were obtained with a precision of ~0.1 cm-! by laner
spectroscopy Good agreement with the results of relativistic|
perturbation theory calcns. using the prevnously repomd (V-AL et'
al., 1982) zero-approxn. method was found. ) -

Pty
Coeme ALl

¢.A.198Y, 100,86
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7L 6 J45. PupGeproBbl COCTOSIHHSL ATOMOB PEAKO3EMEb-
HBIX 3JEMEHTOB M HX HOHOB. MeTOL MOAEJbHOrO MOTEH-
uwana, Usanosa E. I, UBanos JI. H, Bunoao-
pa-Aurenopa E. II, Aurenos J. A.  «Meroan
ONpCAC/CHIST aTOM. BOJIL. oyukumit», M., 1984, 117—161
(aura.; pes. pyc.) )

Dueprud  pHAGCProBHX “cocTosiHHIT  KOHGDHTypauit
4f13%6s, np atoma Tjp 4[''6s ns, np aToMa Yb nnona Lut,
4fMns, np, nd wmowos Ybt u Lu’* u 4fM6shs, np,” nd
atoma LU paccunTanbl aCHMANTOTHYCCKH TOYHO NpH n-—>oo.

o Munus. auauenue n==10, n MakKcHMajJbHoe B Pa3HbIX CHy-
J ‘yasix TIpHIHMaeT 3nauemns ot 37 U0 50. TlpuBoaaTcs Tak-
5ke BCAHMUHHBL KBaHTOBHIX AcekToB. Pacuer nposeaer Ha

ocHoBC peasiTHB. (POPMAbHO TOUHON TCOPHH "BO3MYLUICHHIT
- ¢ MojcaAbHBM HyJeBbiM npuGmmxenueM. ITepsuit nopsaiok,
yuTeH MOJHOCTbIO. B BHCUIHX TMOPAAKAX BHMOJIHEN ad-|
»heKTIBHBIT Y4YCT BK/3[0B, MpOMOPLHOHANbHBIX 1/n® npu
.n—>-c0. ‘ - o  Aptopedepar

ch. /985 1B NG
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12 J1246.  CrekTpsl ONTHYECKOTO TOIJOMIEHHS Tpex3a-'
PAAHOrO HOHA TYJHsl B HEKOTOPHLIX HHTPATHBIX Komnnexcax.,‘
Optical absorption spectra of the tripositive thulium ion
in certain nitrate complexes. Lakshman S. V. !
Jayasankar C. K. «J. Phys. C: Solid State ths»r
1984, 17, Ne 16, 2967—2980 (aurua)

I/Isyueum CNCKTpPLl NoOrJouichuss HoHos Tmd+ B Bounmx‘
pacTBOpax HHTPATOB TYJIHS, aMMOHHS, MAarnHsi, KaJHs H,
HaTpusi. IIo CneKTpaM NOCTPOCABI CXCMBl SHepreTH. ypon-
Hell M HafiACHH MapaMCTPH 3JCKTPOCTATHYECKOTO M CNHH-'

OpOHTa/NbHOrO  B3aHMOACHCTBHS, a TaKXe  NapaMeTp
....B. @, I

Hxkaana—Oddenbra. ] e
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8 JI82.  Jla3epHO-CMEKTPOCKOMHYECKOE HCCIEN0BAHHE Bbi=
COKOBO3GYKIAEHHEIX cocTosnMii atoma Tu. Laser spectro-
scopy investigation of highly excited states of the Tm|-
atom. Vidolova-Angelova E, Bekov G. I,|
Ivanov L.N, Fedoseev V, Atakhadjaev A. A."
«J. Phys. B: Atom. and Mol: Phys.», 1984, 17, No 6,

.~ 953—9611 (jamrvn)

[TyreM TpPeXCTymeHwaToro Ja3epHOro BO3GYKASHHA PHA-
GeproBexHX  COCTOAHMIT € MOCHGMYIMeH ®X HOHH3ALMel] BI
3JICKTPHY. IIOJie HCCJeL0BAHH BHICOKOBO3OYKAcHHBE cOcTO-!
sunst Tu 4f72'%6s1)2(J)np;[J], pacnonoxennsie BGnusx(f
NEPBEIX JBYX HOHH3AUHOHHBLIX mpenenoB. Mcmoassosanucs |
JMBE CXeMBl, TIO3BOJfBIUIHE BO3OYAHTb COCTOAHHA ¢ J/=3|
i, J’=4. Own6GKa B OnNpejeseHHH 3HEPrHit cocm‘snﬂe'r]
%0,1 cv~'. WneHTHOHUNPOBAHKN TPH | ITHHHBIX CEPHIT,
Af112'%651/2(3) npa12[9/2] (n=26—65), 4f712"%65119p302 [11/2] |
(n=.29——57) " _4f7/2‘36s|/2(4)np1/2[7/2] (n=28—-36) IIJTHi

. n>27 HabmoaeHbl TaKxKe TPH 5oJee KOPOTKHE CepHH, HAeH- '

THHHKALHSA KOTOPHX HEOJHO3HAUHA. AHaUH3 CNEeKTpa BH-
NOJIHeH € TIOMOLLBIO PeJIATHB, TEOPHH BO3MYIUCHHA € MO- |
JASHbHBIM _RyJeBHM _TpuGmuxkenneM. . A. H. PsGues,



/24

{ 101: 14318a Lifetime measurements in the neutral thulium|
spectrum using a pulsed dye laser. Zak Ewiss, M. A.; Buurman

. P.; Snoek, C.; Doenszelmann, A. (Zeeman-Lab., Univ.
Amsterdam, 1018 TV Amsterdam, Neth.). Astron. Astrophys. 1984,
133(2), L12-L13 (Eng). The natural radiative lifetimes of 10 levels|
of the Tm I spectrum were measured. A p

. ulsed dye laser was used!
‘74 o for excitation. |

ooy g €
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9 JI111. HccanepoBanie CBEPXTOHKONI CTPYKTYpH B
koudurypaunn 4f'25d6s? B Tml ¢ nomowsio Jazepxoit
CneKTpocKonuu atomuoro nyuka. Hyperfine structure in-
vestigations in the configuration 4f1?5d6s2 of TmI by la-
scr-atomic-beam spectroscopy. Pfeufer V. «Z. Phys.»/
1985, A321, Ne 1, 83—84 (amri.) | R

C HCnosIb30BAHICM JIa3CPHOIt CHEKTPOCKOMIH BHICOKOroQ
})aspcmemm HCCJICAYIOTCS CBCPXTOHKHE . CTPYKTYpH (CTC)'
NCPCXOJI0B € MeTacTaGHJIbHEIX COCTOSIHHI ~ KOHGHIYpaHI
4['?5d6s* B artomax '°Tml, DkcnepuMeHTH NPOBOLHJHCH
B CXCME OPTOrOHaJbHHIX aTOMHOTO H Ja3ePHOro MyYKOB,

S
I~

W/{[ ’, nysok Tml oGpasosbiBancs TpH HarpeBe MeTaJaHd. Tyd-
JHA B ICYH NDH 3JCKTpoHnoil Gombapanposke. C  mo-
ﬂﬂWp@/af : MOLIbIO KOJUIHMALHH NyYKa YAaJ0Ch YMCHBLIUHTbL JOIMJe-

POBCKHEe LIHDHHBI JIMHHIT 10 HeCKOJbKHX Merarepu. Jas
BO30YXKACHHS HCMOJL3OBAJICA HENMPEPHLIBHLI KOJbLUCBOIT Ja-
3ep Ha KpacHTese, CTaGHIH3HPOBAHHBI MO 4YacTOTE HHTEp-
¢epomerpom Pabpu—Ilepo, mas kaanGpoBKH HHTepdepo-
MeTpa “Henosb3oBagoch pacuiensende CTC 2F7,; Ha JIHHHH
5895,6 A. Omnpeaenensl Maru.-gun., nocrosiinsle CTC pas
17_cocrosuuii kougurypaunit 5d6s?, 5d6s6p n 6s%6p. C. U.;

b, /985, 16, v g
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102: 228707w Hyperfine structure investigations in the confi=
guration 4f125d6s2 of thulium(Tm 1) by laser-atomic-beum
spectroscopy. Pfeufer, V. (Inst. At. Molekuelphys., Univ,
Hannover, D-3000 Hannover, 1 Fed. Rep. Ger.). Z. Phys. A 19835,
321(1), 83-4 (Eng). High resoln, laser-at.~beam spectroscopy was
applied to study the hyperfine structure of transitions starting from|
metastable states of the configuration 4f125d6s? of Tm 1. Precise

[-" 67/'//72 values for the hyperfine consts. of 8 levels belonging to thel
/L (& ﬁ conﬁ%urz:ition 4f125d6s? and 9 levels belonging to excited odd levels’
_were detd. . T - s oo

¢ A 1985, 102, w6
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3 JI186. CnekTphl ONTHYECKOTO IOTMOLIEHHS Tpex3a-!
PANHBIX KATHOHOB TYJHSI B HEKOTOPHIX CYJb(ATHBIX KOMM-
qekcax. Optical absorption.spectra of tripositive thulium
jon in certain sulphate complexes. Lakshman S..V. J,
Jayasankar C. K. «Indian J. Phys. B.», 1986, B60, Ne 1
'65—71 (aurua.) _

B oGnactn 200—4000 HM H3Mepenbl CHEKTPH NOLMIOLIe-
HHl H HX BTOpbIe IPOH3BOAHHIE KOHLEHTPHPOBAHHBIX BOJ-
HeIX  pacTBOpoB Tmy(SO4)3-8H,0, wnachumennnix (NHy),-
S04, MgS0,-7TH;0, K:SO, man NaSO,. ITonyuews 3a-
YeHHSA CHJL OCUMJJIATOPOB (f)  3/MeKTPOHHBIX  nepexooB
cyabgarHux KoMmmiekcos Tm3+. Ilposezen pacuer pas-
JHYHBIX T1apaMeTPOB TEOPHH KPHCTAJJIHY, MOJS AJs -raxux]
KoMruieKcoB. OnpefeJieHbl  3HAueHHsl  pacllCMIeHHN  HX|
SJIEKTPOHHBIX ypoBHeit !'D;, 'Gy, 3F3 u 3F,. Unrepnperauns/
BEJIHYHH TNOJYUCHHBIX paclielVIeHHiI AaWa C NpHBJedeHHeM;
fipefcTapicHHit O B3aHMOAENCTBHH YKA3aHHHIX 3MCKTPOH-
HBIX COCTOAIHHIT ¢ KoseGaHHsIMH JHraizoB. Ha ocroBamum’
HaHHBIX MO [ pacCYHTaHBl 3HAYEHHS BpeMeH JKH3HH 'uany-}
YeHHsl CcyabdaTHbIX‘ KoMmalekcoB Tm’+ u3  cocrosHmit
3Po, .IG, 71D27 H A‘_G4._ ) T. A. Jang
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+ 112 87300k Laser spectroscopy measurement of radiative.

lifetimes of highly excited thulium l{_\'dbqr;{ states. Vidolova-=¢
waeelova, B Angelov, D Krustev, 1% Mincheva, S, (Inst. Salid
Suate Phys., 1781 Sofia, Bul). J. Opt. Soe. Am. I: Opt. 5’1.\'9.'
65(12), 2295-9 (Iing). The radiative lifetimes Tuad Of the highly’

xcited 407229651 2(NDnpaja(11/2) (n = 21-31) Kydberg ‘Tm states were!
weasured using multistep laser excitation and clec. field ionization,!
The lifetime values were obtained with an accuracy of better than
2%, 'The influence of blackbody radiation on the states with n 227,
was ohsd. The exptl. r sults are in agreement with previously caled..
values obtained by relativistic perturbation theory with a zero-order,
medel approxn.  The Trad=VS.—n® giependcnm (n* is the cffcctweg
principal quantum no.) is bhest deseribed by the relation red = 0.0022
11246 (us). 'l‘lng property may he attributed 16 the strongly
expressed non-H-like behavior of the investigated states, which is'
caused by the essentially non-Coulombic core potentizl aciing on the:
R}vdberg efectron. _ g o« - d
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120: 89752p Measurement of thulium (Tm 1) fluorescence’
spectra: pumped by laser in hollow cathode discharge lamp,
Zhou, Zhiyao; Zhu, Lizhou; Jing, Chunyang; Zhang, Shaoferg; Lin,|
Fucheng . (Shanghai Inst. t. Fine Mech., Acad. Sin., Skarghai,
Peop. Req: China 201830). Zhongguo Jiguang 1993, 20(7), 511-14
(Eng). he fluorescence spectra pumped by 567.584, S571.579, |
576.020, 576.429, 589.563 and 597.126 nm laser lines in kollow
cathode discharge (HCD) lamp was measured. About 75 fluorescence
lines at A = 371 ~ 684 nm were detected. The correspondirg level |.
and intensity for every fluorescence line was listed. . |

C.A/199Y 140, 8 ®
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120: §9741j \(cuurcment of the hyperfine structure constant

of highly excited levels in 'Tm 1. Zhou, Zhiyao;  Zhu, Lizhou;

Jing, Chunyang; *Zhang, Shaofeng; :Lin, Fucheng (Shanghai - Inst.

Opt. Fine Mech., Acad. Sini., Shanghai, Peop. Rep. Chma 201800).!

\/' Guargzue Nuebso 1993, 13(8), 673-8 (Cb) \tha'rm-}\r hoJow

cathode discharge (HCD) lamp. the authors measured 21 transition'

lines of !¥Tm 1 by optogalvanic spectroscopy and detd. the hyperﬁne

5 structure consts. of the upper levels; among them, 7-are reported for,
MZW) the 1st time, according to the authors' knowledge. With_the same.
HCD, the hyperfine structure consts. of 4 excited levels were

measured. by using the 2-color resonance. L :
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¢ 123: 350608p Hyperfine structure in the configuration 4M136s7s
of Tm 1. Kronfeldt, H.-D.; Kroeger, S. (Optisches Institut,'
Technische Unviersitat Berlin, D-10623 Berlin, GemanB)(; Z. Phys.i
‘D: At., Mol. Clusters 1995, 34(4), 219-22 (Eng). ppler-free:
satn. absorption spectroscopy was :gplied on an at. thulium vapor in;
.a see-through hollow cathode for the detn. of precise values for the
magnetic dipole hyperfine structure consts. of 6 levels of the!
configuration 4f13 6s7s. A parametric anal. of the hyperfine structure.

) ‘4( MMMW& performed, using wave functions from a fine structure calen.,’
which leads to one—electron ;?'perﬁne structure parameters a0 =:
z - -~ - e- DR, -

-CJ./WJ/ /43 1,
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127: 284941w High resolution measurements of the hyperfine
structure and determination of a new energy level of Tm L.
Kroger, S.; Tanriver, L.; Kronfeldt, H. =D.; Guthohrlein, G.; Behrens,
H. —0. (Optisches Institut, Technische Universitat Berlin, D—10623
Berlin, Germany). Z. Phys. D: At., Mol. Clusters 1997, 41(3), 181-185
(Eng), Springer. High resoln. laser spectroscopy was applied to study

’ the hyperfine structure of excited energy levels of Tm 1. As part of the
authors' aim to complete the fine and hyperfine structure of the Tm 1
spectra 51 transitions in the visible were measured and precise values
for the magnetic dipole hyperfine structure consts. A of 24 odd and 19
even levels were detd. A new energy level of even parity with J = 3/2is
found at 27,509.40(5)cm ™" using laser induced fluorescence spectroscopy.
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