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IS770 First online laser spectroscopy study of promethium isotopes

[S747 Laser and nuclear decay spectroscopy study of the neutron-rich
high-spin states 1n the 2!%213B1 isotopes with LIST

Preliminary!



Moller et al., ADT 109-110 (2015)
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O deformed shell model calculations indicate large and
sudden jump in deformation close to proton drip line
(strongly pronounced in N = 74 and 75 in the Pm
chain)

o available d(r2) and Q data (Sm, Eu, Nd isotopes)
limited to moderately deformed cases with observed
smooth onset of deformation
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Problem: huge background due to surface 1onization of the
rare earth isobars, ~100 times larger than signal at A = 135



IS 770: First online laser spectroscopy study of promethium isotopes
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A 10 mm

Problem: complicated narrow hfs
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Perpendicularly [llluminated LIST (PI-LIST)

A
45135.8cm ! AIS
45020.1cm™! IP
849 nm
33352.15cm ™!
J=17/2
887 nm

22080.06 crm !

J=502 A ‘

452 nm

Ocm™!

4£56s? OH®, J=5/2

Wipm, 1=72

PI-LIST

lon extraction

Effusing ‘Lonlgltl.Jdlnlal
MW cone ionization laser

Hot cavity

HV potential

X O O Perpendicular spectroscopy laser

Loss factor (RILIS — PI-LIST) ~ 100-200

PI-LIST is necessary to resolve complex Pm hfs and to decrease huge surface-
ionization background from adjacent rare-earths



Ton counts

Mainz: Present work:
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Problem: complicated atomic structure hampers extraction of 0 <r*>:
open shells 6p, 4f, 5d; lower level (g.s) 41" 652

/ 1 /
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Mainz:
D. Studer et al.
Eur. Phys. J. A (2020) 56

452 nm: s—sp transition =——==> Mus =V /(m,/m,) =360 GHz*amu

Mgy = 0+ My



5<T,2>827N (fm2)

Mainz:

A Element §(r2)N-N+2 (fm?)
64 Gd 0.282(8)

63 Eu 0.272(12)

62 Sm 0.274(22)

60 Nd 0.296(20)

59 Ce 0.256(14)

75 80 85 90 95
Neutron number N

weighted average

i M

l o A A

[

§(r2)N.N+2 = 0.276(13) fm?

+ Fi8<r2>A,A/

M = 360(360) GHz*amu

ﬂ

F = FSN M2/ §<p2>N. N2
= _1210(60) MHz/fm?



Only even N
for simplicity



'/ M and F from Mainz
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Mainz: M =363 GHz*amu
F=-1210 MHz/fm?



5<r?>y g, (fin?)

Our M and F



lower level (g.s) 4f* 6s>  upper levels 4f* 6s6p or 4f*! 5d 652
(s—p transition) (f—d transition)
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NrTorun

1. ITpomemoncTpupoBaHa 3(pheKTUBHOCTh noAaBieHus ycrporctBom LIST/PI-LIST
n300apHOro (poHa, BOSHUKAIOIIETO BCIEACTBUE TOBEPXHOCTHOM noHM3anuu. [lokazano, 4to
CYIIECTBEHHOE YJIYUIIICHUE pa3peiicHus: npy Ucroib3oBaHuM PI-LIST mo3BosseT uamepsthb
AICPHBIC XaPAKTEPUCTUKHU PEIKO3EMEIIBHBIX U30TOIOB C JJOCTATOYHOW TOYHOCTHIO. Takum
00pa3oM JI0Ka3aHa BO3MOKHOCTh MPEIM3UOHHBIX U 3()(PEKTUBHBIX UCCICTIOBAHUMN C
MOMOIIBIO JIA3EPHOI0 HOHHOT'O UCTOYHUKA B 00JIACTH PEAKUX 3€MENb B IIEJIOM.

2. YcraHOBJI€HA OIIMOOYHOCTH UCIIOJIBb30BAHHBIX paHEE aTOMHBIX (DAKTOPOB, HEOOXOUMBIX JIJIS
U3BJICUCHUS O<I*> U3 U3MEPSIEMbIX U30TOMUYECKUX CABUTOB sl M30TONOB Pm. CpaBHEeHUE C
JTAHHBIMU, TTOTYYEHHBIMU JIJISI COCETHUX U30TOMUYECKHUX LIEMOYEK, TOATBEPKIACT
aJ€KBAaTHOCTh MPEJIOAKECHHOM JJ1s1 BBIYUCICHUS AaTOMHBIX (DAKTOPOB SMIIUPUUECKON

IPOLEYPHI.

3. HaOmomaercs miaBHbIi pocT aegopmanuu s n30TonoB Pm nipu N = 82-74, uro
MPOTUBOPEYNUT UMEIOIIUMCS MPEACKAZAHUSIM.

4. OOHapy:KeH LENbIA psii UHTEPECHBIX 3 (PEKTOB, TPEOYIOMMX AATBHEUIIIETO UCCIETOBAHUS U
aHanu3a: cocyiiectsoBanue GpopM B '3 Pm, ncuesHoBeHUE (MM UHBEPCHS) YETHO-HEUETHOTO
apdexTa B paauycax s uzomepon ¢ [ = 11/2, xapakTepHas n3oTonuyeckasi 3aBUCUMOCTh
w(5/2) ¢ makcumymowm 1ipu N = 82 u T. 1.
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