Exploring octupole collectivity in neutron-rich A=217-226
astatine and radon nuclei, using decay-tagged in-source laser
spectroscopy.

James Cubiss — on behalf of the IDS+RILIS+ISOLTRAP collaboration
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Physics motivation — Octupole collectivity

Gaffney et al., Nature
497, 199-204 (2013)

Expected in regions with s.p. states with
Aj = A€ = 3 near Fermi surface.

Z~88, N~134 region of intensive study:

n2f7,, and wliy3/5; V299, and v1jis,
Experimental CoulEx studies in Ra and Rn

Theoretically (HFB) Model predictions vary on
magnitude and range.

Key interest in search for EDMs.

102-103 larger signature due to interaction
between electrons and nuclear Schiff moment
Dobaczewski et al., PRL 121, 232501 (2018)

Odd-A noble gases of particular interest

Typical signatures of octupole def.:

Low-lying I™=1"-,3" states in even-even
Interleaving parity bands in even-even.
Parity doublet bands in odd-A isotopes.
Enhanced B(E3)s and B(E1)s strengths
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Laser spectroscopy data and octupole deformations

121 Ra isotopes e
1 Ahmad et al.,
. . .o 1.0+
Odd-even staggering (OES) in charge radii | Nucl. Phys. A 483,
084 244.268 (1988)
* “Normal” OES: odd-N isotopes have radius smaller than average of T o6
even-N neighbours S )
S 0.4 -
* “Inverted” OES appears in regions where octupoles expected. ] Inverted OES
Observed in Ra, Fr, Ba, and Eu chains. 2]
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Moments and spins oL
* Probes underlying configurations of unpaired  _ “Tone OAc This work ¥ oG om
protons/neutrons — sensitive to §3 : 0 2:01 *g,=0.6g]*¢ Wg,=0.8g]" §
: : . ¢ ~15 S —e e L
* Magnetic moments Identify mixing between 3 S
opposite parity states —possible by presence S0 — .
of octupole collectivity. T 05 - B 215320
* Quadrupole moments “isolates” 5, Protons 0.0 e i e
contribution. oY Neutron number (N)

0

Leander and Bcz:hen’ PRC 37, 2744-2778 Verstraelen et al., PRC 100, 044321 (2019)



Previous data on astatine —

IS534, 217-219A¢

217At, 1=(9/2)

16004 WM
: . . . . T,,=32.3ms
* Measured hfs and isotope shifts of 217-219At — high yields of 100s ions/uC 00l Ea=7067keV |
e Strong inversion of OES in radii — larger than in neighbouring chains <00,
* Magnetic moment of 28At indicated mixed parity config. (V2gg/, @ v1ij3/2)
* Study limited by strong isobaric contamination from Fr ol
* New laser measurements will explore how ground state structures and
observed trends evolve in At chain - . e
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Previous data on 22%-226At—>Rn decays

* Little data presently available:

« No known decay schemes for 221-226At (limited
information available on 220At).

« 2252267t have no published T,,, values nuclides have only
been observed at end of FRS (T,,, >300 ns).

« No excited states published for odd-N 221-225Rn apart
from one level at ~30 keV in 221Rn from a decay of 22°Ra.

 CoulEx says even-A radons are octupole vibrators
Butler et al., Nature Comms. 10, 2473 (2019)
Spagnoletti et al., PRC 105, 024323 (2022)

What about odd-N Rn isotopes?
Low-lying structures sensitive to octupole collectivity.

 New decay data will:

« Determine low-lying structures of odd-N radon
iIsotopes — parity doublet bands? Energies?

» Explore feasibility to measure excited state lifetimes.
Estimates in region for 3- states (from CoulEXx):
T,,(%%°Rn,3) = 400 ps
T,,(???Ra,3") ~ 4.7+%8 ps.

Figure courtesy of M. Scheck.
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Proposed measurements

* In-source laser scans of 217-226At to probe border of octupole region

* Explore the extent of the inverted OES and ground state spins of 220-226At
for the first time

* Probe presence of octupole collectivity in At ground from extracted
moments and configurations.

* Determine low-lying structures in odd-N radons for the first time

* IDS and ISOLTRAP used for laser scanning — new decay and mass data
collected in parallel to laser scans.

* Theory support from Paris-Saclay+Brussels group, HFB calculations
with and without octupole degrees of freedom. Also interest from
York group — developing novel T-odd fields in DFT for EDM studies.
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Table 1: Summary of requested shifts for laser scanning.

A Iy Scanning mode | New measurements | Shifts
200 6.92 s PI-LIST atomic factors 2.5
205 | 26.9 mins PI-LIST reference 1
211 7.2 hrs PI-LIST atomic factors 2.5
217 | 32.3 ms PI-LIST improved () 1
218 1.5s PI-LIST I, improved @) 1
219 56 s PI-LIST improved () 1
220 | 3.71 mins PI-LIST Io(r?), 1, Q 1
221 | 2.3 mins PL-LIST Io(r?), pu, Q 1
222 54 s PI-LIST I o(r?), 1, Q 1
223 50 s PI-LIST I, 6(r?), i, Q 1.5
224 | 1.3 mins | LIST/PI-LIST Io(r?), 1, Q L5
225 | > 300 ns LIST I o(r?), 1, Q 1.5
226 | > 300 ns LIST I, o(r?), 1, Q 1.5
18
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e LIST Suppresses Fr by 106, and At by factor of 30: ey | ey it

* High-resolution (100-300 MHz) with perpendicular illumination Atm e —
* High-efficiency “collinear” (~500 MHz), factor >10 in yields S I

* Previous measurements ~1 GHz resolution

ERE ® ® LIST
3 [ ]
* Limitation on precision from uncertainty on hyperfine o e e e L
oy e . S 135
~ o — - ~
arameters (~50 %) — scan two transitions in PI-LIST to ;o . °
. c JE [ttt @ noTomnmnEEEEEes [ _iniaiaiiaaiai
reduce uncertainty to 10-15%. s . o
£ ¢
MMM IP = 75150 cm™! % 10° = °
< 107 ¢
107° = °
58805 om'! 219 220 221 222 223 224 225 226 227
J=3/2 ee—— A
1 = RILIS (1000 MHz)
795.21 nm | NB Ti:Sa ] ——— LIST (500 MHz)
] = PI-LIST (300 MHz)
46234 cm'! . é —— Unbroadened
6p47s453,2—— 2 E
216.23 nm | BB Dye ‘g —
Laser lon Source and Trap (LIST) E
R. Heinke et al., Hyperfine Interactions 238, 6 (2017) E /M /\/\ l
0cm! 3
T A/ W ATV (N
At —10000 —5000 0 5000 10000
Shift relative to central frequency (MHz)



Table 1: Summary of requested shifts for laser scanning.

Bea mtl m e req u eSt A T2 Scanning mode | New measurements | Shifts

200 6.92 s PI-LIST atomic factors 2.5

. 205 | 26.9 mins PI-LIST reference 1

» 18 shifts for laser spectroscopy measurements 2111 72 s PLLIST Atomic factors 95
» Determine extent of inverted OES trend in radii 217 | 32.3 ms PL-LIST improved @ 1

» Explore possible signatures for octupole collectivity in moments 2181 135s PL-LIST [, improved @ 1

219 56 s PI-LIST improved () 1

» Reduce uncertainty on hyperfine parameters 220 | 3.71 mins PI-LIST I.6(r?), . Q 1

221 | 2.3 mins PI-LIST I,60r%), 1, Q 1

222 | B4ds PLLIST 1602y, . Q 1

223 | 50 s PLLIST 1,602y, 1. Q 15

* 3 shifts for dedicated decay 224 | 1.3 mins | LIST/PLLIST | 1. 6(r2), pn. Q 15
measurements 225 | > 300 ns LIST I 0(r?), . Q 1.5

» First measurements of decay 220 | > 300 05 LT I, o), '[;ft’al: 118)

schemes for 221-226 At

Exploring octupole collectivity in neutron-rich SA=217-226S astatine and radon nuclei, using decay-tagged in-source laser spectroscopy

> First determination of excited CDs# Proposal # IS # Setup Shifts Isotopes
state structures in odd-N 221-225Rn | cern-INTC-2024-068 INTC.P-720 IDS, ISOLTRAP 24 200At, zongéftllAt,zﬂ-
> Attempt lifetime measurements P e e
- H Beam intensity/purity, _ inati ; : . - .
of 3" states in even-A radons rgsts on sources” s o e el The et ot Heoh oo 1o come ot of the e o et

and most likely, very little can be done about it. It might affect a few isotopes -> likely not a showstopper

General implantation

3 shifts for optimising LIST and and setup _— d I

i eneral Comments - LIST targets require larger efforts in setting up and operating, to be considered while schedulin

tuning to IDS and ISOLTRAP enerlCommen gets require larg g up and operating :
afety

. The TAC has no strong concerns about this proposal although it notes that at some masses, the Fr contamination might be less
TAC recommendation
supressed.
o H ° °
" Totalrequest: 24 shifts 'hank you for listening
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