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Physics motivation

Po isotopes (Z = 84)
- text-book example for studying the seniority scheme
- presence of ni(hy/,) 8" isomers in the even-even Po
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- presence of ni(hy/,) 8" isomers in the even-even Po
* Poisotopes with N>126

- shell-model test using 2°8Pb as an inert core

-> study the filling of the vgy,, orbital
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- o+2%8Pp cluster configurations
in 212Pg

214pq, 215p, 216p, 217pg 218p, 219pq
z: 84 n: 130 z: 84 n: 131 Zz: 84 n: 132 z: 84 n: 133 z: 84 n: 134 z: 84 n: 135
In: 0+ n: 9/2+ n: 0+ In: (11/24) n: 0+ In: (9/2+4)
T1/2:164.3 ps 2.0 T1/2:1.781 ms 0.005 T4,5:0.145s 0.002 T4,5:1.46 s 0.05 T1/2:3.098 m 0.012 T4,,:620 s 59
ecay a 100% ecay a 99.99977% ecay a 100% ecay a 95% ecay a 99.980% ecay B- 71.8%
B- 2.3E-4% B- 5% B- 0.020% a 28.2%
213Bi 214Bi leBi ZIGBi 217Bi leBi
EEZEIS & amREZZEE z: 83 n: 130 z: 83 n: 131 z: 83 n: 132 z: 83 n: 133 z: 83 n: 134 2: 83 n: 135
| In: 9/2- on: 1- n: (9/2-) In: (6-,7-) In: (9/2-) Jpzi?
T1/2:45.59 m 0.06 T4/5:19.9m 0.4 T1/2:7.6 m 0.2 T1/2:2.25 m 0.05 B1/2:98-551.3 Ep2i33 51
ecay B- 97.80% ecay B- 99.979% ecay B- 100% ecay B- 100% ecay B- 100% ecay B- 100%
a 2.20% a 0.021%

130 132 134
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Physics motivation

214Bj - Previous study of Astier (2011)

A. Astier and M.-G. Porquet, Phys. Rev. C83, 014311 (2011).
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180 + 208pp reaction at 85-MeV + Euroball IV
@IReS (Strasbourg)

T1/,(8%) = 13(1) ns using HPGe detectors
B(E2; 8 = 6*) = 0.54(4) W.u.

Time distributions between the emissions of y rays of 214Po
showing either prompt coincidences [curves in red and green,
panel (a)] or delayed ones corresponding to the decay of the
1583-keV state [curves in blue, panels (b), (c), and (d)].




Physics motivation

214Bj - Previous study of Astier (2011)

A. Astier and M.-G. Porquet, Phys.

Rev. C83, 014311 (2011).
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Understand the nature of yrast states
in neutron-rich Po: is it really one
neutron-pair breaking for the 8*7?

—> T1/2(8+) can be re-checked using fast-timing detectors
- measure other yrast states

—> go to heavier masses

- compare with Shell Model calculations

180 + 208pp reaction at 85-MeV + Euroball IV
@IReS (Strasbourg)

T1/,(8%) = 13(1) ns using HPGe detectors
B(E2; 8 = 6*) = 0.54(4) W.u.

Time distributions between the emissions of y rays of 214Po
showing either prompt coincidences [curves in red and green,
panel (a)] or delayed ones corresponding to the decay of the
1583-keV state [curves in blue, panels (b), (c), and (d)].




Lifetime estimates

* Half-lives for yrast states in 214216,.218pg estimated using:

B(E2) < 10 W.u. for 2,4,6" states

B(E2) ~ 0.5 W.u. for 8* states

Nucleus/Yield | J™ | E, (keV) Ty Events/shift

214py, 2+ | 609.0 >0 78 1.9% 10"
10* ions/s 47 405.4 >68 ps 9.5x10*
6, 324.4 >210 ps L7x106°

st | 2441 |[B@)ms[6]]| 7.7x10°

216pg 27 | 549.7 >15 ps 5.9x10°
10% ions/s | 47 | 418.8 >58 ps 9.7x103
6o 359.5 >120 ps 1.7x104

s+ | 2234 |[ ~27ns 7.6%10%

218Ppg 27 | 509.7 >21 ps 6.5x 102
107 ions/s 4| 4265 >52 ps 1.1x10°
6, 385.7 >86 ps 1.4x10°

8" 263.0 ~12 ns 6.1x10°

Energy (MeV)

B(E2) [W.u.]
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* Within the reach of the fast-timing
setup available at IDS (> 10 ps)

* Can be populated via B~ decay from
high-spin states in 214-213Bj




The ISOLDE Decay Station

Permanent setup at the low-energy branch of ISOLDE

* Physics programme

* Nuclear structure physics (80%)
* Nuclear astrophysics (10%)
* Nuclear industry and medicine (5%)

* Solid state physics (5%)
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Core IDS setup S-S
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Flexible + dynamic support structure (2023) ‘ | -

« Minimise material around implantation position i 71 S e Movable tape system

* Detectors mounted on vertical gantries, 3 clovers ; '
per gantry, gantries mounted on circular rails

* Can move detectors radially + vertically, tilt
vertically, rotate on axes

Reel-to-reel aluminsed mylar tape (~2.5 km)
Fully automated system
* Integrated with ISOLDE beam logic, RILIS laser
system, and our DAQ
*  Primary “implantation” position
For main aims of experiments
* Secondary “decay” position
Free “bonus” experiment, long-lived activity

Digital XIA pixie-16 acquisition system
* 16 channels per module

* 12-16 bit ADC

* 100, 250 and 500 MHz modules

* 208 channels/crate




Fast-timing studies at IDS

* Well established technique at IDS since 2014

e Detection system comprising of:
* 4 Clover HPGe - 7% abs. eff. at 500keV
* 2 LaBr;(Ce) - 3% abs. eff. at 500keV
1 Plastic Scintillator - 20% abs. eff.

HPGe
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[H. Mach et al. NIM A 280, 49 (1989)]




Beam production (July 2018)

Old proven method of producing up to 2'8Bi [1,2]: UCx target + RILIS

Yields 2x better than previously extracted during 1IS608 at MR-ToF in 2016.

Short-lived contaminants such as Fr were easily removed using the pulsed

release technique and the High Resolution Separator (HRS)

Chart of nuclides for the isotopes north-east of 2°8Pb [1]
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The pulsed release technique [1]: the different time scales for the a
decay of the contaminants and the 3~ decay under investigation allow
for a selective suppression.

A
/ a emitting contaminants
\ P
—
4 tgelay = 10 - 100 ms time
p* pulse
separator measurement
gate

[1] H. De Witte, PhD Thesis, KU Leuven (2004)
[2] U. Koster et al., Nucl. Instr. and Meth. B204, 347-352 (2003).



Beam production (July 2018)

Isotope Rate Runtime
Old proven method of producing up to 218Bi [1,2]: UCx target + RILIS (ions/uC) (h)
214R; 4
Yields 2x better than previously extracted during 1IS608 at MR-ToF in 2016. Bl >2x10 3.0
Short-lived contaminants such as Fr were easily removed using the pulsed 215Bi 1.5x10° 6.5
release technique and the High Resolution Separator (HRS
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FIG. 1. B-gated ~-ray spectra recorded by the HPGe (black)
and LaBrs(Ce) (red) detectors following the S~ decay of
21Bi (a), ?'Bi (b) and ?'Bi (¢). The yrast transitions in
214.216.215pg are labeled.




214Bj - direct identification and spectroscopy
of the (8) beta-decaying isomer

* Half-life measurement: T/, (8)=9.39(10) min

* Extended decay scheme of 214Po (4 new levels, 7 new
transitions)

* Deduced the most likely I = (8-, 9°) in agreement
with Shell model calculations predicting I™ = 8

271 keV o
—— 9 240-250 keV
~(8,9)
~100 keV (g 9 (3)
24 keV /
1 1 1 ———6,7)____ (6,7,8)
ZIOBi 2128i 214Bi ZIGBi ZISBi

Systematics of ground states and low-lying isomers in odd-odd 210-218B;
Information on isomer in 214Bi is from this work, the rest is from ENSDF.

PHYSICAL REVIEW C 104, 054301 (2021)
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PHYSICAL REVIEW C 109, 064321 (2024)

216Bj - Extended level scheme of %1¢Po following
the decay of both ground state and isomer

B decay of the ground state and of a low-lying isomer in **Bi
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Fast-timing measurement of the 8* state in 214Po
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Fast-timing measurement of the 8* state in 214Po
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Fast-timing measurement of the 2,4,6* states in 214Po 0w [
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214,216,218pg — Summary of fast-timing results
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214,216,218pg — Summary of fast-timing results
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B(E2) values and comparison with Shell Model calculations

Experimental data was compared to shell-model
calculations using H208 [1] and KHPE [2] effective

interactions.

[1] H. Naidja, Phys. Rev. C 103, 054303 (2021).
[2] E. K. Warburton and B. A. Brown, Phys. Rev. C 43, 602 (1991).



B(E2) values and comparison with Shell Model calculations

20x discrepancy compared
to the old exp value
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[1] H. Naidja, Phys. Rev. C 103, 054303 (2021).
[2] E. K. Warburton and B. A. Brown, Phys. Rev. C 43, 602 (1991).



B(E2) values and comparison with Shell Model calculations

20x discrepancy compared
to the old exp value

. Eﬁ;@g%work * Experimental data was compared to shell-model
A Astier (2011) calculations using H208 [1] and KHPE [2] effective
x Kocheva (2017) . .
o Tresckow (2021) interactions.
-~ H208
— H208-m * Good agreement for low-lying transitions but deviations in
the case of 8* - 6* and 6* - 4* transitions.
e A proton pairing reduction of 100 keV in the interactions
addresses the large discrepancies
* The increasing trend was explained through the increase
of the collectivity and quadrupole correlations with
respect to the neutron number
Reducing the proton pairing strength:
I - Inverts of the lowest predicted 8* states in 214Po
0 20 212 214 26 218 - confirms the two-proton configuration ni(1hg,,1f; ;) of the
A (Po isotopes) yrast 8* states dominated by quadrupole correlations.

[1] H. Naidja, Phys. Rev. C 103, 054303 (2021).
[2] E. K. Warburton and B. A. Brown, Phys. Rev. C 43, 602 (1991).
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87 54% ’ﬁ].h%{;xz ® ulg§/2+ 11% ?rlf?/2 ® Vlgs/,z 47% ?rlhgﬂ ® ulg‘J;‘;‘/2 + 15% wlhgsolf7/2 ® 1/19‘3}2
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TABLE II. The principal wave function components (> 10%) for yrast states in 210,212,214,216,218p,, jsotopes, calculated using
the two versions of the effective interaction: H208 (initial) and H208-m (reduced pairing).
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FIG. 5. The wave-function components of *'*Po states calcu-
lated in seniority scheme where T'(x, y) represents the number
of neutron (x) or proton (y) pairs being broken. The initial
and pairing-modified versions of the H208 effective interaction
are employed within the NATHAN code.
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Balabanski

Happy birthday!

Balabanski Crag (Bulgarian: banabaHcku KamMbK,

‘Balabanski Kamak’ \ba-la-'ban-ski 'ka-m&Kk\) is the rocky
peak rising to 833 mi in eastern Bigla Ridge on Heros

Peninsula, Foyn Coast on the Antarctic Peninsula. It
surmounts Cabinet Inlet to the northeast.

seasons.

The feature is named after Dimitar Balabanski, physicist
at St. Kliment Ohridski Base in 1994/95 and subsequent

Source: Wikipedia & Google Maps


https://en.wikipedia.org/wiki/Bulgarian_language
https://en.wikipedia.org/wiki/Balabanski_Crag
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B(E2,J" = (J—2)7) (W)

Nucl. [J™[Ty,5 (ps)| Exp. |H208[H203|KHPE|[KHPE

Exp. -m -m

27| 13(5) 7(3) 13.6 | 14.3 | 12.3 | 13.2

471 35(5) 18(3) 16.9 | 18.5 | 13.3 | 16.5

Mpo|6] | 118(5) 16(1) 11.4 | 14.7| 5.9 | 126

87| 607(14) | 11.3(3) | 1.2 | 9.2 | 0.1 6.6
13(1) ns|0.54(4)[14]

27| 11(5) 13(6) 18.1 | 189 | 17.7 | 18.7

471 21(5) 26(6) 25.2 | 27.1 | 22.1 | 25.2

21%Po |67 | 31(5) 37(6) 188 [25.0| 9.8 | 23.2

87| 409(16) 24(1) 16.2 | 17.8 | 3.2 | 155

27| <15 >13 19.2 120.1 | 14.8 | 15.3

47 <15 >33 29.9 | 31.5 | 21.5 | 22.9

%P0 |67 | 20(8) 40(16) | 28.3|35.0| 2.8 | 3.2

87| 628(25) 7.8(3) 8.5 |16.2| 1.0 | 0.003

TABLE I. Experimental T} » and B(E2) values in *'*~*'*Po
measured in the present work and Ref.[14] (bold), com-
pared to calculated B(FE2)s using various effective interac-
tions: H208, KHPE, and their pairing-modified versions.
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FIG. 3. The calculated 07 — 8T yrast energy levels of even-
even 1°72¥Pg isotopes using H208, H208-m, KHPE and
KHPE-m interactions, compared to the available experimen-
tal data [14, 35-39].



1823 U

449

|T, 2= 13ns

1583 Y 8

HPGe ‘not-so-fast’-timing

reproducing the results of A. Astier and M.-G. Porquet, Phys. Rev. C83, 014311 (2011)
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