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* Excitation energy of the
low-lying yrast states of 2w aisen 210m
212Pg are well described by
the shell model [1]
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I 1Hs 2024 SLUR 205Hg § 206Hg | 207Hg . 209Hg  210Hg  211Hg  212Hg  213Hg  214Hg
* Large a-decay width of the
ground state cannot be R T
described inside of the Source: NNDC
shell model

Motivates the preformation of an
a-particle by the valence nucleons

[1] H. Naidja Phys. Rev. C 103:054303, 2021
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Motivation

e Strongly mixing shell-model and a-cluster configurations can reproduce the
a-decay width of the ground state

* Reduced transition strengths of the transitions from the low-lying yrast states
are not well described by the shell model

81 1476 T, , = 14.6 (3) ns i »
B
6 Y 1355 Ty/2 = 0.76 (21) ns ; 10 z ........ | A“°Pog) 1
n 223 — 2212
4 1132 p N o“ ' “Pocyy2
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JAN
405 N $1%Poe
<
2+ 727 _ L
T1/2 = 14.2 (18) Ps o 1-
727 2 4 6 8
‘ angular momentum L
GS 0 Ti/; = 294.3 (8) ns [Clul] F. Hoyler et al., Rev. C, 50:2631—-2634, Nov 1994
212p, [Clu2] D. S. Delion et. al. Phys. Rev. C 85:064306, Jun 2012

[SM1] D. Kocheva et al. Phys. Rev. C, 96:044305, Oct 2017
[SM2] H. Naidja Phys. Rev. C 103:054303, 2021
[Exp] NNDC
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Motivation

e Strongly mixing shell-model and a-cluster configurations can reproduce the
a-decay width of the ground state

* Reduced transition strengths of the transitions from the low-lying yrast states
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[SM1] D. Kocheva et al. Phys. Rev. C, 96:044305, Oct 2017
[SM2] H. Naidja Phys. Rev. C 103:054303, 2021
[Exp] NNDC

July 18 2023 | CGS17 | Grenoble | IKP TU Darmstadt | Martin von Tresckow | 4



TECHNISCHE
UNIVERSITAT
DARMSTADT

Experimental setup

* ROSPHERE array [2] @IFIN-HH in Magurele/Bucharest (Romania)
(15 HPGe + 10 LaBr,(Ce) detectors with PMTS)

(+): Good time res. (~300 ps @1336 keV-1173 keV)
(-): Worse energy res. (~3.6% @779 keV)

* SORCERER [3] (6 Si photodiodes/solar cells)

— Covers the angles between 121.7 °
and 163.5 ° with respect to the ion beam
direction

i
-
k4

[2] D. Bucurescu, et al. NIM A837, Pages 1-10, 2016
[3] T. Beck et. al. NIM A951, 163090, 2020
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Experimental idea

* Impinging a B beam on 2%Pb target (9.65 mg/cm?, 99.14 %)
- Beam energy: 51 MeV
— Coulomb barrier: ~ 51 MeV [4]

* (Gate on the particle spectrum to clean up the y-spectrum

/ / F

. - o
\

\ \

[4] LISE QT Utilities
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LaBr;(Ce) gate on 405 keV DARMSTADT
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Si-LaBr time difference (SLTD) spectrum

* LaBr;3(Ce) - LaBrs(Ce) coincidence gate on the 223 keV-405 keV transitions

_________________ 8' 1476 T,,, = 14.6 ns
' Half-live 8* state of 212Po: 1355
10° __4' Tir = 14.4 (12) ns (meas.)
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(c) 223 keV - 405 keV coincidence

)
o

LA |

-1000 —500 0 500 1000
dt (ps)

7yr = C0n(223keV, 405keV) — PRC(223keV, 405 keV)

With Compton timing background
correction according to Ref. [5]

PRC(223keV,405keV) = —7(7)ps
CP (223keV,405keV) = 93(10)ps
Tyt = 100(14)ps

[5] J.-M. Régis et al. NIM A955 163258, 2019
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» Lifetime of the low-lying yrast states A |
could be determined “ea,
mean lifetime 7 g | T feeeeeneaneeede e a212 |
State [ this work lit. B(E2;1 — 1-2) = 10 & . f % POCI 1
27 16(13) ps _ 20.5(26) ps _ 2.6(3) W.u. = ol ‘
47 100(14) ps - 9.4(13) Wu. =510
6i+ 1.66(28) ns 1.1(3)ns  8.7(15) W ﬁ e - “Poc2
8/ 20.8(17) ns 21.1(4) ns 4.6(1) W.u. A
_I| izmpoexp
* 0-cluster components play an &
important role in the structure of %
these states i
State I wr Lo(I)/hin s~} | | | |
07 0.116 2.36 10° 2 4 6 8
2} 0.170 1.02 108 angular momentum L
AT y 8
%1_ O._lOQ 2‘32 107 [Clu] T.M. Shneidman from the collaboration
6y 0.190 r.49 10 [Clul] F. Hoyler et al., Rev. C, 50:2631-2634, Nov 1994.
87 0.158 4.99 10° [Clu2] D. S. Delion et. al. Phys. Rev. C 85:064306, Jun 2012

[SM1] D. Kocheva et al. Phys. Rev. C, 96:044305, Oct 2017
[SM2] H. Naidja Phys. Rev. C 103:054303, 2021
[Exp] NNDC and this work

July 18 2023 | CGS17 | Grenoble | IKP TU Darmstadt | Martin von Tresckow |

10



TECHNISCHE
- - UNIVERSITAT
Discussion DARMSTADT
» Lifetime of the low-lying yrast states [ A | |
could be determined Teea
mean lifetime 7 oy i Y S a.:.;. _______ A212 i
State [ this work lit. B(E2;1 — 1-2) = 10 A czaet . POCIL”
27 16(13) ps 20.5(26) ps  2.6(3) W.u. E @ .
47 100(14) ps - 9.4(13) Wu.  —~ =510
6F 1.6628)ns  11@)ns 87015 Wu. O o “Pogyy2
8/ 20.8(17) ns 21.1(4) ns 4.6(1) W.u.
A
. §212P%xp
Lifetimes confirmed by RDDS [6]: -
4+ 101(7) ps o
6*:1.65(15) ns @ | |
* For theorists and experimentalists, | | | |
there is still work to be done 2 4 6 3
angular momentum L
- State dependent effective [Clu] T.M. Shneidman from the collaboration
charge” [Clul] F. Hoyler et al., Rev. C, 50:2631-2634, Nov 1994.

[Clu2] D. S. Delion et. al. Phys. Rev. C 85:064306, Jun 2012
[SM1] D. Kocheva et al. Phys. Rev. C, 96:044305, Oct 2017
[SM2] V. Karayonchev et al., Phys. Rev. C 106:064305, 2022

[6] V. Karayonchev et al., Phys. Rev. C 106:064305, 2022 [Exp] NNDC and V. Karayonchev et al., Phys. Rev. C
106:064305, 2022
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Outlook

* Measuring unknown lifetimes of the
low-lying yrast states from %*Rn and
216Ra
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Figures are taken from NNDC and

Chang Xu et al., Phys. Rev. C 95, 061306(R) (2017)
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* Measuring unknown lifetimes of the
low-lying yrast states from %*Rn and
216Ra
- Strong a-preformation
e Successful ?“Rn experiment
last month with the same _  _
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Thank you for your attention!

For more informations: Ma. von Tresckow et al., PLB 821, 136624 (2021)
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Backup slides
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Lifetime determination applying
Centroid shift method

* Time difference spectrum D(t) between Feeder and Decay
=> convolution of decay rate N(t) and prompt response P(t)

E, D(t) = N(t) x P(t)
N P(t)
O —
yfeeder L
10? =
E, -
10
ydecay E
U= :
E : 1 1 1 1 Il i Il Il 1 | L 1 1 ‘ 1 1 L | 1 L 1 | L 1 L
0 0 20 40 60 80 100 120 140 160 180 200
PRC Cp Time difference

CD (Efeedera Edecay) =T+ PRC(Efeedefra Edeca,y)
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Lifetime determination applying
Centroid shift method

* Time difference spectrum D(t) between Feeder and Decay
=> convolution of decay rate N(t) and prompt response P(t)

E, D(t) = N(t) = P(t)
Yteeder ; ! Egg
Veecay

Time difference

CD (Efeedera Edecay) = T PRC(Efeedefra Edeca,y)
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e (Calibrated using *?Eu source Qneasured] Q known

PRC(Efeedera Edeca,y) — CD (Ef€6d€T7 Edecay) -7

* PRC to reference energy 344 keV as decay: PRC(E, 344 keV)
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J(E,344keV) = \% +po+py- B+ py - E?
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 Only once measured so far [1]: i = 1.1(3) ns
[1] A. Poletti et al. Nucl. Phys. A473, 1987

121 keV - 405 keV coincidence

1476
1355

8
S 10- *iﬂw
o ¥
: =
é 14 727
| Ll |
—9000 —6000 —3000 0 3000 6000 9000 o
dt (ps) Y
* Slope method: 1= 1.75(26) ns
Centroid shift method: t = 1.56(30) ns GS 0
212P0
* |Average: T=1.66(28) ns
20
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Compton background correction
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Compton background

(a) (b)

£
| - 5
PIP i bgt
blbg plbg
bglp -
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150 3 bl 60340
250 4003803
Sy, 300 - 440 6'20 (e
t B\

o), 350 28060 ¢ qe®

E.R. Gamba et al., Nuclear Physics Research Section A 928:93 — 103, 2019
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“Analytical time-correction” (ATC)

(. —I—};O?,

p/p — “p/p
’f‘ o P/B(Ef) ) lJr'cm‘(Ed) + P/B(Ed) : T'cor(Ef)
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cmo_cm B
(B = e Sbalpy py CPlv Tl
teor (B1) = ~p IB(E) ) = ~p/B(Ey)
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Si energy gate

600

Gate on the 727 keV transition in Ge
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Name of the run Source Length [days] Trigger
Eu-before 152y 2 LaBr + LaBr
LaBr-centre 8La 3 LaBr-centre + LaBr-ring
Run/NRun 1B beam @ “"°Pb target 1 Ge + Ge
(LaBr +) LaBr + Ge
1LRun 1B beam @ “°®Pb target 2 Ge + Ge
LaBr + Ge
SRun 1B beam @ “°Pb target 10 LaBr + Si
Ge + Ge
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Delayed time difference distribution e
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e Clu: o A |
- Dinuclear system model = ' AL
510 7 f """""" ? """"""" a212pog 4 -
- Cluster-type shapes are produced = o
by the collective motionof the < % 212p
nuclear system in asymmetry R ¢ TOcw2
coordinates A
1 *212P09xp
- Wave function of the nucleus is &F
treated as a superposition of a %
mononucleus and cluster 1 ]
configurations
- Excitation energy of the low-yrast 2 an 4u|ar mo%emumSL
states are not determined in this J
; [Clu] T.M. Shneidman from the collaboration
work, the theoretical energy are [Clul] F. Hoyler et al., Rev. C, 50:2631-2634, Nov 1994,
fitted to the experimenta] results [Clu2] D. S. Delion et. al. Phys. Rev. C 85:064306, Jun 2012

[SM1] D. Kocheva et al. Phys. Rev. C, 96:044305, Oct 2017
[SM2] H. Naidja Phys. Rev. C 103:054303, 2021
[Exp] NNDC and this work
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¢ Clul: L e |
- Optical potential deduced from _ | T
experimentally known charge 5100 & g ? """"""" s 21%Pogyyt
distributions =3 & i
o ©22Pogy,p
u(r) = V(r) + i W(r) -
! 212
- Wave functions are determined — $212Pocy;
applying the DWBA N
- Small alpha branchings are - 1 ]
predicted
2 4 6 8
angular momentum L

[Clu] T.M. Shneidman from the collaboration

[Clul] F. Hoyler et al., Rev. C, 50:2631-2634, Nov 1994.
[Clu2] D. S. Delion et. al. Phys. Rev. C 85:064306, Jun 2012
[SM1] D. Kocheva et al. Phys. Rev. C, 96:044305, Oct 2017
[SM2] H. Naidja Phys. Rev. C 103:054303, 2021

[Exp] NNDC and this work
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* Clu2: | A |
— Add to each single particle shell . “
model radial wave function a cluster 310 »~ _.g ?'":‘-z: ------ 4 212Pocy,1 -
component = | &7
Ui(r) = M) + V0, oj Rl
IIJ’II(SM)(!‘) o ff?_;;{[—)”'}—\j,jjﬁﬂ)(!‘)* fl\ 212
!’ N-ZU\:’U I _—In * Poexp
clus (8) N
1:*&;“' us)“_J = Zf’nf[_)me (r), I:"u’
N m 1 | |
N > N, (= 5,6) i
— b and ¢, can determined by
diagonalizing the potential mean field 2 4 6 8
angular momentum L

Or diagonalizing the residual two-
body interaction

Basis contains single partical

Gaussian-like wave functions: v,""“() =\,

[Clu] T.M. Shneidman from the collaboration
[Clul] F. Hoyler et al., Rev. C, 50:2631-2634, Nov 1994.
[Clu2] D. S. Delion et. al. Phys. Rev. C 85:064306, Jun 2012

.\:_r(clus)e—ﬁ{.{r —ro)?/2
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SLTD - LaBr energy matrix
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TECHNISCHE
Germanium spectrum low energy region A
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