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Accelerator laboratory of Jyvaskyla
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Accelerator laboratory of Jyvaskyla %
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Nuclear spectroscopy group %

5

Stable beams from the K-130 accelerator

Fusion-evaporation reactions - neutron-
deficient nuclei MARA RITU
Separator Separator

Top block =y

JUROGAM3 germanium array for
detecting prompt gamma rays

The MARA/RITU separator separates
fusion-evaporation products (recoil) from
beam

Focal plane at the end of beam line for
recoil identification and decay
spectroscopy

Proton drip line, heavy nuclei, N~Z ,
shape coexistence...

MARA: N~Z, medium mass-nuclei
RITU: heavier nuclei
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Recoil-decay tagging(RDT) _ MARA
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JUROGAM3 germanium
array

~

24 4-crystal (clover) germanium detectors

15 single-crystal (tapered) germanium
detectors

The detectors are arranged in four different
rings with respect to the beam axis.

BGO-shields to veto the Compton scattering
events

Array is located at the target position where
fusion-evaporation reaction is induced.

29.09.2026

Ring 1
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JUROGAM3 germanium
array

8

24 4-crystal (clover) germanium detectors

15 single-crystal (tapered) germanium
detectors

The detectors are arranged in four different
rings with respect to the beam axis.

BGO-shields to veto the Compton scattering [
events

Array is located at the target position where
fusion-evaporation reaction is induced.
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Simultaneous y-ray and e
conversion-electron e (4

chagber
Bl

spectrometer SAGE

* 10 Tapered and 24 Clover type germanium =
W | =

detectors = ;‘/-@Z! S
- . . = , i \' \‘\;‘ Do_wnstream
* The SAGE silicon detector is positioned upstream of T AR ' 5 J
the target 7

barrier Mmain Coil

* Conversion electrons are transported using the
solenoid magnets from the target to the silicon
detector (800A)

* HV-barrier inside solenoid is needed to prevent the
low-energy delta-electrons reaching the silicon

detector
4y
vJYVASKYLANYLIOPISTO ) UNIVERSITY OF Science &Technology
UNIVERSITY OF JYVASKYLA LIVERPOOL ¥ Facilities Council
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(APPA)

* Contains target and movable degrader foil

* Is used in conjunction of the JUROGAM3
spectrometer

* Can be combined with JYUTube charged-
particle detector array

* The distances below 100 um are measured
capacitance method

* The distances above 100 um are measured
with step motor

%

]YVASKYLAN YLIOPISTO
UNIVERSITY OF JYVASKYLA
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Advanced Plunger-Particle detector Array

(APPA)

11

These spectra are collected from Ring 1.

Lifetimes can be determined by using Recoil-
Distance Doppler-Shift method (RDDS).

Alternatively Differential Decay Curve
Method (DDCM) can be used for the gamma-
gamma coincidence data.

APPA can be used to determine the
picosecond lifetime of levels

Uusikyla, E, submitted to EPJA

29.09.2026
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Shape
coexistence In
neutron-deficient
Pb region



Shape coexistence in neutron-deficient Pb %
isotopes |

* The shape coexistence phenomenon has
been under study for several decades in Pb
region

* Shape coexistence appears close to the
neutron-midshell N = 104

* |In addition to the spherical ground state, the
intruder structures have been identified to
be as following shapes, prolate =(4p-4h) and
oblate =(2p-2h), in neutron-deficient Pb
isotopes

13 29.09.2026 JYU SINCE 1863.



Shape coexistence in neutron-deficient Pb
isotopes

N=104
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Previously known about %°Pb

Prolate band

20

The excited O+ states were observed for the
first time at a-decay study of *°Po

The y-ray spectroscopy study has shown
rotational yrast and non-yrast band

The lifetime measurement has been

performed for the yrast band

29.09.2026

(10) 2624

462
87 2162

662
o 0

JYU SINCE 1863.



SAGE experiment for 2°Pb

21

Performed in the Accelerator laboratory of
Jyvaskyla

SAGE+RITU+GREAT+TDR

106pd(83Kr,3n)8Pb

Recoil-decay tagging method

Observed feeding of 0,* state

0,*—=0:*and 0s*—=0,* transitions were obseved

2,t—=2:7and 4,t—4,* interband transitions’ EO
component were identified

29.09.2026

Prolate band

463

390479

Oblate band

(10f) 2624
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401

4 1337
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SAGE experiment for 2°Pb

22

Main results:

The B(E2; 2:*— 0,%7)=190(80) transition and
Q:=7.7 eb shows collectivity and implies a
predominant prolate component for the 0,7
state — originally it was associated being
part of the oblate band-head state

For inter-band transition Al=0, it determine
the monopole strengths
, Ix(E0)W (E2)
1,(E2)Q(E0)
The mixing of states can be estimate via p?
and using two-level mixing mode

p=(2=2) V- B

29.09.2026

The oblate deformation parameter ,=0.17
was taken from lifetime experiment of 4Po
and similar B(E2) values were assumed for
intra-band transitions of were assumed for
non-yrast structure in 8Pb

The prolate deformation .=0.29 was taken
from lifetime experiment of *4Po

Mixing parameter was estimated a?=0.9-0.96
for prolate band- relatively pure prolate
band

Similar mixing was also concluded in life time
experiment

Word of warning: These are very crude

estimates about mixing
JYU SINCE 1863.



SAGE experiment for 2°Pb

23
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SAGE experiment: Pb-186
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Previously known about 2Pb

Dracoulis, G. D. Phys. Rev C 69, 054318 16— 4532.5
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Previously known about 1%¢Pb

Dracoulis, G. D. Phys. Rev C 69, 054318

(2004)

The excited 0+ state was observed by a-

decay of *?Po

The y-ray spectroscopy study has shown
rotational yrast and non-yrast band

The lifetime measurement has been

performed for the yrast band

(Second excited O+ states has been

identified)

Le Coz, Y, EPJdirect A3, 1-6 (1999)
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Previously known about 1%¢Pb

Dracoulis, G. D. Phys. Rev C 69, 054318

(2004)
1q+—l—35297
The excited 0+ state was observed by a- P S
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SAGE experiment 2Pb

Performed in the Accelerator laboratory of

Jyvaskyla
SAGE+RITU+GREAT+TDR
160Dy (325,4n)188Pp
Recoil-tagging method

0,*—0:* was observed

2,t=2:7and 4,t—4,* interband transitions’ EO

component were identified

No sign for 0s*state

(c)
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SAGE experiment 183Pb

Earlier the 0,* state was associated with oblate. In current experiment, the obtained intensity ratio
between 2,*- 0.t and 2,*— 2:* gives reason to reassign the 0,*state as band head of prolate band

With similar type of assumption as in 8Pb, it was possible to estimate the mixing between two
configuration a2=0.8 for a prolate band

188Pph prolate band seems to be more mixed compared to 1%Pb. Similar feature are also hinted by
kinematic moment of inertia plot and estimates based on on the transition strength
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Montes Plaza, A., et al., Comm. Phys. , 8(8)
(2025).
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SAGE+APPA experiment:

190Pb

* The yrast band was associated with

predominantly oblate shape
* The non-yrast band has been

assigned a predominantly prolate

character

* The measurement of EO(0,*—=0,%)
allowed to assign first excited O0* state

to oblate band
* Discovery of a spherical 2;5* state

31 29.09.2026
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Pb-190 Theory comparison
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Pb-190 Transitional quadrupole moment
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SAGE / APPA experiment: Pb-190

34
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SAGE / APPA experiment: Pb-190
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Previously known

* The excited 0* state at 570(30)
keV were observed for the first
time at a-decay study of 188Po

* The y-ray spectroscopy study
has shown yrast states up to
8* state.

about 84Pb

- . —— @) |
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*g 30 F : | 2374, o4 -
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Cocks, J.F. C., et al., EPJA 3 17-20 (1998)
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JUROGAM Il experiment: 8Pb %
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JUROGAM Il experiment: 34Pb

(14%) 3264

{

592
(12+) § 2672

537
(10%) § 2135

+

473
(8") 1662

:

401

(4%)
(29)

o

O+

38 29.09.2026

50

Ojala, J., et al., Phys. Lett. B,

867 (2025). 45
40
;35

]

z
2016 i 30
s © 25

_I T TT T TTT TTTT T TTT T TT T TTT L 1 T TTT T TT | T TTT | T TT TTT I_
:..fx ........................................... ‘ ...................... :
IO SO SOOI SRR S AT O e O OOt SOUOOROUOOOE SOUTOOOOORS SOOI i

IIIIiIIIIiIIIIiIIIIiIIII]:IIIli\l\IjlllliIIIIiIIIIiIIII:EIIII

150 200 250 300 350 400 450 500 550 600 650

y-ray energy [keV]

JYU SINCE 1863.



Previously known about *°Pb and °'Pb

(43/27) __ 4632
_. 335 T1/22 100 ns.
(41/27) “§ 4297 +  eT ' 26802.50 Ti/2%17ns
i} T1/2%15ns g-r __4108.85 (27,29 2441.0
(39/2°) ¥ as64 (28)—r— 2418.10 631.7024:?85 “920 2 -
I 189Pb - 20040 770 @7 a0 2918
* For both of these nuclei, the 37,2(__3_?%9 @ (25Y) g/ [243— 2107.0
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Lifetime experiment: °!Pb

* The lifetime has been

obtained for the structure

build above 13/2:* state I -------- 4.28(24)ps
* Obtained transitional 4.42(12)eb 562

quadrupole moment values 1301 21127 9.9(13)ps

corresponds values that are 5.2(3)eb 483

oblate deformation (for 819 QP 1727 5 4100ps

example 1%4Po) 3.5(3)eb 670 13/2%

Spherical

670

40 29.09.2026 JYU SINCE 1863.



SAGE experiment:

* For both of these nuclei, the
level schemes are known
above the 13/2+ state

* The second 13/2* state is
known for °1Pb via beta
decay studies

41 29.09.2026
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Conclusions

 186.188,190.189ph was measured using combined y-ray and conversion electron
spectroscopy

* APPA device was used for measure lifetimes for 90191pp states
* 184Pp was measured with the JUROGAMII spectrometer
* The systematic picture has became more clear with these experiments

* More still to come!
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