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=== Beta decay and the Pandemonium problem

Beta decay: often the first source of experimental information on nuclear structure. Key
decay process in different nucleosynthesis paths, key decay process in medical imaging
and treatment, easiest probe of weak interaction...

The relevant information: half lives, Q values, decay scheme... and beta intensity
distribution IB(E)

Parent nucleus

Ty ...from gamma intensity balance??
P 7 = True for light systems..., but not
Qs E, in general!!l measuring the
Yy E feeding distribution for is far
! |y ! from being trivial!!

Daughter nucleus
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Beta decay and the Pandemonium problem

Beta decay: often the first source of experimental information on nuclear structure. Key
decay process in different nucleosynthesis paths, key decay process in medical imaging
and treatment, easiest probe of weak interaction...

The relevant information: half lives, Q values, decay scheme... and beta intensity
distribution IB(E)

AZ
Parent nucleus
Ty ...from gamma intensity balance??
= .
P 7 = True for light systems..., but not
Qg E, in general!! measuring the J3
Yy E feeding distribution for is far
! |'y ! from being trivial!!
Daughter nucleus =» Pandemonium %e HPGe
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GELIE L Total Absorption Spectroscopy @ ISOLDE

* Total Absorption Spectroscopy (ldeal case)
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Development of TAS analysis techniques: Tain et al., NIM A571 (2007) \ |r — D
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ISS7O I5669 04,66Ge & ©3.70Se for stellar weak-decay rates

* rp-process along the N=Z line: X-Ray bursts, luminosity curves...
* XRB conditions: no terrestrial half-lives or Q-values anymore - Theory strongly needs experimental constrains
» 6466Ge gnd 466Ga measured, analyzed and partly published. 879Se: 2 proposals approved... never got the beam!!
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ISS7O I5669 04,66Ge & ©3.70Se for stellar weak-decay rates

* rp-process along the N=Z line: X-Ray bursts, luminosity curves...
* XRB conditions: no terrestrial half-lives or Q-values anymore - Theory strongly needs experimental constrains
» 6466Ge gnd 466Ga measured, analyzed and partly published. 879Se: 2 proposals approved... never got the beam!!

= PhD Selene Parra
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W * UNIVERSITY 1IS687: %/Na and 220 for isospin asymmetry
| Ve OF WARSAW _ .
studies in the sd shell

— 27S candidate for 1p-halo: p-delayed protons into 2’P measured.
— When compared to -decay of the mirror... mirror asymmetries of ~40%: real or Pandemonium?

4 hifts approved and used in July-2022 : 30 million beta-gamma coincidences registered!
— Calibration of the experiment: Master thesis, Piotr Bielak, University of Warsaw, 2024

Results of the experiment: Pandemonium effect in a light nucleus! Isospin mirror asymmetry reduced but not fully
accounted by Pandemonium. Contacting theoreticians for theoretical interpretation. Beta-gamma competition above
neutron separation energy!
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il * UNIVERSITY 1IS687: %2/Na and %20 for isospin asymmetry
{5 OF WARSAW o
studies in the sd shell

Extra cases: offline calibration sources

g1oz§ = g :QB } QB
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o ] - Analyses ongoing: x2 Bachellor thesis,
- Master thesis, Angel Barral Diaz, Hubert Dajnowski and Piotr Zandarski,
University of Warsaw, 2025 University of Warsaw, 2026
- Final results to be published during LS3 - Important cases for reactor applications
- Comparison with previous results from IDS: - Strong forbidden transitions to ground state
M. Brunet et al. PRC 103, 054327 (2021)
_ o _ _ - Synergy with other experiments at Jyvaskyla
- Role of forbidden transitions in the 298Pb region
p=p NIVERSITAT

l'l-l C - Final results to be published during LS3 SVALENCIA
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1S722: 1°2155Th (medical) & 7®7/Br (neutrino phys)

Tb isotopes used in medicine within radiolabelled molecules for PET and SPECT imaging or as theranostic
pairs for treatment. >?Tb good for PET, >>Tb good for SPECT imaging, theranostic pairs of 4°Tb, 161Tb, 177Lu.

152Th, among others, has been identified at Nichols [NIC22] and [IAEA24]

as needing for a TAGS measurement

- Dose distribution in patient depends strongly on Ev/EB
- Quality of PET images depends strongly on EC/B* ratio

Q.
i
o
A=
<

[IAEA24 ] Engle et al., IAEA INDC(NDS)-0884, Nuclear Data for Medical Applications (2024)
[NIC22] Nichols A. L., "Status of the decay data for medical radionuclides". Radiochim. Acta 110, 609 (2022)

ENCIA

- No actual shifts required, just collections and off-line measurements
SITAT

'.ll - 152Th measured and analysis finished. Publication during 2026. 7®7/Br measured, to be analysed.
- Other Tb isotopes contaminated with Ce or La oxide sidebands. Waiting LIST ;0)

NEUTRONS
FOR SCIENCE
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10*

‘11 10°
NEUTF =
FOR SCIENCE

Feed (%)

Analysis confirms that high-resolution data on >?Tb has large Pandemonium systematic error
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1S722: 1°2155Th (medical) & 7®7/Br (neutrino phys)
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L. CSIC
TS 1S722: 1>21>5Tb (medical) & 7>//Br (neutrino IOhYS)
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Feed (%)

Analysis confirms that high-resolution data on >?Tb has large Pandemonium systematic error
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--> Publication by the end of 2026

e GEANT4 simulation of a water sphere and dose
deposited at different distance from the center

Layer S val_ue_ S valfje_ Difference (%)
(GyBg's) (GyBg's™)
1 3.17e-12 2.61e-12 17,55
2 1.03e-13 1.30e-13 -26,63
3 3.72e-14 4.73e-14 -27,22
4 1.87e-14 2.36e-14 -26,15
5 1.09e-14 1.39e-14 -26,91
6 7.07e-15 8.98e-15 -27,13
7 4.85e-15 6.14e-15 -26,69
8 3.41e-15 4.35e-15 227,61
PhD Carolina Fonseca 9 2.47e-15 3.18e-15 -28,78
10 1.79e-15 2.32e-15 -29,03

Number of positrons per decay:
- ENSDF: 0.20

- TAS:0.14

EJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS

VNIVERSITAT
& @5 DEVALENCIA



% UNIVERSIDATD

MADRID

* Gamow-Teller vs 1%t-forbidden competition for nuclear models and astrophysical r-proc
* n-gamma competition above S_ = constrain (n,y) stellar rates around 7éNi

* Approved Shifts: 15

* Measured Shifts: 11. Several technical problems during run: LINAC, PSB, our tape
* Maximization of duty cycle sending to TAS and IDS within the supercycle
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*no contaminant subtraction:

-COMPLUTENSE  [|S684: Neutron-rich Zn isotopes for astrophysics

Estimated Estimated counting
total counts in rates in
TAS Beta-gated TAS Beta gated* (kHz)
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@ COMPLUTENSE  |S684: Neutron-rich Zn isotopes for astrophysics

<;;,\,,<> MADRID

* Gamow-Teller vs 1%t-forbidden competition for nuclear models and astrophysical r-proc
* n-gamma competition above S_ = constrain (n,y) stellar rates around 7éNi

* Approved Shifts: 15

* Measured Shifts: 11. Several technical problems during run: LINAC, PSB, our tape

* Maximization of duty cycle sending to TAS and IDS within the supercycle
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. 243 S1500 |> =
o g x
@ O 3 E 827n B populated level
o 2 >
Lo 1000 — 2 S
gm/"z : : % % S
P3/2 5 g7 : i~ <
1fs/2 08S - P
(28) v 500 ﬁ g N
1f, — 00000000 —
Vo2 =<— (G.T. transition
@ LGN f.f. transition O
1d eoes [ \ I | | | \ \
;;ﬁg i 1000 2000 3000 4000 5000 6000 70([)|? V?OOO
o, —— 00088 —— nergy e
"Fl ¢ L *no contaminant subtraction: bckg, pile-up, daughter act|V|ty c " [\i‘i'v\fl G



D

A
S
R I

oMo

D

- Calibrations of detectors performed (energy, instrumental width, etc...)

- Verifying detector response with calibration sources:

1IS684: Neutron-rich Zn isotopes for astrophysics

W)

__NasSim 80Zn deca
24Na —2NaExp Yy — i
. Integral 6.959e+05
E 10 §_ Exp
5 = B0Zn Sim ENSDF
R h i i BOGa Sim ENSDF
| M ) _
10° ﬂ‘:i ¥ f:l e B0Zn+B0GE Sim ENSDF
| ik / | ﬂl ~ Q
Al | W ||I % Q B
I:II l-'uw o v 80Zn dﬁ;ecay) (*°Ga decay)
N/
10
ElkeV) E
- ——60Co Sim 3
=—68CoExp | 10
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SIDAD 9
TENSE  |S684: Neutron-rich Zn isotopes for astrophysics
MADRID
- Calibrations of detectors performed (energy, instrumental width, etc...)
- Verifying detector response with calibration sources:
£ ~—24Na Sim 80Zn deca
E 108 24Na :24Na Exp ] S|m>EXp y Eririos 55856
_1 Pandemonium Integral 6.959¢+05
10 £10E effect Exp
. 8 - B0Zn S5im ENSDF
! = BOGa Sim ENSDF
10° BOZn+B0Ga Sim ENSDF
- Q, Qs
0 - 80Zn decay (8°Ga decay)
o 10°
EfkeV) -
£ F ——60Co Sim -
S =——6%CoExp _ 10 |

-
IIII|

4

7000

NI I A A A
1000 2000 3000

8000
Energy (keV)

Exp>Sim cCSIC &l % VNIVERSITAT
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O Waneaw  1S767: neutron-deficient gallium isotopes

- Superallowed transitions as tests of the electro-weak interaction. But non-analogue F and GT transitions at higher energy??
- Highly accurate determination of Ib for the gs to gs needed to determine V4 of the CKM matrix

17 shifts approved for TAS, fully used in Apr-2025

61Ga: 300x 102 beta-gamma coincidences: as expected

62Ga: 3 million beta-gamma coincidences: ¥4 of expected due to target degradation
63Ga: >10 million beta-gamma coincidences: as expected

63G 3

— Exp.

W
T 4 n-2
. 10
Exp. Lo:; — MC ENSDF

— MC ENSDF

I\IIIIIIl T TTT

1074

10°° 105 |
| | | ] = | ] ] | | L
0 1000 2000 3000 4000 5000_6000 7000 0 1000 2000 3000 4000 5000 6000 7000
Energy [keV] Energy [keV]
— Calibration of the experiment: — Preliminary results expected during LS3 )
'IF‘! pum Master thesis, University of Warsaw, 2026 cCSsIC @nn Vg{/vm_{sn(m
L = € 9 DOVALENCIA



" F " C  CSIC 1S707:; 183.185187Yg & 185m,187m|g y

0.2 L
0.0
. o o -0.2
The Hg isotopic chain
M Shape transitional region around A~186: £ 04
oblate — prolate competition 1
S 0.6
M Staggered change in the mean-square charge radii s
. . . 190Hg: (p2)*= 0.174
conventionally associated with shape changes 08| |
B.A. March+,
-1.0 f Nature Phys. 14 (2018)
Thi K, gs/i O
IS707: B-strength of 183.185187Hg gnd 185m,187mHyg 12f Provious work, gols ® ©
. . . . 176 178 180 182 184 186 188 190 192 194 196 198
B First study of shape isomers with the TAGS technique Mass number

B Different nuclear shapes expected for 1/2~ ground state and 13/2* isomeric state

B Beamtime in 2023, analysis in progress (PhD thesis S. Naqvi)

C s l C &b % VNIVERSITAT
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l'rl C  CSIC [S707: 183,185,187Hg & 18>m,18/mHg

B High statistics: ~100.000/h in
TAS X-ray-gated spectrum

M Isomer separation from RILIS ion source o 10°E :
€ = TAS (anode-singles sum) TAS (9.4607)

Laser wavelength control 3 C
ol . - — : O e — TAS/p-gated (2.8¢06)
| [| asmHg e =

i A 1#9MHg I~ TAS / X-ray-gated (1.1206)
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1IS687: neutron deficient In around 132Sn

- Low-lying collective modes (Pygmy at ~10 MeV?)
- south-east of 132Sn: r-process nucleosynthesis

- neutron-gamma comp above S

- Complementary to a very complete study at IDS

_ 131,132,133,133m,134 ( 3 )
In approved and measured (24 shifts @2, &s M. Piersa et al., PRC 99, 024304 (2019)
i w0\ B
2fs
1hy, : :
Tel3l Tel32 Tel33 | Tel34 | Tel35 Tel36 Tel37 Tel38 Tel39 3p ) ; o —
12 @) o EEE; 4416
25.0m 3.20d 12.5m 41.8 m 19.0s 17.63 s 2.49s 1l4s 500 ms 3p3/2 N\ S_c"é_r;;‘;_: 4352
g
Sb130 Sb131 Sb132 | Sb133 | Sb134 Sb135 Sb136 Sb137 Sb138 o R | 1%
o
39.5m 23.03m 279 m 25m 780 ms 1.68 s 923 ms 450 ms 500 ms a 5
= (127 | 8+
Sn129 Sn130 Sn131 Sn133 Sn134 Sn135 Snl36 Snl37 1351/2 5 z
112 I
223 m 3.72m 56.0s 1.12s 250 ms 190 ms 2d3/2 O‘Q 5
IN128  In129  In130 In135 2ds), i o 8 J
197 > 5 E (V)
840 ms 611 ms 290 ms 92 ms 927 f i
Cd127 (Cd128 C(Cd129
1
370 ms 280 ms 242 ms Zgg/‘?
12
Pz —Ce®¢—77°7 - 7" 0
1
fsr2 . e
7T
13381,1




4 @

Low-lying collective modes (Pygmy at ~10 MeV?)
- south-east of 132Sn: r-process nucleosynthesis

\ . COMPLUTENSE

MADRID

- neutron-gamma comp above S_

- Complementary to a very complete study at IDS
- 131,132,133,133m,134|n gpproved and measured (24 shifts)
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1IS687: neutron deficient In around 132Sn
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Ij%é%iég 1IS687: 2’Na and 220 for isospin asymmetry
studies in the sd shell

— Extra case measured : beta decay of 46K into 46Ca

|

|

| 1 h measurement:

i 1.6 million beta-gamma coincidences!
|

-eﬂﬁww

0 2000 4000 6000 8000 100001200014000
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—
T AT T T T T T T
[T T ‘ |

Under analysis: Bachellor thesis, Dawid Tutka, University of Warsaw, 2026

- Final results to be published during LSS3.

- Evolution of shell structure in Ca isotopes: comparison with shell model calculations . " S
(i P. Choudhary et al., PRC 103, 064325 (2021) #CSIC {yrim
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ELIE RIPLE-3 calc...

Parent Nucleus Qec(MeV) Measured populated | Theoretical Expected levels
levels _ (last MeV) (last MeV, HFB+Comb from [GOR08])

768y 4.96 3 (+47?) (all J) 13+18+44 (0+1+2)
152Th 3.99 <30 _(all J?) 77 +206+188 (1+2+3)
155Th 0.82 20 ~(all ?) 5+15+20 _ (1/2*+3/2*+5/2*)

[GORO08] S. Goriely, S. Hilaire, A.J. Koning, Improved microscopic nuclear level densities within the Hartree-Fock-
Bogoliubov plus combinatorial method, Phys. Rev. C78 (2008) 064307, numbers taken from RIPL-3

Cumulative Plot of Discrete Levels

Z=34,A=76
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= Geardd_simoialion
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Energy (keV)

B-decay of 2*Na: benchmark for our simulations

Benchmarking the Response Function

99.944% population at 4.1
MeV
00.053% population at 5.2

=MeV
-~Na 5235
4123
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24Mg
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