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Scientific value and motivation

Neutrino - Majorana or Dirac particle

OuBp decay — second-order weak-interaction process
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J. Menéndez, Nuclear Effects in Neutrinoless Double-Beta Decay, presented at Neutrino-Nucleus Interactions,

CERN (2022)
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Double beta decay Neutrinoless double beta decay
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Only observable in nuclei where:

B-decay is forbidden energetically due to
nuclear pairing interactions or

where B decay is very suppressed by AJ
angular momentum change
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Scientific value and motivation

Goal: the spectroscopy of low-spin states

focus on 0*in 136Ba

as a final nucleus in 0vpp of 1%6Xe to provide additional constraints on NME
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Reaction studied

135Ba(n,gamma) **Ba reaction

Instrumentation

FIPPS - a high-resolution HPGe detector array

Measurement setup & target properties
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FIPPS |
Continuation of the EXILL campaign . .
; ; ~ Egs >D=10eV |
gamma ray spectroscopy after slow neutron-induced reactions: n+ _/'g;
AX e

(n,y) reactions on (rare) stable targets (n,gamma) reactions on stable ~—>——<

targets close to stability; studied HE
46Ca, 48Ca, 682”/ 7OZn, 77sel 95M0, 96Zrl 143Ndr 155Gdl 161DYI 167Er’ structure at low spin 3 S\
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cross-sections measurements § ORI ot e
Spectroscopy and lifetime measurements - Sy =10 MeV 34—
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(n,gamma) reactions @ILL
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ILL reactor core with different beamlines: Red (fast neutrons),
(thermal neutrons) and Blue (Slow neutrons)

H5 H4

Reactor
Vessel (Al)

Horizontal Cold

Source (lig. D,) Hi4-HI18
HY Vertical Cold
25U Core Source (lig. D,)
_(HI2
HO Control Rod
Shielding
™ Security Rods

D,O

Moderator

BAC Pb L
7 108 / £ B8 . 110%
ncm?s? [ d o _E E (L T] ncm? st
50 x 30 mm? € LL] 3 g ] d=15mm
* 2.20m > |
“ Im

Position of FIPPS:

thermal neutron guide (H22)
continuous neutron flux ~ 1x108 n/cm?/s @ target position
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FIPPS-IFIN-HH ARRAY /

8 FIPPS clover detectors with ACs with 5 IFIN-HH (from
collaboration) clover detectors

Combined data from *2Eu and 2”Al(n,gamma)

27Al(n,gamma) reaction FIPPS-IFIN-HH ARRAY
152Ey calibration source; 2.72 x 10° Bq

Courtesy of G.Colombi
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Target properties: :
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135Ba cross section=5.8b
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y-ray cascades following n-capture on 13°Ba

S, (136Ba) ~ 9.1 MeV !
v, L1’
Y-y coincidences / v
v construction of the **Ba level scheme vl .,
v’ transitions intensities and branching ratios 4 '* :

Detector 1

Schematic diagram of two y rays in a cascade,
y-y angular correlations emitted with relative angle 8

v’ spin assignments
v multipole mixing rations &

W(0) = Ayl1 + Q,a,P,cos(0) + QuasPycos(6)]

|
! | |

finite-detector geometry accounted for by attenuation coefficients Q. e 7 | .< m m
\_7 [ |
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Credits to Javier Menéndez and Dorian Grzegorz Frycz

1363 spectrum

valence space: 50 < Z,N < 82 3 F —_—==-—=--—- -—=—=-—= - - 1
25 F _—:—: :—:i— =7 -_ .
{097/2’1d5/2’1d3/21251/210h11/2} % - _——_ - : ==: - =
for both neutrons and protons = Ll - = - - -—Z=_ - - _ 7" 1
5 — _ —
< — —
136Ba: 6 valence p + 2 n holes 5 15 - - - _ -
c
iel
. . & 1} i
GCN and QX interactions S - - EXP | ——
w - EXP) ——
0.5 F GCN J# ——
. GCN | ———
E,, J7, wave functions Ry —
Oh T4 1 1 1 1 30 i S T T N N B A Tllllqul-l ]
=012345678 0123450678 0123456738
B(E2), B(M1), ’

Comparison of experimental states (only NNDC) and theory up to 3 MeV,
+/- parities are represented with different colors
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Credits to Javier Menéndez and Dorian Grzegorz Frycz

Q“ROD N, o
RZTAN

Experiment:

extended experimental 0 *spectrum

solid black line — observed/confirmed in this work

dashed black line — previously reported, not confirmed in the present analysis

Shell model calculations:
both GCN and QX predict a considerably higher density of 0 7states

What is the structural origin of the excited 0* states?

Excitation energy (MeV)
w

» possible role of shape coexistence and configuration mixing ?

EXPO* GCNO* Qxot
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126 1328
Ba14.7o 60 12884 60 18.45
12.86 50 1500 50 15.88
11.03 40;76&0 :::; 40 }70' 13.61
9.188 30 /4 ”'u 30 @9/ 134

7.350 7.950 9.075
5513 20 5:953 20 6.806
3.675 3975 4.538
1.838 10 1.988 “ a0 2,269
* 00 01 02 03 04 05 e 00 01 02 03 04 05 %
B, By
144)Ba
19.40 19.80
16.98 X
o
1213 —
9.700
7.275 9200
4.850 7.425
f 2425 \ \ S \ 4.950
00 04 02 03 04 08 0000 : 00 01 02 03 04 05 ™ 00 04 02 03 04 05 2418
B, Ba B b 0.000
2
142g . . . .
Naz etal,, Nucl. Phys. A 979, 1-20 (2018) R Mean field PES for the nuclei 126138Ba in the (B,y) plane, obtained from a
- triaxial RHB calculations with DD-ME2 parameter set. The color scale shown
at the right has the unit of MeV, and scaled such that the ground state has a

8.475

Zero energy.

6.356

BN || o The shape transition from y-unstable (prolate) 12°Ba to spherical 138Ba.
00 01 02 03 04 05

B2
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Credits to Javier Menéndez and Dorian Grzegorz Frycz

Qvgjiul)-',l N,

3.2 3.2
2.8 2.8
2.4 2.4
2.0 2.0

-

()]
Energy (MeV)

=

(@)}
Energy (MeV)

1.2 1.2
0.8 0.8
0.4 0.4
0.00 0.02 0.04 0.06 0.0 | 0.10 | % 0.0 002 0.04 0.06 0.08 0.10 %

136Ba is predicted to be nearly spherical, with 3<0.1, the GCN gives more spherical minimum, while QX predicts slightly larger
deformation. No indication of a shape-coexisting minimum is observed in the calculated energy surfaces.
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Full shell-model shape invariants of 13®Ba e NEUTRONS =

Credits to Javier Menéndez and Dorian Grzegorz Frycz

GCN 60 y (deg) QX 60 y (deg)
136xe, 0F 136Xe, 07
136B3, 0+ _ 45 136B3, O+ / 45
1365 03 L ' 1365, 03 R s |
30 .30
\ 15 A 15
10 1Q

015 020 025 000 005 010 015 020 025
B

Full shell-model shape invariants indicate larger B values, nevertheless, the 07 and 03 excited states populate strongly overlapping
regions of the deformation plane. No clear separation into two distinct intrinsic shapes.

0.00
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136Ba: an intriguing 03 state evolution

Energy of second 0" state vs neutron number

2400 —

2200

2000{-
1800
1600

1400

1200

1000

800

Ba (Z = 56)

Raz = Ex47)/E(2)

Experimental systematics show a pronounced kink in 03 energy

atN = 80.
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The ratio R, , is consistent with a nearly spherical structure.

R4*2* vs neutron number

3 .
28— ™~ . Ba(Z=56) "
= . N=80
26— .
24— :
22F \
2;
18— /
16—
145 \
[ .
te= T R R B A O Ll
60 65 70 75 80 85 90 95
N
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Summary

LF
e

S107.740 ke

+ detailed low-spin spectroscopy and better understanding of the
e —— final nucleus of the 136Xe Ov3B decay via 13°Ba(n, y) reaction
» in total 140 levels extracted; 77 observed for the first time

. F dtransiton o

>

m----- s Tobermemsed *,

>

>

J assignments and mixing ratios from angular correlations

o2

* new constrains on excited 0*

o
°

exp. vs theory: theory predicts a much denser 0* spectrum

i
& L 918.580 ke

0000 ke

Partial level scheme of 136Ba, here gates applied on transitions
between 6 MeV in excitation energy and Sn

GSI Helmholtzzentrum fur Schwerionenforschung GmbH Zakopane Conference 2026 contact: j.bardak@gsi.de 03.09.2026 24



BT y—/
i Al
g 1
2= ¢§  NEUTRONS
Sum mary and OUthOk Yoy sa® FOR SOCIETY E 5 ][
~*‘§; Summary s o
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+ detailed low-spin spectroscopy and better understanding of the ¢ SI7ANkeV 17.52)s
— ewiel . i . <
e —— final nucleus of the 136Xe OvBB decay via 13°Ba(n, y) reaction & =
. . . (--] (]
s +« in total 140 levels extracted; 77 observed for the first time - -
™= <% Jassignments and mixing ratios from angular correlations
. . . " 4 Y 104.8(3) keV
% new constrains on excited 0 3
\ . . 5" ¥ = 0.0 keV 13.16d
- “ exp. vs theory: theory predicts a much denser 0* spectrum sy
|
K. Wimmer et al., Phys. Rev. C 84, 014329 (2011)
. Outlook 00
e % spectroscopy of 13¢Cs cool-

via 135Cs(n, y) reaction

— EETA50 kY

B
=3
=]

T

P 21411156 keV
S a0 2T kew

Excitation energy (keV)

d HE 300
o . +tt 3
" 15 200
: : complementary
H i information from the
: T recent 13¥Ba(d,a) study; 100
: ; : states in %Cs up to [
N pam ~2.5 MeV 0 p— : S S
Partial level scheme of 136Ba, here gates applied on transitions Previous work [17] GCN5082 This work SN100PN QX
between 6 MeV in excitation energy and Sn B. M. Rebeiro et al., Phys. Rev. Lett. 131, 052501 (2023)
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