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Overview — Points to be discussed

« Double Isobaric analogue states (DIAS) 48Ti
 Double-gamma decay — HPGe detectors

* Double-gamma decay - scintillators
Summary
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Ov[3[3 decay - role of Nuclear Physics
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Direct experimental approaches

go through it

Isotope mass (m;,) Total efficiency Energy resolution (6)  Sensitive exposure  Sensitive background Background rate
[mol] €act " Eoont * Emwa * Epoy [keV] [(mol yr)/yr] [events/(mol yr)] [events/yr]
10 10> 10° 10° 0 02 04 06 1 10 1°. 1 10 10° 10° 10° 10°10*10°10210" 10210" 1 10 10?

MJD | u ]

LEGEND-200 ] [m] ]
LEGEND-1000 O e [m] [m]
EXO-200
nEXO
NEXT-100
NEXT-HD
PandaX-Ill
LZ-nat
LZ-enr
DARWIN
KLZ-400
KLZ-800
KL2Z
SNO+ [ = H | — m} [m]
SNO+HI F—"innn | = T — m

CROSS [ ] 1 /2

CUPID ]

Amore-ll ] [u] ﬁ [m]
NEMO-3

SuperNEMO-D

SuperNEMO

]
[m]

O
=]

]
O

a
|

Agostini, Benato, Detwiler, Menéndez and Vissani Rev. Mod. Phys 95 (2023).

& = 1% = Go(0Q,2) IMY? m

p



Indirect experimental approaches
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Indirect experimental approaches
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The double y decay

In 2015, a Nature paper reported its observation in Second order EM
competition with single-gamma decay in "*’Ba: i)
r,/r,=10®

E1

. Using good time properties of scintillators

b 400 yy/y-decay + background
—— Compton scat. + background
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* The two-photon decay process is a second order process in E =E. +E
quantum electrodynamics (QED) = excited nuclear state ' e B
emits two gamma-ray energy-quanta of continuous energy = * Eqs E5 are continuous
» Theoretically the yy-decay process is treated as a second-
order perturbation




Overcoming experimental challenges

» 5 detector pairs 72°
» 5 detector pairs 144°

Use of fast LaBr;:Ce
scintillators

m— 2vy-Zerfall
—— Compton-Streuung

« Activity of '3’Cs -source: 16.3(5)uCi

1STCS

B~ -decay 712"

11/2™

M4 | 662 keV

3/2*

The time spectrum originates from a real double At (ns)
gamma decay and not from Compton scattering Courtesy of N. Pietralla




DIAS candidates: #8Ti

Best candidate: %8Ti — mimic Ovpp “éCa d :
est candidate i — mimic Ovpp “°Ca decay [, T ev) E'Mev)

0t 2910 74| DIAS

M1

1)2y has the same initial and final states as in 230v
@0‘5 2)The 17 MeV 0" DIAS is known N+
3) Particle unbound, but particle decay is highly
suppressed (isospin forbidden).

12.6
M1

0t
1) Difficult to populate (high energy 0+) 48Ti
0$% 2) Extremely small double-gamma decay width: 73.72%
~ 10-8
¢ 1),/ Tyop = 10

« How to populate efficiently the 0* (T=4)?

46Ca

« How to be sensitive to the 2y? eo0aw ”

2B- 2B- = 75.00%




do/dQ  (mb/sr)

How to populate the DIAS - 2y

50Ti(p,t)*8Ti Q = -10.6 MeV
46Ca(*He,2n)*8Ti Q = -8.36 MeV
48Ca(®He,3n)*Ti Q = -5.01 MeV
48Ca(®°Ne,2°0)*8Ti Q = -6.50 MeV
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TABLE V. Results of using Eqs. (1) and (2) to calculate cross sections for *****#Ca averaged
over 400-500 MeV.*

DIAS only® Fit DIAS + g.s.
do/dQexp do/dQeac do/dQarc
Transition (nb/sr) (ub/sr) (ub/sr) x*
0.747+0.109 0.747

“2Ca — *2Ti (DIAS)
44 447

0.498 5.24

2.49+0.284 2.49 2.43 0.04
0.094+0.047 0.418 0.0901 0.01
0.026+0.026 0.308 0.0663 2.37

18Ca — 18Tj (DIAS)
Ca — "Ti (g.s.)
®Ca — **Ti (g.s.)

A.L. Williams PRC43 766 (1991)



Experimental challenges

The competitive yy/y decay process is at least seven/eight orders of
magnitude smaller than the single gamma decay.

Due to the nature of gamma radiation with matter, large probability to have
a Compton effect that mimics the yy/y decay process E; = E; + E,

Two gamma rays with Eydeposit partial energies 2 2E;= E,

Gamma natural background

1:100000 000

40K, etc ...




The AGATA spectrometer

Advanced GAmma-ray Tracking Array

» 180 (60 triple-clusters) crystals

= - Germanium: 362 kg
o « Solid angle: 82 %
| * acquisition >50 kHz
@  efficiency: 43% (M,=1)
g «  Angular resolution : ~1°
=
" A «  AGATA technical paper: NIM A 668, 26 (2012).
B « Topical Issue EPJA:

Hadrons and Nuclei

https://epja.epj.org/component/toc/?task=topic&id=1878
«  AGATA White Book: W. Korten et al, Eur. Phys. J. A

(2020) 56:137.

13 countries
41 institutions

NuPECC
'“PI(( Long Range Plan 2017

@ Perspectives ~ 160 resea rCherS

in Nuclear Physics
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Double y study with AGATA

Employing y-ray Tracking as an
Event-discrimination Technique for
y-spectroscopy with AGATA

Anwendung von y-ray Tracking als Ereignis-basierte Distinktionstechnik
fiir die y-Spektropskopie mit AGATA
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Increasing the experimental position resolution, as well being able to recognize
multiple hits within the same segment could be crucial for future measurements.



Double y study with Scint
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Competing processes: IPC & y-cascade

We could extract the BR simply measuring how many 2y-decay events
are observed, but two main competing processes can mimic them:

Internal Pair Creation (IPC), i.e.
simultaneous emission of an e’e” pair
carrying the full transition energy.

Mo /Mipe= 10

. Y-cascade, i.e. 2y cascade through
an intermediate state. Theoretical
calculations predict most of the
intensity to go to the 12.6 MeV state.

My /Ty =1 08

« 302 3.5”x8” cylindrical LaBr, in spherical
configuration

o AT =880 ps
« Detector face is 50 cm from target

« Reaction chamber: radius 17cm, 2mm thick

E*(MeV)
17.4

12.6

48T




Competing processes: IPC

. : /e charged particles, we expect a total energy loss [y Toc EMev)

« AE =2 MeV in scattering chamber + detector capsule

For multiplicity 2 events the energy E{+E, spectra
they deposited in the array are quite different 1

< 20000p : :

2 18000E- Internal Pair Creation

© 16000 — Yydecay

5 14000F

€ 12000F

3 10000\ Only yy
8000E- events
6000;- | /w/h\‘«"\\
4000 o \
2000F | M\,\

We can remove these events with an 0™~1700 12000 75000 14000 15000 16000 17000

energy threshold E,+E, > 15 MeV

E, +E, [keV]



Competing processes: y-cascade

« Y-cascade: gammas emitted in cascade will have a discrete [y Iy (e E (Mev)
energy. In most cases 4.8 MeV and 12.6 MeV. 0T 2010 174
1" 126

- For multiplicity 2 events and setting an energy
gate E;+E, > 16.9 MeV, the energy difference 1 M1

E,-E, spectra are quite different ot
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Competing processes: IPC & y-cascade

« Y-cascade: gammas emitted in cascade will have a discrete [y Ty (e E (Mev)
energy. In most cases 4.8 MeV and 12.6 MeV. 0T 2010 174
1" 126

- For multiplicity 2 events and setting an energy
gate E;+E, > 16.9 MeV, the energy difference 1 M1

E,-E, spectra are quite different ot

10 keV

1800E | —y cascade

1600 r‘ yy decay
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200 R

We can remove these events setting 002000 4000 6000 8000 10000 12000 14000 16000
an energy limit E, - E, <2 MeV E, - E, [keV]

= We are only interested in those!

Counts /




Competing processes: y-cascade issues

. Problem with y-cascade: if 2y correlation angle is low, [, EMev)
the 12.6 MeV gamma can deposit 8.7 MeV in one detector, ot __ 20 174
scatter on it and deposit the rest where the other gamma hit + oy
=) Fake 2y events! M1

1 0"
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We can remove these events setting 0 2000 4000 6000 8000 70000 1200014000 16000
an angle limit 6 > 25° E, - E, [keV]




Energy pd1 [MeV]

Test measurement @ CCB

Centrum Cyklotronowym Bronowice IFJ PAN

8 hrs test measurement in non-ideal conditions

160

140

120

100

80

60

Jlll‘\\.\‘\\\‘\\\‘

-
| 1 ‘ 1 1 1 | 1 | ==

Test measurement
8 hrs, single
telescope

35

30

25

20

15

10

= - |
20 40 60 80 100 120

Energy pd2 [MeV]

g—l\\‘\\\l‘\\\\‘HH‘H\I‘HH‘HH‘HH‘HH

46Ti IAS

48Ti DIAS??

mrom Loy |

L 1 LN ‘ I L1 L1 1
-5 0 5 10 15 20 25
E, tritons [MeV]

d excitation energy spectrum

« Beam: E=180 MeV and |I= 0.4 nA
. Target: 100 mg/cm? of 5°Ti (60%)

v/
v/
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Results consistent with
expectations
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https://ccb.ifj.edu.pl/pl.radioterapia_protonowa_dzieci_w_centrum_cyklotronowym_bronowice_w_ifj_pan_krok_po_kroku.html

Experimental setup @ SPES
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Large experimental challenges!
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100 ps for
more than 30000 channels!!



Summary

* Double-gamma decay process can help on the NME of Ov(337?
« Experimental study of DIAS double gamma decay
« Theoretical description = correlation yy and Ov[3f3
« QObservation of the competitive double gamma decay using
LaBr:Ce
« Semiconductor detectors like HPGe AGATA might not be the
best candidates for the search due to limits in PSA at the 10-°
level.
« Scintillators (highly efficient) might be the best experimental
setup — Initial preparatory studies ongoing. Genesis.
« Perform the preparatory experiments: determine
experimentally the cross sections to populate the DIAS, etc.






