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NUCLEAR CHART - VALLEY OF STABILITY
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NUCLEAR DEFORMATION
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QUADRUPOLE MOMENTS
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QUADRUPOLE MOMENTS

Moller Chart of Nuclides 2000
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BETA DECAY

N odd/even
I 1. even/odd
=\

Z Z

even-odd/odd-even nuclei
in general 1 stable isobar

m (4, Z)

odd/odd 20

A2

Z Z
Z>7, only 1 stable odd-odd nucleus

even-even nuclei:
at least 2 stable isobars

double-beta-decay:
possible, strongly suppressed
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DOUBLE BETA DECAY
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NEUTRINO MIXING
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KINEMATICS
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Figure 2. The expected 2vBp (green) and OvpBp (blue) for half-lifes of 1.93 - 102! yr and 1.0 - 10% yr,
respectively.

11



B DECAY
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GERDA EXPERIMENT

Final result: GERDA @ Gran Sasso
under construction: Upgrade to LEGEND200

plastic scintillator veto

() clean room |
l}

W -7

water tank:

590 m3 high purity water

neutron moderator/absorber f
I background reduction:

muon Cherenkov veto

e mE material selection
cryostat with screening (v, Rn, ...)
internal Cu shield |, graded shielding

‘ ~ NI - deep underground
' - veto systems
T S = —— P - water
naked Ge detectors: - operation in LiAr
3 strings with 9 coax detectors - naked Ge

1 string with 5 BEGe’s

scale model by A. Lindner

source = detector
puls shape analysis

=> 127.2 kg x year
exposure

=> achieved background
< 5.2x104 cts/
(keV*kg*yr)

=> record sensitivity:
Tov,;, > 1.8 x102%6yr

limit on Majorana mass:
m, < (0.08-0.180) eV

(depending on NME)

Phys. Rev. Lett. 125 (2020) 25,
252502

https://arxiv.org/abs/
2009.06079



GERDA SPECTRUM
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FIG. 1. Energy distribution of GERDA Phase II events (exposure of 103.7 kgyr) before and after analysis cuts. The expected
distribution of 2v33 decay events is shown assuming the half-life measured by GERDA [31]. The prominent « lines and the «
population around 5.3 MeV are also labeled.
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NEUTRINO MASS HIERARCHY

Source: Wikipedia
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GERDA:https://arxiv.org/abs/1909.02726
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ALPHA DECAY
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ALPHA DECAY AND CLUSTER RADIOACTIVITY

log (T} /2 /)4 lifetimes range
from us
up to 1019 years (20°Bi)
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cluster radioactivity: 2§§Ra -2 C+ “0,Pb

now: also, e.g., >J0, 28Mg, up to 3Si, suppressed by 10” to 10'°

prediction: Sandulescu A., Greiner W., Sov. J. Part. Nucl. 11: 528-541 (1980)., discovery: Rose, H. J.; Jones, G. A., Nature 307 (5948): 245 (1984).
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ALPHA ENERGIES
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FISSION

A—>A/2+A/2
gain ~ 1 MeV/nucleon

a-decay dominant

Coulomb barrier

FIGURE 31-2 Fission of a U nucleus after capture of a
neutron.
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© 1991 by Prentice-Hall, Inc.
GIANCOLTI’S PHYSICS: A Simon & Schuster Company
PRINCIPLES WITH APPLICATIONS, 3/E Englewood Cliffs, New Jersey 07632



NUCLEAR FISSION

1938: discovered by Otto Hahn, Lise Meitner and Friedrich Strassmann

235

bombarding “5;U with neutrons, looking for heavier elements

chemical analysis —>1§2 Ba

85 26 U -9 Kr +138Ba 4 25 + few ¢
AEg = m(*3U) + m, — m(*35U) = 6.4 MeV > Efission ~ 5.8 MeV

Energy release: 200 - 250 MeV

83% kinetic energy carried by the fission fragments
2.5% kinetic energy of neutrons

3.5% prompt y radiation
11% excitation energy
delayed neutrons *(after fdecay)

[- and y-decays

20



SYNTHESIS OF THE HEAVIEST ELEMENTS

Spontaneous Fission

Stable ‘Mountains’
Lead - Uranium

Island of Stability

- superheavy spherical nuclei
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SYNTHESIS OF ELEMENT Z = 118

compound nucleus
projectile  target

fusion /
Q= = |

8Ca 249 (o 297 1118]"

ﬂ

O%
3 neutrons O &=

0F

+P5P%9

#4118 *01116]  *P[114]  *[112]

source:ChemistryNews.org 22




249 Cf_|_ 48 Ca 204

DISCOVERY OF ELEMENT Z =118 o | Og
. 11.65 MeV
0.89
Coulomb barrier V- =~ P _ 196 MeV 0 29104\, "
ApP + A3 10.80 MeV
286 10.0 ms
. a?’
Q-value: 10.16 MeV, Jl]
A(48Ca) + A(249Cf) = A(2940g) + O 5%
Cn‘

O = - 44.2MeV + 249.1MeV - 196.5MeV = - 171MeV

Expect about 30 MeV excitation energy of the

compound nucleus 2970g <uauusuvarmenta 201 ST
about 3 neutrons must be evaporated 2090 + 48Ca PRED

then alpha decays until fission

production cross section: ~0.5 pb

3NRCh <NUCULLBUSUL YURI OGANESSIAN ‘

Yu. Oganessian et al., Phys. Rev. C 74 (2006) 044602.



PERIODIC TABLE

Srquz-ﬂ 2 3 4 3) 6 7 8 9 10 11 12 13 14 15 16 17 18

4

1 1 2
H He
) ) 4 5) 6 7 8 9 10
Li || Be B C N @) F || Ne
3 11 || 12 13 ([ 14 || 15|16 ([ 17 || 18
Na | [ Mg Al || Si P S Cl || Ar
4 19 || 20 || 21 22 || 23 (|24 [[25 (| 26 (| 27 || 28 || 29 || 30 || 31 || 32 || 33 || 34 || 35 || 36
K [| Cal|| Sc Ti V || Cr|[Mn||Fe||Co|| Ni [[Cul|Zn||Ga||lGel|| As || Se || Br || Kr
5 [37]] 38|39 40 || 41 || 42 || 43 || 44 || 45 || 46 || 47 || 48 || 49 || 50 || 51 || B2 || 53 || 54
Rb|(| Sr|| Y Zr [INb||Mo|| Tc ||Ru||Rh||Pd|[Ag|[[Cd|| In [[Sn||Sb||Te I Xe
6 [95||56 (|57 (*|72(| 73 (|74 || 75|76 || 77 || 78 || 79 ([ 80 || 81 [/ 82| 83| 84 || 85 || 86
Cs || Ba|| La Hf || Ta || W || Re|[[{Os || Ir Pt [[Au [[Hg|| TI (| Pb || Bi || Po || At || Rn
7 |87 88 (|89 |*|104(|105((106|{107||108(|109|(110|[111[|112((113|[114||115(|116|[117]|[118
Fr || Ra||Ac |*| Rf [|Db || Sg || Bh || Hs || Mt || Ds||Rg || Cn||Nh{| FI [|Mc||Lv || Ts |[Og

* 58 159|160 61(|62|/63|/64||65||66||67]|68]||69]|| 70I||71

Ce || Pr|[Nd|[[Pm|[|Sm||Eu||Gd]|| Tb || Dy ||Ho || Er [[Tm|| Yb || Lu

90 1191 (192 ([ 93/ 94119596 (]| 97 (/98|99 (/100({101({102]|(103

Th{{Pa|l U [[Np[|Pu||Am||Cm|| Bk || Cf || Es ||Fm [[Md || No || Lr

Z>94: Berkeley, Darmstadt, Dubna, Wako, Livermore, Oak Ridge
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TAKING IT TO THE NEXT LEVEL

Also, e.g. search for c-deuteronc;, > d+ K~ + n™
with ALICE
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BACKUP
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DOUBLE BETA DECAY

Moore’s law of double beta decay

boundary of degenerate scenario N
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NUCLEAR DEFORMATION
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Ring and Schuck,
The nuclear many body problem

Axial symmetry gives §, = a9, 4 = 2,3,4,...

A =12,quadrupole: oy =a,_; =0, ap=a,_,

1
Qyg = P COSY, ayy=——=psiny, y =0 (prolate), y = n/3 (oblate)
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KINEMATICS

= TWoO Neutrino Spectrum

- Zero Neutrino Spectrum
1% resolution
I2v)=100* 1(0V)
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Source: COBRA experiment
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