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n'a pas de solution pour des entiers n> 2

LAVERGNE

After 358 years

The corrected proof
was published by
Andrew Wiles in 1995.

Around 1637, Fermat wrote in the margin
of a book that the more general equation
an+pn=c"
had no solutions in positive integers if n
IS an integer greater than 2.

’,:-‘.‘ .l ~~ —
€ l vV q [ [y t QS h Q

L8 | )
SONLS

N
~d

| O : A’ \k e -:f_,u\f_j S



o ARE NEUTRINOS

Y TiER OnND
ANT[PARTICLES o

IDbIBDy

i' &

9/29/2021



Majorana fermion

https://en.wikipedia.org/wiki/File:Ettore_Majorana.jpg

CNNP 2018, Catania, October 15-21, 2018
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TEORIA SIMMETRICA DELL'ELETTRONE
E DEL POSITRONE

Mata 4i ETroEE MaiToEina

Symmetric Theory of Electron and Positron
Nuovo Cim. 14 (1937) 171

Sunte. - S disosira o posabilitd i peroemire o g piess smmeirizog-
giope formacle della feorie guastistica dell’eleifrong ¢ del positrone fa-
cendo ddg di Wm BUsTO Proogsse oy g'l.l.ﬂhh'.am:a:l'&np. It ﬁgﬁ;ﬁcﬂ!ﬁp dalla
egquarions di DIRAC me rivulta elqsante modificats ¢ mon v @ pid lwogo
a parfgre oi stabi & energia mepalive; B2 o presumere per ogiid allro
Pipo di porticelle, particolormente neutre, Uesistenes @ o antipertioelle »
porrigpondendi @i o puchi v 4 energie wegatina,

Llinterpretazione dei cosidetti « statl di energia negativa » pro-
posta da Dimac (*) condace, eome & ben noto, a una deserizions go-
stanzialmente simmetrica degli elettroni e der pesitroni. La sostan-
ziale simmetria del formalizmo eonsiste precisamente in questo, che
fin dove & possibile applicare la teoria eirando le difleoltdh di eon-
vergonea, essa fornisee reslmente risnltati del tutte simmetsiel. Tot-
tavii :rh artificl anoeoariti nor dara alln tanria vre forme elmmelries

che sl apeord islmeenti ;
gia perché g trica, sis
perchd la siv iante tali
proeedimenti — the possi-
bilmente dov mova via

the eonduce pin direttamente alla meata.

Per gquanto riguarda gli elettroni e | positroni, da essa si pub
veramente attenders soltanto un progresso formale; ma o sembra
importante, per le possibili estensioni analogiche, che venga a ca-
dere la nozione stessa di stato di energia negativa, Vedremo infatts
che & perfettamente possibile costroire, nella maniera pifi naturale,
una teoria delle partieelle neantre elementar] senza stati negativi.

(‘] ¥, A, A, Dhesc, ¢ Proe. Camb, Phil. Bee.s, §0, 150, 1624, V, ancha W,
Hersexsegn, ¢ B8, £, Phys &, 9, 209, 1084,



Nuclear mass

B0 ROSE
Nuclear double-B decay 10,5 gond r"
. . . . 168 . ]
(even-even nuclei, pairing int.) 70 | e 162154ET 8 :
E 152(;,de -; -
ven mass .
— 136 m B O =
number 60 o 130BE -CE .F 750N
Z 112 120Té(g - | 1;0:'136)&9
N, Z odd i 2 o . oo 1
50 1012[;5(?3“ I nf?m I 12142;';(9 Te
%R rl_ fopy Cd
40 F g anm ?OOMO .
[ 7450w i:l
- o - o o
BB BB T i _
N, Z even 40 50 60 70 N 80 90 100 110 120
| | | | | -
Z2 Z1 ,  Z+1 Z+2 ’ sod 1
207 /2vBB + 30 |
Atomic number = 204 |
Phys. Rev. 48, 512 (1935) -
Two-neutrino double-f decay — LN conserved | » \.f \l \ ./ e
(AZ) — (AZ+2)+e +te+v, v, T 104 @ @& 3
Goepert-Mayer — 1935. 15t observation in 1987 3 OvBp
0.5 VPP Ovhp \
Nuovo Cim. 14, 322 (1937)  Phys. Rev. 56, 1184 (1939) m
Neutrinoless double-B decay — LN violated | . ——t
0.4 0.6 0.8 1.0
(A,Z) — (A,Z+2) + e + e (Furry 1937) K,/Q

Not observed yet. Requires massive Majorana v’s




After 90/64 years

Fundamental V properties No answer yet
we know

« 3 families of light * Are v Dirac or

o Majorana?
(\\’/_'i") n\(’eutrlnos. eIs there a CP violation
L in v sector?

* v are massive:
we know mass
squared differences
e relation between
flavor states
and mass states
(neutrino mixing)

* Are neutrinos stable?
* What is the magnetic
moment of v?
o Sterile neutrinos?
o Statistical properties
of v? Fermionic or
partly bosonic?

_\ 3 .: el |
w ) e wa|5-3

Currently main issue
Nature, Mass hierarchy, — = @

The observation of neutrino oscillations has opened a new excited era in
neutrino physics and represents a big step forward in our knowledge of
neutrino properties




OvBB-decay (traditional picture) (AZ) - (AZ+2) te +e

e
(T”‘f’” ) . gt | Mo 2 GO Phase factor n Ue p
.'-I"Z = _ &
L A v well understood
P * m;, Jv=v
NME must be evaluated n U p
using tools of nuclear theory ei ’
Mpgg = “Normal” : “Inverted”
2 9 e 2 9 i 9 3 I N
ﬂlgﬂlzﬁutl M -+ ﬂlgﬂlzﬁutzfﬂ.g -+ Slgﬂl;;‘ 1 Am,,?
Y
0vBp e
. - Am,3?=2.5Xx 103 eV?
Effective Majorana mass Vi A2
can be evaluated. It depends on 2 v,
- 00900
m;, m,, Mg, 05,03, a;, a, Amy,2= 7.4 X 10° eV2
(3 unknown parameters: m,/m,, o, o.,) 1 — 3 —
' Needs to be resolved | ’
C12C13 C135192 E_iaﬁlg Em: [] []
rPMNS i5 s .
U = —C93812 — €'7C12813823 C12C23 — €7 519513523 C13523 0 ez 0
id id
S12823 — €' C12C23513 —€"" 93812813 — C12823 C13Ca3 0 0 1



¥ [eV]

Cosmological measurements

2'=m;+m,+m;
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-4 Lol | L1 ) TR L
10, 06/08/17 1> 102 10"
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mg [eV]

> <0.90eV
< 0.26 eV (Planck coll.)
<0.12eV
Tritium S-decay
105 T T T RN | =
- disfavored by i
i KATRIN experiment
1 2
E future KATRIN sensitivity /
0.1 —
0.01= —
- disfavored by
L - ;\?S cosmology ]
Ll Ll Coo el
0'%).6001 0.001 0.01 0.1
m, [eV]
ms = \/C33C3am3 + c2382om3 + siam
m,<1.1eV (KATRIN)
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Ovpp —half lives for NH and IH with included uncertainties in NMEe

unquenched g, (g,=1.27)

103l}

NH

T

[a—
=
td
=)
1 1 IIIIII| 1

ClUPID-Mo
M NEM()3
CUPID-0 v ?

48Ca ?ﬁeﬁ EZSE 9621' lmMDI IDPd116Cd124Sn BGTE lBﬁXeljﬂNd

; T~ e~ 2
NH: m; < mo <mg ms ~VAmM2 IH: ma < my < ms my = my = VAm

— — . A2
mi € Vom2. mo >~ Vom? ms < Aﬂ"l‘

1.4 meV < mgp < 3.6 meV Lightest v-mass equal to zero 20 meV < mgs < 49 meV



mass (OVpp

Collaboration Isotope After 8 4 ye ars ... isotope) Status
CANDLES Ca-45 U5 kg Cakb; erystals - hiqg. semnt 03 ke Construction
CARVEL Ca-48 HCaWOy erystal seint. ~ ton R&D
GERDAI Ge-76 Ge diodes in LAr 15kg Complete
GERDATII Ge-76 Point contact Ge 1n LAr 31 Operating
DEE}?SRTﬂ?DR Ge-76 Point contact Ge 25kg Operating
LEGEND Ge-T76 Point contact with active veto ~ ton R&D
NEMO3 h;ziégﬂ Foils with tracking 3§ ti Complete
;:i:fiﬁgr Se-82 Foils with tracking T kg Construction
SuperNEMO Se-82 Foils with tracking 100 kg R&D
LUCIFER (CUFID) Se-82 ZnSe scint. bolometer 18 kg E&D
AMoRE Mo-100 CaMoQy secint. bolometer 1.5-200 kg R&D
LUMINEU (CUFID) Mo-100 ZuMoOs [ LixMoOs seint. bolometer 15-5ke Eé&D
COEFRA Cd-114.116 CdZnTe detectors 10 kg R&D
CUORICINO, CUORE-0O Te-130 TeO: Bolometer 10 keg. 11 kg Complete
CUORE Te-130 TeO: Bolometer 206 kg Operating
CUPID Te-130 TeO:z Bolometer & scint. ~ ton R&D
SNO+ Te-130 0.3% miTe suspended mn Scint 160 kg Construction
EX0200 Xe-136 Xe ligmd TPC 79 ke Operating
nEXO Xe-136 Xe liquad TPC ~ ton R&D
KamLAND-Zen (I, II) Xe-136 2.7% 1n liquid seint. 380 kg Complete
KamLAND2-Zen Xe-136 2.7% m liqud seint. 750 kg Upgrade
NEXT-NEW Xe-136 High pressure Xe TPC S5ke Operating
NEXT-100 Xe-136 High pressure Xe TPC 100 kg - ton R&D
PandaX - III Xe-136 High pressure Xe TPC ~ ton R&D
DCBA Nd-150 Nd foils & tracking chambers 20 kg R&D



A generation of Majorana neutrino mass,
0vpB-decay mechanisms
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Neutrino is a special particle in SM:

Standard Model  1Itis the only fermion that does not carry
(an astonishing successful theory, electric charge (like bosons y, g, H®) !
based on few principles) * In the SM, the only left-handed neutrinos

v, appears in the theory.

* One cannot obtain a mass for v; with any
renormalizable coupling with the Higgs
fields through SSB.

it
left-handed %
neutrino eutrino

However, we know that v’s do have mass from the v-oscillation experiments!
=> Thus the neutrino mass indicates that there is something new = BSM physics!




INTERNATIONAL JOURNAL OF HIGH-ENERGY PHYSICS

CERN Ov 33 decay:
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<H> )f‘n.‘ N
Weinberg, 1979: d=5 . O;
+ \ 4
<%\ €
d G u

Ow C{' (L;H)(L,;H)

. Weinberg does not take credit for

predicting neutrino masses, but he thinks 1t's the rlgEt interpre-

tation. What’s more, he says, the non-renormalisable interaction
that produces the neutrino masses 1s probably also accompanied
with non-renormalisable interactions that produce proton decay
and other things that haven’t been observed, such as violation of
baryon-number conservations. “We don’t know anything about the
details of those terms, but I'll swear they are there.”




r— 5(54;34 4 % Z C,-(S)OEE)) 4 le Z c}ﬁ)(’)fﬁ) 4 O(Klg) short range: d=9 (d=11)

Beyond the SM physics

- +
Amplitude for | e
(A,Z)—(A,Z+2)+2¢ ong range. d=
can be divided into:
mass mechanism: d=5 + Os o LLOd®HHHT
O¢ x LLQu“HHTH
O o« LQe“QHHHT
O> x LLLe“H Og ox LLLe Le”
O3 x LLQd“H O10 x LLLe“Qd"
Ci Oy x LLQu“H O11 x LLQd Qd*
Om X }(L H){L H) )
Og x Le“u“d"H - +---- Valle
Weinberg, 1979 Babu, Leung: 2001

de Gouvea, Jenkins: 2007



Quark Condensate Seesaw Mechanism
for Neutrino Mass
A. Babi¢, S. Kovalenko, M.I. Krivoruchenko ,

F.S., arXive:1911.12189

The SM gauge-invariant effective operators

~11.,el

i, gm Ty
OT'Q{ = ﬁz LFL {(QHH), (d

After the EWSB and ChSB one arrives
at the Majorana mass matrix of

active neutrinos

(@q)
A3

W 3
== o/ fa -
Gap (;1)

9ts + 925,
—{gq)*?,

v .
jrli'?.f'h f — gr_hﬂ -.[._-'

Jag =

(qq)'"* ~

'U/\/_:

RQ)]

(H

’)
~ —283 MeV

This operator contributes to
the Majorana-neutrino
mass matrix due to chiral
symmetry breaking via

the light-quark condensate.

Spontaneous breaking of
chiral (y) symmetry

Potential energy surface
of the vacuum

Yoichiro Nambu

Chiral order
parameter

Quarks & gluons =

| Hadrons & nuclei

Confinement,
Mass generation

A ~ afew TeV
we get the neutrino mass
In the sub-eV ballpark



The literature lacks 10-2
the limits on this class

1073
of non-standard
- - 10~4
interactions
1073
102 e
1073 ]
1074
. Jap/ Mnv 10°*
aB GF/'\_/E 10_2
- Maﬁ/(QQ)O
Gp /N2 ¥

10~

[(0,1.7) (0,13 (0,15) \

casl = (0.9,2.4) (0.7,2.4) | x 107" |
> (0 9, 2 7) (0 1 9) (?[]5’221§) < 1073 102 101 109 1073 10-2 10-! 10°
Eg’g - (U: 17) (01, ]8) x 1074 my |eV] mq [eV]

\ (0,1.9) )



The genuine QCSS scenario with no fine-tuning /- Babit. . Kovatenko,

arXiv: 1911.12189 [hep-ph]

'C'T - \/— E(v LLHRdL vdccﬁdﬂ) 10°
G FC ~ KamLAND-Z
7— Vi vV (v ce ULUR + E"ce dr dL) L O T e
3 Z
_ud 9o S /A = 107
"*{.Tﬁ _— BN
Ge/V2 £
+  u d 107
€8 = Eap TEap -
() discussed earlier in  (b) discussed earlier in 107 ==X I
S.Kovalenko, H. Pds, M. Hirsch,
M.I. Krivoruchenko, F.S., S. Kovalenko mo [€V]

PRL 112, 142503 (2014). PLB 453, 194 (1999).

New features:

IH excluded, limits € < 10

2 meV <my <7 meV  Neytrino
9meV < m, < 11 meV
50 meV < m, < 51 meV

Prediction for Kathrin

spectrum

9 meV < mg < 12 meV
Prediction for cosmology

62 meV < m; +m, +mj < 69 meV



Majorana my, = Ovff3
(©) ()

dy

If OvBp is observed the v is

a Majorana particle

OvBpB = Majorana m,

o \J o L

Schechter, Valle: PRD 1982

Different OvpBp-decay scenarios

Can we say
something about
content
of the black box?

9/29/2021

V mass
mechanism

long-range

short-range

Fedor Simkovic

]

P

Considering

iii.
V.

V.

Sterile v

Different LNV scales
Right-handed currents
Non-standard
v-interactions



L eft-handed neutrinos: Majorana neutrino mass eigenstate N
with arbitrary mass my
Faessler, Gonzales, Kovalenko, F. S., PRD 90 (2014) 096010]

2
[TD“]_ =G%g5 > (Ufwmx) mp M’ (g, g3)
N
General case light v exchange
]- Uy & 1 U
M (mx, g§7) = p— Qrzgz Z[d% dyd’p  M™(mx = 0,687) = ——M"(g}")
! P c
>'<E' p-(x—¥) <D__P|_|JHT( )|n><n|'fl )|D}_> ﬂ'fmy(!fi\{ 80 geﬁ) — 1 11!{]1:( )
VP2 + mn2(Vp? + my? + B, — S5EE) S my

: heavy v exchange
Particular cases

[T1)) ™ = G™gi x (m.) = Z e
2

‘m M (g57)] for my < p 1 U

<E> B Z\: my

2
<ml >?HP‘ ‘1ffﬂu(giﬁ)‘ for my > js

9/29/2021 Fedor Simkovic



[TEfQ]_l =A- mpz

3

) + m\

10

10

eff -1
84) [MeV ]

10

,OV
mN*M (m

0

~]
=2

g@

- calculated

— — interpolating formula

~ 200 MeV

nterpolating
formula

10
10

9/2¢

-3

10~ T 10

m |GeV]

0

10

Faessler, Gonzales, Kovalenko, F. S., PRD 90 (2014) 096010]

1

10

-2 -1 0

10
m |GeV]

10"



Interpolating formula is justified

: 5 2
by practically no dependence <p%>on A o1 . UE Mo
A. Babi¢, S. Kovalenko, M.I. Krivoruchenko 1/2 P Z _|_ ?H\
F.S., PRD 98, 015003 (2018)
250 | 0
L A g!
|:.l' J.:IIIIN o

P = MpMe

“ A0
M!0v

200 ; ;

= I
= POr 5
.-r"“ht..;
= 100t
B UCOM src
50 |- ¢ Argonne src

Detailed analysis:

Degeneracies of particle | ® CD-Bonnsrc
and nuclear physics

uncertainties in OvBp—decay ' y | ! ' ' —
E. Lisi, A. Rotunno, F.S., ISM ISM IBM QRPA QRPA PHFB CDFT

PRD 92, 093004 (2018) StMa CMU TBC Iy



The 0vfBpB-decay within L-R symmetric theories

(interpolating formula)
(D-M mass term, see-saw, V-A and V+A int., exchange of heavy neutrinos)

A. Babi¢, S. Kovalenko, MLI. Krivoruchenko , F.S., PRD 98, 015003 (2018)

2
() 2 | 1 0 0
[Tl FQ] = ”.rf_"-.' CI-’N CI,IN — gh ‘—11 -I!r:,. Y G v

3

Mixing of light and heavy neutrinos Ver, = ) (Ei.-jl{ﬂ, + Sr:j(NjH)C) ,

i=1

(U S
(77 =3 (T4 Vi)

Effective LNV parameter within LRS model

A 70w
(due interpolating formula 2\ My

{EJ_U‘H ) = MpMe—T——
\ ! P i 1. "
Mo

2
(US M + SE GDE)a ﬂf )

The dominance of
light and heavy
v-mass contributions to
Onbb-decay rate can not be
established by observing this
process at different nuclei.

Me - @2)11 + ﬂfz

i T2 m; + 12 <p2>u ﬂ"fj
. l m, €j <p2>a + JM? m.,



—

6x6 PMNS see-saw v-mixing matrix
(the most economical one, pI’EdiCtiOH for 6X6 neutrino mass matrix
mixing of heavy neutral leptons)

U S : N & _ [ Mr Mp
U = ( T vV ) Basis (L"'L._, [\_"\'H_]' ) M o ( :LI_U. _"lllr;g

6x6 matrix: 15 angles, 10+5 CP phases

3x3 matrix: 3angles, 1+2 CP phases 3x3 block matrices U, S, T, V are

generalization of PMINS matrix

Assumptions:
1) the see-saw structure

1) mixing between different generations is neglected

7 Upnvns ¢ 1 Upnins E”{]T’}[.\'H = M]T’}[};H Upnins =1
PMNS
<
see-saw ¢ = M - | n
parameter LNV 6x6 matrix: 3 angles, 1+2 CP phases, 1 see-saw par.

9/29/2021 A. Babi¢, S. Kovalenko, M.I. Krivoruchenko , F.S., PRD 98, 015003 (2018) 25



6x6 PMNS see-saw v-mixing matrix Y — Uy (1
(the most economical one) N —C1 V

Uo = Upmns A. Babit, S. Kovalenko, M.I. Krivoruchenko , F.$., PRD 98, 015003 (2018)

Vo = Ubyvine =
“PMNS
—icx —id — 10y —1i0 — 10k
ClgCige (—312 Ca3 — C12 S13 S23 ( ) e ! (512 S93 — C12 S13 C23 ( ) e
— iy —id — iy —1id — i rr
S12 Cq3 € e (Cli Coz — 519 513 So3 ( ) e e (_Cli S99 — 512 513 Cog ( ) e L

T
S13 ¢ C13 Sa3 C13 Ca3

Assumption about heavy neutrino masses M; (by assuming see-saw)

Inverse mil; = mp
: 2 3 MR, depends on
roportional . (P”)a ; " ep
Sk Mg; = A m? (Us)e m; “Dirac” CP phase &
o =

. unlike “Majorana”
m; =~ (°M,; CP phases a, and a.,
uh = e Sz, e
A 35 — ': Z( D)e’ij

j=1

mj-

Proportional

Heavy Majorana mass MR g4 depends on the “Dirac” CP violating phase § ©
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The OvpB-decay NMEs — current status

9/29/2021 Fedor Simkovic



2004 (factor 10)

few groups, 2 nuclear
structure methods:
Nuclear Shell Model,
QRPA

Calculated values
| Nuclear matrix |*

76Ge

0vBL

decay
NMEs

—_— T

6r Pena-Garay,
5 PRC 70, 033012
(2004)

NC ALC
b

3 1)
2 _ J_|\
i L

lo—lﬁ 10—14 IO—IS IO—FZ

F\ ()

Bahcall, Maruyama,

2019 (factor 2-3)

many groups, many nuclear
structure methods:

Nuclear Shell Model, QRPA,
Interacting Boson Model, Energy
Density Functional

Attempts (light nuclear systems):

AD initio calculations by different
approaches — No Core Shell Model,
Green’s Function Monte Carlo,
Coupled Cluster Method, Lattice QCD

Nuclear Shell Model (Madrid-Strasbourg, Michigan, Tokyo): Relatively small model space
(1 shell), all correlations included, solved by direct diagonalization
QRPA (Tuebingen-Bratislava-Calltech, Jyvaskyla, Chapel Hill, Lanzhou, Prague): Several

shells, only simple correlations included

Interacting Boson Method (Yale-Concepcion): Small space, important proton-neutron

Pairing correlations missing

Energy Density Functional theory (Madrid, Beijing): >10 shells, important proton-neutron

pairing missing



Ab Initio Nuclear Structure Nucleons, pions. Sufficient below

(Often starts with chiral effective-field theory) chiral symmetry breaking scale.
Expansion of operators in power

Physics of Hadrons

D f Freed .
e . =hergy (e of Q/A,. Q=m,,or typical nucleon
O “%° O momentum.
— 2N Force 3N Force 4N Force
ke 940
neutron mass QO >< }{ ]
o LO Calculation for the
hypothetical OvBp decay:
0@0 pic;ln4moass 02 ‘ 10He — 1OBe tE+e-
ab initio .. NLO [ { ______ masses, spectra
0 8
proton separation
energy in lead I
protons, neutrons Q :\ ,: ::\
NNLO : )
+...
D FT vik;lrégic?nal

Physics of Nuclei

statein tin ) o
nucle%nic den&tsities 04 X ‘:\_,:' lr'xl | ,l j [X [lfl] QISChwenlk,
. and currents A . Navratil,
CO||§CI1:IVG 0.043 NLO +J b Tt J. Engel,
MOGEIS . ST 4 +.. +.. J. Mvependez

collective coordinates Moore’s law: exponential growth in computing power




350
300
250
& 1z 20
2 150
100
50

Ovpp-decay

unquenched g,

¥
+ ISM,q NME
X IBM
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Quenching of g, (q = g®f, /gfree,)

Should g, be quenched in medium?
Missing wave-function correlations
Renormalized operator?

Neglected two-body currents?
Model-space truncations?

9/29/2021 Fedor Simkovic



Quenching In nuclear matter: geff, = q gfree,,

€ e
p| W = P %»_
£ - Ve
n n
(;5 _ = _ r . (;ﬁ — D - O D
L=-—5 @ (1= )] ey (1= )] £=-7% Dy (9v — 947")n| [B7* (1 — 7 )we]
CVC hypothesis Quenching of g,
gy =1 at the quark level g, =1 at the quark level
gy =1 at the nucleon level gfree,, =1.27 at the nucleon level
gy =1 inside nuclei g¢'f, = ? inside nuclei

ISM: (g¢'f, )* = 0.66 (“®Ca), 0.66 ("°Ge), 0.30 ("®Se), 0.20 (*3°Te) and 0.11 (*36Xe)
QRPA: (g¢", )* = 0.30 and 0.50 for %Mo and *¢Cd

Faessler, Fogli, Lisi, Rodin, Rotunno, F. S,

IBM: (g°ff5 )* = (1.269 A™"18)4 = 0.063 3. Phys. G 35, 075104 (2008).



0,4 = (1.269)%=2.6 Quenching of g, (from exp.: T,,°V up 2.5 x larger)

(geff, )4 - 1.0 Strength of GT trans. (approx. given by Ikeda sum rule =3(N-2Z))
has to be quenched to reproduce experiment.

6. Ge. — Using 9% = 0.77 x g4 agrees with data
32 44 -
C standard QRPA
SB_ _ SB+ - 3(N'Z) =36 905_ exp. via (p,n) reaction I
B g exp. via (SHe,t)reaction

virtual \_/mtransmon ? §

7$ - A 15—_ —
\_/fj” %e -

I - e 105— -
> ) >~ g

¢ — gf_ .
76Ge 2\;[33\ —fo g
TGA =
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@ — : I E [MeV]
Cross-section for charge exchange reaction:
2 k
/ K¢ 2 . |2
. [$] =[] o Nd IVoe|? [<f10T1i>]
qg=0! '
largest at 100 - 200 MeV/A




Quenching of g, -1BM (T,,,°” suppressed up to factor 50)

(g8, )* = (1.269 A018)4 = 0.063 (The Interacting Boson Model). This is an
incredible result. The quenching of the axial-vector coupling within the IBM-2

Is more like 60%o.

It has been determined
by theoretical prediction
for the 2vpp-decay half-
lives, which were based
on within closure
approximation
calculated
Corresponding NMEs,
with the measured
half-lives.

9/29/2021

From F. lachello

1.4 T T T T T T T T T T T T T T
[ O from experimental 71, (ISM)
1.2 O gipetr=1.26947"1
H/A from experlmental 712 (IBM— 2CA/SSD)
1.0 ® o M ?=1.26947°
= 0.8)
© I
= L
%0 0.61
0.4:—
0.2:—
40 60 80 100 120 140 160

Mass number
J. Barea, J. Kotila, F. lachello, PRC 87, 014315 (2013).



LETTERS

https://doi.org/10.1038/541567-019-0450-7

Discrepancy between experimental and
theoretical f-decay rates resolved from
first principles

Ab initio calculations
(light nuclear systems)
Including meson-
exchange
currents do not need
any “quenching”
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Improved description of the OvBp—-decay rate
(and novel approach of fixing g, ")

F. S, R. Dvornicky, D. Stefanik, A. Faessler, PRC 97, 034315 (2018).

L et perform vEL Z \/ E, — (Ei + Ey)/2
Taylor expansion et e g (B4 Ef)/212 — 22,
EK.L
- € = (E +E EI_EVI)}/2 ) Q Q
~(EBi+Ef)/2 - (B,+E,-E,-E,))2 “r€53)
We get 5,441 —1 1 2 1
21 eff N T 20 Qs 20 120
{Tl;"’ﬁ :| o (gﬂ) ‘J a7 3‘ |§2H (? + &5 (jg)
13
1
:"If:j 1 Zﬂfﬂ(En - (E —I—Ef)/Q
5 4 m3
M, = M, £ .
e ; (En - (Ea + Ef)/Z)i fg — iiﬁﬁf =
GT—1

The g, can be deterimed with measured half-life and ratio
of NMEs and calculated NME dominated by transitions through
9/29) low lying states of the intermediate nucleus (ISM)



The running sum of the 2vpp-decay NMEs (QRPA)
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&5 tell us about importance of higher lying states of int. nucl.

0‘6 B | | T | | | | | T | | | | | | T | | | | | | | T | | | | ] ) _
. _ ] HSD: &,5=0
i B QRPA -
- - ® SSDH ~
0.5 B [ | A ChER . &13"_1 (Iarge)
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0.4 N - 7 alarge gancgllatlon
. o 1 of contributions
> o i E- ] tr_lrough _Iower and
w030 -+ A 7 higher lying states
i A 1 of (A,Z+1).
oaf . -
. - E Simkovic, Smotlak, Semenov
0.1 J. Phys. G, 27, 2233, 2001
: ‘ % HSD mect i
Lo b b e b b & 55D mec":g:;:"":
0

48 4 16 8 82 12 96_ 16 100 20 116 24 130,
Ca Ge Se Zr Mo Cd _
100Mo

€,5 can be determined phenomenologically
from the shape of energy
distributions of emitted electrons




The g,° can be deterimed with measured half-life and ratio
of NMEs &;; and calculated NME dominated by transitions through
low lying states of the intermediate nucleus.

I\/IGT-3 have 2 1 |€2U
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MZ{: Phys.Rev.Lett. 122, 192501 (2019)



Quenching of g, , two-body currents and QRPA
(Suppression of the Ovpgp-decay NME of about 20%)

Engel, Vogel, Faessler, F.S., PRC 89 (2014) 064308

Effect of See also: Menendez, Gazit, Schwenk, PRL 107 (2011) 062501
momentum  7¢ | | | | | | | | -
transfer - o o0 © 1bc (Argonne) 3
0 . o - O lbc (CD-Bonn) 3
: - . ®—e 2bc (Argonne) 3
Relevant: - o g
- O 4 m— 2bc (CD-Bonn) 3
muon capture SE :
; J ]\ Q0 o o ;
S 42— ‘ o O _é
- ) g1 E
2 3 . =
g ¢y, O g
2F o
1E E
0 - | | | | | | | | | | E

96 100 110

“oa Ge ¥se %z "mo "Opa'®cd **sn POTe POxe

But, a strong suppression of 2vpp-decay half-life, (g, = g,8(p=0) = 0.7-1.0)



Muon capture rates evaluated within QRPA

F. S, R. Dvornicky, P. Vogel, PRC 102, 034301 (2020).

TABLE 1. The coefficients Cr, Cgr, and Cy [see Eq. (23)]
calculated within the present approach [see Eq. (18)] and in the
Fujii-Primakoff approximation [see Eq. (19)].

E, present approach Fujii-Primakoff
(MeV) g4 Cr Cor Cr Cr Cor Cr
75 0.80 0976 0.797 —-0.241 1.054 1.165 —0.333
1.00 0976 0.821 —0.197 1.054 1.091 —0.296
1.27 0976 0.847 —0.158 1.054 1.030 —0.265
85 0.80 0965 0.805 —0.239 1.052 1203 —-0.359
1.00 0965 0.823 —0.197 1.052 1.117 —0.317
1.27 0965 0.844 —0.159 1.052 1.048 —0.282
95 0.80 0955 0818 —0.234 1.051 1.241 —0.385
1.00 0955 0.828 —0.195 1.051 1.145 —0.337

1.27 0.955 0.844 —-0.159 1.051 1.067 —0.298
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F.S., Dvornicky, Vogel
PRC 100, 014619 (2019)

Jokiniemi, Suhonen,

PRC 100, 014619 (2019)
(Strong quenching needed)
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NS 7.00 16.4 3.50 4.66
“Kr 7.22 16.5 3.76 5.00
Mo 9.90 20.4 5.32 7.06
10Ry 11.2 16.7 5.77 7.65
legp 12.7 15.7 6.61 8.73
128% e 12.4 21.2 6.37 8.39
130xe 11.1 23.6 5.97 7.87
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Contradicting results:

Strong quenching
Jokiniemi, Suhonen,
PRC 100, 014619 (2019)



Thank You!

WE are at
the beginning
of the Beyond

Standard Model
Road...

v’s, the
Standard
Model
misfits

people often overestimate what will happen in the next two years
and underestimate what will happen in ten (Bill Gates)
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