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Double Beta & Double M Backstory

® double beta decay 2v35: (A, Z) — (A, Z +2) +2e + 20,

e Ve

® one of the rarest processes ever observed in Nature
(age of the Universe ~ 1010 y) Tfjgﬁ ~ 101 - 10%1 y

z2 z1 z z+l 2z¥2

® first proposed by Maria Goeppert Mayer in 1935
- born in Katowice (Prussia) in 1906
- studied in Goettingen, PhD in 1931 (Max Born)

- Johns Hopkins, Columbia, Sarah Lawrence College (NY,
teaching science, part-time), Chicago (voluntary (!) associate
professor), Argonne, UCSD (professor 1960)

T
»
<

® NP for physics in 1963 (shell model)
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Double Beta Decay
-

-

® Furry (1939): OvfB: (A, Z2) — (A, Z 4+ 2) 4+ 2e~ ‘

® neutrinoless double beta decay
— mediated by Majorana neutrinos
— lepton number violation

® Majorana’s idea (1937): neutral fermion = antifermion

arbitrary units

® experiments: Tfﬁﬁ ~ 1018 - 10%t y

Tg’;gﬁ ~ (0.1 eV/m,)? x 10%°% y

KamLAND-Zen, LEGEND, CUORE, NEMO-3, CUPID, (n)EXO, ...

® a variety of isotopes: °Ge, 3°Xe, ...

05 1 15 2 25

OWSTEC: (A, Z) +e” — (A, Z —2) et energy (WeV
OvECEC : (A, Z)+2e — (A, Z —2)
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® neutrinoless double beta decay
— mediated by Majorana neutrinos
— lepton number violation

® experiments: Tl/gﬁ 10" - 10°t y

ng;gﬁ ~ (0.1 eV/m,)? x 10%°% y

KamLAND-Zen, LEGEND, CUORE, NEMO-3, CUPID, (n)EXO, ...

Double Beta Decay * g
® Majorana’s idea (1937): neutral fermion = antifermion (;;
® Furry (1939): OvfB: (A, Z2) — (A, Z 4+ 2) 4+ 2e~ ‘

arbitrary units

|
Q=E;,—E;—2m.

® a variety of isotopes: °Ge, 136Xe, . |
e variants: W88 (A, Z) = (A, Z — 2) +2¢e” - |

A\
0V6+EC . (A, Z) —I— e (A Z 2) —|— 6+ I__LG J. Kotila, O. Scholer: 2606.26097 |

OvECEC : (A, Z)+2e — (A, Z —2)
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Neutrino Mass

® observation of neutrino oscillations requires neutrino mixing and non-zero neutrino mass
— evidence for physics beyond the Standard Model

wo X Wy A ¢
E/M x “« )~ -> L
(H)X Vi 1fANP vy
Dirac mass — as other fermions, but tiny Yukawas Majorana mass — unique

® if we add right-handed neutrinos to the SM content, we can write both types of mass

_ 1 .~
terms for them L=Lgy ‘I‘ZNRaNR _ §NRMRNIC{ — |:YVNR¢}7[LL —+ hC}

® hence, the mass of the active neutrinos:

0O mp -1 _ T
— m,=—mpM, m
M (m%*) MR) V D R D

< seesaw mechanism (type-l)
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Neutrino Mass

® observation off 0 neutrino mass

— evidence f

“,J
Dira iolation ‘
® if we add right pes of mass

terms for the

® hence, the m

<~ Seesaw m
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Lepton Number (Violation)

® non-perturbative Standard Model (SM) dynamics: B + L number violated by sphalerons

® B — L number is conserved <~ non-anomalous global symmetry of the SM
— accidental? may be a relict! — violation at low energies subtle <» corresponding
to B — L preserving gauge symmetry broken at certain high-energy scale

® the manifestation at experimentally accessible scales suppressed by powers of the new-

physics scale

® tightly related to the puzzle of neutrino masses and baryon asymmetry of the Universe

(H) (H)

(VL +— CPT — DR) LN
W,

11 2
I “Lorentz T Uhe W

3
(VR <~ CPT — VL) ‘ Majorana mass — lepton number violation
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Neutrinoless Double Beta Decay

. ] P . . F. F. Deppisch, LG, F. lachello, J. Kotila: PRD 102 [2009 10119]
® standard mechanism with  “ V—A"LLL, g B paraanl
light neutrino exchange: A g | :'*’-'F':

p d
4 T8=1.1x10%yr1

4= 1.277

[mgg| [meV]

® half-life limit — bound on
effective neutrino mass:

2 2 2 2 1 2 1 —26 ' Ll e, '
Mg = NM1C]9Cy3 T TaS]9CI3€ P12 + m3Ssise ($13 ) % 100 150 200 250 300 350 400
Zm, [meV]
q+m; _ %(1 — ¥5)Vu
Alep — — Z 2y, (1 — 5 1 — ~v5)y,e e =m
1% ’YV B )qg . mz ( Y )7# 1~ 4q2 1 BB
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Neutrinoless Double Beta Decay

® standard mechanism with 4 V—ALLLL‘ g .
light neutrino exchange: e e ]
= e

[mgg| [meV]

® half-life limit — bound on
effective neutrino mass:

_ 2 2 2 2 _id12 2 _i(¢p13—26)
Mpp = M1C19C3 + M2S19C3€ "~ + M3S13€

F. F. Deppisch, LG, F. lachello, J. Kotila: PRD 102 [2009.10119]

[20p v e e
L Fa Z
Er =1
// ,/ |
. ey
00— === === === m ,{ -
i 4 T8=1.1x10%yr1
80+ /[ 2=1271

60r

See Miriam Chvostalova’s
talk on Monday afternoon!

q+m; _ Yl —5)y
Agh = Z ci€2 (1 =) —5——5 (1 = 75) €] = & ~ej
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Neutrinoless Double Beta Decay

. . d - ~ F. F. Deppisch, LG, F. lachello, J. Kotila: PRD 102 [2009.10119]
® standard mechanism with % v—a‘-L,L g e 77
W Lv-a ,

light neutrino exchange:

10 4

+ b e e e e e ~ ‘rjrx

e 1.277

[mgg| [meV]

CESKA REPUBLIKA
27 KC

5=1.1x10%yr1
60k See Miriam Chvostalova’s
[ talk on Monday afternoon!
' I —=]
401 © =227

| /_// " =107
3 || ’ 4
200 /| | | ]
| Thie 28, .
I

2 ZIEGLER 2018

30 100 150 Eﬂ{]' 250 300 350 400

3

’44 ; " e : Zm, [meV]
"'g | 9 60 let
N y - = + m; B 1 — 5
- SPOJENY USTAV 12 (1 — 75)7M6§ ~ €5 g i )%L e = mgg
JADERNYCH VYZKUMU, DUBNA — m’i 4q2
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New Physics & Ovpf3

® plethora of New Physics scenarios may be responsible for Ovp[3

8 left-right symmetric models SU3)c @ SU2)r @ SUR)r @ U(1)p_1.

fy,

'ﬂr‘-_ - - oy rﬂr‘-_

iy — ._.'.."LLL - Hy iy — - g - -"'-"LLL
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oy,

dy - VA g dy - VA - . d, - V—A . e
® lept k | tor) «—— ; f
eptoquarks (scalar, vector) _ —
4 ‘ w ‘
U d U

d
® R-parity violating SUSY, Majorons, etc. ...
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New Physics & Ov3f3

® plethora of New Physics scenarios may be responsible for Ovp[3

8 left-right symmetric models SU3)c @ SU2)r @ SUR)r @ U(1)p_1.

fy,

' M'LL
W Y - -
L. L-— &

b 4L

oy,

s
V+A

Il Majorana:

iy - — - Hy iy — My iy = — iy dy
\ :h_._v-ﬁ e Wi e | :k_._*~ e
-5
" % W 4 HFH %
dy - VA " dy - VoA - g d, - V—A "y e
u
V(S) . .
® leptoquarks (scalar, vector) ¢ d neutrinos sti
14 e
~
W
U d S—

d
® R-parity violating SUSY, Majorons, etc. ...
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Effective Approach to Ovf3f3

o effectively, a variety of different mechanisms beyond the standard scenario may
contribute to Ov3P (e.g. 9804374, 0008182, 0303205, 1208.0727, 1708.09390,
1806.02780, 1806.06058, 2009.10119, ...), long-range and short-range mechanisms

® OvB half-life limit sets constraints on effective couplings — accurate calculation of
nuclear matrix elements and phase-space factors is crucial for estimating these limits

2GF 6) _ -
y . 1 2 2 EXS)L:Q {Céﬁ (aatdr) (ERyuri) + C\(/R (@ry"dr) (eRvuvi)
¢ generally: T, = ov| Moy | 2
+ 047 (Wrdy) (FTvy) + O (Wrdr) (F7vi)
d u
e —i—C’r(FG) (uzo" dR) (ﬁawuz)} + h.c.
2G g >
o, = ﬁj O (a0 (€50 ,05) + O (0" dn) (T 0,05 | + e
9

d u Q) = — Z K (ereR) —i—C( ) (ewi)) 0, + (ey,.75e°) Of‘}
(c)
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Effective Approach to Ovf3f3

o effectively, a variety of different mechanisms beyond the standard scenario may
contribute to Ov3P (e.g. 9804374, 0008182, 0303205, 1208.0727, 1708.09390,
1806.02780, 1806.06058, 2009.10119, ...), long-range and short-range mechanisms

® OvBB hal|"— “s| " "'LLL g “+ accurate calculation of
; K ] : . ..
nuclear r S - | for estimating these limits
ST () E) + O (@R de) (Em)
> u dy > g
: -Cat (amdr) (Prvi) + CoR (wrdn) (Frvi)

=
N 2
e +C (Tt dp) (EUWVZ)} t hee.
2G o .
o e E(A?L 2 = \/QZ Cgﬁ (@zy*dr) (€L ,.vf) —l—Cg,?{ (Try"dR) (ﬁ@uui)} + h.c.
9
d u
(c)

ESAQL )= 5 Z K (ereR) —|—C’( ) (emi)) (’)i—|—Cl-(9) (ey,.75e°) Of}
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Effective Approach to Ovf3f3

® effectively, a variety of different mechanisms beyond the standard scenario may

- Systematic approach to “opening-up” the effective operators and
contribut search for models, in which the higher-dimensional ones “matter”: )80727’ 170809390’

See talk by Fabian Esser on Monday afternoon!

® OVBB hall = g gl g “*L accurate calculation of
BB ;777,& A o :;E-’LL‘IEM\ . e
nuclear r X, S I 1l for estimating these limits
X m, )
Ty ' . e = € (6) (6)
TH} VA . W STVHA " Cyr. (@zdr) (Ervuvi) + Cyg (@ry*dr) (€rYuvE)
- V—A " iy > g
: -Cst) (wRdy) (ezvi) + CSR (Wzdr) (ezvi)

- L -
N
e + 0 (aotdp) (EUWVZ)} the
2G o .
e L= |0V (@ydr) (F70w5) + OV (TRy"dr) (aam—i)} the.
o, \/gv
d u (9) 9
(c)

ﬁgAgL 9 = 5 Z |:<Cl(9 €R GR +CZL (GLGL)> Ori—C'l( ) (6’7/17560) O;{|

lukas.graf@matfyz.cuni.cz Probing Nuclear and New Physics with Double Beta Decays 14



OvBB Constraints for (almost) Any Model

= O Scholer, J. de Vries, LG: JHEP 08 (2023) 043
:C: Mode User-provided Matching
® model inputs: A
» scale + selection of - M Y |
operators — result of “% dim =5 | | dim =1 | | dim —9 \ ’
the matching My ~ 80 Gev ! ) ) 1
[— dim — 3 dim — 7 dim — 9
. . . L L
® computation/data inputs: = mﬁﬁ'”*” 2 ue)® O l l e l

* nuclear matrix Ay=2GeV |

|_
 |v- | — I I — | — I | — I I —
elements 6 n n — pev T — ev nn — ppee n — pwee T — ee
[ J

phase-space factors P s A ————

d IOW'e ne rgy CO nSta ntS Tg E ‘ 0vss o;_)erators | | OvB3 operators I
o iSOtOpe (experiment) 6 wl (Long- and pion-range) (short-range)

choice

Calculations automated by vDoBe

)
©
238 [Me MEFTT [Mr MEEET, T
S o [
~ 1 MeV = \L
) . : ov rn+ + dar ar v
also a tool: https://github.com/OScholer/nudobe v T;2(07 = 0%), de;”  dcos 8 de,’ Plots,

lukas.graf@matfyz.cuni.cz Probing Nuclear and New Physics with Double Beta Decays 15


https://github.com/OScholer/nudobe

Nuclear Uncertainties

Known LECs Unknown LECs
ig . 007 51 18 o0
. W v 97 [51 T
® hadronic currents J#(q) = gvy" — 47"+ + 5 oo =g 7 (g ¥ee]  OO)
gr 0.99 [51] g@% 0(1)
® non-relativistic limit — nuclear matrix elements - s o o)
g5" 2.0 H 92345| 0(127(93
3" —0.62 [52] |g¥'r 1
Moy = gaMer — gy Mp + gaMr o ~1.9 [59] ZT 0(1)
Mp = (hF (¢?)) 95" —8.0 [52] 955’”‘ o(1)
g’V —92.9GeV 2 £ 50% [55-55]
Mer = <hGT(q2)(0a ' 0b)> 161
T O SM[54] pnQRPA [57] + rEDF [60] — IBM2.[_441
Mrp = (B (¢*)3(0a - Tab) (b - Tab) — (0a - b)) ” e X ot EOE(62] L o initie VS IMSGR (68
. 12
® dependence on isotope and operator | +
_ e
® calculation — many-body problem S
- + +
. ®1 E= + — !
e different nuclear structure models, , L L "B - -
. + ® _ B - — _
factor of 2-3 difference 1 B e -0 2 5 - X - .
X
3 g x X
® + unknown LECs (Or form faCtorS) 748 76 82 96 100 110 116 124 128 130 134 136 148 150 154 160 108 232 238
A

lukas.graf@matfyz.cuni.cz Probing Nuclear and New Physics with Double Beta Decays LG, M. Lindner, O. Scholer: PRD 106 (2022) 15



Nuclear Uncertainties

Known LECs Unknown LECs
. ga 1271 |gr| O(1)
. tgw 0.97 [51] |97 0(1)
% — mo_ HAD 7 5 w gs T
® hadronic currents J (q) = gvy* — gay!~° + 5 NO' 0, — 9gpY°q o 47 |girse|  OD)
gr 0.99 [51] |g77 o(1)
B 2.7GeV |gFV 0(1)
g1 0.36 [52] |gie 7] o(1)
g5" 2.0 [52] |g2d4s| O(167%)
3" —0.62 [52] g%ﬁ; 0(1)
gi" —-1.9 [32] |gr 0(1)
95" —8.0[52] |gvioR o)
g’V —92.9GeV 2 £ 50% [55-55]
O SM[54] pnQRPA [57] + rEDF [60] — IBM2 [44]
O tpSM [55] ¥ dQRPA [58] rEDF [61] > ab Initio GCM-IMSRG [63]
rsMm [56] > dQRPA[59] nrEDF [62] [> ab Initio VS-IMSGR [64]
+
+
+
+
| n ale =+
> ’ . + _
IGTERRIBLE 1 HE B B BH.-
bt - O —
~‘ J | B . o - -
' v'! i X
) = g X X
® + unknown LECs (Or form faCtorS) °"48 76 82 96 100 110 116 14 128 130 134 136 148 150 154 160 198 232 238
A
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Exotic (2v)BB Decay

® exotic contributions to double beta decay?

A u - U
d — (J’F — “f —_— o
- —o--:‘.".i_ “4::“:____
. € €
,”a S L I'\__,/\ it

Ty, VR

@ e.g. in presence of right-handed currents: / ‘ )
d— d —
G g cos O¢c
L = \/5 ((1+5SM+€LL)]LJLM+€RL]LJRM+€LR]RJLM+€RR]R RM)—FhC

2v FZJ/

dcos 6 - 2

& — contribution to the rate:I'™ = < ,Ga.55/Ma.551” , @angular correlation: (1+ K cos 6)

— bound; exr < 2.7 x 1077

® using existing NEMO-3 data competitive with single beta, insensitive to the overall rate,

largely insensitive to the nuclear matrix elements . F. Deppisch, LG, F. Simkovic: PRL 125 [2003.11836]

=
=)

® e.g. scalar (Majoron) emission . — e

e
©

o
o

® — distortion of the spectrum

o
>

r-1dr/de (a.u.)

o
[N)

J. de Vries, LG, V. Plakkot, D. Stary: JHEP 03 [2511.19173]

0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
€=Ee +Ee,—2me my (MeV)
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Towards Precision Double Beta Decay Spectrum

® double beta decay spectrum: upcoming experiments aim to reach (sub-)percent level
precision

® theoretical description not as accurate — efforts to match the precision necessary

® electron wave functions — Fermi function, realistic wave functions in central field
Kotila, lachello: PRC [1209.5722]

. . ] . Neascu, Horoi: PRC [1510.00882]
® expansion in the leptonic energies simkovic, bvomicky, Stefanik, Faessler: PRC [1804.04227]

& corrections at the level of heavy baryon chiral effective field theory — pion exchanges,

weak magnetiSm & moravit, Bouabid, Cirigliano, de Vries, LG, Mereghetti: JHEP [2412.14160]

® atomic effects: screening, exchange corrections, etc. «otia, lachelo: PRC [1209.5722]
Nitescu, Simkovic: PRC [2411.05405] | See Ovidiu Nitescu’s talk

Y . . . Monday aft |
@ radiative corrections (Sirlin function and beyond) niescu, simkovic: PRC 2411.05405) on voncay aernoon
de Vries, El Morabit, Mereghetti, Sandner: PRL [2603.23592]
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Taylor Expansion in Leptonic Energies

o Simkovic et al.: iImproved description of 2VBB Simkovic, Dvornicky, Stefanik, Faessler: PRC [1804.04227]

® expansion in small leptonic energies allows for separation of nuclear and leptonic parts,
works very well AL ZM — (E; + Ef)/2 ek = (Ee, + By, — Ee, — Eu)) /2,
E —

= M,
/T (E +Ef)/2] _5K,L EL:(Eel_l_EVz_ ez Vl)/2

g2 + g2 = _ _
Agv = 11 A%v = K La \ GT 1 Mn - (O;I”- || ZTme ” 1'1-'|L-><1: ” ZTmam ” 0:_>

(2me)? 3

e M ZM 4 me m m
2 .2 4 4 OT_3 = "

A%g:ﬂ A2”—€K+€L (En—(Ei+Ef)/2)3

(2me)4” "t (2me)? "

16 mS
MGT 5 ZM” - 5
¢ E;—E;—m. n (En — (B; + Ef)/2)
GE = =2 / Fo(Zs, Ee,)pe, Ee,dE
mll e R s T €1 M2V M2y
e 2 GT—3 2 GT—5
E,—E;—E., 351 = M2 51 = M2V
X/ FU(Zf=E€2)pE2E€2dE€2 (14) / GT-1 GT-1
E,~E;—E., —E. -1
< | U BB AR, (N=0,2,422)  (TIF°] = (o) IME_. | (G + €l GE
0 ~

1 1
o 35)%%; + (g @)+ ex) o).
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Taylor Expansion in Leptonic Energies

® Simkovic et al.: improved description of 2vpB — spectra:

Simkovic, Dvomicky, Stefanik, Faessler: PRC [1804.04227]
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T Hf F 0N E = 15 /) Y\ T \ E
Tz f 0\ ~ | \ Sy R
5 2F 3 \ L = 1of + %\ .
o . - == N=0 - T ]
é 05F = N e N=2 - E 05 ] N\
f— = T+ e = E N - . et =
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T /Q T /Q T_/Q T_/Q
] f|tted by expenments Experiment Isotope &31 Source
KamLAND-ZEN 136Xe —0.26 = 0.28 Phys. Rev. Lett. 122, 192501
CUPID-Mo 100Mo 0.45 + 0.06 Phys. Rev. Lett. 131, 162501
CUORE 130T 0.15+0.15 Phys. Rev. Lett. 135, 082501
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Chiral Corrections to the Spectrum

® corrections determined at the level of heavy baryon chiral effective field theory:
pion exchanges, weak magnetic term (~ gy)

)y!)\ Z{ J [ <]

- < (>@

El Morabit, Bouabid, Cirigliano, de Vries, LG, Mereghetti: JHEP 03 [2412.14160]
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Weak Magnetism

® corrections at the level of heavy baryon chiral EFT: weak magnetic term (~ gy)
FZV A A
g ~ (g MEr_1[*A0 |GF + & A—iG + 531G22 + ( &5 + & 2) Gy Ao ]

® arising from term: (ig,/my)e*"?°v,S,q, with g, = 4.7

@ resembles QED magnetic coupling,
with W instead of photon
Ao = 1+ 42 (SEGT(—_DEF) I 1 9m,).
ga Mgy 3mngA 2) b) 0
Ay, = 14 2Ber—er) ,
eé ; f)% é

94 M)
® new phase-space term distortion

A%\Z _ 2gM (Eel + EeZ)(QEelEe2 — mg)
3myg& Ee1Eeo

El Morabit, Bouabid, Cirigliano, de Vries, LG, Mereghetti: JHEP 03 [2412.14160]
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Pion-Exchange Contributions

® corrections at the level of heavy baryon chiral EFT: pion exchanges

o ~ (g5 ME_1 > Ao [Go +§31 Gz + 531G%2+( 51 + & 2)GZ + A0]

El Morabit, Bouabid, Cirigliano, de Vries, LG, Mereghetti: JHEP 03 [2412.14160]

4 q—’Z 4 q-'2 2 4 Q'Z 6'2
F1- 0o [ 14+ 2o + = —_8 14—
x[crl 02( +3§2+m§+3(§2+m§ 3 125’2"‘”"’% +Q'2+m72r

Ay = 14 42(3'5GT(__1)€F) 329M (O +2m,).
92 My mNgA a) b) c)
— \
n = 14| 2 oo —en |
ga Mgy
2 2
Meg 1 2
= Or? inRa (MF(m?TH P2 2 9ur Mr, Sd)
2
Meg 1 3m
€Gr = 6F2Am (Méqqé(mw) — 2M&F (M) + AMEF (ma) — 2F292u aT MF, sd) d) e) f)
® just like OvB3 NMEs for sterile-neutrino exchange with My = m_!
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Differential Decay Rate & Spectral Shape

o differential decay rate — additional fit parameter

a0 ./ 2. [dG dG¥ . Ay dG¥ [, Ay 1.,\  dGE1., dG%
@ _ M A, | 220 a2 2 -
2 =94 (M) Ol de T de A, T e \Bla, T3t ) g gttt g

® differential phase-space factors

dG? 1 (GrVua)* [? Qe
T u dA dE,1 Ee1pe1Eeopes B> E%, X F(Eg,Z¢) X F(Eu9, Z ;
de In2 8n"m2 /_6/2 /0 1 Ee1pe1 EeaPea o By X F(Ee1,Z) X F(Ee2, Zy) x A
2 2 4 4 2 2
where: _ _fkT€ _ €tk T €L _ k€L
Ao 1, Ao (2m.)? , Ay (2m.)* : Aoo (2m. )
-AM _ 29M (Eel + E62)(2E61E82 - mg)
SmNgA EelEeQ ’

® we study the effects in terms of the shape factors S and their deviations §S
1dr

SO=1rg 5@ =5 -5, 65 () =65 ()/S"(¢)
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Spectral Shape - WM vs ¢

® compare the effect of the ¢ corrections (leptonic energies) with the WM effect

2v 2v 2v
® using both QRPA (lighter, solid) and NSM (darker, dashed); “nodes” for dGy” . G2 4G
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Spectral Shape - Tensor Current

® contribution from exotic tensor current erérc*’vi aro,.dr
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Figure 10: Shape-factor deviations 4.5 induced by the BSM tensor current (TC) with e = —0.0014 in
comparison with the deviations caused by the weak magnetism (WM) correction term.

8 Me(Ee1 + Ee2)

S ga gr K \2 L \2 K asL (Ee1 2

C’g’uMz 5 {ET—gA [(MGT) + (Mgr) +MGTMGT] - E61E2 : } El Morabit, Bouabid, Cirigliano, de Vries, LG, Mereghetti: JHEP 03 [2412.14160]
e (4
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Conclusion & Outlook

® rare nuclear processes, such as double beta decays, can help to unravel new particle
physics; calculations can be complex

® OvB[3 — best probe of lepton number violation; generally, a variety of different
mechanisms besides the standard light neutrino exchange can contribute to Ov[3[3

& combining various contributions within a new model — can be involved, tedious
calculation with a variety of inputs
— vDoBe tool developed and available online

& understanding 2v[33 crucial for understanding upcoming experiments; can help with
searches, but also theory, for Ov3f3 and its other variants (Majorons)

® new physics can be also probed with 2v[3§ itself



Conclusion & Outlook

® rare nuclear processes, such as double beta decays, can help to unravel new particle
physics; calculations can be complex

® OvP33 — best probe of lepton number violation; generally, a variety of different
mechanisms besides the standard light neutrino exchange can contribute to Ov[3[3

& combining various contributions within a new model — can be involved, tedious
calculation with a variety of inputs
— vDoBe tool developed and available online

® understanding 2vB[3 crucial for understanding upcoming experiments; can help with
searches, but also theory, for Ov33 and its other variants (Majorons)

® new physics can be also probed with 2vp itself

Thank you!
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