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e non-standard neutrinoless double beta decay (0vf3()
mechanisms - effectively description at low energy

e microscopic description of Ov3( - nuclear matrix elements
(NMEs), nucleon form factors (NFFs) and phase-space
factors (PSFs)

e — formulae for Ov3g3 half-life + energy distribution & angular
correlation of the outgoing electrons

e standard + non-standard mechanisms - constraints on
neutrino mass & new-physics couplings

conclusions & outlook
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Mechanisms of 0v3/3 iﬁ-wﬁné"[ﬂi’&f*
e Loss = Lrr + Lsr, general Lagrangian in terms of effective

couplings ¢ corresponding to the pointlike vertices at low
energies

d u d u d u

e e @ e
@ - ! i v
€ € €
P u 1

d u d

@ e e
@ e e
d u d

F. F. Deppisch, M. Hirsch, H. Pas: J. Phys. G 39 (2012), 124007
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General Lagrangian for Ov (3 ‘-\\\Es;”ﬁﬁéiﬂfi?*

G ) ~ .
e long-range part: Lpp = 71; [J‘LAH]“LA +Zaﬁe§JLgﬁ},

where Ji, = @0ad, js = eOpv d u
and Oy = (1 £1s), @ .
Osxp = (1%7s),
. v
Ot 1 = 5w, Ww](1 £75) e
e short range part: d u
G2
Lsp = 275 [61JJj + EQJNVJ;W,]‘ + GSJ#J[J.j + GAJHJ;WjV + 65‘]#].7‘#} )
D
] d u
with J =a(1 £ 45)d,
JH = ay*(1 £ y5)d, @ €
I =gy (1 £ 5)d e
j=e(l+vs)e”
d u

" = eyt (1 £ vs)e”

H. Pas et. al.: Phys.Lett. B453 (1999) 194-198 and B498 (2001) 35-39
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e connection to the experimental half-life - if only a single € is

considered to be non-zero at a time: Tl_/é = |€|2Gy| M;|?

o —> (v[[ half-life sets constraints on effective couplings

e accurate calculation of nuclear matrix elements (NMEs) and
phase-space factors (PSFs) is crucial for this estimation

e main focus here: short-range Ov33 decay mechanisms & their
interference with the standard mechanism
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e standard mass mechanism:

rOVB8 ~ m2Ghm3 QY ~ (glky)” (1026 y) !
e non-standard long-range mechanisms:

6
ovBpB 20 =62 4 A5 10 Gev 26 \—1
TR ~ v A GEamEQpg ~ (T:) (10%° y)

e non-standard short-range mechanisms:

10
ovBp —10__6 5 5 TeV 26 —1
Deg P~ AGOmE QR ~ (71\0&9) (1026 y)
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e standard mass mechanism:

0 2.4 .2 ~H5 2026 y—1
o8B ~ mZGEmEQY, ~ (o_nlhév) (107" y)

e non-standard long-range mechanisms:

6
ovBB 27 =62 4 A5 10° Gev 26 \—1
FLRV ~ v AO7GFmFQBE ~ ( "y : ) (10%° y)

e non-standard short-range mechanisms:

10
ovBB —10,_ 6 5 5 TeV 26 —1
rge?? ~ AGaOmEQ% s ~ (Aoeg) (1026 y)

e due to the intrinsic helicity flip, non-standard long-range
mechanisms in typical scenarios suppressed indirectly by
neutrino mass

e e.g. L-R symmetric models: small y, @.v = vm,3w)
= 0vf3 rate scales as ;"% ~ () (51)° (1026 y)~!

eV
0.1eV AR

J. C. Helo, M. Hirsch and T. Ota, JHEP 06, 006 (2016), [1602.03362]
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Non-Standard Short-Range Ov3( Revisited -\\\}\-F”ﬁﬁfﬁﬂlﬁ?m

G2
* Lsn=1,
P

[e1JJf + cod Juwj + e3JHTud + cadH T d? + e5J4 T35,
o first: Is this formula complete?

e combination of left- and right-handed tensor currents = 0

e total number of independent low-energy Ov3f3 effective
operators of dim. 97

e Hilbert Series = 24

L. Lehman, A. Martin: 1503.07537, B. Henning, X. Lu, T. Melia, and H. Murayama: 1512.03433

e + linear algebra = indeed, Lgr contains 24 independent
effective 9D operators triggering Ov (303, in agreement with
Other Iiterature (e.g. M. L. Graesser: 1606.04549)
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o differential rate of Ov 35 decay reads

d3p; d3ps
(2m)3 (2m)3’

dT = 27|R|26(E1 + E2 + Ep — Ey)

with the full matrix element given symbolically as

2
R = %I;EGK <€p151 J}E< ‘62232><O;|JIE{J;<E O?»>

e fully differential rate for 07 — 0™ Ov33 decay

PL  _ Gu(Br) (a(Br) + () cos 0)
- =Cw a cos ),
dEdcos 6 ! ! !

G4 m?2
where ¢ = —£ ¢ w(E1) = E1E2p1p2
167°

e quantites of interest: a(E1), b(E1)
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e considering nucleon isodoublet N/ = (]1\3,) the nucleon matrix
elements of the quark currents are

(P(p)| a(1 £ v5)d|N(p"))

(P@lar* £ w)dNE)) = Nt [FP @) = iF @) o | N(n)

N)yrt [F @)+ FS ()] N (),
N (p)rT [F,E;S)(qz)'v“'ys - F§3)(q2)"/sq“} N (n),
(P(p)| o™ (1 £ 45)dING)) = N7t [J“" + %a“"’”J,m} N,

where we have defined:
i 1
JHY = Tés)(qQ)G‘“’ + TZ(S)(qQ)mL(V“q” —-v"d") + Tég)(qz)ﬁ(owqpq" —0""qpq").
P P
e form factors - from experiment or theoretical calculation
(old: MIT bag model, new: LQCD)
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NR Expansion of the Nucleon Currents \\\%\-F”Eﬁé"[ﬂf&f*

e non-relativistic limit then gives the resulting approximated
nuclear bilinears

1
Jsep = 3. 796(x—ra) <F§3) +FE) —(oa- q)> ,
@ 2mp
Fu F,
T4 = Drie(x—ra) "0 |Fyl. £ Q*lqOQ oa
a Qmp
Fy, Fyy .
+g FFa(o, )1_7 Qlg — [1—=2mp——]iog Xq ,
2myp Fy B
‘]’,IJ:‘L:;:T,- _ ZTié(x_ra)Tl(S) [(g"”' v0 gp,[) 1/7,),1—, +gp,] vk 1]k ai

[
:tge“”’”(guig,,o — 9u09vi)Tai + gumgunEmmUai]a

where we have defined:

) i Y\ )
T, = 1-— q'Io+(0a x Q)" | .
a 2my (3)
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e we consider the following ¢ dependence of the NFFs

2
Fs(g®) = — 25 | 95 =1.0
()
gprs 1
Fps(q®) = ) CH gps = 349
(1+q2/m2) 14 ¢2/m2
gv
Fy(q )=722, gv = 1.0,
(1+a2/m3)
2 gw
Py = —W gw = 3.7,
()
ga
FA(qz) = ﬁ! ga =1.27
(1+a2/m?)
2 2
1 m m
Fp(e®) = - 27 W) QP:4QA7§ (17—;‘) = 231
(1+q2/m?%)" LHa?/m7 ma mi
2 9T,
Pr,(q%) = s, 9Ty 55 = 1.0,-3.3,1.34
(i)

(my = 0.84 GeV, m4 = 1.09 GeV, mr = 0.138 GeV)
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Nuclear Matrix Elements

® Fps(q?) = 9Ps 1
s(a®) (1+q2/m2ps)21+‘12/m3r

gps = 349

M. Gonzalez-Alonso, O. Naviliat-Cuncic
and N. Severijns, Prog. Part. Nucl.
Phys. 104, 165 (2019), [1803.08732].

° 2y _ 94 1
Fp(q®) = (1+q2/m§‘)2 Tra2/mZ
am?2 2
b (1-2%)
7r a
gp = 231

F. Simkovic, G. Pantis, J. D. Vergados

and A. Faessler, Phys. Rev. C60,

055502 (1999), [hep-ph/9905509]

V. Bernard, L. Elouadrhiri, U.-G. Meissner,
J. Phys. G28, R1 (2002), [hep-ph/0107088]

e enhanced values of
pseudoscalar form factors

— additional NMEs
taken into account

Lukas Graf (MPIK)
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9FZMp
2
g ’ ’
oo (g ),
- 297, Mg,
gy Mp
AA
(- = +) gaMép
gagp
++ )= (M/GA’IF *M,qflp)
(gv +9W)2 ( ’ 1 ’ )
IV TIWI (M + =M
+ 2 er + 7 Mr
g%: 11PP 11PP
(= - +)T8(MGT - Mrp )1
(- —++ ig“OQAQTl MéT
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+ o+ - )it L
( ) ig 2
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e selection of the relevant NMEs involved in the non-standard
short-range mechanisms

e pseudoscalar enhancement — additional NMEs

o for M3 (‘heavy neutrino exchange'):

NME ho(g?)

MEW = (Lhxx (@) o o0)) hixx(?)

MW = (Lhxx(q®)Sw) xx (@)

Mé‘é = (haa(¢®)(oa - o0)) iLAA(q2) = m
MEF = (Fhar@)ow00)  harle®) = Gt sairghs

MG = <%ZghAP(q2)sab> hap(q®)
M = (Sxhep(a o o)) hep(e?)

MFP = (Shpp(?)Sar) hpp(c?)
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NME ho(q®)
Mp = (hxx(q%)) hxx (%) = W
M MEE = (Lhrr(@) (@0 ov)) b)) = s
MEP = <,%2%hpp(q2)sab> hpp(q®)
M2 MTITI = <hxx(q2)(0'a . Ub)) ilxx 2)
MATI = (hax(¢®)(oa- o)) hAX(q )= mm
M Mt = (Fghxr(@) (- o)) R T T
MET = <%ZghXP(q2)sab> hxp(a®)
Mé? = <MhAP( *)(o 'Ub)> ~ MEGE hap(q®)
M, P = (2har(@®)Sa) ~ MAP harla?)
'W’P = (BFhep(e®) (o 00) = 102 MEL hep(e?)
MEP = (58 hpp()Sa)  ~ 1072MIET hep(d?)
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e IBM-2 - the very large shell model space truncated to states
built from pairs of nucleons with J = 0,2

e these pairs - bosons - are then assumed to be collective

e Hamiltonian constructed phenomenologically, two- and four
valence-nucleon states generated by a schematic interaction

e fermion operators - mapped onto

a boson space ( ShellModel space \\
e matrix elements of the mapped \\ s /
operators evaluated with realistic ~_— /L

wave functions

J. Barea and F. lachello, Phys. Rev. C79, 044301 (2009)
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Single Particle Energies

Experimental data:
spectra, EM transitions, ...

S.D.l Calculation

IBM-2 wavefunctions

Structure Coefficients
of S and D pairs

Bosonic matrix elements:
(F sk 5| 1)
<F dt - d, 1>

Mapping coefficients
of the transition operator

|f(mi, Ues) [

(figure from Jenni Kotila)
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NMEs - Numerical Results
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hotope My My M My MY MY ME MATME M ME M MG M MG e
Ge —48.89 1735 170.0 1743 —2.945 —6.541 2110 -1.310 2.255 —1.183 0.798 —0.271  0.028 —0.022  0.008 —0.003
82Ge  —41.22 143.6 140.7 1443 —2456 —6.206 1.758 —1.249 1.878 —1.183 0.660 —0.259  0.024 —0.021 0.007  —0.003

10Mo  —51.96 188.6 181.9 188.1 —4.590  8.055 2273  1.590 2.464 1128 0.910 0317  0.029 0027  0.009  0.003
128Te  —41.82 1341 1317 1349 -2439 —4519 1667 —0.890 1.776 —1.433 0.617 —0.178  0.023 —0.015  0.006 —0.002
130Te  —38.05 1219 119.7 1226 -1.951 —4.105 1514 -0.807 1.613 —0.726 0.561 —0.160  0.021 —0.014 0.006  —0.002
1Xe —39.45 127.2 1247 127.8 —2111 —4.191 1564 —0.823 1.669 —0.741 0.585 —0.163 0.021 -0.014  0.006 —0.002
136Xe  —29.83  96.1 94.18 96.56 —1.625 —3.158 1.177 —0.620 1.257 —0.558 0.442 —0.123  0.016 —0.011 0.004  —0.001
1%0Nd  —30.18 103.1 100.0 103.2 —2.230 2955 1.292  0.581 1.392  0.523 0497  0.116  0.017  0.010 0.005 0.001

154Sm  —31.83 1109 107.1 1107 -2.618  3.397 1.356  0.668 1.467  0.601 0.536  0.135 0.018 0012  0.005  0.001

MSNd  —31.71 1058 103.0 1060 —2.145 2557 1.346 0510 1.445 0460 0.508  0.104 0.018  0.009  0.005  0.001
%zr -3531 1288 1243 1285 —3.116 5436 1.523  1.090 1.652  0.984 0.613  0.228 0.020 0.019  0.006  0.002
Hopg 4352 157.0 151.2 1565 —3.945  6.816 1.892 1356 2055  1.223 0.762 0271  0.024  0.023  0.008  0.003
U6Cd  —32.45 1152 1105 1146 —3.069  4.222 1374  0.843 1497  0.760 0.565  0.169  0.017  0.015  0.006  0.002
1215n —33.19 106.1 1042 106.7 —1.701 —3.655 1321 —0.723 1.407 —0.651 0.489 —0.146 0.018 —0.012  0.005 —0.001
198pt —31.87  109.0 1044 1084 -2.992  3.172 1.334  0.626 1454  0.564 0546  0.119  0.017  0.011 0.005  0.001
10Gd  —41.43 148.6 1429 1480 —3.808 5231 1776  1.023 1.931  0.920 0.722  0.205 0.023  0.018  0.007  0.002

22Th  —44.04 1603 1542 159.7 —4.116  6.146 1.900  1.185 2.067 1063 0.783  0.230  0.024  0.021 0.008  0.002
28y 5248 1905 183.1 180.7 —4.981  7.206 2255  1.393 2456  1.251 0.932 0272  0.029 0024  0.009  0.003
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NMEs - Numerical Results Nl
N
Isotope M o0 P Mg%-PP M’T""PP
TGe —48.8 | | T —
25—z | W ® N 0.007  —0.003
WMo —51.9 on ’ Y0009 0.003
2s7e g1 20 [ o ] 5 0006 —0.002
190Te 380 ] u u 4 0006 —0.002
e —30.4 — 200 = i u il B n 14 0.006 —0.002
136Xe —29.35 . 11 0004 —0.001
BONG 301 — 150 ® L ® o0 e ® 0 0005  0.001
5iSm  —31.8 o ® 12 0005  0.001
NG 317 gl o ¥ 0005 0.001
%Zr 353 ® NMEs 2015 19 0006  0.002
H0pg 435 0 B 0008  0.003
u6cd 324 B NMEs 2019 15 0006  0.002
1215n —33.1 J. Kotlla and J. Barea Phys Rev C 94, 034320 (2016) 12 0.005  —0.001
195py 318 0" Tege ®5e Szr 1Mo opg TG Py T, 19076 Tixe X NG ONG SiSm WG Pt 29Th BSU 11 0005 0.001
16064 —41.4 Isotope 18 0007  0.002

22Th  —44.04 160.3 154.2 159.7 —4.116 6.146  1.900 1.185 2.067 1.063  0.783 0.230  0.024 0.021 0.008 0.002
28y —5248 1905 183.1 189.7 —4.981 7.206  2.255 1.393 2.456 1.251  0.932 0272 0.029 0.024 0.009 0.003
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o the key ingredient for the phase space factors (PSFs): the

electron wave functions

e position-dependent wavefunction of each electron can be
expanded in terms of spherical waves

Py/o

eps(r) = end/2(r) + ent/2(x) + ...

(p is the asymptotic momentum of the electron at long
distance and s denotes its spin projection)

S1/2 g_1(E,r)xs Pr/2 g1(E,r)(o - #)(o - P)xs
eps’ () = (h(Efr)(a-mxs)* eps’ " (r) = (1 £ (B, ) (o - B)xe )

e g.(E,r) and f.(E,r) are the radial wavefunctions of the
‘large’ and ‘small’ components
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e realistical calculation: radial functions satisfying the Dirac
equation with potential taking into account the finite nuclear
size and the electron screening
J. Kotila and F. lachello, Phys. Rev. C85, 034316 (2012), [1209.5722]

e approximation: electron wavefunctions evaluated at the
nuclear radius r = R4 - nucleons decay largely at the surface
due to Pauli-blocking of inner states

f+(E) = f+(E,Ra), 9+(E) = g+(E,Ra)
o 8 different leptonic matrix elements (6 independent ones)
FO P P R+ AT
() _gfp=1 g =1y p=1-1
i =2 e N = e (Bga (B
fl(g) :4[‘fll|2_|f7171‘2] f11 = f1(E1) f1(E2)
13 =16 [\f7171|2+\f11|2} F7N = g_1(B1) f1(B2)
1
fG(é) _ 39 {fflflfll] fi~ " = fi(B1)g-1(E2)

fg =0
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Resulting Coefficients a(F7) and b( N

e considering Lsr + the mass mechanism — a(E)) and b(E)
entering the fully differential rate for 07 — 0% Ov/3/3 decay:

3 2

3
Z efMIJreVMV Z RMI

o) (g

2
+ 24174

a(B1) = 2£9),

+2f§‘1’>_2Re
I=1
onle 2 © 3 5 *
79 3o M| 43 f1 J2Re PO [Mr+eaMy |30 My
I=4 =1 I=4
3
7—f(0)2Re ST My e,M,
| \i=1
3 2 3 2 2
b(E1) = 207 | D eF My + e My | 250 Z My f“) ZEIMI
I=1 I=4

I=1
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Energy Distribution
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N

0.7
76Ge
0.6
0.5

0.4

dr/dekn

0 . 3 /’ ""‘un
0.2

0.1 it

a(By) =2/,

fie

(0)

4 ;
ZeILMIJrE,,M,, +2f114

I=1

3
+2£ 2Re KZ M+ fVMV>

I=1

ZE!MI
=4
1o 3 5 *
e () ()|

o fégj

2 3
1.0
+3 F99Re KZ M

0.0
0.0
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Angular Correlation

A

1.0
76Ge

0.5
fee

2 2 1
1
Sjéﬁ)

+25{))

3
Ze?Mz
=1

3
Z M +eM,

I=1

b(E) = 273,

5
ZE[M]
=1

2

a( 1in)

-1.0
0. . .
EXN [MeV]
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e PSFs obtained by integration of the above leptonic matrix

Integrated Phase-Space Factors

elements
(a)
(a) _ 2C 95 Qpptme (a)
¢ = ez /me dB1w(BDF (B1, Qs + 2me — B1),
which enters the half-life 1 7 &7 Y d9 GV ¥

TGe 4.720 —0.561 2.640 1.739 —3.908 1.954
82Se 2037 —1.425 10.90 5849 —18.16 9.079

oL = | 28812 G M, 2

1/2 = | me v v 97y 4116 —2.379 21.76 10.81 —43.23 18.67
10Mo  31.82 —2.105 16.96 8913 —28.50 14.25
U0pd 9614 —1.083 5348 3460 -8.028 4.014

. . 16 s 4 148
e both distributions and Cd 3338 —2375 17.88 9.685 —38.74 1483
1215y 1806 -1.685 9.870 5.953 —15.52 7.760

N 128 P
|ntegrated PSFs calculated Te 1170 —0312 0.741 0.626 —0.780 0.390

130Te 2840 —2.284 1534 8.733 —24.80 1245

H H 134 4

for a wide range of isotopes HXe 1193 —0327 0760 0.646 —0.788 0.394
186xe 2911 -2.395 1575 9.048 —25.44 12.72

MSNd  20.15 —2.168 11.16 7.096 —28.38 8.493

10Nd  126.0 —6.250 66.11 30.88 —115.7 57.83

e results consistent with Bigm  6.010 —1.078 3544 2677 —4582 2201
. . 160Gd  19.05 —2.258 10.64 7.012 —15.83 7.917
previous calculations 9Pr 1503 —2610 8818 6555 —1169 5845

22Th  27.74 —4.839 1629 1204 -21.83 10.91
28U 66.89 —8.353 37.62 24.92 —56.03 28.01
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e considering Lgr + the mass mechanism

e — general formula for half-life of Ov3/3 decay induced by
the short-range mechanisms + the standard mechanism and
their mutual interference:
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Ta = Gitg | 20 T M+ e My

I=1

3 3 *
+6{ 2Rre KZ F M+ euMV> (Z e?/vu) }
I=1 I=1

2 3 5 ®
+Gg%)2Re |:< ef‘MI—Q-el,Ml,)(Z 61M1> :|
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Ty /'/2

Limits on Couplings

e new NMEs + new PSFs + current exp. bounds on

= new limits on effective neutrino mass (m,) and
new-physics couplings €5 (an e limits x10~10)

(my) =3 Ugimui e1JJj 4+ e M Jpug + es I I+ eadH I + es MG,
T [yl (m,) [eV] T3 [y 16X [eFR] e 1] b R] feg "7 e Jef™ |

TGe 8x10%  0.093 Ge 8x10% 1.88 1.86 93.8 56.2 888 126 393 333

8Ge 24 x10%* 032 8¢ 24 x10** 624 6.17 315 188 299 435 131 111

%Zr 92x 102 4.2 PZr 9.2 x 10?1 90.7 89.5 3990 2370 3660 5220 2520 2000

10006 1.1 % 10 0.34 1006 1.1 % 10%* 6.32 6.24 283 169 263 371 174 139

H6cd 2.2 x 10% 1.3 H6Cd 22 x10% 220 21.7 1010 606 961 1330 619 493

¥0Te 1.5 %10 1.9 10Te 1.5 % 102 36.1 35.6 1780 1040 1720 2250 696 581 A

0Te 1.5 %102 013 WTe 15x10% 254 251 126 73.6 121 172 530 443 Q=

136Xe 1.07 x 10%  0.059 16Xe 1.07 x 10% 1.20 1.18 59.0 34.7 572 80.3 254 2 $?~

19N 20x 102 1.9 TN 2.0 102 419 414 1930 1140 1820 2380 1060 \¥56

.. G2 L 2
e constraining the scale: 1t = L ¢ ]
& Axp 2myp
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Limits on Couplings -

MAX-PLANCK-INSTITUT
\\ FUR KERNPHYSIK
©

\— HEIDELBERG

N

above: effective couplings at Aqcp ~ 1 GeV

e more correctly: new-physics scale Ayp ~ 1 TeV

= QCD running taken into account

M. Gonzélez, M. Hirsch and S. G. Kovalenko, Phys. Rev. D93, 013017 (2016), [1511.03945]

Lukas Graf (MPIK)

c1JJj 4 cod Jpyi 4 ea M Jpg 4 caJ  Jpu i’ +es IH g

T3 [yl 1N (e R] 1] (e 1R 1™ 1R 1] [ef™ 7|
TGe  8x10% 0.762 0.445 145 80.2 106 315 203 163 8.07
52Ge 24 x10* 253 148 478 268 356 1080 702 544 269
Bzr 9.2x10%0 36.6 214 7530 3380 4360 14000 8410 1030 485
WMo 1.1 x 10% 2,55 1.49 518 242 313 995 598 715 336
160 2.2 x10% 888 5.19 1770 866 1140 3570 2150 255 119
0T 1.5 x 10%  14.6 8.53 2800 1490 2050 5620 3620 289 141 Q:\
0T 1.5 % 10%  1.03 0.602 197 105 144 429 277 220 1@?‘
136Xe 1.07 x 10%0 0.485 0.283 93.0 49.5 68.1 202 129 1UA5\ }2
19ONd 2.0 x 102 17.0 9.91 3380 1630 2170 6810 4170(1@’ 207
Q\
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Interference with Mass Mechanism . e

N
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MA
Interference with Mass Mechanism &Q%i-f”ﬁﬁ?ﬁf{&?“‘

AfLL [TeV]
2m, < 0.15eV
Af"R [TeV]

PRELIMINARY ~20 PRELIMINARY
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
mgs [eV] mgs [eV]
3 2 5 2
Ty =G0 |3 M| + GRS My
Tk = G, [Shy My + et = N
— a{92Re [(ze?M,> (Z eIMI) }
I=1 I=4
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Interference with Mass Mechanism Qe
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: N Ok Kerarnvsic
Non—Standard Long—Range MeChanlsmS -\\.i- HEIDELBERG

e more complicated, nontrivial neutrino potential (from the
neutrino propagator)

e terms proportional to neutrino mass, energy and momentum
come with different neutrino potentials

1 1 ko(Er — E) 1 1
Um = + s Ukg = y Uk = +
ko+ A1 ko + A (ko + A1) (ko + A2) ko+ A1 Ko+ Ao

e more combinations contributing to 07 — 0
= possibly additional/new relevant (non-negligible) terms,
electron p-wave important

e additional PSFs entering the half-life formula

Lukas Graf (MPIK) Probing BSM Physics with Non-Standard 0v 33 - 31/33



L : NN PR Kenpvic
Discrimination of Ov33 Decay Mechanism -\s- HEIDELBERG

e analysis of angular correlation between the emitted electrons

e in certain cases the operators correspond to a final state of
opposite electron chiralities = can be distinguished by
SuperNEMO from the purely left-handed current interaction via
the measurement of the decay distribution

R. Arnold et al. (NEMO-3): Phys. Rev. D98 (2007), 232501
e some operators can be probed at the LHC
e comparison with related processes (capture or Ov3T3™)
e another way: comparing ratios of half life measurements for

different isotopes

F. Deppisch, H. Pas: Phys. Rev. Lett. 89 (2014), 111101
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Conclusions NN

A

a number of different non-standard mechanisms can
contribute to Ovf34

e we provide a detailed description of the short-range scenarios
<> variety of NMEs calculated using IBM-2, combined with
accurate PSFs, analysis of limits on BSM physics

e observation of Ov3 — hint for the scale of the BSM physics

e outlook: revisiting long-range; comparison/connection with
xEFT?, 'new’ contributions?
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Conclusions NN

A

a number of different non-standard mechanisms can
contribute to Ovf34

e we provide a detailed description of the short-range scenarios
<> variety of NMEs calculated using IBM-2, combined with
accurate PSFs, analysis of limits on BSM physics

e observation of Ov3 — hint for the scale of the BSM physics
— see also Frank's talk!

e outlook: revisiting long-range; comparison/connection with
xEFT?, 'new’ contributions?

Thank You for attention!
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