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Dirac vs Majorana R o

* neutrinos - left-handed, neutral and massive fermions

— two ways to define neutrino mass

 Dirac mass - as other fermions, but tiny (~ 10™'?) couplings to Higgs

c c y¥ ¥(H)
mpvrvy C y, LHVE, W
(H)X v ’
* Majorana mass - only left-handed neutrino = lepton number violation
Hy —AH)
J— C \ ’
mMVLI/L “r~’
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e v

* two-neutrino double beta decay Ve

2088 : (A, Z) = (A, Z +2) 4+ 2e™ + 20,

* neutrinoless double beta decay
— LNV, mediated by Majorana neutrinos

OovBp: (A, Z) — (A, Z 4 2) + 2e”

o : . m2vpBB 18 21
experiments: T1/2 ~ 10*° - 10°" y

arbitrary units

TY5" ~ (0.1 eV/m,)? x 10% y

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

* avariety of isotopes: 7Ge, 3¢Xe, ... —

-7

23 =1 = =zt 22

Q:Ei—Ef—Zme

e

2 25
energy (MeV)

e variants
BT BT (A, Z) = (4,2 —2) +2¢*
OB TEC: (A, Z)+e — (A, Z —2)+et
OvECEC : (A,Z)—FQG_—)(A,Z—Q) DRRE PP e B e s ey
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Neutrinoless Double SN\ or K

@ €© M HEIDELBERG

Beta Decay B\

Atomic Physics Nuclear Physics
leptonic phase space factor nuclear transition matrix element

\ 1 ar A
71

1/2 — ’mﬁﬁ‘ Gou| Moy |

T

effective neutrino mass
Particle Physics

4 y V-A
Alep_1 - 2 l q+m; e - Wl =7)
w = g ; Uziéav (1 — 75)m(1 - 75)7u€1 ~ €2 4q2
half-life limit <> bound on 10y (|mgs]\”

effective neutrino mass: T /9 Y
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Three Active Neutrinos

« effective neutrino mass: mgg = M1 3c5 + Mysiyciae’®12 4 mysiyell@rs

* two possible v mass orderings

- normal vs inverted

e uncertainty from unknown
Majorana phases

e accidental cancellation
possible for normal ordering

* OvpBp provides bound on mgs

 cosmology gives the upper bound
on sum of neutrino masses

* possible exclusion of inverted
ordering

Im ﬂﬁl [meV]
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F. F. Deppisch, LG, F. lachello, J. Kotila: PRD 102 [2009.10119]
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Nuclear Matrix Elements

 hadronic current

. L | |l A [ | i
5 tgw 5 - NREDF A .
JH(q) = gv " — gay'y’ + ——0"q — gy q" 1| reor =
2my - QRPA Jy & AA ]
6 —arPATU T 4 I A, =
* non-relativistic expansion — nuclear s 4 = 5 E
. E j =] &
matrix elements L e e o g 5
9 9 9 = L SMStMTk @ i % ] e
Moy = gaMar — gy MFp + gaMr 3;— .I. X ] ;.u ._;
BN i
M = (" (¢*) :E a e a
Mer = (R (¢*) (o4 - ov)) 2 =
o — || il | = i
Mr = (h"(¢*)3(04 - Tap)(0b - Tap) — (0a - b)) L T Sl ] SR e
E I ) E
. = + —
dependence on isotope and operator < [ ' ; = . ¥ :
€ 10% | : Ve i o? —
. . . . — w La =
alternative derivation: chiral EFT e F S % 2 1® e
NEtn B i A A [ il
calculation - many-body problem 8% 107 |- s T
different nuclear structure models, L J. Engel, J. Menendez [1610.06548] -
. . 28 | - L] | e |
factor of 2-3 uncertainties iad 48 7682 96100 116124130136 150
A
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* plethora of New Physics scenarios may be responsible for Ovf33

* left-right symmetric models SU(3)c ® SU(2)L, @ SU2)r @ U(1)p—_1,

>

d, >

> u d > u > > u
v+A°111’ : i V+A i d V_A /2
W via : = W

L AR W;

e LA, o
s m LR Xmy

N Gid] a1 ¢ Xmy
| F— -y W, e g ;

— e,
V+A V+A R
F ‘P\V‘LJ}
V+A + V—-A
dp = = ug dp = VA >

up dy > > uy
* leptoquarks (scalar, vector) b - uy
U /400 = N e NS e
V(S) X m,
d —»— d > > e Xmy
Yy * - u : E V+A‘JRJJ\ i .
> e - e
W gw
d > > U d > > U

e R-parity violating SUSY, Majorons, Extra Dimensions ...
F. F. Deppisch, M. Hirsch, H. Pas: J. Phys. G 39 (2012), 124007
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* plethora of New Physics scenarios may be responsible for Ovf33

* left-right symmetric models SU(3)c ® SU(2), @ SU2)r @ U(1)p—1,

>

d, >

5 u d 5 u =
v+A°111’ - ¢ V+A : L V=A
W, Lyv+a - -

e % V—A

e ¢
s m LR Xmy

: IR RE . fm
Vi Sy W, e 3

4 —>———¢;
V+A V+A
ZISJ\ 7/
V+A = & V+A V-A

d .
ar e et U ar

d
“R

U

3
Y

> = up dr > > u
* leptoquarks (scalar, vector) b - uy
u (] L] (]
V(S) neutrinos still Majorana:
d—>— d > -
_ V(S)
\ 2% €
| e
W W
d » > U d > >

e R-parity violating SUSY, Majorons, Extra Dimensions ...
F. F. Deppisch, M. Hirsch, H. Pas: J. Phys. G 39 (2012), 124007
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effectively, a variety of different mechanisms beyond the standard scenario may
contribute to OvBP - long-range and short-range

- e.g. 0303205, 1208.0727, 1708.09390, 1806.02780, 1806.06058, 2009.10119

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

d
7L ={leGon I Mo,
Lir= GFJ\T/ A0V - A+Z addis
\/_ g a,f3 d

E 6

14

(&

d u

Jhip = (1 £75)d, jsip =e(l+75)v ) )
Thia =" (1£75)d, jyaa =& (1+75)v

(&

(s

U

J}R,L - ﬂo-'uy(l + 75)d7 jTR’L = éO'MV(l + ’75)1/

2
E e JJj+ ea " Jyg +esJM g+ ead" T 53" + es JH T g,

L =
SR 2p

J=a(lt~s)d, J' =uy"(1L£~5)d, JH = aiw‘,%](l 4+ v5)d, j =e(1 £75)e’, j* =ey*(1£5)e”
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Effective Approach to Ovf3f3 -\§§ HEIDELBERG

» effectively, a variety of different mechanisms beyond the standard scenario may
contribute to OvBP - long-range and short-range

- e.g. 0303205, 1208.0727, 1708.09390, 1806.02780, 1806.06058, 2009.10119

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

d d > > u d U
J— 2 L VA e L
75 =|I¢|Gov | Mo | > : 2l @
ELR—ZVQ my miy | fm ) )
my mw4 z KXmy | v 0
GF . . WW N r
LLR \/—J‘T/ ANJV A +Z /BJ(-)';]ﬁ / \d i VA.JLJae iif
a,f3 d b = i “d u
Jhip=u(1£35)d, jsep =e(lEs)v ; J y
Thoa =0y"(1£95)d, jyea =y (1£75); 5 V+A7V}'<V+A ik 5 st
= v . — 1 i (&
Th =W (90 1, =6 (0 e =S UpWotanGe|  fm domb o)
i=1 i o e
W, V+A R
G2 , . . . i
[’SR: 2?75 €1JJ]+€2JMVJMVJ+€3JMJMJ+€4JMJUV]V+€5 dg - ‘\\‘rr > “l U
p .

J=a(l£5)d, J* =y (1 +~s)d, JW = a%h“,%](l +y5)d, j = (1 +75)eC, " = ey (1 £ 7s)eC
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OvBB Mechanisms N

standard mass mechanism d u

m 2
OvpBp 2 4 2 Mo v 26 -1 ¢
me ™~ VGF FQ,Bﬁ ™~ (01 ev) (10 Y) ¥

* non-standard long-range mechanisms d w o d ’

10° GeV'\"’ -
FgVRﬁB ~ UZABSG%TTL%Q%B ~ ( v € ) (1026 y)—l > r
7

ef i

* non-standard short-range mechanisms d u

Ov 5 TeV 10 . @
9

r’-'l i

* due to the intrinsic helicity flip, non-standard long-range mechanisms in typical

scenarios suppressed indirectly by neutrino mass

* e.g. left-right symmetric models: small Yukawa coupling (y,v = v/m, My)
= T~ () ZEDAN (1026 y)~!
0.1 eV ALR

J. C. Helo, M. Hirsch and T. Ota, JHEP 06, 006 (2016), [1602.03362]
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Short-Range Ovpp Mechanism VK. oz

* example: general formula for half-life of Ovp induced by the short-range mechanisms

+ the standard mechanism and their mutual interference:

2 2
G . oo .
Lsr = ﬁ (e JJj + e J g + €3 g
p

3 3 *
(Z G%M[ + EVMV> (Z 6?M]> ] d te
I=1 I=1
3 5 *
<Z XYMy + EuMy> (Z 61M1> ] @ I

I=1 I=4

3 5 *
I=1 I=4 F. F. Deppisch, LG, F. lachello, J. Kotila: PRD 98

[1806.06058] & PRD 102 [2009.10119]

2 3

ZG?MI
1

I=

3

Zqﬂrey

I=1

0 0
Ty = = Gty + G,

+G9 2Re

5 2

ZG[M]

I=4

+G +G%2Re

0

« phase-space factors G(°) - evaluated using radial electron wave functions satisfying
the Dirac equation with potential taking into account the finite nuclear size and the

electron screening

* nuclear matrix elements M; - hadronization procedure + IBM-2
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Nuclear Model: IBM-2 R oot

* numerical values of relevant NMEs computed using the Interacting Boson Model
(collaboration with F. lachello) for a large variety of isotopes

* |IBM-2 - the very large shell model space truncated to states built from pairs of
nucleons withJ =0, 2

* these pairs - bosons - are then assumed to be collective P N
- < : .“\-._
* Hamiltonian constructed phenomenologically, \
two and four valence-nucleon states £ Shell Model space \
|
generated by a schematic interaction |
1
5
« fermion operators - mapped onto a boson [ SD J 4
Subspace

space

* matrix elements of the mapped operators [
evaluated with realistic wave functions
J. Barea and F. lachello, Phys. Rev. C79 [044301] (2009) IBM -2 space
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Constraints on New Physics

* considering a single contribution at a time:

MAX-PLANCK-INSTITUT

. \\\ FUR KERNPHYSIK
@ € © B HEIDELBERG

NS

1_/5 = |€|2 gOV|M0v,2

— NMEs + PSFs + exp. limits on half-life = bounds on effective couplings

2
mgs = _UZmy,

e1JJj+eJM )+ e JH I, g + e T gt +esJH T g,

Lsotope TP [y mgg| | 1| ]l ™[ leg X g el leg ¥ e Y|
[meV] [10719]
Ge 1.8x1026 [9] | 118 | 2.90 2.84 884 771 154 130 102 68.1
82Ge 2.4 x 10%¢ 599 | 15.9 155 445 375 768 654 764 440
B7r 9.2 x 102! 9130 | 85.5 84.8 5640 8510 12600 11300 1200 1110
100N 1.1 x 10%4 733 | 6.10 6.04 401 608 901 774 841 775
Hood 2.2 x10% 2720 | 22.3 221 1430 2090 3170 2800 321 294
128Te 1.1 x 10% 13300 | 283 277 9300 8080 17300 12100 7630 5390
10T 3.2 x 10%° 252 | 5.38 527 178 153 336 270 158 112
0Xe 1.1x10%% [83]| 114 | 250 245 834 725 157 127 74 524
BONd 2.0 x10%2 [84] | 3830 | 45.5 451 2730 3590 6190 5240 659 596

F. F. Deppisch, LG, F. lachello, J. Kotila: PRD 102 [2009.10119]
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Constraints on New Physics

* considering a single contribution at a time:
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N

|€|2g01/|M01/’2

—1 _
1/2 —

— NMEs + PSFs + exp. limits on half-life = bounds on effective couplings

2
mgs = _UZmy,

erJJj+ e g+ eI g+ ead T gt + es JH T gy,

Isotope Ty, [yr] a6l
meV]

Ge 1.8x 1026 [9] | 118

82Ge 2.4 x 10%* [77] | 599

BZr 9.2 x 102! 9130

10No 1.1 x 1024 733
H6cq 2.2 x 10% 2720
I28Te 1.1 x 10?3 [81] | 13300

B0Te 3.2x10%° [82] | 252

136Xe 1.1 x10% [83] | 114
BONd 2.0 x 10?? [84] | 3830

X e e g Jeg ] el e8] [eg ]
20
AT
18 A 1000 1o
16 -
l3ﬁxe 2
-~
14 1 G2
— 1
=
w
=1
<

F. F. Deppisch, LG, F. lachello, J. Kotila: PRD 102 [2009.10119]
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Sterile Neutrino Constraint
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10-2] ]
///E
: ~ 3
104} :
= 100 1
3 .
i 2
-8t m,m
10 :E 1/2 g(i)_’_|MLL|2<<q2>P+iVn%V) |V6N|4
E
: (@®) = mpme|Mz" /M,
1010 \k
. ILLP
. b
1077 107 1073 | 103 10°

F. F. Deppisch, LG, F. lachello, J. Kotila: PRD 102 [2009.10119]
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Distinguishing Ov3[3 RN

Mechanisms Y

* phase-space observables - electron energy spectra, angular correlation

e comparison with other B modes = B+p+, ECB+, ECEC - typically suppressed

TS;(AX) . |./\/lC’)z (76Ge)|2GOi (76Ge)

T 5 (6Ge)  [MP(AX)PGP (AX)

— = ratio of half-lives = ratio of NMEs x ratio of PSFs,
the unknown coupling drops out

« decay rate ratios for different isotopes R (4X) =

ROi(*X
Rij (") = fosxg

— distinguishing 2 specific operators quantified using
* applied to the “master formula” framework of 1806.02780
V. Ciriigliano, W. Dekens, J. de Vries, M.L. Graesser, E. Mereghetti: JHEP 12 [1806.02780]
- PSFs — 4 distinguishable groups of operators

— ratios: in principle 12 distinguishable groups of operators

* main issue: unknown low energy constants (LECs) — large uncertainties
— LQCD computations vital
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Distinguishing: Phase Space Re et

» electron energy spectra and angular correlation of the emitted electrons

6 6
Go1 cyy Cy Gog

2G
), = 220l s (emnt) : : :
—
o_ = - -
+ O (W dr) (ERpv) O
+ L) (mds) (ezvf) T - . .
+ Oy (Tzdr) (ezvi) ©I | . | \
O 1/
+C&‘6) (EO’HVCZR) (qo-/_ujl/z>‘| +h.C. T I 1 d |
2G © -
£y = 225 |0 (i) (ex0,01) Sx - | _
R E— —9 e
+ Cyp (wry*dr) (er 8HVL)] + h.c. X7Q M .
I T T T T T
= X [(0fh i)+ 0 (i) ) 0 | |
O —
+ Cz'( ) (é’)’u%ec) Ozﬁb] QD /\ /\ M
! T 7T T T T
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Distinguishing: Isotope Ratios \Q\‘ IEIBIRERG

3 825e IOOMO llﬁcd > 128Te ® 134Xe * 148Nd ° 154Sm * 198Pt * 238U
962r : 110Pd 124Sn * 130Te * 136Xe * 150Nd * 160Gd * 232Th
2
1 e
- o 1 X * e , * 4 * * *
& ° oF ¥X ok wX oK ¥X oK ¥X
Q;.E 0 e Je ** = Aok .*.** i o*o** x o*o** od a*o** o o*o** x
S Lo x xEX
'8_; **.***k 5 i **.**** e (el (el
- 1 *Q*W
* *
¢ * .**** ¢ * @ ***
_2 QZ\
S QF
N
i i i P & g &g & g S
2O 2GF [ 0) (g ) (5 10 ) 1+ OO (mmbid ) (55 10
ar=2 = 5" | MV (UL'Y L) (eR'YuVL> +Cyr (UR'V R) (eR'YuVL>
(7) 2GF | ~(7) _z () (- =
(6) (—— — ¢ (6) (~—— —— ¢ LaL—o = \/5 Cvi, (@iv"dr) (eLouwi) + Cvg (Wry"dr) (ELOuvL) | + hec.
+ Cyp. (“RdL) (eLVL) + Csr (“LdR) (eLVL)

£ = 5[ (040 i) + € 566) ) 04+ €8 (erset)
+C(T6) (uro*’dr) (eouwvi)| + h.c. 1= Z " o "

LG, M. Lindner, O. Scholer: in preparation
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Ovff Tool

e user inputs:
— scale + selection of operators

- isotope(s), type of NMEs

» data inputs:
- nuclear matrix elements
- phase-space factors

low-energy constants or nucleon form factors

* outputs:
— half-life formula for the given case
— limits on selected couplings

— Mg VS. M, plots, etc.

— chosen contour plots showing correlations
of different parameters

SMEFT

Select active

operators.

MAX-PLANCK-INSTITUT
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N

___‘»

nuclear

-

‘__-.--* tive LEFT

Run the op-
erators down

Input or
import data.

Select ac-

operators.

_ | Use hadroniza-
tion.

Spit out the (/M/
master formula. %

Select iso- J
--->{ topes and

possibly user - - -

model.

NMEs,
***** PS/Fs LEGs,
NFFs.

ad

Calculate
the limits.

12

Mg - €gz/Crz-

ot

Plot
mgg - My,.
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* searches for Ovf3p decay growing - tonne-scale experiments planned

* = background: large amount of the 2v[33 decay data collected ~ 105 - 10¢ events

° decay rate: [T??gﬁ]_l = GQVBB‘MQVBB‘2 d Gr U
1 T
phase space factor nuclear matrix element L
(lepton part) (nucleon part)

v
dr21/ 1‘\21/ dF2V /G<€L

— norm 1 2v Ee 7Ee 0
1E, dF..dcosd ~ 2 |aE, di. | 1K Fer Be)leost) )

* New Physics in 2vBp decay? What would it look like?
- right-handed currents? F.F. Deppisch, LG, F. Simkovic: PRL 125 [2003.11836]

— neutrino self-interactions? F. F. Deppisch, LG, W. Rodejohann, X. Xu: PRD RC 102 [2004.11919]

— sterile neutrinos or light fermions? P.D. Bolton, F. F. Deppisch, LG, F. Simkovic: PRD 103 [2011.13387]
M. Agostini, E. Bossio, A. Ibarra, X. Marcano: PLB 815 [2012.09281]
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Exotic 2v33 Decay - RHCs R Hpran

* 2v[BB decay in presence of right-handed currents? = Lagrangian:

G cosf . . . :
L= F\/§ © ((1‘|‘5SM‘I’ELL)]gJLM"‘GRLJgJRM‘I’ELR]éJLM_'_eRRJ]%JRM)+h-C-

with jZ,R = evH (1 F y5)v, JﬂR = uy* (1 F v5)d

* contributions: Gr u ; u ; u
VL VR VR

VL VL VR

d " d " d @ "

« take the one linear in exotic effective coupling €3, calculate the observables and get
the bound imposed by the experimental data

* rate: [Tf/yfﬁ]_l — e%(RGzy55|M2u55|2

* here, results for 100Mo, but other isotopes similar

lukas.graf@mpi-hd.mpg.de Probing New Physics with Standard Double Beta Decay 22
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Electron Energy Distribution Re vt

* 2vpBB decay (both the SM and the exotic RHC-induced contributions) distribution in total
kinetic (left) and single electron kinetic (right) energy

1T
3.0/
2.5/
2.0}
1.5
1.0]
0.5
OO e

Exotic

(dr/dE ()T
(dr/dE )T

Exotic - SM
—6F ‘ ‘ 2

00 07 04 06 0 oo 00 02 04 06 08 1.0
e (Ei-m,)IQ

Deviation [%]
Deviation [%]
o

F. F. Deppisch, LG, F. Simkovic: PRL 125 [2003.11836]
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Electron Angular Correlation -\Q\- HEIDELBERG

» angular correlation of the electrons in the SM 2vB decay (left) and the exotic 2v3p
decay induced by right-handed lepton currents (right)

L T T |
0.8} SM 0.8 Exotic |

S | I |

2 06’ ~0.9 KLSM(E617E62) ] 2 06* | KEV(E€17E62> f
O i 1 ) Hi | |

S & "' | 0. ]
L 0.41 I8 1 Lo4f | j

= N s |

:I l' IIII'\ 0&
0-2; 0 4 .

0.2 -0.7 |
05 _ 0.3 T UI—.
80 02 04 06 08 10 *B0 02 04 06 08 1.0
(E1 —me)/oﬁﬁ (E1 —me)/Oﬁ’ﬁ’

F. F. Deppisch, LG, F. Simkovic: PRL 125 [2003.11836]
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Bound on €, , Coupling G

* total rate - nuclear matrix elements not accurate enough

* electron energy distribution - small deviations, could be probed, but certain
degeneracy given by nuclear structure effects

* best option: measure the angular correlation of the emitted electrons and look for the
forward-backward asymmetry

0.4j‘

2|
* possible at NEMO-3 experiment using 2

100Mo (or in future at SuperNEMO) > 0.0}

X _0.2|

* insensitive of the overall rate ~0.4}
o ~0.6| | |
* Jlargely insensitive to the NMEs 102 107 10° 10

EXR
* NMEs: QRPA used in our case, but very similar results expected to be obtained with

other nuclear structure models
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Bound on EXR COupling @ © M HEIDELBERG

NS

2v 2v
dl’ F— (1+K2” cos@)

. lar distribution: =
angular distribution: — 5

with correlation factor: K" ~ KZ¥ + a ¢ g, for 100Mo: a ~ 6.1

Ng< /9 — Ny r 1
 forward-backward asymmetry: A3 = 6>m/2 b<m/2 _ Z g2
N9>7F/2+N9<7T/2 2

 estimated accuracy of NEMO-3: K3 = —0.63 & 0.0027

— bound on the effective coupling at 90% CL: exr < 2.7 X 1072

* more stringent limit than the one obtained from the standard beta decay
measurements

SuperNEMO would further improve this bound to: exr < 4.8 x 107

e estimates only, a dedicated experimental analysis necessary
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Exotic 2vB - Sterile Neutrino suflinami

* idea: one of the neutrinos emitted in the decay is sterile

* consider either mixing with the active neutrinos, or right-handed current

G cosfOo

V2

* total differential 2v3p decay rate - incoherent sum of the sterile neutrino and SM
rates for a given sterile mass my and total electron kinetic energy E,

dr(€) 2 dUER
dEK dEK

L= (L4 0600717, + Ven gt P T, + €nmin Ty, + ennin T, | + b

2 dI‘?V”(mN)
N

— (1 — |Von|?
(1 —|Ven|?) JEr

+ (1= |Ven|?)|Ve

* similar expression for the case with the right-handed coupling
dr> (&) _ dri, dr3¢ (m)
dEk

2
iBx ~ db Tlexal

e again: right-handed current modifies also the angular correlation
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Exotic 2vBB - Sterile Neutrin N

0.6f

%Mo — dI'% JdEy
136
e - Vo2 dT% JdEy

-
= it

Y

T 0.4}

> : :
s
% my — 1 MGV
s Venl? =05

N eN — U.0
:L'g 0.2+

-
- -~

|
N
S

|
=2
oS
=

Deviation [%]
A
=

0.5 1.0 i 2.0 2.5 3.0

Ey [MeV]
P. D. Bolton, F. F. Deppisch, LG, F. Simkovic: PRD 103 [2011.13387]
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Exotic 2vBB - Sterile Neutrin suflinami

1 . NEMO-3, Mo, &L*
- cost)
S 82 i
[ SuperNEMO, °“Se, 7 i
- 82 i 1
I Future Angular, °* Se, e y
— Combined 2030, ‘fgu V|

0.1}

Combined Future 2v603, %

= =
© = 0.01
= 0.01;1;2 B
i GERbAiI,‘76Ge R s 0.001¢
— CUPID-0, *2Se L
0'001§ — NEMO-3, Mo ] _
[ — KamLAND-Zen, ¥ Xe i [ -
: - - Combined 2v35
0.1 0.2 0.5 1 2 0.1 0.2 0.5 1 2
my [MeV] my [MeV]

P. D. Bolton, F. F. Deppisch, LG, F. Simkovic: PRD 103 [2011.13387]
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* observations: discrepancy between Cosmic Microwave Background (CMB) and local
measurements (redshifts of Type la supernovae) of the Hubble constant

 — “Hubble tension” of about 40

* if correct, new cosmology or particle physics

» possible solution: neutrino self-interaction (vSl)

* vSI would inhibit the free streaming of neutrinos in the early Universe

« effectively: Gs (vv) (vv), where Gg should be much larger than G¢

* strong interaction, but only neutrinos involved — not easy to test in a lab, light scalar
mediator probed by meson decays, Z invisible decay, LHC searches, supernova

neutrinos ... what about double beta decay?
N. Blinov, K. J. Kelly, G. Z. Krnjaic, S. D. McDermott: PRL 123 [1905.02727]

K.-F. Lyu, E. Stamou, Emmanuel, L.-T. Wang: PRD 103 [2004.10868]
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previous literature: indirect limit on vSI from neutrinoless double
beta decay with Majoron emission K. Blum, Y. Nir, M. Shavit: PLB 785 [1802.08019]
T. Brune, H. Paes: PRD 99 [1808.08158]

e assumed: scalar emitted, thus its mass 2
constrained the Q value of the decay n /_ -

\

Y

« bound on wa: gg <1074 —107°
— formg, =1 MeV: G5 < (10 — 10°) Gp

m, (1Y S e b

A

/

* the limit does not apply for my, > Q and "
assumes that a light scalar is mediated

e our approach: effective interaction, derive a bound independent of the undelying
physics and applicable for my, > Q
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BB Decay Induced by VSl o\l

idea: effective vSI Gs (vv) (vv) would induce a new, exotic contribution to double

beta decay - see the figure: -
T T
Gsm 2 = 3= P =
. € 2
* rate: I' gt = gySI’MOV’ g
2R v
m,, Gg
* nuclear matrix element approximately %
1%
)
same as for OvBf decay > , !
T ),
o

e phase space ~ 2vBp decay

2CVSI

gI/SI — 15

/dpldmp%Pg(Q — T12)°F*(p1, p2)

T

d \<
— VSl could affect 2vBp decay - total rate, but also spectra

« compare to 2vpp rate: Ty, = G, | My, |? d /<

F. F. Deppisch, LG, W. Rodejohann, X. Xu: PRD RC 102 [2004.11919]

/_
y p

12
P
\_
Gr u
€L
vr,
%9
GF er,

u
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BB Decay Induced by vSI

* using condition T',g1/T55 < 1
effective self-interaction G can be

BN
L ¢

MAX-PLANCK-INSTITUT

N

\\ FUR KERNPHYSIK

€@ © M HEIDELBERG

o
T

O IBM-2
A Shell
V QRPA

constrained using the predicted g Al vSl| favoreql by copmologjcal datja
total rate >
=3
—~—
* result: vSl preferred by cosmology {53 ol
is disfavoured by 2vB3 decay % 1°°Mo
o 1 L
experimental data P p e |
0 V] ® 28T @J:“]T(\
1sotopes
4SCa 76Gre 136Xe 1OOMO 128Te 130Te
Q/MeV 4.263 [46] 2.039 [47] 2.458 [48] 3.034 [47] 0.8659 [49] 2.527 [50]
Ti/,/year 5.30 x 10'? 1.88 x 10** 2.17 x 10% 6.88 x 10'® 2.25 x 10?4 7.91 x 10%°
(Tys1) ™' /year 2ol 7D SIl0e 155 10 gt s 4.04 x 10%? 9.08 x 10'®
Tus1/TS, 78.6 49.5 528 8.76 209 326
Gs/GFr < 4.32 x 108 5.44 x 10° 1.67 x 10° 1.29 x 10° 2.65 x 10° 2.12 x 10°

F. F. Deppisch, LG, W. Rodejohann, X. Xu: PRD RC 102 [2004.11919]
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BB Decay Induced by vSI SN

electrons is distorted, angular correlation also affected

for energy dependent G, and my 2 @): total kinetic energy distribution of the emitted

— possibly by an order of magnitude more stringent limit than from the total rate

1.2 2.0
2vE3 — 0w@pe¢
2us138 —_ Orgp
1.0F
1.5
o™
0.8¢ <
m.
S 10
0.6F L
“-\__“
—
0.4F =
0.5
0.2+
1 1 1 | | 00 1 = 1 1
0-9.0 0.5 1.0 1.5 2.0 2.5 3.0 —1.0 —0.5 0.0 0.5 1.0

T /MeV

cos 019

F. F. Deppisch, LG, W. Rodejohann, X. Xu: PRD RC 102 [2004.11919]
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* OvpBp - interface of particle, nuclear, atomic physics

e avariety of different mechanisms besides the standard light neutrino exchange can
contribute to OvBB — effective description

* toinvestigate the underlying new particle physics - necessary to distinguish among
different OvBB mechanisms - difficult = complementarity

* combining various contributions = involved, tedious calculations with a variety of
inputs = OvBp Tool on the way

* observation of Ov3f3 decay is the primary goal of the searches, but the collected 2vB3
decay data can also probe new physics

* 2vpBB decay can put constraints e.g. on right-handed currents, sterile neutrinos, neutrino
self-interactions
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Conclusion SR v

* OvpBp - interface of particle, nuclear, atomic physics

e avariety of different mechanisms besides the standard light neutrino exchange can
contribute to OvBB — effective description

* toinvestigate the underlying new particle physics - necessary to distinguish among
different OvBB mechanisms - difficult = complementarity

* combining various contributions = involved, tedious calculations with a variety of
inputs = OvBp Tool on the way

* observation of Ov3f3 decay is the primary goal of the searches, but the collected 2vB3
decay data can also probe new physics

* 2vpBB decay can put constraints e.g. on right-handed currents, sterile neutrinos, neutrino
self-interactions

Thank You for attention!
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