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Possibility to extract signal of right-handed current from Or double beta decay
@ Right handec current jl‘% =nJ +XJg: nand X term
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@ Ov double beta decay amplitude:< n >~ UVn, < A >~ UV A
U,V and m, from type | seesaw or Inverse seesaw mechanism
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+O0) <A ><n>.

Here \/|Cn,nl/|Cmm| > 100

@ Nuclear enhamcement of < n >-term may provide us an opprtunity to search RHC from
Ov DBD
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1. What is L-R symmetric Model ?

2. How to make the seesaw mechanism of low energy scale O(TeV).
3. Why does 7 mechanism work ?

4. How to find New Physics beyond the Standard Model.
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The condition that the neutrinoless double beta decay

OCcCurs

1. v, should be the same as its anti-particle

Ve = Ve

2. the connecting neutrinos should have the same helicity. The latter
condition is satisfied if neutrinos are massive or if the R-handed current
coexists with the L-handed current. The first case of 2. is described as the
well known effective neutrino mass,

<my >=|Y_UZmyl.
J
Here U,; is the PMNS mixing matrix in L-handed current. Substituting
the observed values,
U11[?/|Uss]* = 30

and the Inverted Hierarchy enhances Ovj35. We consider the second case
of 2 in this talk.
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L-R symmetric Model in GUT

SO(10) o SUM4)ps x SU2)1 x SU(2)r
D SUB)exSUR2)L xSUR2)r xU(1)p—1L
S SU@B)e x SU@)L x Uy

where

16 = (47 27 1) + (Zz 27 1)

o ur uy up Ve _
(47271)_( d, dy db e )LfFLl

Likewise

(17271) = FRl
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Yukawa interaction in L-R symmetric model

The interaction is
~L = YV ®Ur;+ Y, VPV,
+ fL,ijqu,iCiTZALwL,j + fR,ij‘Ilﬁ,iCiDAR‘I’R,j

_( uL _( ur

N 3)
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=10y, <Y >=wvy, <) >=0v4 <A} p>=vig
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Minimal Coupling and Weak Boson Masses

Dy = 0,0 — i%WLM P — i%RWRH 7

9(L,R) 7, - .
COW i ry TR — 9Bl )

Dulr,r) = OuB(1,r) —
Inserting vevs,we obtain weak bosn masses:

92 ( 02 + 02 + 203 Q0,04 >

My = —
Wy 20,04 02 4+ v+ 20%

Wi\ cos( sin( Wi,
Wy )\ —sin¢ cos( Wg
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R-handed current in L-R symmetric

If we have R-handed current, Hyy is enlarged as

Gpcosf.

Hyy =
w 7z

[T + Tk, ] + Hee.

Here the Leptonic Currents are

JLa = Z I(@)va(l —vs)viL(e) = Z@%z?PLVlL(l"),
l=e,p,7

jra = Y W@)va(l+7)Nig(z) =Y l(x)7a2PrNig(z),
l=e,pu,T

and vy, (N;r) are L-handed (R-handed) weak eigenstates of the neutrinos,
The Hadronic Currents are

Tt ()
Th (@)

Ji (@) + rJg (),
nJy (x) + AT ().
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A and 7 are related to the mass eigenvalues of the weak bosons in the L

and R— handed gauge sectors.

2 2 2 2 2
)= My, + My, tan® ¢ n:_(MWZ—MWl)tanC
- 2 2 2 - 2 2 2
M, tan® ¢ + My, Mg, tan® ¢ + My,
2 Mwr\2
tan 2¢ — UyVg 2@ WL
anss = vy —v2 T M
R L u WR
d
L " . uL dr, dr, r ur,
1, 3 Ues ‘ NV en
dL;*; ur, an ¢

dr aQ
(a) (b) (c)

(a), (b), and (c) are < m, >, < A >, and < n >-mechanisms, respectively.

ur,

T. Fukuyama (Osaka U.) Ov DBD and < n > Mechanism in the Left- Feb. 24 2023



The other diagrams for Ov3/3 decay

o5 9k ((5TeV)" 100TeV
AXe =7 g7 \Mwr my

Arlght
AX

Tev\* < A0 1TeV \? gee
— 0.15 x (5e)< ><e>9

Mwr) 8TeV \ma++/) 0.3

where AX¢ is the current experimental bound for Xe by using NME
Deppisch et al. J. Phys. G39 (2012).  (T.F, Mimura and Uesaka, Phys.

Rev, D106 (2022))
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Nuclear matrix element and role of < 7 > mechanism
ROV_4\/;<GCOSH>

where the lepton tensor L”* is

dxdy dk ek y—=) gy,

Vs

1 [wvo—k-7+mi+—wv°—k-7+mi Pyt
& T1=py,

LI/;L :Epg,slz(y)’}/ypﬁﬂ w+A1 W+A2

The nuclear tensor H¥* is given by the matrix element of the nuclear weak
current as

H" = (F|Jgf (y) I ()|I)

where j’ﬁR are given in the previous page.
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Nuetrino potential and the half life time

The neutrino propagator becomes,

m; Py (a :ﬁ)
(v’ —k-7)Ps (a# )

Po(£wy? —k -y +m;)Pg = {

In the presence of the R-handed current, we have (£wy? — k - ~)Ps in
addition to < m,, >= [}, Ufjmj|. The half life T’ /5 in this case is given
as

1 14 14
:Cr(rgr)n(<m >)2+C$;\7<m ><)\>COS¢
T1/2 Me Me
+CT(,?)7<:;7”> <n>costh+ CF) < A2 +C) < g >*

e

+C§?7)<)\><17>.

Here Cég) includes NME and phase space integral.
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<7 > and < A > are given as
<A>= )\]ZU Vil <n>= nyZU V-

1 is the relative phase between < m, > and < A > and <7 >,

Y = arg [(Z 'ij3j> (Z/Ueﬂ"@)*} ’

where Y indicates the summation over only the light neutrinos.
A and 7 are related to the mass eigenvalues of the weak bosons in the L
and R— handed gauge sectors.

M%,l + ]\43‘/2 tan? ¢

\ =
M3, tan? ¢ + M3,y
N o= - (MI%V2 — M‘%Vl)tan(
M3, tan? ¢ + M3,

T. Fukuyama (Osaka U.) Ov DBD and < n > Mechanism in the Left- Feb. 24 2023



seesaw mechanism and light neutrino mass

0 ML o
M,=| Mp 0 MT | = ( A23x3 /A‘flgi%xﬁ )
0 M M D6x3 R6%6
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< 71 > mechanism in detail

k2 M?2
<A> = (U, VF+ X,V WL
( ciVei  Aes “k?-M}) M,
k? M}
<n> = (U;V:+ X, V* WL (_y
77 ( et €Z+ el BZkQ_MIZ> M‘%VR( a'né.)

So far we have assumed M > Mp > u. There is a possibility of

M > > Mp. Then a rather large |V| is possible, within the upper
bound of the experiment. Compatibitities with the other LNV processes
are on going.
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NMEs continued

1 /Geosb.\? dk 1 1 1
Ro, = 44/= = dedy | ——e* == _— { ]
ov \/g( V2 ) Ez:az%/ Y (27T)3e 2w w+A1+w+A2

EpQ,s’2 (y)o(wv '-'/)6;1 ,5’1 (33),

Here the interference terms of R-handed and L-handed current from the
neutrino momentum (k) dependent term of the neutrino propagator are
given as

O(w.y) = — (Fliyw)k vPodl(x)+ I )k - v Prb ()T

Jp(x) = nJi(x)+ Ag(x).
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NME continued in 0 — 0

1 2
c) = [X%+G02 + §X%—GO4 — gX1-x2+Gos + X3Gos

XpXrGor + X5Goo)

Here

R
X/R =< 0f||h+ <2T ) [Trm - (0 X Dy + Dy X 00)]]]0; >,

nm

where
D, = [pn + p;l — 4B 0Oy X (pn - p;m)] /2M

(Doi-Kotani-Takasugi (1985)). This implies that the cross term of GT and
weak magnetism dominates Ry, .
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TS = =T kS + (=T k) — (JoJ§ — T - T') — i€ Joks . ys5vs

The weak magnetism term appears in the last term. So we remark this
term,

2M
[77 <—9 G+ 2 ;]K;Mi@ X (—E—P2)>
+A (—i—gA& + gVQ—;;Mi&Q X (—E—pﬂ)]

2}251XE~5’2XE2F(61XE)XE-52
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Using J‘L‘/R =VH+ A*, O(x,y) responsible to the enhancement of 7
term is given as

Oz, y) = (F| < A> (V' @)k - v4A (@) — A )k -~V ()75
+<n>(Vyk-vA (@) + A @k -~V (@) 1)

= (Fl <A > (kx u(y) kx Az) —k x A(y) -k x p(@))(—0)
+ <> (kx py) kx Alx) +kx A(y) -k x p(@))(3570) 1) -

Here the magnetization current of the vector current is expressed as
V(x) =V x pu(x). p(x) and A(x) are given by using the same
spin-isospin flip operator ~ 770 as,

A
A(x) = ZgA (k)7 oi0(x — 1),

wa) = ng LI ).

Within this approximation, the < A > term vanishes and only the < n >
term remains.
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=
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Allowed region of < 1 > and < m, > for ¥ Xe. a,b,c are evaluated using
C's of Refs. muto89, suhonen91, and Pantis96 (model without p-n
pairing), respectively.
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48Ca 76Ge 82Se 967, IOOMO IIGCS 128Te 130Te

RZ” 0.75 0.51 1.2 3.0 0.47 0.39 0.095 2.1
R}l 0.082 040 0.19 0.83 0.36 0.064 0.10 2.0

Ry = RZ/RK” 0.11 0.77 0.15 0.28 0.76 0.16 1.1 0.94

Ratio of decay rate R evaluated using C's of Pantis et.al.

@ (Xe
s _ TaX0
02(A)

Here o =<m, >, <n > and R}™~ indicates that the decay occured

only via < m,, > etc.
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Summaries

We have considered Ov3/ decay in L-R symmetric Model and how to
specify BSM physics if we found non-null results around the present
experimental upper bound. We can narrow down the following two cases:
(i) < m > mechanism in the inverted neutrino hierarchy and/or (i) <n >
mechanism. Then in order to specify BSM physics we need to study
several experiments of different parent nuclei.
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Thank you.
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