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* Matching to EFT
* Derivation of reaction matrix
* Many-body calculations

* Conclusion and perspective
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* The LR symmetric SM is proposed by Mohapatra and
Senjanovic

* One introduces the right-handed copies of neutrinos,
gauge bosons as well as Higgs boson

* Besides a triplet Higgs boson has been introduced which
gives rise of Majorana mass term of neutrino




Neutrinoless double beta
decay Doi et al. PTPS83,1(1985)
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* Neutrinoless double beta Vi), o
decay related terms v(N)
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* Mass terms: W,
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dim — 9

dim — 7 |
(d = uev) ® 0, dd — uuee

(Long- and pion-range)

OvpBf operators

AA,AP,PP,MM
MGT,T

Ov(BB operators
(short-range)

AA,AP,PP AP,PP
IMF,Sd? MGT,sd ’ MT,sd

Electroweak symmetry
breaking

Match to ChiPT
(LECs in Table 1)

Construct Ov 303
operators (Eq. 24)

NMEs (Table 2)

Phase space integrals
(Table 4)

Master formula
(Eq. 38)
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* Matching to SMEFT
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* Matching to SMEFT

* Dlm'7 %E’ZDeeljemn(LiTnye)I{me(D'an)

Cg(Ll)uJHGiJ' LiTCyﬂe)(Jy”u )H,

* Dim-9;: ng)u déCelftyﬂdIZ;/”d

O zCeitv d(GDFHY B
‘?geeHu deCeuyﬂd((zD”H )'H)

6" eCe((iD'H)'H)*




G, YL

1(2)‘

SMEFT g ;

Cirigliano et al. JHEP12,097(2018) G i
* Matching to SMEFT
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* Matching operators after EWSB, we focus on
long-range mechanism with light neutrinos:
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* The mesonic chiral Lagrangian at LO

F§ £
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* The baryonic chiral Lagrangian at LO
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Chiral EFT o

* XEFT Lagrangian for these weak decay vertices is

g
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* the lepton currents are introduced as external fields

2
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* And corresponding nuclear current
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* XEFT Lagrangian for these weak decay vertices is

AnpeTY Ntt [lﬂ _|2_ Tu J"l; = l,u ; &7 in] N

* the lepton currents are introduced as external fields

2
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* And corresponding nuclear current
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* XEFT Lagrangian for these weak decay vertices is
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* XEFT Lagrangian for these weak decay vertices is
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Decay width D s

Doi et al. PTPS83,1(1985)

* The decay width can be obtained from S-matrix
theory

dFOy::Zﬂ' Z iR0u|28(81+82+Ef"“Mi) anelanez

spin

* The reaction matrix element can be expressed as

1 1H(xn—yp) e Tk :
ROI/ = % dx dy<p1p2;f‘ T{e DB Hint('x )Hmt(y)} ‘l>

* This Is a typical second order process




Decay width

* After tedious derivation, we come to

%
gt 0 o M e
msCyg sy 70
+Re( )G, — Re( )G,y — Re( ),
2m, Vi 2m,Vu 4| Vud)]

* This agrees with earlier calculations based on LR
symmetric model




Decay width

Cmm — gOl’MrSLVP
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* Here G’s are phase space factors and M’s the
matrix elements




Migr = Migp + Mig + M2+ MGy

5 l 1GT 1GT 1GT 1GT
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* Detalled expressions for NMEs




Nuclear many-body
methods

* For double beta decay calculations, various many-
body approaches have been adopted:

* Nuclear Shell Model

* Quasi-particle Random phase approximation (QRPA)
* Generator coordinator method (GCM)

* |nteracting Boson model (IBM-2)
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NME EEEEEEE 8256—5%Kr B0 e 30X e By e 135R,
junds  jj44b | junds  5j44b | jjbba GCNB0:82| jjoba GONbH0:82

F 20.665 -0.601 | -0.624 -0.523 | -0.668  -0.701 | -0.574  -0.567

AA 3584 3.278 | 3.360 2.860 | 3.147  3.180 | 2.648  2.549

AP | -1.090 -0.960 | -1.021 -0.834 | -0.979  -1.034 | -0.820  -0.829

CARIEIEIE 0.344 0.300 | 0.321 0.261 | 0.313  0.335 | 0.260  0.268

bt MM | 0247 0215 | 0229 0.188 | 0.227 0244 | 0.188  0.194
& total | 3.085 2.833 | 2.880 2.474 | 2.708  2.724 | 2.277  2.183
AP | -0.013 -0.004 | -0.014 -0.012 | 0.008  0.015 | 0.002  0.014

s 0.002 -0.001 | 0.003 0.003 | -0.006 -0.007 | -0.003  -0.006

MM | -0.001 -0.000 | -0.001 -0.002 | 0.003  0.003 | 0.001  0.002

total | -0.012 -0.004 | -0.013 -0.010 | 0.004 _ 0.010 | -0.000 _ 0.010

F 0.637 -0.575 | -0.597 -0.500 | -0.637  -0.669 | -0.545  -0.540

AA T 262 OB 80T 2 6065 -2 888 92.98 1015 [ #2421 222.351

AP | -1.044 -0.919 | -0.978 -0.798 | -0.939  -0.993 | -0.786  -0.795

A EE 0333107200 & F0310 =0 2520 Mr3053-<. 0, 324N R 0052 TR 1059

MM | 0239 0208 | 0221 0181 | 0.220 0236 | 0.182  0.188

= GT.total| 2.803 2.558 | 2.626 2.231 | 2.466  2.498 | 2.075 _ 2.002
@z GT_total| 2.325 - 2,172 | 2184  L.789 | 2.026 2.026 | 2.711  2.626
AP | 0012 -0.003 | -0.0I3 -0.0I1 | 0.009  0.015 | 0.003  0.014

PP 0.002 -0.001 | 0.003 0.003 | -0.006 -0.007 | -0.003  -0.006

T MM |-0.001 -0.000 | -0.001 -0.002 | 0.003  0.003 | 0.001  0.002

T total | -0.0I11 -0.004 | -0.012 -0.010 | 0.005 _ 0.010 | 0.000 _ 0.010

T_total |-0.0013 -0.004 | -0.014 -0.014 | -0.001  0.004 | -0.001  0.006

* Mass term and w term are basical

y the same




Results

NME L=y R S 828e—%“Kr e Uase R 2 AT
jundb  jj44b jun45b jj44b jjpba GCNbHO0:82| jjbdba GCN5H0:82
F -0.379 -0.351 | -0.359 -0.304 | -0.408 -0.417 -0.358 -0.342
AA 3.210 2.981 3.016 2.605 2.781 Sl 2.348 2.209
AP 484D 54317 4.571 I5e4l 4.267 4.425 3.607 3.563
GT PP -1.943 -1.706 | -1.829 -1.479 | -1.731 -1.827 -1.454 -1.468
MM -1.874 -1.636 | -1.745 -1.426 | -1.708 -1.825 -1.419 -1.456
GTtotal| 7.983  7.228 7.502 6.293 7.026 7.173 5.920 5.760
Mg+ GT_total| 4.235 3.956 4.012 3.441 3.610 D25 3.082 2.848
AA -0.056 -0.033 | -0.055 -0.042 | -0.031 -0.009 -0.031 0.002
AP 0.004 -0.001 0.006 0.008 | -0.018 -0.018 -0.007 -0.015
T PP 0.000  0.001 -0.001  -0.003 | 0.007 0.005 0.002 0.003
MM 0.000 -0.000 | -0.000 -0.001 | 0.001 0.001 0.000 0.001
Tytotal | -0.051 -0.034 | -0.050 -0.035 | -0.043 -0.023 -0.036 -0.012
T_total | -0.051 -0.034 | -0.050 -0.037 | -0.041 -0.021 -0.036 -0.009
M GT A 2565 =3kl 4.037 3.314 | 4.686 5.048 3.948 4.080
2 T 0.014 0.004 0.018 0.028 | -0.056 -0.056 -0.014 -0.042
Mp -0.431 -0.279 | -0.428 -0.152 | -0.498 -0.425 -0.289 -0.255

* MM becomes LO for g term

* Larger R term than expected
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* Dominance of R term in Cyr and coexistence of w

and g terms in CyL




| O contact term

A\l MeV™)

Liu et al. in preparation

) AR e el Ly s Jokiniemi et al. PLB823,136720(2021)
" |—=— dipole 2= SNSRI
0.024F | Kelly :
0.022 | [PI=25 MeV : 100 |
L |p'|=30 MeV = :
=
0.020 - - ié,
0.018 | ./w —_— _ § 2
S i 3 NORMAL
IROR o s i TSR b ot 0 1
400 1000 2000 6000 e LI
A (MGV) mlightest (meV)

In conventional many-body calculations, this new
contribution has already been considered
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Conclusions

* EFT studies of neutrinoless double beta decay agrees well
with previous model studies

* \We give related NMEs with shell model calculations and
compare the relative magnitude of each term

* The mater formula offers very good approximations

* Two frames are equally efficient for double beta decay
studies

* Constraints on Wilson coefficients by neutrinoless double
beta decay is on going
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