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Half-life &
nuclear matrix element (NME)

Axial vector current 
coupling constant

m
e 
:electron mass

Inverse of Half life

Effective Majorana neutrino mass

Uei : Pontecorvo-Maki-Nakagawa-Sakata neutrino mixing matrix

The left-right symmetric theory



  

Theoretical methods
nuclear matrix element (NME)

ISM （ Interacting shell model ）

IBM （ Interacting boson model ）

QRPA 　（ random phase approximation ）

HFB, EDF (Hartree-Fock Bogoliubov)

GCM （Generator coordinate method ）

Feassler, J. Phys. Conf. Ser. 2012.

WL-WL  and light neutrinos are taken into account
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Left-right symmetric model

WL-WR exchange (λ mechanism)

WL-WR mixing (η mechanism)

Stefanik et al. Phys. Rev. C (2015)

Starting point of the recent r-handed works in DBD



  

Left right symmetric model

Higgs mechanismHiggs mechanism

J. C. Pati and A. Salam, Phys. Rev. D 10, 275 (1974)
R. Mohapatra and J. C. Pati, Phys. Rev. D 11, 2558 (1975).
G. Senjanovic and R. N. Mohapatra, Phys. Rev. D 12, 1502 (1975)
R. N. Mohapatra and G. Senjanovic, Phys. Rev. Lett.44, 912 (1980); Phys. Rev. D 23, 165 (1981).
V. Khachatryan et al. (CMS Collaboration), Eur. Phys. J. C 74, 3149 (2014).

M
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 < M
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Pati-Salam-Mohapatra-Senjanovic (1974 ～ )

SU(2)
L
 ⊗ SU(2)

R
 ⊗ U(1)

B−L

LHC 
experiment



  

Leptonic current

ν
eL

, ν
eR

: the weak eigenstate 
            of electron neutrinos

 diagonalize
Majorana and Diracmass terms

prop. to Yukawa coupls.

 decompose



  

Hadronic current
(with nonrelativistic assump.)

the momentum transfer
between the nucleons

Nucleon recoil operator

V. Cirigliano, W. Dekens, J. de Vries, M. L. Graesser, and E.
Mereghetti, J. High Energy Phys. 12 (2017) 082.

V. Cirigliano, W. Dekens, M. Graesser, and E. Mereghetti,
Phys. Lett. B 769, 460 (2017).



  

Current-current interaction
SU(2)

L
 ⊗ SU(2)

R
 ⊗ U(1)

B−L

G
F
: Fermi const.  

θ
c
: Cabibo angle

Effective current-current interaction acting on DBD

Leptonic current

ν
eL

, ν
eR

: the weak eigenstate electron neutrinos



  

Half-life &
nuclear matrix element (NME)

in left-right symmetric modelleft-right symmetric model

To be compared to ...

Only GT is considered



  

Y. Iwata, Nucl. Phys. Rev. (2017)

Calculation of           
neutrino pot part

Closure approx.

Top 10 amplitude

Initial    Final

(0 0)      (0 0)

Ingredients



  

Neutrinoless DBD
Matrix element

usual WL-WL exchange New

Effective lepton 
number violation 
parameters

Pontecorvo-Maki-
Nakagawa-Sakata
matrix

G
0i
: phase space factor 

(i = 1,2,3, … ,11)

Half life (used in the modern works; η terms are ignored)

Matrix element

 [Simkovic 2017] For Ca,
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 [Stefanik 2015]

accurate

bare



  

Calculation of           
nuclear matrix element

Included:

F,  GT,  T



  

Four methods

● Closure

● Running Closure

● Running non-closure

● Mixed

Ca Sc Ti

g.s.
g.s.

Non-closure:

Closure:

Running treatment

Running non-closure

Running closure

Closure



  

Y. Iwata, Nucl. Phys. Rev. (2017)

Calculation of           
neutrino pot part

Closure approx.

Top 10 amplitude

Initial    Final

(0 0)      (0 0)

Ingredients



  

Horoi, Neacsu, Phys. Rev. C 2018



  

Simkovic, Stefanik, Dvornicky, Front. Phys.  2017 



  

S. Sarkar, Y. Iwata, P. K. Raina, Phys. Rev. C 2020



  

Matrix elements  [L-L type]

Total

SRC = Short range correlation ( 短距離相関 )

S. Sarkar, Y. Iwata, P. K. Raina, Phys. Rev. C 2020



  

Matrix elements [q type]

The amplitude of matrix element for L-R exchange
are relatively large compared to the cases with L-L exchange.

Total

S. Sarkar, Y. Iwata, P. K. Raina, Phys. Rev. C 2020



  

Closure-energy dependence
[constant] no significant change is noticed in several 
settings
In closure approximation

total

S. Sarkar, Y. Iwata, P. K. Raina, Phys. Rev. C 2020



  

NME values

x 1

x 5

x 1/2

small~1/10large~*10      ~*1

     *1 (std)
Cll 1

st  :  enlarged amplitude (*5)

Cll 2
nd :  comparable amplitude (*1/2)

Cll 3
rd  :  enlarged amplitude (*2.5)

Effect should not be negligible.



  

we have found 
the large WR-WL effect  

almost 2 times larger than WL-WL  

Not calculated in
Horoi, Neascu, PRC 2018

Previous shell model calculation did not 
calculate/find the importance of 2nd and 3rd terms

Results



  

Heavy neutrino
 (right-handed neutrino)

 J. D. Vergados, H. Ejiri, and F. Simkovic, Rep. Prog. Phys. 75, 106301 (2012)
M. Horoi, Phys. Rev. C 87, 014320 (2013)

Verdados, Ejiri, et al. Prog. Phys. C 2012

To be compared to ...



  

Light neutrino

Heavy neutrino



  

Light neutrino

Heavy neutrino

Y. Iwata, PoS INPC (2016)



  

Light neutrino

Heavy neutrino

Fermi                                         Gamow-Teller                                     Tensor



  

Y. Iwata, PoS INPC (2016)

Sterile neutrino search based on Verdados, Ejiri, et al. Prog. Phys. C 2012

assumption 



  

Summary
✗ Effect of right handed weak bosons ?
 

✗ Effect of right handed neutrino  --- sterile neutrinos ?

 Towards … 
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