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Minimal left-right symmetric model
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TeV-scale MLRSM

1. The largest component of M,~ m_~ O(1) GeV
i | J L, Fo. o —ia — The largest component of M, ~ O(1) GeV
froe™ + fry), Mp=—(fr1+ froe g P D
(fr fria) \/E(}( ) 2. m,< 0(0.1) eV (Planck)
- m, > 0(101%) GeV

1
M, =—
¢ /5
M, ~ —MpMz* M},
For TeV-scale m,, we need |M,;| < O(107) GeV.
-> Fine-tuning in M,?

Conditions for the TeV-scale MLRSM without fine-tuning

(1) kK1 > ke, fi; K ﬁ;j, and V} ~ V§, or (ii) k) < ko, fij > ﬁ_j, and V/} ~ Ve e,
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1. Real electroweak VEV’s were explicitly or implicitly assumed.
2. M, or M, was chosen without considering the issue of fine-tuning.

3. U — eee: the type-I contribution was neglected.



Construction of lepton mass matrices

Gauge basis Charged lepton mass basis

~ / | m_
My = VIMEVE = Ae'™ + B (A = fra/V2, B = fr1/v?2)

Choose [A11| > [Im[Mi]| (M =M))
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Experimental constraints

Present bound Future sensitivity
BR - ey < 4.2-1078 (MEG) < 5.0-1071* (Upgraded MEG)
BR, < 4.4-10"% (BaBar) < 1.0-107? (Super B factory)
BR,_ ., < 3.3-107% (BaBar) < 3.0-107? (Super B factory)
BR,eee | < 1.0-10712 (SINDRU\I) < 1.0-1071% (PSI)
R, < 3.0-10717 (COMET)
Ril_}e <6.1-1071 (SINDRU\I IT) < 1.0-10~1® (PRISM/PRIME)
Rf}ie < 6.0-10"1 (SINDRUM II) -
REE}E < 4.6-107 (SINDRUM II) :
TV ge || >2-1-10% yrs. (GERDA) > 1.35-10% yrs. (GERDA II)
Tl% e : > 2.1-10%° yrs. (CUORE)
Tﬁ’,’g Xe > 1.9-10% yrs. (KamLAND-Zen) :
|d.| < 87-107% ¢.cm (ACME) < 5.0-1073% e.cm (PSU)
\d,,| <1.9-107 e.cm (Muon (g — 2)) :
|| <5.0-1071 e-cm (Belle)
me,,i < 0.23 eV (Planck)




CLFV
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CLFV
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1. The contribution from n, is dominant since all
the others are small by themselves or suppressed
by CLFV constraints.

2. n, is suppressed by the Planck constraint.

3. Consequently, OvBp is almost unobservable in
near-future experiments.



EDM'’s of charged leptons

2 TeV<m,<30TeV

EDM'’s are too small due to the CLFV constraints.
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Correlations in the masses of neutrinos and W,
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1. A large hierarchy in light neutrino masses generally requires a large hierarchy in heavy neutrino
masses. (General feature of type-l seesaw, as shown by green dots.)

2. The discovery of light W, and any improved CLFV bounds will largely constrain the parameter space
of the normal hierarchy.



CLFV and the masses of neutrinos and W,

mWii <2Tev
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Neutrino masses
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The lightest heavy neutrino
mass m,; has been notably
constrained.



my, (TeV)

my, (TeV)

Neutrino masses

30
25
20
15

10/

=)

04

—_—

0; _________ =TT L

® Present

® Future = |

0.010
my, (eV)

0.001 0.100 1

==~ Non-—perturbative |

5 10 50 100

myy (TeV)

mpp (TeV)

0 ______________ mmmmmm T T
0.1 05 1 5 10
my, (TeV)

-
L

-

50 100

» ]
- ’Non—perturbative

-
-

nyy (TeV)

my, (TeV)

30,
25
20+~

15

s
e 1
Ls .
i Non-—perturbative

-

! -
0 ______________ T L

0.1 05 1 5 10
my, (TeV)

5

50 100

S5+ 3 i o ~ ~ Non—perturbative |

0'____‘ ————— L Ll e ] L L

05 1 5 10 50 100
m5ﬁ+ (TCV)



Conclusion

* Procedure to construct lepton mass matrices in the MLRSM of type-I
dominance with the parity symmetry

* Conditions for the TeV-scale MLRSM without fine-tuning:
(1) k1 > Ko, fi; K ﬁ.;j_, and L”f R~ Vé, or (ii) k1 < Ko, fi; > ﬁ:j? and Vf ~ I"’ée_m.

* Numerical results (m,, < 30 TeV)
* Light neutrino masses have been constrained from below. (m , > 103 eV)
* Lightest heavy neutrino masses have been notably constrained.
(e.g. my, < afew TeV for m,, = 10 TeV)
* OvPBB processes are found to be too small due to the CLFV and Planck constraints.
 EDM’s of charged leptons are also found to be too small due to the CLFV constraints.



