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= The standard model can explain almost of experiment results

= However there are many undetermined parameters and issues
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= The flavor puzzle is one of the main unresolved problems of particle
physics
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Beyond Standard Model!




» cLFV Current experiment bounds and future sensitivity

CcLFV Process

Present Bound

Future Sensitivity
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u— ey
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Non-sterile Electroweak-scale Right-handed Neutrino Model
(EWVR Model) [P.Q Hung 2007]

= Gauge sector
SUB)cxSUR)XU)y
= Fermions sector
Leptons Quarks
% v u M
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= Scalars sector
= 2 Higgs Doublets:

One only couples to SM fermion:s:

) i e —
dy = p with (¢9) = vy//2.
2

While another doublet couples only to Mirror fermions:

s, .
(I)QM = iM Wlth <¢(2)M> = ’UzM/\/i
2M
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» Scalar sector
= One complex Higgs triplet with Y/2 =1

1
~ 1 - — \/5 X+ X++
X = X = 0 1 .+
2 X T X
M. T . ~\y 1M
Ly = gum (lR‘ 02) (2 72 X) IR
T R | M _+
— .( A vV 1 0-2 4 RX T — = 1% 0-2 € ‘I‘ oo
M VR R X \/5 R R X

With {(x°) = vy, ~ Agy, then the Majorana mass of right-handed neutrino
IS M = gyvy ~ Mgy if the couplingisin order of 1
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= Scalar sector
= One real Higgs triplet with Y/2=10

$Y/2=0)=("€".¢)

With (£°) = (x°) = v, then the Custodial symmetry is restored (p = 1)

(Chanowitz, Golden and Georgi, Machacek)

= Four Higgs singlets by using A4 symmetry: one A4 singlet ¢, and three

A4 triplets ¢;¢ with i=1,2,3

Ls =~ Uhvins Mg Ubinsliy — Ir Uphins Mg Upinslz, + Hec,

(gos¢os 915P3s gzs¢2s\
My =Ucw | goshss GosPos 91sP1s

Where: \915¢2S 925P1s GosPos /

~
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The Model The colculc’rio ) )

= Processl; = [j+y

3 3
£éﬁarged S Z Z (EuLkl T le uzl?nkl ) QbSk + H.c.
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= Magnetic Dipole Moment

3 3
Léﬁarged,s - = Z Z (Euzlrlnkl%fm T Euz?nklgin) QSSk' + HC

k=0 i,m=1
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= Numerical Analysis

— Scenario 1

/ nM T
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— Scenario 2
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= Dijscussion

The LFV process u — e + y is more sensitive to the couplings by almost two order of
magnitudes as compared with the anomalous magnetic moment of the muon

For scenario 1, both the branching ratio of y — e + y and the muon anomalous
magnetic moment do not depend sensitively on the normal or inverted neutrino
mass hierarchies for the cases of the couplings.

However, for Scenario 2, there is slightly different between normal and inverted
cases. These differences depend on these couplings, for g1S 2 0.5 x g0S , these
differences diminish.

The sensitivity of the couplings in the B(u — e + y) has been weakened by one to
two order of magnitudes for scenario 2 as compared to scenario 1, while for the
muon anomalous magnetic moment it stays more or less the same.
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The Model The colculc:’rio Implication )

» |mplications

+ The search for mirror leptons
M
lri = lpj + Pis

The decay length will depend on the magnitude of the Yukawa couplings as well as
on the various mixing parameters

* VEV of the singlet Higgs fields

With constraints from u — ey imply g, < 1073 - singlet VEV up to O(100 MeV)
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Conclusions

Search for cLFV would provide one of the best opportunities to find
new physics beyond the Standard Model

The Electroweak-scale Right-handed neutrino Model has a number
of phenomenological implications which could be explored
experimentally in the near future.

We calculated the cLFV processes (u — e +y) as well as anomalous
magnetic dipole moment in framework of an extended of
Electroweak-scale Right-handed neutrino Model

By the recent and future expectation data we imposed constraints
on the parameter space of the EW-scale vy model
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Lagrangian

Ls = —I Ubyins My Upiinsli — Lr Upnins My, Upninslz + Hoc.

My = U MU, , Upnns = UlUg

M M M
UPMNS — UJUR . UPMNS UiUL
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TABLE I. Matrix elements for M*(k =0, 1,2, 3).

M, Value
My, Mg, M3y, Mg, M3y, My 0
M?ngzaM:?s gos
My, My, M7y %Re (915)
Mgy, M3, Ms, Re (w*g15)
Mg3, M35, M3 %Re (wg1s)
My, My %Re (wyg1s)
M7,, M3, 5 (915 + wyis)
M3y, M3, 3 (975 +w*g1s)
Mis, M3, Re (w*g15)
M7y, M3, 5 (915 + w*gis)
M7y, M3, 5 (915 + wg1s)
Mjs, M3, %Re (915)
M3s, M3, 2" Re (g15)
M3, M3, %’Re (g15) ‘-




The above construction can be straightforwardly generalized for the right-handed

leptons and left-handed mirror leptons. Hence the total Lg becomes

Ls = —I Ubyins My Uprins! — Ir Upnins My, Uphinsly' + Hec.

l
UIIDMNS — UJURa

lM
UPMNS _ UJUL
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e GGauge group of Left-Right models:

SU(3)C XSU(Z)L XSU(G)RX U(]-)B—L (2)

e From the gauge groups described above, one notices that the EW-scale vgr
model is characterized by a single symmetry breaking scale: Agw ~ 246 GeV

and the Left-Right model is characterized by two symmetry breaking scales:

A, ~ Agw and Ar > Ay which is unknown experimentally but which is

constrained to be larger than approximately 3 TeV.

r—~

From 1606.08502
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e Fermions in Left-Right models:

SU(2).: 1, = ( = ) ;

SU(2)R lR -

()
U 0 - (Zﬁ);
()

SU(Z)Ri dqr =

From
1606.08502
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which are produced e.g. in processes such as
q+q— 24 —VR+VR. (1)

Since vgr’s are Majorana particles, they can have transi-

tions such as vp — Z%F + W=. A heavier vg can decay
into a lighter l%’ and one can have

vr+vg — g T +lg T+ WE+WE
= IFHIF+WE+W* +és+6s, (2)

where l%’$ — [T 4+ ¢s and where ¢g, the singlet scalar
field in the model, would constitute the missing energy.
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