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Introduction

S Two big discoveries 1n particle physics 1n 2012
are : (1) 125 SM Higgs-like partlcle and (2) large
013 angle of neulrino. m1x1ngs

| - - Mass hierarchy and CP
EWS breaking and mass origin: ‘violation

P-value and related significance

= Signal Strength = Ratio of measured yiekd to SM expectation
CMS Prelminary (5=7TeV.L=510" (5=8TV.L= 1220
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% Combined results

[ : ] : | ( I Signal strength from all channels
ATLAS Preliminary : m. = 125 GeV at my = 125.8 GeV if SM Higgs
W.Z H — bb : \e=7TeV,L= 511" ye=8TeV,L=1221b"

iy o : wpit CMS Preliminary m,, = 125.8 GeV
H— 11 : H — bb (VH tag)
:‘s ; :::: :LL:J’ . :;'2, ' H — bb (ttH tag)
H— WW ' = v § H- .tz (0/1 jet)
\s-8TeV: Lt 13D .

H— tt (VBF tag)

H — 1t (VH tag)

H— vy |
\8% =7 TeV ' di-480L
G=8TeV: =13’

H—oZZ"' - 4l ;
7 TeV: Lt e 46D H—- YY (VBF tag)

8 =8 TeV: |Ldt= 13 11"
H— WW (0/1 jet)
H > WW (VBF tag)
H— WW (VH tag)

-1 0 H— Z7

H— vy (untagged)

Combined u=135+0.24

WalToV: [l ast-480"
EeaTleV: Lt 130"

| l |

2 4
Best fit O'/O'SM

N.Van Remortel
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For neutrino

@ -

® Neutrino oscillations indicate physics beyond the
Standard Model - masses from zero to non-zero

®

® Questions to address are absolute scale, mass
hierarchy, CP phases, and the Nature of neutrino-
Dirac or Majorana fermion |

(S0

Different v oscillation experiments would be able
to answer the first three questions thanks to the
large 013 |
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Nature of neutrino <-> lepton number conservation
Experimental side : |

55The Smoking gun signal to reveal the
property of neutrino is “neutrinoless
double beta decays”

Theoretical side :

® The chiralities of out-going electrons can
be LL,LR,and RR

€

(V)r - ovpp
| Black box theorem

Schechter and Valle, 1982
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LHC meets neutrinos -
Whether neutrinos are Majorana fermions

* Neutrinoless double beta decay (ovp[)

Nucl Nucl’

Looking for small Majorana masses. Thus we need a
lot of parent nuclei (say one ton of them)

Lepton number is violated
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LHC meets neutrinos -

Whether neutrinos are Majorana fermions
One can study the possibility of lepton

number viplation processes at LHC as well

yuble beta de U5 R

7
c
0,

As long as the oVv[3[5 is observed, it
implies the existence of Majorana mass

term (Schechter and Valle)

J°DN
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Theoretical aspects of v model:

® Majorana : tree level

® Dirac neutrino :

Seesqw mechan'i_ SM Minkbwski 1977 Foot,Lew,He,Joshi 1989 |

H

H
v v Ny @ (1,1,0)

Type (I,III) seesaw
/_ﬁ_"_n’_\ N3 : (1,3,0)

L L

Type 1l seesaw

Schechter & Valle, 1980, 1982
Cheng & Li, 1980
Mohapatra, Senjanovic, 1981
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Loop level

lee, 1981:
2 Higgs doublets
+ |1 charged singlet

Cheng & Li, 1980; Zee, 1985; Babu, 1988:
1 singly charged singlet
+ |1 doubly charged singlet
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Hirsch et al. 1996, Aristizabal et al. 2008
Leptoquarks
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® Idea and model

1.Assuming scalars do not participate the
strong interaction

2.The enhancement of Higgs to diphoton mode
indicates the existence of higher charged
particles

3.Extending the SM as minimal as possible -
parameters and fields
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(S0

> We 1ntroduce a scalar field &

c©>4,(4,5,0,7,..) under SUC2)L with
hypercharge Y=2, Q=I3+Y/2

(S0

®> The scalar potential reads

V(H, & ®%%) = —pg[H|* + A H|* — pZ[€]* + A¢|€]*
+ 1| + Aa|P|* + A |H[* [

+ Aga|H?|® + Aea|€]?| D[
+ h.c.],

= €;

i €55 €k - Lijk...Sirj k. for t=4.6,8,10,.., even dimension

—€i'i€5' €k k- gzgk...gz "kt —
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tree level p parameter

1

my, , = — g‘lmambvgyab sin 26

ab \/§
< [I(Miy,Mp,) — I(Mi,, Mp,)]
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@

{

> We rewrite neutrino mass matrix

\

) s y ]
mg;Yee MemyYey MeMmsYer

»

o : = ) =
my, = [(Mp,,Mp,) X | mem,Ye, my, Yuu memyYyr

MeMyYer MemyY s /1123},—

20605 107" Yo B AR IO 91 SE 1000,
= f(Mp, Mp)x | 5.4 %10 Y 1.1 %10~ Yo, G189

01510 " D19Y: <y o

The neutrino mass spectrum is predictéd to be
Normal hierarchy spectrum !

2.6 x 1077 Y, 5.4 x 1075Y,, 9.1 x 1074Y,,

5.4 x 1072 Yeu 1.1 X 102 Yuu 0.19Y,; cl+nl+n
G15610 =¥ B9V 23 g el
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Normal hierarchy spectrum

my, mg =/m?+Am3,, mz=/m}+ Am3, + Am3,.

Majoi‘ana phases

my

M, =Upuyns| O

After applying the more and more
precise neutrino oscillation
data one 1s able to pin down the
neutrino parameters such as
absolute scale and CP phase via
the leptonic processes

Myg, = UpMNSdeiagUg’IVINS X Yab
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® For example,

R=B(t— ey)/B(u— ¢Yy)

Free Fluxes + RSBL

Huber Fluxes. no RSBL

bfp 1o

3o range

bfp 1o

30 range

sin® 12

th2/

. 92
sin” a3

()-) 3 /r 0

Si112 Ul;}
f1a/°

- . ‘/ O
OCP

Am3,
105 oV
Am3,
10-3 eV*
Am3s,
10-3 eV?
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% Some collider phenomenologies
One. of the neutral scalars is SM-like

The recent 125 GeV resonance at LHC decays
to ZZ and yy channels are consistent with
the SM Higgs prediction, though a 1.6 times
excess of the diphoton .mode is observed

13528250 28—



- Enhancement of the Higgs to diphoton

2.2
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Trilinear coupling = -100 GeV

RZA/ = F(H — Z’“,)/P(H — Z’“;")SI\"'I
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Interestingly,we recalculate the new scalar contribution
to the h to Zy with arbitrary electroweak quantum numbers

1 Y
Qs - 9zss = - <T3+—
SW CW 2
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Correlations between h to yy and h to Zy

R.., =1.5 and mg = 300 GeV

Y

A generic bound

13528250 28—



Production of doubly charged Higgs

Al' »
/s Z

”
2 '/\ ‘|‘(\| .'\. N / '(\ -
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q
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= LHC Production of Triplet Scalars

LHC Production of Singlet Scalars
M"40=MM=MH+

M“++=M“+

H=H=

400 600 800 1000 400 600 800 1000
M.+ (GeV) M .. (GeV)

Doubly charged scalars could decay into both
left-handed and right-handed lepton pairs
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% Triply charged scalar decays

. . 3g6 vi M3 g2 M. P m?
(Tt = 3W)= L2 7°¢ ettt  WHetpty = 2 LT
( ) 204872 myy, L@ &) 614472 v
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" WP, M, =500 GeV
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5 A similar results for our model may apply to low
energy neutrinoless double beta decay

The quark level amplitude due to ‘the neutrino ﬂ
exchange 1s

<p> 1S average momentum of light neutrino exchahge,
typically <p> ~ 0.1 GeV
The doubly charged scalar exchange ,ﬂ);mfguzs< 1 1 )

A g e Bage S5
amplitude 1is 12 16v2ME,  \ M3 M3

We estimate that A, /A Xy < () et
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A remark of OvBp in Type-II seesaw:

VoLuME 47, NUMBER 24 PHYSICAL REVIEW LETTERS 14 DECEMBER 1981

New Contribution to Neutrinoless Double Beta Decay in Gauge Models

R. N. Mohapatra
Department of Physics, Cily College of the Cily University of New York, New York, New York 10031

and

J. D. Vergados
Department of Physics, Universily of Ioannina, Ioannina, Greece
(Received 28 September 1981)

It is pointed out that in a general class of gauge models, there exist new contributions
to neutrinoless double g trunsluonsl that do not involve a Majorana neutrino but the de-

cay of a doubly charged Higgs boson to electrons. Explicit calculations for the case
“Ca—*"Ti indicate that for reasonable choice of parameters, this.new contribution may

» e . 3 ‘J

PHYSICAL REVIEW D VOLUME 26, NUMBER 9 1 NOVEMBER 1982

Triplet scalar bosons and double-8 decay

Lincoln Wolfenstein
Carnegie-Melion University, Pittsburgh, Pennsylvania 15213
(Received 1 June 1982)

If triplet Higgs bosons provide a mechanism for a Majorana neutrino mass, Mohapatra and
Vergados have suggested that diagrams involving these bosons might be comparable in impor-
tance to those involving virtual neutrinos. muments are givcn that the effective couplingﬁ
sociated with the boson diagrams is negligibly small.

d
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u
-
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conclusion

/A
(5@

We invented a class of models of neutrino generated
at two-loop level 1n a minimal extension of the SM.

(S0

The class of models predlcts normal hlerarchlcal
spectrum of neutrino masses.

/A
(5@

Leptonic processes closely relate to the elements of
neutrino mass matrix which enable one to pin down the
1mportant parameters of neutrinos.

€ )

Correlations between h to yy-and h to Zy are studied.

(S0

Some novel signatures of the model can be probed at
the LHC.
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