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Discovery of Higgs boson
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Super- Kamiokande, Sudbury Neutrino Observatory 1999,
Neutrino oscillation between mass and flavor eigenstates

| Neutrinos are very special
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Yet to be discovered in the
neutrino sector

/ l \ Nature of mixing

between the flavor
Type/s of Neutrino mass and mass
neutrino mass ordering eigenstates
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A variety of generation mechanisms including
seesaw, inverse seesaw, at different
frameworks at tree and loop levels



Some of the Recent results and future

INVISIBLE[DECAY

Lcan not explaln such observatlon |

signature

Can relate

Extension of the SM is necessary through|, . -~
an SM singlet Right Handed Neutrino

- Seesaw\mmechanism

E xplaing the tiny

2

___neutrinomase |

—>Can be tested @Colllder/ g in future



In a nutshell we need a scenario which can efficiently include

The Standard Model is

The long — standing question of the
. origin of the
neutrino mass and flavor mixing

are yet — to — be fixed l

, - nature of the neutrino mass
Higgs vacuum stability

Stable/ metastable/ unstable :

needs to be fixed disLovery potential of

the heavy SM — singlet
, neutrios
can not explain the exsitance

of the Dark Matter relic abandance i
and the nature of the Dark Matter e

Invisible decay of the Higgs boson -

Several other beyond the Standard Model scenarios
e.g. Flavor physics




Particle content of the model
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Gauge and gravitational anomaly-free conditions
U)x x [SUB)c)? 20— 2u—aa = 0

U(1)x x [SU(2)L)? 3z, +xp = 0
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sing the above equations, Xy = EXH and x5 = 2X4 we find the charges of the U(1)y

sector 1s the linear combination of the U(1)y and U(1)g_; charges.
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Another important aspect of these model is the existence of a

heavy neutral gauge boson which interacts with the particles of the
model
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Couplings and the partial decay widths of /’
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Interaction of 7' with the Higgs
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Interaction of Zz with the Higgs
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Production process at the linear collider

with N . Okada (appear soon)
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Ux coupling versus Xu for fixed Z' mass
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Bounds on the vu(1), gauge coupling

ATLAS: 1903.06248 (139/fb) CMS (36/fb)
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Current LHC constraints on
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Dilepton production from the
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Dilepton and the
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Dilepton and production at the 13 TeV LHC
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Production process at the linear collider
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Cross section as a function of the center of mass energy of the ILC
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Final sate signals
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Multilepton-multijet channels Appear soon

e /q

4¢
2¢ + MET
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et/ g

At the LHC, the produced Higgs will be boosted (also the
associated Z). In such a case 4 leptons from Higgs will be

collimated in such a way so that it can produce a lepton-jet
like scenario.




Right handed neutrino pair production 1906.04132
M, > 2My, (at least)
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The branching ratios of Z’ boson as a function of xy with a fixed M, = 3.0 TeV
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The ratio of the partial decay widths of Z’ boson into RHNs and dilepton final states
as a function of x gy
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Flavor to mass eigenstates \
Vo = Naiti + RailN;
T .
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In the presence of €, the mixing matrix N is not unitary, namely NN # 1
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Neutral Current




Generalizing the mixing parameter

RNH/IH _
general orthogonal matrix
(1 0 0 \ (Cosy 0 Siny\ (COSZ sin 2 O\
O = |0 cosz sinz 0 1 0 —sinz cosz 0
\O —sinx Cosa:) \—Siny 0 cosy) \ 0 0 1)
Normal hierarchy Inverted hierarchy
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TH 2 2
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v v
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Neutrino oscillation data Am2, = m2 —m? = 7.6 x 107° eV?

2 2 2] 3 <79
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. . . 3
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Decay length of RHNs neutrinos as a function of lightest active neutrino mass
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ATLAS — IDV 1908.09838

Trigger Muon: |n| < 1.07 and pr > 55 GeV
Electron: |n| < 2.47 and pr > 120 GeV
DV region DV within 4 mm < rpy < 300 mm and |zpy| < 300 mm

DV selection Made from tracks with |dp| > 2 mm and with pr > 1 GeV

DV track multiplicity Ny > 4 and invariant mass mpy > 5 GeV
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CMS — 2DV  Trigger Hy > 1000 GeV

Jet selection At least 4 jets with pr > 20 GeV and |n| < 2.5
DV region 2 DVs within 0.1 mm < rpy < 20 mm and dyy > 0.4 mm
DV selection Made from tracks with |dg| > 0.1 mm, pr > 20 GeV and |n| < 2.5.

> pr > 350 GeV, correcting for b quarks.
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Vs = 13 TeV expected in £ = 3000 fb~! with the ATLAS 1DV ID
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logy |V;fN|2

logyg \VeN |2

CMS 2DV+jets strategy
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@dternative scenar10 under U(1 )X) 1812.1 193 1
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Production of the heavy neutrino at the ILC
LHC constraints become dominantly weaker with heavier Z’
1000 . E; ¢ < my, Z' boson mediated processes at the ILC
: T can be described by effective higher dimensional
my
x (—)
EBL

operators|

(&)
o
—T—

mz[TeV]/gpL

10 {L, ATLAS — TDR

LEP limit mz[TeV]
Dashed lines represent the Atl. B — LL case

(o(ete” — Z* = NNy )

4 2\ 2
As a result ILC is a powerful N (QNi)zs (gBL) (1 Ay, ’
machine to probe Z’ beyond HL — LHC L_ 2471 my m%/ J




ag(e*e >N N)[fb]

Alt.B—L, my=50GeV  Alt.B—L, my=100 GeV
(xg = 0)
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mz =7.5TeV /s =250 GeV
o(ete” — Z* — N'N') =0.0085 fb (B — L)
=0.14tb (Alt.B-1L)

mpy1.2.3 = 50 GeV and my12 =50 GeV.
degenerate RHNs @ S o(ete” — 7 — N'N') =0.026 fb (B-L)
2 o(ete” — 2* > NiN))=029fb (Alt.B — L)

Luminosity = 2000 fb~! 32 and 576 events respectively
satisfying constraints from the HL — LHC

- )
Majorana RHNs will show £*#*4j signal which can be a smoking gun signature

data fitting .

at the ILC to probe Majorana nature . Let’s find the branching ratios after the neutrino
\ y




my =50GeV | e+ jj | p+jj| T+

B -1 Nt (0412 ) 0.104 | 0.104

N? 0.204 | 0.224 | 0.224

N3 0.0154 | 0.310 | 0.310

mny =100GeV| e+ 45 | u+77 |7+ 77

N' ( 0.587 ) 0.148 | 0.148

N2 0.276 | 0.304 | 0.304

N3 0.0208 | 0.431 | 0.431

Alt.B — L
NH case IH case

my =050GeV |e+jj |p+JJ | T+JI| |mn=50GeV |e+3jj | u+i4j |7+ 77
N1t 0.194 | 0.213 | 0.213 N @,412) 0.104 | 0.104
N2 0.0154 | 0.318 | 0.318 N2 0204 | 0.924 | 0.924
my = 100 GeV| e + jj @ﬂ']) T4+ lmny=100GeV| e+ jj | u+4j |7+ 77
N! 0.276 |(0.304)|(0.304 N1 (0.587) 0.148 | 0.148
N2 0.0208 [(0.431 )|( 0.431 N2 0276 | 0.304 | 0.304

Finally NN — 2£*4j will dominantly be between 16% — 34 % for the final results
for the B— L — Alt. B — Lscenario. o .




(Long lived RHNS) B — L case
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Conclusions

In this work we are studying the Higgs production at the ILC from the
heavy resonance. To study such a scenario we have used a general
U(1) extension of the Standard Model where the Higgs production is
enhanced by the additional U(1) charges obtained after the anomaly
cancellations.

This model is extremely useful for the further study of the various
properties of the beyond the standard model physics such as the pair
production of the heavy neutrinos, displaced vertex searches for the
long lived particles, dark matter physics (both of the scalar and
fermion) and vacuum stability. Such studies have been performed in a
variety of past literatures and also will be done in some future articles.

Finally a 250 GeV ILC can be an promising machine to probe BSM
physics apart from considering it as a Higgs factory.

Thank you



