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Standard model and missing link/s

The Standard Model of Over the decades experiments

Particle Interactions have found each .
e Germration of Matt and every missing pieces

Verified the facts that
they belong to this family

Finally at the Large Hadron collider
Higgs has been observed
== [ts properties must be verified

Stronly established WI1th 1nteresting shortcomings

Few of the very interesting anomalies :

- . .
Tiny neutrino mass and flavor m1x1ng9

\Relic abundance of dark matter. ..

@eutrino oscillation experiment]
NO, Super — K, etc.

)@ Nature : Majorana/ Dirac R

® Ordering : Normal/Inverted
@® Nature of the mixing between the

SM can not €Xplain them | mass and the flavor eigenstates

Unkow n——iif

_/




Difterent physics frontiers

Scientists build partcile acclerators to explore high energy
scale to explore new phenomena after the subatomic collisions .

Intensity frontier : Highly intense beams from accelerators are used to
to 1nvestigate the ultra rare processes of nature .

Cosmic frontier :  Astrophysicists use the cosmos as the laboratory
to investigate the fundamental laws of physics from a complementary
point of view of particle accelerator .



Future Circular Collider — hh/ee/ ePR G Y

e e e N
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Origin and
evolution
of the universe

Unification of the
forces

New physics
Beyond the Standard Interferometers
Model LIGO/ DECIGO

I
COS™ g
q“. Space Telescopes (FermiLLAT)



Proposal of a scenario

SU(3)e SU(2)L U(1)y

Relevant part of the Yukawa sector

pYukawa — _yoBpamyl — YPue Hd, — YOP e He?, — YIS HNY — YSONNE + h.c.

@ 3 2 3 GTH + 3Te
a3 ; 2 2000 + Lo Anomaly cancellation conditions
1 1 1 1 :
dr| 3 1 3 3TH T 3 U(1)x ® [SU(3).]" : 2, —x, —xy; = 0,
U(l)x ® [SU(2).]° 3al +a), = 0,
o)1 2 —3
L 2 / / / / /
U(l)x @ [U(1)y]” r, — 8z, — 2wy + 3x, — 62, = 0,

U(1)x ] R U1y : :z:;2—2:13 +x;2—a}£ +:13’2 = 0,
U(1)x]” 6$;3 — 3:6;3 — 3:13&3 + 2x23 — a:’yg — g;fe?’ = 0,
U(1)x © [grav.]” : 6x, — 3x,, — 3wy + 2xy — T, — T, =

After anomaly cancellation

Linear combination of U(1)yand U(1)p_;

Betore anomaly cancellation



Higgs potential

V = mi(H'H) + MHH)? + m2(®1®) + Ao (®10)2 + X (HH)(dT0)

UlDx breaking Electroweak breaking
@) = L L (v
V2 <H>:E ) V2246G€V,V¢>>Vh

Mass of the neutral gauge boson /' M, = g’\/ 402 + le 2~ 2¢'vp.

V:y =~
4Hh

Neutrino masss FMaS = _yBegN, — YION2NS +h.c. U(l)y breaking

o af O 1103)) _
my, = Mg, mF = Dy = m, = —mpmy'mb
V2 V2 mp My

Seesaw mechnism
can explain the origin of the light neutrino mass and can be tested at the experiments



/) 1nteractions

Interaction between the quarks and Z' £*= —9' (@, Pra +91.4:,Pra)Z,

Interaction between the leptons and Z' £° = —g'(¢v,q., Pl +ev.4., Pre) Z,,

qu + qu atfects the phenomenology

. / o % fl : fl :
Charged fermions T'(Z'—2f) = Neo— (gL {gawaTCI)} + 9z [g,xﬂ,xcp} )
. . M, 2
light neutrinos (7 — 2v) = o A T
Tr

heavy neutrinos [(Z' — 2N) Mi IR [9’,:13@}2(1 40 )



i 1 | 1
QL 3 2 6 xq — 6xH + 337(1)
1 2 /! 2 1
Up 3 1 3 Ty, = 3TH+ 320
1 1 A | 1
dR 3 1 —3 Ty = —3%TH -+ 3 LP

W= W= W=
ot
D N w|c>1

1 _
Bl 12 |- -y
) 1 1 0 20p = 2T %

No 1nteraction with left handed fermions

No interaction with Ug



(Partial decay widths of Z' )

/= 22U

\ ,

/ _ Z 2
['Z"— 2] = E&[Sx, Xy

1
8510 ¥l = (=5 + (=13,

gil20 %] = (= D + (=1 ),

1
81180 %l = (=5 + (=1 )z,

/ _ MZ’ e 2 e 2
F[Z — 25] — m(gL[gx’ 'XH] + gR[gx’ xH] )

, 1 |
Z' - 2u gilgenl = (v + () )s,

°

|
d — [ (—_— _
\ gR[ngxH] — <( 3)xH+ (3)>gx

u 2 1 , / 1 1
\ gilgo Xl = (v + ()s, Z —»2d / sllseml = (Qu+))s.

/ . MZ’ U 2 U 2
['[Z' — 2u] = E(gL[gx, Xgl™ + gplgw xy]7)

M-,
[[Z — 2d] = Ii(g,‘f[gx, xXg)? + g2lg. X1

L —




Properties of the model and phenomenology

New particles Z' boson
Heavy Majorana Neutrino

U(l), Higgs boson

Phenomenology Z' boson production and decay
Z’ boson mediated processes

Jurina Nakajima’s talk Heavy neutrino production
U(l),Higgs phenoemenology : Vacuum Stability

Dark Matter collider
Leptogenesis and many more

Fermionic pair production form the Z’



Fermionic pair production tform the Z’

New particles Z’ boson Heavy Majorana Neutrino U(1), Higgs boson

Phenomenology 7’ boson production and decay Heavy neutrino production
Dark Matter collider u(1),Higgs phenoemenology : Vacuum Stability

Leptogenesis and many more

Bhabha scattering
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° ° M '
Limits on the model parameters Considering the limit M, > > \/g and appling eftective theory we find the limits on —,Z

using LEP — II (1302.3415) and (prospective) ILC (1908.11299) : 5

-4 0T _ —
T T T T T — (e Pae)(f7.Psf)
<ol _‘ (1 T 5@]‘ )(AQB)Z
| R/ exchange matrix element for our process
500 /,o/ ( g/) 2 o
' (e (2 Pr + 2 Pr)el[Fyu(es, Pu + w1, Pr) f]
A

N
ot
N

Matching the above equations we obtain

M,/ g [TeV]
W
S

200}
| Indicates a large VEV scale can be probed

' from LEP — II to ILC1000 via ILC250 and ILC500

Shows limits on M, vs g’ for
LEP — II, ILC250, ILC500 and ILC1000

100!




Interaction between fermions and Z'

/ U(l)’ coup<ng

—Lint O fLV'G Qa2 L + [RY 9 QL 2, [R.

U(l)v’ charge of left |
handed fermions  {j(1)’ charge of right

handed fermions

We compare dilepton production cross section with
the dilepton production at the ATLAS

O.Observed
/ ATLAS

g —
( O Model )
2
gl\/[odel




Recent bounds on the heavy 7’ from dilepton channel

—~ . 137 b (13 TeV, ee) + 140 fb™ (13 TeV, uu)
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For heavier Z’, the limits from e"e™ colliders are stronger than the current LHC results



Xy > 0
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Deviations in total cross sections from SM is more than 100 % for xy > 1 for \/E =3 TeV. For \/g < 3TeV the deviation 1s also sizable.
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Xy = — 2| No interaction with left handed fermions ||x; = — 1| No interaction with ey
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Integrated Forward — Backward Asymmetry (e > uu"): Apg| M, =75TeV
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Differenial and integarted Left — Right Asymmetry (e7e™ — u~u™) : &
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Differential Left — Right, Forward — Backward Asymmetry (e7e™ — u~u™) : o LR. FB
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24 Deviations in total cross sections from SM is more than 100 % for xy > 1 for /s =3 TeV. For y/s < 3TeV the deviation is also sizable.



Bhabha scattering
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Deviation 1n differential scattering cross section
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Differential LR asymmetry
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Integrated LR asymmetry
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The choices of xy; enhance the discovery potential
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Conclusions :

We are looking for a scenario where which can explain a variety
of beyond the SM sceanrios.

The proposal for the generation of the tiny neutrino mass, from
the seesaw mechanism, under investigation at the energy frontier.

We study opg, g, Y1 g pg- Ihe asymmetries are sizable at the
250 GeV and 500 GeV e~e™ colliders or higher 1n the near future .

Such a model can be studied at muon colliders with high CM energy .
This allows us to probe heavier 2.

The motovation of this work 1s to find a new particle and/or

a new force carrier as a Sg\a/l]rt of the of the new physics searches
including a variety of B aspects.
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Bounds on a sample B — L scenario
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