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Standard Model _

NP —

We definitely need new physics to provide
missing pieces




Particle content of the model Xg, Xg Will appear 1n

: : ,
SUB3). SU2). U(l)y U(1)x the coupling with Z
qr 3 2 +1/6 | =, | = (%xH+ 1T A
u 3 1 +2/3 | z, |= | Zzg+ix :
i / ~ TV U(1)y breaking
dR 3 1 —1/3 Tqd § = —§$H‘|—§qu> ‘ v
; — <P>=—2
0y 1 2 —1/2 8 2 |= | —57H — o \/5
CR 1 1 —1 1 ze = —TH — TP my,; =2 g
H| 1 2 420y = |so0
N, 1 1 0 T, | = —T
| Charges after
\ Imposing the
. anomal
3 generations of cancellatiZns
SM singlet right handed Charges before
neutrinos (anomaly free) the an‘(}aly cancellations
Yukawa interaction H = ir?H*

_

3 3 3 3 3
Ly == > YOG, - Y vt Hd, - Y YerHey, — Y Y ITHN = Y YIONRONf +hee,
a,f=1 a,B=1 a,B=1 a,f=1 a=1




Interaction of 7' with the Higgs
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Interaction of Zz with the Higgs

Li: = gzev" (CV + CA’VE))@ZM

/ — 2e
Cv=o(—t+si®w)| [0 &
Z — h coupling 7
' 2
9; 2 2 &
:§ZZ“(U —|—2?}h—|—h) \
\
\
M2 \
D) ZhZ A \\\
V h




Production process at the linear collider

with N . Okada (appear soon)
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Bounds on the vu(1), gauge coupling

ATLAS: 1903.06248 (139/fb) CMS (36/fb)
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U)x coupling versus *H for fixed Z' mass

ATLAS-TDR-027 (prospective)
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Current LHC constraints on

ATLAS: 1903.06248 (139/fb)
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Cross section as a function of the center of mass energy of the ILC
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Multilepton-multijet channels Appear soon
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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.
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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)

0.100;— s = 250 GeV

0.010 |

0.001 |

B —L, my = 100 GeV



mz =7.5 TeV 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

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

| data fitting through the light heavy mixing in the heavy neutrino decay width.

~

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

J




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 the 250 GeV linear collider can be a promising
machine to probe BSM physics apart from considering it
as a Higgs factory.

Thank you



