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Vector-like quarks What are vector-like quarks?

What are vector-like quarks?

@ Left and right handed chiralities transform under the same way under the SM symmetries.
@ Dirac mass term is allowed:
Ly = —Mgy
@ why they are called vector?
@ A SM chiral quark couples only to left-handed charge current (V-A) interaction

JiT = fytdy =y (1= 7)d =V — A
Wt 0
it _

@ Vector like quarks would couple to both the left-handed and right-handed charge current
JE =TT+ IR = mytdy + gty = aytd = V

@ They can mix with SM quarks

U v —>—>—d;
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Vector-like quarks Motivation for VLQ

VLQs appear in many beyond standard models

@ Composite Higgs models
VLQ appear as excited resonances of the bounded states which form SM particles

@ Little Higgs models
partners of SM fermions in larger group representations which ensure the cancellation of
divergent loops

@ Non-minimal SUSY extensions
VLQs increase corrections to Higgs mass without affecting EWPT

@ extra-dimensions
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The Model

Representations and lagrangian terms

Representations and lagrangian terms

Assumption: vector-like quarks couple with SM quarks through Yukawa interactions

SM Singlets Doublets Triplets
(1) :
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The Model Representations and lagrangian terms

How do they appear at colliders?

Production: RN ARa —
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Limits depend on the branching ratios
—a function of mass and multiplet

Sadia Khalil,HEP Seminar, Mar 14, 2016
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The Model Representations and lagrangian terms

The Model

@ Introduce gauge singlet scalar: S

@ Introduce SU(2), singlet vector-like top partner: T

@ Only consider interactions with 3rd generation SM quarks: Q; = <ZL> ,tr, bR
L

H LD 'Csca/ar + L:Yukawa + L:gauge

1 1
Lscalar = E(D}—LH)T(DHH)'FEBNS 8”5—#2HTH+>\H(HTH)2
A b
+ %HTHSJr “HHHS? +b15+g52 353+ 25t
EYukawa = .yMSTmt it + Qant Htmt + ybaiLnt HbR + yTai_ntHT.‘i?nt
arXiv:1601.07208[hep-ph]
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The Model Representations and lagrangian terms

After electroweak symmetry breaking

parameters a1, by, b3 are set to be zero.

Two scalar mass eigenstates : hy , hy
with: mp, = 125 GeV< my, and vy = 246 GeV< vs

Scalar mixing angle: 0
Two fermion mass eigenstates : t, T with mass: my = 173GeV< mt

One independent fermion mixing angle : 0,
as tanfp = % tanf;
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The Model

Vacuum stability in SM

h .h h
+ \\\;/h\ it + W ’/h
ORI {
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Representations and lagrangian terms
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The Model Representations and lagrangian terms

Vacuum stability in simplified model

arXiv:1404.0681[hep-ph]
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The Model Representations and lagrangian terms

Constrain on parameter of the model
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arXiv:1404.0681[hep-ph]
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The Model Representations and lagrangian terms

Proposed e e colliders

@ With well-understood initial beam properties, the scattering kinematics is well-constrained.
@ low backgrounds
@ The e~ et interaction is well understood within the standard model electroweak theory.

o #
Compact Linear Collider (CLIC): CERN

e'e, Vs: 380 GeV, 1.5 TeV, 3 TeV
Integrated luminosity : 3 ab™!

Future Circular Collider (FCC-ee): CERN
e*e”, Vs: 90 - 350 GeV: FCC-hh pp
Integrated luminosity  5ab ™"

ailil WA
International Linear Collider (ILC):
Japan (Kitakami)
e'e’, Vs: 250 — 500 GeV (1 TeV)
Integrated luminosity : 2ah~"

Circular Electron Positron Collider
(CEPC), China

e, vs: 90-240 GeV; SPPC pp,
Integrated luminosity : 5ab ™"

Lucie Linssen
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The Model The Process

e et — hyy

— W MWV
Z/W L_zi
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The Model The Process

Cross section of e e™ — hyy

@ Solid— sy = 0.15 and Dotted— sy = —0.15
@ The distribution is forward-backward symmetric

@ Cross section is maximal near the TT threshold

my, =280 GeV, s = 0.15
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The Model The Process

Cross section of e e™ — hyy

mr=1TeV, vs =350 GeV, 5. = 0.15 my, =280 GeV, s, = 0.15, vs=500 GeV
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The Model The Process

Branching ratios of h,

Branching ratios

vs=500 GeV, sg =0.15, s, = 0.15
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@ We consider e"e™ — hyy — hhy — (bb)(bb)y.
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The Model The Process

Backgrounds

Main backgrounds:
@ efe” —4b+ 1.
@ ete” = 2b+2j+v (j=u,d,s,c,g).
@ ete” w4j+v(=u,d, s c,g).
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The Model The Process

Backgrounds

Main backgrounds:
@ efe” = 4b+ 1.
@ ete” 5 2b+2j+v (j=u,d,s,c,g).
@ ete” —»4j+v(i=u,d,s,cg).

a

Signal

Background

v

S.Tizchang VLQ-scalar

Cuts:

pTjet > 20 GeV, |n| < 2.5.
AR(i,j) > 0.4

pr~ > 300 GeV, |n| < 2.5.

mp — 25 < mpg < mpy + 25GeV,

—5
0BG |After cut ™ 10 0BG ‘ Before cut
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The Model The Process

95% C.L. probed regions of sy vs v, /vs and m;/mt vs vy /v, at

Vs=3TeVand £L=3ab*
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The Model

The Process

95% C.L. probed regions of my, vs s; at /s =3TeV and

L=3ab!
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Summary

Summary

@ The model is well-motivated as it provide the posibility to stabilize the electroweak
vacuum

@ Larger signal efficiency can probe a bulk of allowed parameter space by the LHC
data.

@ We can improve the sensitivity by:

o Considering other decay modes of the particles.
o Considering the other decay channels of h;.
e Using various kinematic variables and multivariate techniques.
@ scalar plus photon production at lepton collider would be a complementary channel

to the results obtained from the combination of electroweak precision tests and
LHC Higgs data.
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Thank you
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