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Introduction

The standard model for elementary particles is very successful in describing
high energy phenomena up to O(100) GeV.

The SM has several problems. If the SM is an effective theory up to Planck
scale, Higgs mass is O(100) GeV comes from large fine-tuning cancellation
between its bare mass and quadratic radiative corrections. This problem is

known as Hierarchy problem.

This fine tuning problem suggests that new physics beyond the SM should

appear at TeV scale.

The Higgs sector is the last unknown part of the Standard Model.
After the discovery of Higgs boson, it is important to measure the
Higgs self-coupling.

* Test for the Higgs potential
* Search for New Physics effect

We study the impacts of new physics effects on the hhh measurement
at LHC and ILC in THDM with SM-like limit, scalar LQ and chiral 4t
generation model.



Measurement of hhh coupling

Measurement at collider experiment
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We focus on these processes.



New Physics effect on hhh coupling

Higgs mass is the only free parameter in the Higgs potential.

Effective Hiaas potential
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In the SM, tree level hhh (hhhh) couplings are uniquely defined by Higgs boson mass.
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e Non-decoupling effect
In the SM, top loop correction is known as non-decoupling effec:t.E //\
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m¢ term appears in 1-loop correction loop effect ~ -10%



Effective hhh coupling in THDM

S. Kanemura, Y. Okada, E. Senaha, C. P. Yuan
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THDM, Scalar LQ and 4t generation

In order to study the impact of the new physics effect on the double Higgs production
processes at the LHC and ILC, we focus on the following models.

1. Two Higgs doublet model (THDM) with SM-like limit ~«—— Charged scalar particle
Higgs potential

Vrhom = 13| @12 + 13| Po[2 — (u3P] Py + h.c.)
FAL[D 1[4 4 Ao | D[+ A3 1 [2| D 2+ Ag P Do |2 +25{(P]P2)2 + h.c)

SM-like limit  sin(a— 3) = —1
Lightest Higgs has the same tree-level coupling as the SM Higgs boson
and the other Higgs bosons do not couple to gauge bosons.

2. Scalar leptoquark (LQ) model «——— Colored scalar particle
Higgs potential

Viq = Vam+ Mg oLqlP+ALqléLql* X 6L ql? @12
LQ-lepton-quark interaction

L = (91.Q%mL 4 g1ru%er)S1 + J1rAEERS1 +-h.c.
These couplings do not contribute to the double Higgs production processes.

3. Chiral 4th generation model Colored fermion
Yukawa coupling )

Lyuk =~y Qrtp® — y,Qrbp® + h.c. Q; = ( F ) 6
L



Effective hhh coupling in Scalar LQ and 4t generation
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Sub/Full Cross Segtion in THDM and LQ

For mh = 120 GeV

mp = my4 = my+ = 400GeV
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Sub/Full Cross Section in 4t generation

Sub cross section Full cross section
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Full cross section vs=14 TeV {4th generation}
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New Physics effect on Zhh process
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New Physics effect on Zhh process
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New Physics effect on vy — hh process

M(l1,12) W boson and top loop diagrams vy — hh pole
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In addition to the W boson and top loop contribution to the loop induced process,

there are following diagrams.

AM(l1,l2) Additional one-loop diagrams
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Sub/Full Cross Section in THDM
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Sub/Full Cross Section in LQ and 4" generation

For mj = 120 GeV Mg < NeQ3 Chiral 4th generation
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Summary

We studied double Higgs production process in THDM with SM-like limit,
scalar LQ and chiral 4th generation model.

e The cross section is largely changed by two effects.

* additional contribution of new particle loop

PLC, LHC
o Effective 1-loop hhh vertex enhanced by the non-decoupling effect

ILC, PLC, LHC
e The cross section strongly depend on each new physics model.
For mj=120GeV mgq = 400GeV S1 with charge +1/3 ™y = "y = 300GeV
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hhh measurement at the LHC

U. Baur, T. Plehn, D. Rainwater
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hhh measurement at the ILC

SM ACFA Higgs Working Group 2002
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hhh measurement at the PLC

E.Asakawa, D. Harada, S. Kanemura, Y. Okada, K. Tsumura at TILC 08

Higgs Self Coupling Sensitivity

Higgs self coupling sensitivity
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Photon linear collider (Eee < 500GeV) is useful to measure the HHH coupling

for mH = 150-200.
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Two Higgs Doublet Model

Higgs potential

Vrupm = p2|®1|? + p3lPol? — (13 CDTCDQ + h.c.)
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We consider following parameters
e SM-like limit sinfe —B3) = -1

Lightest Higgs has the same tree-level coupling as the SM Higgs boson
and the other Higgs bosons do not couple to gauge bosons.
e Non-decoupling limit M =20

In the THDM, extra Higgs boson loop correction is known as non-decoupling effect.

2

) m
* rho parameter constrain p = .., Cg‘gg
VA 474

mHgmAgmHi

We assume that the masses of the extra Higgs bosons degenerate.
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Scalar LQ model

In addition to the SM, we introduce the scalar LQ.

Higgs potential
Viq = Vam+MZgloLqlPHALqléLqlt+X 6Lql? @)
LQ SM LQIPLQ LQIPLQ LQ
2 _ a2 A\ o2
mﬁbLQ_MLQ_'_ ;

LQ-lepton-quark interaction

Lepton
L = (91.Q%mL + g1ru%er)S1 + 1rdRerS1 +h.c.
Scalar LQ 51 with charge +1/3 LQ
51 with charge +4/3
Quark

These couplings do not contribute to the double Higgs production processes

Lower bounds of masses
mquQ > 275 — 325GeV  HERA for Giq — €

Mero > 256GeV Tevatoron 27



Chiral 4th generation model

In addition to the SM, we introduce the chiral 4t generation quark t and b
Yukawa coupling

!
R _ ¢
L

Lower bounds of masses
my > 256GeV T, > 128GeV

100

For simplicity, we assume that masses of the
chiral 4t generation quark are degenerate.
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2
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In order to avoid the constraint from CKM unitarity,

we assume that 4t generation quark do not mix 0 - - - - -
100 200 300 400 500 600 700

with the SM quarks. (m, + m)/2 [GeV]
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Double Higgs production process

In the SM, the top quark contribute to the gluon fusion process at LHC.

On the other hand, there are loop diagrams of W boson and top quark at PLC.
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Sub Cross Section at Photon Collider
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Sub Cross Section at LHC
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