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Higgs gector IS unknown

Electroweak fit at LEP/SLC/Tevatron tells
At least one should exist below 300 GeV
which couples to Zand W

Almost NOTHING is known —| SM

Fundamental Higgs

BNOTHING is known for Yukawa-coupling | owoliges field doublet Model
BNOTHING is known for self-coupling ( )
: : : : type-1
Bl Single Higgs? Two Higgs field doublets?
Bl Additional singlet? Triplet? type-Il ——— MSSM
B SUSY? Extra-dimension? —» | 2HDM+singlet —— NMSSM
B Composite?
H Type-1? Type-II? —»| more general L XMSSM
B \Why top is so heavy? Special for 3rd generation?, > Exotic fermiophobic

invisible

B CP-violation in Higgs sector?
Composite Higgs —— Technicolor

a0 i )
B More exotics” — new interaction
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Higgs at ILC

1. The Most Fundamental Issues to be clarified

A. Gauge coupling

B. Yukawa-coupling

 Up-type vs Down-type - top vs bottom (charm vs bottom)
e Quark vs lepton - bottom vs tau

 2nd generation vs 3rd generation -mu vs tau, charm vs top

C. Self-coupling
2. Reconstruct the Higgs sector

3. Discriminate among various models, Translate the deviation
from SM into quantity in New physics models
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Key analyses techniques are:

. Jet finding / jet clustering
. Jet energy calculation

. b, c, top, tau tagging
. W, Z tagging
. Kinematic constraint fit
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BR for SM Higgs
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3 main production modes

€ | SM Higgs
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LHC Higgs signal ILC Higgs signal
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" J
Higgs coupling measurements at LHC

Ratio can be obtained using events with “similar” topology
Using moderate

Michael Duhrssen et al. ‘04 (hep-ph/0406323) model assumption
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" SEmm—— [,C Higgs

Invisible width
Use Recoil mass(no bias)
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Branching ration measurements
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ILC Examples of Higgs
Model Independent Analyses

TV 0770
- _ SM h"7
Ppo—wrw- = oy > gsv -
hoZ°
F]]D%T-ﬂ-'r_k W SM BI'S M (hﬂ —WrW- ) Uhﬂlz 0
PIG: 0 AT RT— — ][]>< 0 T — ey W]
1 Br(h"—=W+W-) 1 Br(hl®—W+W-) -

LYZ"

vy BROCAD) oug BRIV WHW)
= AnsM BR™ (L0 ff) . a5 . BR(h" W HW-)

Absolute strength of
Yukawa-Coupling determination

Total width measurement AZ=C(M,) x Br(H-->ff) x I',

Aug.17 2005 S. Yamashita Snowmass

10



/Boa,
=
h

41,04
0.03
0.02

0.01

A ng / ]:;“w

0.1

0.05

Aug.17 2005

ILC

T
S0

---------

--------------

300 00 L

Eem (GeV)

ILC
500 £
------- A
--------- -l-.p-d--.---n--.
T 140 GeV Higgs
300 0 L

Eem (GeV)

S. Yamashita

—
=
fea

—
=
L=

Integrated Luminosity (ﬂ)"]

ILC Accuracy in I,ruk;wa-cnuAling Ay,
—S00-bi" /A
-Gy Higms
140 GeV Higgs. .4
--a--l—il-l---. ----- o
300 — e
: : _E____,..l-l"'p-_
H ILC S
I
.
/"”'ﬁlﬂ {'“ L Rl “ -.l-h’
l/I'SE "}-I ___,_.--Ji-".
B -"r"“-
300 0 i

Ecm (GeV)




Higgs potential = Origin of _EW symmetry breaking

The first access to the Higgs potential
through double Higgs-boson production.

OA/A~10-15%
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"
Higgs Mechanism

If one Higgs generate all masses

Coupling-mass relation 1 ILC H

The Higgs vacuum-expectation-value

m. = VXK, '

0.01

T Higgs coupling constant
Particle mass

Coupling constant to Higgs boson (i)

: SM

1 10 100
Higgs boson branching ratios Mass (GeV)

J

Different pattern If SUSY, Multi-Higgs etc..

________ Top Yukawa coupling Mass-generation

mechanism

~I
n o
N
iR
Ay
A
~
A
‘. -
.
L4

Aug.17 2005 S. Yamashita Snowmass 13



|
—

o
—
T

0.01}

Coupling constant to Higgs boson 7'\‘

1 10

Mass (GeV)

100 L.

Aug.17 2005

S. Yamashita Snowmass

14



ILC Examples of Higgs

Mass & Cross-section measurement
=Gauge coupling measurement

Model Independent Analyses T\y=f(mM,)XO

Energy scan

Branching ration measurements Invisible width
£ u‘:i bb Use Recoil mass(no bias)
é % e*e’/u'WH
0 - + L L G T T T o
210 220 230 240 250 T
V5 (GeV) gg
Spin, Parity -
WWw
Beam pOIarization = 80 90 100 110 120 130 140 150 160

| |
100 10 120 120 140 150 M, (GeV)
m,, (GeVic?)

e ~H

Absolute strength of
Total width measurement  Yukawa-Coupling determination

-
M I =I/Br(H-->WW 2= N
ZZh, WWh production =L w/Br( ) A =C(My) x Br(H-->ff) x T,

(selectable) alTa~5%

R 7 3005

S. Yamashita Snowmass



Coupling Precision LHC 300 fb' x 2
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Coupling Precision ILC
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SUSY or 2HDM ILC
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Extra-dimension ILC
(radion-Higgs mixing)
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Electroweak Baryogenesis ILC | ¢

(S.Kanemura, Y.Okada, E.Senaha ‘04)
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" A
More than one Higgs boson?
h, H, A, H in the Minimal Supersymmetric Standard Model.
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: Top mass is also essential
Accurate coupling measurements tell us M,

Direct and indirect searches for heavy Higgs bosons at ILC.
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What to do (from experimental technical point of view)

Key analyses techniques are:

Jet finding / jet clustering
Jet energy calculation

b, c, top, tau tagging

W, Z tagging

Kinematic constraint fit

--> All techniques and results must be UPDATED

Mpst Fundamental Issues to be clarified

Gauge coupling

Yukawa-coupling

e Up-type vs Down-type top vs bottom (charm vs bottom)
* Quark vs lepton bottom vs tau

e 2nd generation vs 3rd generation mu vs tau, charm vs top
Self-coupling

---> \We should clarify well the research potential
of Higgs mass dependence for Mh>160 GeV
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What to do (requests to theorists)

Discrimination among various models
Translation of the deviation from SM into quantity in New physics models u—

—>More concrete examples of model selection,
—->Show ILC mass (energy scale) reach for new physics

—>Please add many models (new/old) and summarize
the power of Higgs study at ILC !
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"

reserve
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Vs 300 GeV | 400 GeV | 500 GeV
Amy (lepton-only) B0 el
Ay, 40 MeV
A fo (lepton-only) 21% 2.5% 2.09%
Agfo 1.3%
Al pe-Br(bb) 2.0%
ZZH-coupling AZZH/7Z7ZH 1.1% 1.3% 1.5%
WWH-coupling AWWH/WWH 1.6%
Al'yo/Tyo E.5% 12% 16%
Yukawa coupling AA/A
An 2.8% G.1% 81%
Ar 3.5%
A 11.3% 13% 15%
Ao Ar 2.3%
Mo/ A 11% 12% 14%
“"'up—r;,rpr' 'llr-f{
/\rfrafr.'rr—r;,rpr',fArl,u—.'.m-«s 3.2%
Afe-Br)/(o-Br)
h"—bb 1.1% 1.3% 1.7%
ho - WHW-— 51% 12% 16%
gt 4.4%
h"—citge 6.3%
L% 22% 23% 7%
— 10% 11% 13%
TR
Wi 70y

ACFA
(2002)
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