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1. What is an “ultimate” program of measurements on the
Higgs boson ?

2. What does the ILC promise for Higgs measurements ?
3. What is the status of the ILC ?

4. Will Japan host the ILC ?



1. What is the ultimate Higgs program?



At the moment, we have only a limited data set for the Higgs
boson. Only three decay modes

h—~yy, ZZ*, WW*
have been observed unambiguously. There may be some
anomalies, and it is fun to devise theories to explain these.

However, | encourage you also to think about the situation of
physics in the late 2020’s.

LHC will have given us a more complete suite of measurements
on the Higgs Boson. But, still, there will be much to learn about
this particle.

What should our program be ?



In this talk, | will assume that the new particle at 125 GeV is a
Higgs boson, that is, the particle of a scalar field whose
expectation value breaks SU(2)xU(1).

We know that the “Higgs-like particle” couples to /Z and W W
with strength close to that of the Standard Model Higgs boson.
So, it will still appear in e+e- experiments. If it is not the Higgs,
the Higgs will also appear. This would be more interesting than
the scenario | will discuss.

However, if the new boson is a Higgs boson with couplings close
to the Standard Model values, we can make precise projections.
| will take this more conservative point of view in this lecture.



This said, | must emphasize that measurement of the
properties of the Higgs boson is conceptually completely
different from “testing the Standard Model”.

The Higgs boson is part of the “Standard Model”, but it is too
naive to say that we know all of its properties:

The gauge interactions of quarks, leptons, and gauge bosons
follow from the SU(3)xSU(2)xU(1) symmetry of the Standard
Model They depend only on the gauge group and quantum
number assignments.

The quark and lepton masses and mixing come from their Higgs
boson interactions. The Standard Model predictions for these
is based only on the conjecture that a single

Higgs field gives the full picture.

Lev Okun (1981) :  “Problem number 1”



There are two ways that we can make progress in understanding
the origin of quark and lepton masses:

1. Discover new particles that extend the Standard Model.

We hoped these would appear in the first stage of the LHC.
Now, apparently, we must wait for 2016 or later.

2. Study the new particle at 125 GeV that we have discovered.

This particle is likely to be the origin of mass. In addition, it
could well be a gateway to new physics.

The Standard Model predicts that the Higgs boson couplings to
each species are exactly proportional to the mass of that
species. We need to test this prediction until it breaks.



We theorists know that there is a model to tweak each individual
Higgs coupling away from its Standard Model value.

Therefore, we need a program that can diagnose any pattern of
deviations in Higgs boson couplings. This is the importance of
“model-independent measurements”.

The deviations may be large, but it is very possible that they are
small. [f there is a light Higgs boson is light but all other new
particles are heavy, the Decoupling Theorem states that the light
Higgs will resemble the Standard Model Higgs to an accuracy of
order

(m3 or m3)/M?
where M is the new particle mass scale.

This sets a requirement for the precision of experiments in our
future program.



There are many worked examples that point to the percent level
of accuracy as the target.

Examples: (references in arXiv:1208.5152)

) L R
Supersymmetry: g(7)/SM =1 + 10% (400 GeV )

T A

g(b)/SM = g()/SM + (1 — 3)%

Little Higgs: 9(9)/SM =1+ (5-9)%
N | | [ TeV\”
Composite Higgs:  ¢(f)/SM =1+ (3 — 9)% - ( :

reach: roughly 3 TeV in new particle masses for the most
sensitive deviations.



Mumber of models

Neutralino LSP

ILC constraint

Cahill-Rowley et al. pMSSM




To reach this level of accuray in model-independent coupling
measurements, we need to think about the inputs:

We want to know: k4 = g(hAA)/SM

The couplingsto gg , vy , and vZ should be treated as
distinct additional couplings. These could involve the tree-level

htt and hWWW couplings and also contributions from new heavy
species.

If we can measure a total cross section, we have
o(AA — h)/SM = K%
A ratio of branching ratios gives
BR(h — AA)/BR(h — BB) = k% /k%

The interpretation of these quantities is fairly unambiguous.



However, more typically, what we measure is
ap = o(AA — h)BR(h — BB)/SM
This is proportional to I'(h — AA)'(h — BB)/T'r

2 2
or to Rakp

S o k% BR(h — CC)|sm

At the LHC, it is not possible to measure total cross sections for
Higgs production. In additional to truly invisible decay modes,
there are modes not visible in the hadron collider environment
(e.g., gg). Also, it is not possible to measure the total Higgs
width directly.

At the moment, there are no direct measurements of ratios of
branching ratios. Different event selection strategies are used
for each final state.



At the LHC, it is not possible to extract the k 4 in a model-

independent way. It is possible that an unobserved decay model
might increase the total width of the Higgs uncontrollably.

A relatively mild theoretical assumption that resolves this issue is
rw <1 kz <1

This is roughly equivalent to the statement that the various Higgs
bosons in the theory contribute additively to the W and Z masses.

It is correct in models with no doubly charged Higgs and no Higgs
CP violation.

Using this assumption, several groups, starting with Duhrssen et
al., have estimated the ultimate accuracy of the LHC
measurements for “model-independent” Higgs couplings.
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The expectations for LHC are excellent, but, for an “ultimate”
Higgs program, we need to do still better.



2. What does ILC promise for Higgs?



The International Linear Collider (ILC) is an e+e- collider with
a design CM energy of 500 GeV.

The technology allows extension in energy to 1000 GeV.

The ILC is designed to run at any CM energy between about
200 GeV and the top energy, with instantaneous luminosity
roughly proportional to the CM energy.

For definiteness, | will consider luminosity samples of

250 fb-1 at 250 GeV
500 fb-1 at 500 GeV
1000 fb-1 at 1000 GeV

corresponding approximately to a 3-year program at each
energy.



a concise overview of the ILC program:

Energy Reaction Physics Goal Polarization
91 GeV €+€_ — 4 ultra-precision electroweak A
160 GeV ete” — WW ultra-precision W mass H
250 GeV E+ — Zh precision Higgs couplings H
350400 GeV E+ — tt top quark mass and couplings A
ete” — WW precision W couplings H
ete” — vvh precision Higgs couplings L
500 GeV ete” — ff precision search for Z’ A
ete” — tth Higgs coupling to top H
ete” — Zhh Higgs self-coupling H
ete” — Y search for supersymmetry B
ete” — AH, H"H~ search for extended Higgs states B
700-1000 GeV ete” — vvhh Higgs self-coupling L
ete” — V'V composite Higgs sector L
ete™ — vUtt composite Higgs and top L
ete” — tt* search for supersymmetry B

in particular, the Higgs program has 3 stages: 250, 500, 1000.
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250 GeV:

This is mainly a program on ete™ — Zh. About 90,000 Higgs
bosons are produced.

Higgs bosons are tagged by a Z at the recoil energy. This gives:

Higgs mass to: 32 MeV
total cross section to: 2.5% (model-independent)
invisible BR < 0.8% (95% conf)

and sensitivity to all, even very unusual, decay modes.
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Branching ratios are measured by counting.

A subtlety is the separation of the cc and gg decay modes. This

requires a multivariate analysis.
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ILC at 250 GeV with 250 fb~!

expected

o(Zh)

Q9

Q

Q9 9

Q
NN NN NN NN
i Sl i i i M

Q

o ST, S L T, S T S . S S—_
+ * * + * * +

BR(

BR(

BR(g

e

Er ) 0.05
R(

0.025
bb) 0.010
c?) 0.069

0.085
V) 0.08
) 0.28

0.27
inv 151blej 0.005

relative error



One problem should be noted:

It is still not possible to measure the Higgs boson width directly
at an e+e- collider if it is as small as predicted in the Standard
Model (4 MeV).

The Higgs width can be determined in a model-independent way
using
I'r=1'(h— ZZ)/BR(h — ZZ)

Because the ZZ mode is relatively rare the BR is not well
measured. This method is then statistics limited and leads to a
30% error in the total width.

This is lowered to about 7% in a global fit that uses LHC results,
but still is significant.

The solution to this problem is running at higher energy.



500 GeV: . y

_|_

The main process studied at this energy is e e~ — vvh , that is,

WW fusion to Higgs.

The measurement of the o(e™e™ — vvh — bb), combined with
the very accurate measurement of BR(h — bb) at 250 GeV,
gives directly 6% accuracy on the total width. This is again
improved in a global fit.

The 500 GeV running gives another 600,000 Higgs bosons, allowing
improvements in the BR measurements. b/c/g separation gets
easier at higher energies.

First estimates can be made of the htt coupling and the Higgs
self-coupling.



ILC at 500 GeV with 500 fb—!

expected
relative error

7(Zh) - BR(bb)

0.016
0.11
0.13
0.07
0.36

0.006
0.04

0.049
0.03
0.05
(.28

0.2



1000 GeV:
Running at still higher energies gives:
further improvement in Higgs statistics

_|_

opening up of eTe~ — tth : coupling measurement to 5%

study of Higgs self-coupling with ete” — Zhh and
ete” — vTUhh : coupling meaurement to 24%

some statisticson h — 1 :  coupling measurment to 20%
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8-jet signal event in the SiD detector




SiD analysis: Roloff/Strube
BDT outputs and results

6 jets. &oT>0026 8 jets: soT>00363
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expected

[LC at 1 TeV with 1000 fb—t  relative error

o(WW)-B {H"H’j 001
oc(WW)-B gg 0.018
o(WW).BR(T +7—) 0.02
a(W Hj R(y7) 0.05
o(tth) - BR(bb) 0.12
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And, do not forget the qualitative differences between electron-
positron and hadron collider experimentation.

In pp, Higgs production is 10~ of the total cross section.

_|_

In e "e, Higgs productionis 1% of the total cross section.
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3. What is the status of ILC ?



The Technical Design Report for the ILC was reviewed last week by
the Program Advisory Committee.

The design is not site-specific, but it does address the major

technical issues of the design. All important components are
prototyped.

| will present a few of the important results.



final machine layout:

LG Scheme | & wew form-cne. de



beam parameters, luminosity
Centre-of-mass energy Eeon GeV 200 230 250 350 500
Luminosity pulse repetition rate Hz 5 5 5 5 5
Positron production mode 10 Hz 10 Hz 10 Hz nom. nom.
Bunch population N x 1010 2 2 2 2 2
Number of bunches ng 1312 1312 1312 1312 1312
Linac bunch interval Aty ns 554 554 554 554 554
RMS bunch length (o um 300 300 300 300 300
Normalized horizontal emittance at IP TEx pm 10 10 10 10 10
Normalized vertical emittance at IP YeEy nm 35 35 35 35 35
Horizontal beta function at IP ,S% I 16 14 13 16 11
Horizontal beta function at IP 'SE Imim 0.34 0.38 0.41 0.34 0.48
RMS horizontal beam size at IP . nm 004 T80 720 684 474
RMS horizontal beam size at IP {ré 1 7.8 T.T T.7T 5.9 5.9
Vertical disruption parameter D, 24.3 24.5 24.5 24.3 24.6
Fractional RMS energy loss to beamstrahlung dpsg 7o 0.65 0.83 0.97 1.9 4.5
Luminosity L x10%34cm 251 0.56 0.67 0.75 1.0 1.8
Fraction of L in top 1% Ecoaq Lp.p1 % 01 890 87 7 58
Electron polarisation P_ o 80 80 falll 80 80
Positron polarisation P, T 30 30 30 30 30
Electron relative energy spread at 1P Ap/p % 0.20 0.19 0.19 0.16 0.13
Positron relative energy spread at IP Ap/p ] 0.19 0.17 0.15 0.10 0.07

luminosity is not an extremum, it is a point in a tune space;

strategies for another factor 2 are kept in reserve.

Note: both e- and e+ polarization.






3-d CAD model of the
magnets that implement
this design.



Main Linac: Niobium 9-cell cavities

must achieve:

industrial vendors in 3 regions
high yield of cavities meeting ILC spec: 31.5 MeV/m



2nd pass yield - established vendors, standard process

* >28 MV/m yield B >35 MV/m yield
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S1-Global test:

assembly and operation of a cryomodule with plug-compatible
cavities from 3 regions.




Maintenance of ultra-low emittance in the damping ring --
study of electron cloud mitigation at CESR-TA.

YWiggler Center Pole Comparison: 1x45 e+, 2.1 GeV, 14ns
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- Japanese Mountainous Sites -

Site-A  KITAKAMI
. W §

SEFURI  site-B ‘

KYUSHU district




tunnel design for mountainous site:
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interaction region design for mountainous site



4. Will Japan host the ILC ?



First, what is the attitude of the Japanese HEP community ?

Here is the complete excutive summary of the Final Report of the
Subcommittee on Future Projects in High Energy Physics, T. Mori

(Chair) February 11, 2012 i
The KEK super-B-factory is approved and under construction.

A future neutrino program can be envisioned within the Japanese
HEP budget.

ILC would require new funding outside the expected HEP budget.



Recommendations

The committee makes the followmng recommendations concerming large-scale projects, which
comprise the core of future high energy physics research 1n Japan.

+ Should a new particle such as a Higgs boson with a mass below approximately 1 TeV
be confirmed at LHC, Japan should take the leadership role in an early realization of
an e*e linear collider. In particular, if the particle 1s light, experiments at low collision
energy should be started at the earliest possible time. In parallel, continuous studies on new
physics should be pursued for both LHC and the upgraded LHC version. Should the energy
scale of new particles/phvsics be higher, accelerator R&D should be strengthened in order
to realize the necessary collision energy.

* Should the neutrino mixing angle 613 be confirmed as large, Japan should aim to
realize a large-scale neutrino detector through international cooperation, accompanied
by the necessary reinforcement of accelerator intensity, so allowing studies on CP
symmetry through neutrino oscillations. This new large-scale neutrino detector should
have sufficient sensitivity to allow the search for proton decays, which would be direct
evidence of Grand Unified Theories.

It 15 expected that the Committee on Future Projects, which includes the High Energy Physics
Committee members as 1ts core, should be able to swifily and flexibly update the strategies for these
kev, large-scale projects according to newly obtained knowledge from LHC and other sources.

It 15 important to complete and start the SuperKEKB including the detector, as scheduled. Some
of the medium/small scale projects currently under consideration have the implicit potential to
develop into important research fields in the future, such as neutrino physics and as such, should be
promoted in parallel to pursue new physics in various directions. Flavour physics experiments such
as muon experiments at J-PARC. searches for dark matter and neutrinoless double beta decays or
observations of CMB B-mode polanzation and dark energy are considered as projects that have
such potential.



It is difficult to understand the attitude of the Japanese
government. No politician will promise sums of $ 10 B in
advance of negotiations. In Japan especially, broad consensus is
needed before any public pronouncement is made.

Nevertheless, there are positive signs.



ilp Road Map to realize ILC
o

Assume to complete ILC construction by 2025 (~2030)

— Assume the construction time to be 10 years (2+7+1)
— Need to start construction in 2016 (~2021)

— Need to have the project budget approval (to prepare for “real starting =
bidding”) in 2014 (~2019)

Keep the full-energy (500 GeV) construction, however,

The project starting with staging shall be a possibility
— Stage 1: Higgs Factory (> 250 GeV : center-of-mass energy)
— Stage 2: Full-energy (500 GeV)

— Stage 3: Future extension :upto 1 TeV

The budget sharing

* Basic assumption: 50 % by host country for the full-energy construction
+ |t corresponds to ~70 % by host country for the stage 1 construction

Akira Yamamoto, KEK 14



Advanced Accelerator Association Promoting Science and
Technology (aaa-sentan.org)

Honorary Chairman: Masatoshi Koshiba

91 corporate, 38 university members

these include Canon, Hitachi, IBM Japan, Mitsubishi, NEC, ...
“Japan has accomplished and contributed to important
scientific and technological result in the past; yet, we have not
recognized enough to truly call ourselves leaders in science and
technology in the world.”

“The AAA has designated the ILC as its core project.”

“The ILC will bring a great expectation to the future of Japan
and Asia ...



Japan Policy Council (www.policycouncil.jp)

Chair: Hiroya Masuda
(U Tokyo professor involved in the creation of Tsukuba)

Second recommendation document:

Creation of Global Cities by hosting the International Linear
Collider

“Japan should revitalize its provincial cities to revitalize Japan
itself ...”

“... explore “Domestic Globalization” taking advantage of the
opportunity of Japan’s possible bid to host the International
Linear Collider (ILC) project ...


http://www.policycouncil.jp
http://www.policycouncil.jp
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Expressions of interest from local politicians, governors of lwate and
Saga provinces. |LC appears in the press and before the public.
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“Shuichi Katsube, mayor of Ichinoseki City (lwate province) and
Takahisa Fuse, mayor of Tome City (Miyagi province) discuss their
cooperative partnership concerning a wide range of issues including
the ILC...”



Somewhere on the road to Morioka:

We support the International /
Linear Collider Project.




Federation of Diet Members for promoting ILC

In 2006, Ruling Party members (LDP at that time) established
the Federation of Diet members for ILC

—> In 2008, expanded to “Joint federation™
among the Ruling and Opposition parties
(Democratic Party, LDP, New Komeito, so on)

| ]

« R

The most important target of the Federation is
to realize
and strongly supporting
The Federation is seeking ways to promote ILC to be located somewhere in Asia,
and supporting domestic preparation processes and investigations
to prepare the case for Japan as the host if global society wishes.

S. Yamashita, talk at KILC12



December 2011:
AAA symposium; Prime Minister Yoshihiko Noda was a speaker.

AAA directorates With Core Members of Federation of Diet \{embers (2011 Dec.)

S

AAA public symposium

Promoting Accelerator world,
basic science, and ILC




After 2011.3.11 Tsunami

the ILC project at Kitakami area
as the statue of recovery from the disaster (May 2011).

Recommendation by “Science-technology-innovation division™ of
to boost efforts to realize ILC 1n Tohoku (June 2011).

Resolution to promote ILC realization by “Science and technology
division” and “Special committee for space and marine™ of
(Aug 2011).

Official brief document on the ILC project given to (Council of
Science and Technology Policy) documented by MEXT er al. (Sep. 2011)

At several occasions. discussions at on the 1ssues of ILC.

=

Budget is given by Japanese government for ILC to investigate
geology at the candidate sites (Dec. 2011)

2012/04/23 Satoru Yamashita




Kitakami and Sefuri area: Each local team has been working on
1. Geological surveys including boring investigation
2. City-planning with the ILC as the core.

Geology Investigation = GDE-CFS Design

Supervise,
cooperate
Kyushu Toholu

Econony E'“TUShm Tohoku Economy
federation Saga Univ Univ federation

Kitakami .

Prefectures Prefectures

Advice/discussion Advice/discussion
on city planning on city planning
City plan Vision and Scope City plan

- Project Promotion

2012/04/23 Satoru Yamashita 20



ILC appears in
the LDP Election
Manifesto
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A very urgent issue for the leaders of
the country is to take the lead in
science and technology innovation and
aim for new growth in order to develop
the future society and economy.

... and make Japan play a leading
role in the formation of an
international scientific innovation
base that includes, for example, the
plan for the ILC ...



Yamashita concludes the talk quoted above:

“Clear and timely voice of the world HEP community
and the global proposal as solid as possible are the
most essential to realize ILC in the near future.”



Conclusions:

We need to envision an “ultimate” program of Higgs measurements
that will supply all sizeable Higgs couplings in a model-independent
way to percent accuracy.

The ILC will supply that program. No other proposed facility fills
this requirement.

The ILC Technical Design is well advanced. The ILC is ready for a
construction proposal.

There are many positive signs that Japan will bid to host the ILC.

The ultimate Higgs program can become a reality. Will the world
HEP community support it ?



