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Congratulations to 
Fabiola Gianotti,
a Time Magazine 
person of the year, 
and to the Higgs 
Boson, named by 
Time the “Particle 
of the Year”.



outline

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

have been observed unambiguously.   There may be some 
anomalies, and it is fun to devise theories to explain these.

However, I 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 ?

h! !! , ZZ! , WW !



In this talk, I 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        and 
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 I will discuss.

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

ZZ WW



This said, I 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.   If 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

where M is the new particle mass scale.

This sets a requirement for the precision of experiments in our 
future program.
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There are many worked examples that point to the percent level 
of accuracy as the target.

Examples:    (references in   arXiv:1208.5152)

Supersymmetry:

Little Higgs:

Composite Higgs:

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



ILC constraint

Cahill-Rowley et al.    pMSSM

!(hbb)/SM



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

We want to know: 

The couplings to         ,         ,  and         should be treated as 
distinct additional couplings.  These could involve the tree-level
       and             couplings and also contributions from new heavy 
species.

If we can measure a total cross section, we have

A ratio of branching ratios gives 

The interpretation of these quantities is fairly unambiguous.

!A = g(hAA)/SM

!! !Zgg

htt hWW
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BR(h! AA)/BR(h! BB) = !2
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However, more typically, what we measure is

This is proportional to 

or to

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.

!(h! AA)!(h! BB)/!T

!2
A!2
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µAB = !(AA! h)BR(h! BB)/SM



At the LHC, it is not possible to extract the        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

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.

!W ! 1 !Z ! 1

!A



Sfitter,  D. Zerwas at LCWS 2012



1 experiment x 300 fb-1



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, I 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:

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





250 GeV:

This is mainly a program on                        .  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.

e+e! ! Zh





Asian ILD group

Branching ratios are measured by counting.

A subtlety is the separation of the       and        decay modes.  This 
requires a multivariate analysis.

ggcc



expected 
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

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.

!T = !(h! ZZ)/BR(h! ZZ)



500 GeV:

The main process studied at this energy is                        , that is,  
WW fusion to Higgs.

The measurement of the                                       , combined with 
the very accurate measurement of                        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         coupling and the Higgs 
self-coupling.

e+e! ! !!h

!(e+e! ! ""h! bb)
BR(h! bb)
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expected 
relative error



1000 GeV:

Running at still higher energies gives:

  further improvement in Higgs statistics

  opening up of                            : coupling measurement to  5%

  study of Higgs self-coupling with                           and
                                 :  coupling meaurement to   24%

  some statistics on                   :   coupling measurment to  20%

e+e! ! tth

e+e! ! Zhh
e+e! ! !!hh

h! µ+µ!





8-jet signal event in the SiD detector



SiD analysis:  Roloff/Strube



expected 
relative error





And, do not forget the qualitative differences between electron-
positron and hadron collider experimentation.

In     ,       Higgs production is            of the total cross section.

In         ,   Higgs production is   1%   of the total cross section.

pp

e+e!

10!9



VBF 1 jet high pT

1 jet low pT 0 jet

CMS





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.

I will present a few of the important results.



final machine layout:



beam parameters, luminosity

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



2010-2012:    production yield    94%    >  28 MeV/m
                    average gradient   37.1 MeV/m



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.





tunnel design for mountainous site:



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 

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.





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.





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




Expressions of interest from local politicians, governors of Iwate and 
Saga provinces.   ILC appears in the press and before the public.

“Shuichi Katsube, mayor of Ichinoseki City (Iwate 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:



S. Yamashita, talk at KILC12



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







ILC appears in 
the LDP Election 
Manifesto



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 ?


