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Loopfest was born from the Linear Collider 
community.

LEP benefitted from a substantial theory effort to 
provide precise Standard Model calculations in 
e+e- annihilation up to 200 GeV.   The Loopverein 
meetings in Europe and, later, the Loopfest meetings 
in the US sought to promote new calculations for 
higher energy e+e- reactions.



The main purpose of this talk is to announce that the 
Linear Collider is back.

The Technical Design Report for the International 
Linear Collider (ILC) has just gone to press.

The ILC design anticipated the discovery of the Higgs 
boson.  ILC is an excellent machine to study the 
interactions of the Higgs boson with high precision.

The ILC is under consideration for construction in 
Japan, with a high level of engagement from the 
current Japanese government.



The 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 the 
design luminosity for each energy.



a concise overview of the ILC program:

In this talk, I will emphasize Higgs.  The full ILC 
program is larger;  see the Physics Volume of the TDR.



Turn specifically to the measurement of Higgs couplings.

The Higgs boson is potentially a new window into physics 
beyond the Standard Model.

The hypothesis of a single Higgs boson is “the Standard 
Model”, but nevertheless, it is just a guess.  

New physics shifts the Higgs boson couplings, typically - 
because of decoupling - at the 10% level or below.  These 
shifts have different patterns in different models. 

The Higgs may couple to particles with zero Standard 
Model gauge couplings.



The relation of Higgs couplings to Higgs observables is 
not trivial.  Define

Cross sections are related to these variables by 

But, more typically, what we measure is
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A series of problems arise in measuring Higgs couplings 
at the LHC.

1.  Not all modes of Higgs decay can be observed.  
 
      Here I refer not only to invisible modes, which can
           be observed, though not with high precision,
         but also to modes that are heavily obscured by 
           background, such as              . 

2.   The most important mode of SM Higgs decay,
                         is very difficult to observe.  At the
        moment, there is no strategy to achieve high
          precision.    

gg , qq

h ! bb





Lepton colliders bring important advantages to the 
study of the Higgs Boson couplings:

Higgs rates are  1% of the total cross section, 
not         .

Low backgrounds and high flavor tagging efficiency 
make possible the direct observation of hadronic 
decay channels                          .

The reaction                      provides tagged Higgs 
decay.   This gives a tool for measuring branching 
fractions and a way to discover invisible and 
otherwise unexpected Higgs decays.
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e+e� ! Zh









It is important to realize that a comprehensive Higgs 
program requires running at multiple energies:

250 GeV:     tagged Higgs,   branching ratios

350-500 GeV:     W fusion production, absolute 
normalization of the couplings

> 700 GeV:       Higgs coupling to top 

> 700 GeV:       Higgs self-coupling





 Problem of the Higgs total width:

In the Standard Model, the width of the Higgs is 4 MeV.  
For precision measurement, we need to measure this to 
percent accuracy.

Method 1:   Use formulae such as 

Method 2:   Use a global fit w. 9 parameters, assuming
              that all Higgs final states are accounted for.

�T = �(h ! ZZ⇤)/BR(h ! ZZ⇤)

Method 1 Method 2

ILC (250 at 250) 19% 4.8%

ILC (250 + 500) 6% 1.6%

TLEP (2500 x 4 at 250) 3% 2%

TLEP (w. 350 x 4 at 350) 3% 1%

fractional error on     �T



250 GeV only



full ILC program



measurement errors estimated in the ILC TDR

(It may be possible to obtain 4 x more data at 250 GeV by 
making better use of the RF structure.  This is being 
explored for Snowmass.)



Higgs coupling errors -  Method 2





Are we ready for a measurement of           to better than 
1% accuracy ?

g(hbb)
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�mb : 0.5%

↵s(mZ) = 0.117± 0.001

mb(mb) = 4.164± 0.023 mc(3 GeV) = 0.986± 0.006

Baikov, Chetyrkin, Kuhn

Dabelstein, Hollik, Kniehl

Kwiatkowski, Steinhauser

HPQCD  (McNeile et al.)

Denner et al.  (LHC Xsec group)

I use the inputs

�↵s : 0.5%



Finally, I would like to discuss the reality of the ILC as a 
machine:

the level of detail in the ILC TDR

the level of engagement of the Japanese government

I begin with some snapshots from the ILC TDR.   This is 
not a site-specific design, but in all other respects it 
can be the basis for machine construction.

> 2000 signatures      If you signed, thank you !



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



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:





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, former governor of Iwate province)

Second recommendation document:  

Creation of Global Cities by hosting the International 
Linear Collider 

“... 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


Somewhere on the road to Morioka:



Federation of Diet Members for Promoting ILC

    established in 2006 by members of the LDP

    expanded in 2008 to include all major parties

    December 2011:  Symposium joint with AAA
        Prime Minister Noda (Democratic Party)
              is a speaker
    



December 2012:

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 ...



Inaugural speech by Prime Minister Abe:

Japan is driving global innovation in cutting-edge areas, 
including among others the world's first production test 
of marine methane hydrate, a globally unparalleled 
rocket launch success rate, and our attempts to develop 
the most advanced accelerator technology in the world.

Proposal of a multi-hundred-billion-dollar stimulus 
package.   ILC may be included.



meeting of Lyn Evans and Prime Minister Abe, 
March 27, 2013



April 30, 2013:

US-Japan Advanced Science and Technology Symposium
    at the Willard Hotel, Washington D.C.

   speakers included:

Takeo Kawamura      chair of the Diet Members for ILC
Hiroya Masuda          chair of Japan Policy Council
Yuichiro Kamino        Senior Chief Engineer, Mitsubishi
Hakubun Shimamura   Minister of MEXT

Daniel Poneman       deputy Secretary of Energy
James Siegrist          head of DOE-OHEP
Ned Allen                 Chief Scientist, Lockheed-Martin



Conclusions:

Now that we have discovered the Higgs boson, we 
must learn its detailed properties.

The ILC is an excellent machine to make precision 
information about the Higgs available.

The ILC is ready for construction.

Japanese leaders see a social purpose in hosting the 
project, and paying the largest part of the cost.

The result would be a new laboratory in Asia similar 
to CERN.



This is a unique opportunity for particle physics.  

Please voice your opinion to the Snowmass process 
favoring US participation.


