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Dear Professor. Dr. Iye,

[ am writing to express my strong support for the International Linear Collider (ILC) “Higgs factory.” The
world-wide particle physics community will most assuredly build a Higgs factory somewhere. This logic
follows the tradition of studying a particle in great detail once it has been discovered. The SuperKEKB B-
factory in Japan and previously the SLAC and Cornell B-Factories in the US and at DESY in Germany are
good examples. The b-quark continues to be intriguing and has good potential for discovery. The ILC is
the best possible Higgs factory. The other potential e+e- Higgs factories, the circular machines being
proposed in Europe and China, are inferior in performance (fixed energy, limited polarization). The
Superconducting Radio Frequency (SRF) accelerator technology of the ILC has substantial performance
growth potential. This is why the US DOE High Energy Physics program has invested several hundred
million dollars into SRF infrastructure at Fermilab over the last two decades and continues to invest heavily
into R&D in this area. If one Higgs factory is to be built in the world, the ILC is the best accelerator to
address fully the full spectrum of physics.

The Higgs Boson, for which the Nobel Prize was awarded in 2013 is undoubtedly the most unique particle
in the Standard Model of particle physics because it is the only fundamental scalar field ever discovered.
We know the standard model is incomplete in its description of nature because it lacks a description of
gravity and does not address dark matter or dark energy nor the neutrino mass. All theories of physics
beyond the standard model contain scalar fields. We have renewed confidence in these models now that

the Higgs has been discovered. But very little of the Higgs is known.

To unlock the properties of the physics of the Higgs, we need to study it in exquisite detail. The branching
ratios of the Higgs decaying to the known particles, precisely predicted in the Standard Model, need to be
measured to below the 1% level. The predictions of the Standard Model are precise. The ILC can challenge

Managed by Fermi Research Alliance, LLC for the U.S. Department of Energy Office of Science www.fnal.gov



N e N B L 5 T A Sl S R # Fermilab

Fermi National Accelerator Laboratory

the precision of the theoretical precision and measure absolute branching ratios at better than a percent in
some cases. This level of precision reaches the level where new models are making predictions. The Hi-
lumi (upgraded) LHC will be limited by systematic effects and cannot measure “absolute” branching ratios

of the Higgs and will likely not reach the necessary precision to stress the theoretical predictions.

Since the Higgs is a scalar field, it can mix with other scalar fields, such as the dilation of extra dimensions,
or the inflation of inflation. Of course, no one knows the strength of these mixings even if they exist, but
the ILC Higgs factory can probe in a model-independent manner, which is very powerful. Studying the

precise couplings to the quarks and leptons will discover these potential mixings.

Another major avenue of research is to study the invisible Higgs decay width. This is the most interesting
and powerful decay mode because it probes broad ranges of new model independent physics and can only
be measured at an e+e- machine. The Hi-lumi LHC can study double Higgs production (not discovered
yet) but cannot study directly the invisible Higgs decay width because there is far too much background.

Any invisible (weakly interacting) new particle will show itself in this mode.

Depending on the gradient performance of the SRF cavities, which has increased significantly since the
original ILC proposal, it may be possible to produce the Higgs in conjunction with top quarks. Since top is
the heaviest quark and its Yukawa coupling is close to unity, itis viewed as special. There is a lot of interest

to study top-Higgs events.

Self-coupling is a unique property of the Higgs. The shape of the Higgs potential (self-coupling) is perhaps
the holy grail of measurements. The Higgs potential is in every text book and probes the heart of the earliest
physics in the universe. A similar potential is used for the inflationary universe model. The Higgs self-
coupling, studied using events with two Higgs bosons, can be best measured at the ILC with an energy
upgrade and will have the best precision of any machine, either the circular et+e- machines or the Hi-lumi

LHC.

There is a strong and interested US and world community in the SuperKEKB physics, with over 800
physicists participating. This community will naturally move over to the ILC, but also many of the US LHC
community will move over to the ILC as well because of the new challenges and strong physics potential
of ILC. In addition, the world leading accelerator physics community in Japan, now driving to build the
world’s most advanced and only operating high energy e+e- accelerator in the world will naturally move

over to the ILC and thus bring their experience to bare on the many accelerator challenges of the ILC. It is
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my opinion that Japan will develop and thus will clearly possess a, if not the, world’s leading accelerator

physics community if it builds the ILC in Japan.

The US High Energy Physics program is enjoying very strong support from DOE and Congress. The budget
growth has been 30% over the last few years. A strong contribution from the US to the ILC can be imagined
in the present budget profiles. Strong community support was documented in the US P5 panel report
(2013).

In summary, Fermilab, as the leading particle physics laboratory in the US, will aim to be a strong partner
of Japan if the ILC Higgs factory becomes reality. The Higgs factory is the next logical step in the world
particle physics major facility evolution after the hi-lumi LHC in Europe and neutrinos in the US. Fermilab
will be prepared to lead the US particle physics university community, participate in the advanced SRF
accelerator technology, contribute to the accelerator construction, and share in the discoveries. Further, the
US DOE is prepared to begin discussions on the US contribution to a Higgs factory in Japan. The world is
looking to Japan to lead the field of particle physics forward with its announcement of plans to host the

ILC Higgs factory as an international project.

Sincerely,

/4
e / .
ﬂf"/)‘/ > %yé/{
/

Nigel S. Lockyer

Director of Fermilab
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