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1 Strategy for HEP

Goals and impact of HEP

The research goal of particle physics is to get a deep understanding of all ex-
isting laws in nature and in the Universe. As shown in the past, a successful
strategy is to have a few big experiments that have a broad physics potential
and whose results are expected to provide the crucial input and to clearly push
the overall picture. Further important information to complete the whole mo-
saic is expected from several smaller experiments with specific research goals.
With the start of the LHC in 2007, extremely exciting times in particle physics
are close ahead. The correct interpretation of the involved LHC data and reli-
able physics results may, however, require a rather long time. Due to the strong
physics case, the high-energy physics (HEP) community decided in a world-wide
consensus that the next large facility in HEP should be the planned 500 GeV–
1 TeV International Linear Collider [1] operating in time to have a substantial
overlap with LHC.

In addition to the physics case for experiments in HEP itself, important
spin-off for further sciences exist: e.g. the development of forefront technologies
for accelerator science, for material sciences and for the administration of huge
amounts of data.

HEP structure in a global context

The maintenance of large HEP facilities as well as of a suitable number of smaller
experiments is important to serve a broad range of research in particle physics as
well as in other related sciences. Since, however, financial resources are scarce,
future major HEP experiments can probably only be approved and funded in
a global context. The activities of ICFA will become even more important in
order to keep the flexibility in the HEP programme as well as a geographical
diversity of the projects. Forefront technology R&D as well as excellent edu-
cation of students and scientists should be provided on a national basis. The
collaboration of the large and small HEP institutes is essential and should be
coordinated through ICFA at a world-wide level including a central role for the
large international laboratories, in particular CERN. The HEP-strategy study
under the aegis of CERN Council is welcome and opens up a promising path
for the future of HEP.

Activities in UK

The UK is strongly involved in many major running experiments: BaBar, at
HERA, at the Tevatron, several ν as well as astrophysics experiments and
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plays an important role in the LHC experiments. Many R&D projects and
phenomenology studies are ongoing. The LC-UK group represents one of the
strongest national linear collider groups. The UK is also active in future devel-
opments on HEP accelerators, as e.g. a possible multi-TeV linear collider CLIC
or a ν factory. In this context, we recommend in this submission a strategy
for HEP in the next decade including decisions on possible future accelerator
options.

2 Recommended strategy

2.1 Short time scale

Results from recent and current experiments (SLC, LEP, Tevatron, flavour, as-
trophysics experiments) are essentially consistent with Standard Model (SM)
physics extended to include neutrino mass terms. As shown in [2] a light SM
Higgs is favoured: from a global fit of all data within the SM an upper bound
below mH = 400 GeV can be set with a confidence level above 99%. Also in Su-
persymmetry (SUSY), which is one of the most promising candidates for theories
beyond the SM, a light SUSY Higgs below about 200 GeV is required. Preci-
sion measurements of the properties of the Higgs particle will be indispensable
to verify experimentally the Higgs mechanism and for identifying the underlying
physics that is responsible for electroweak symmetry breaking. Another sector
which is very important is precision top physics. Even if the Higgs mechanism
is not fulfilled in nature, precision measurements in the top and gauge boson
sector will give insights about the possible underlying physics. The investigation
of the nature of electroweak symmetry breaking, top physics and the promising
discovery potential for light SUSY [3] are the main motivations for pursuing an
e
+
e
− linear collider with an energy of

√
s = 500 GeV as the main goal on a

short time scale.

Physics Case for the ILC with
√

s = 500 GeV

• High-precision measurements of the properties of the top quark. As the
top quark is by far the heaviest quark (and the heaviest fundamental
particle observed so far), top quark physics provides a unique window to
new physics. Knowing the properties of the top quark with high precision
will be mandatory for identifying quantum effects of new physics. This
physics programme can only be carried out at the ILC. No other machine
can provide a comparable precision.

• If the Higgs mechanism is realised in nature, it is practically guaranteed
that at least one Higgs boson will be detected at ILC(500). At the LHC,
on the other hand, a Higgs boson with non-standard properties may be
missed. Precision measurements of the mass, the couplings, the spin and
the CP properties of the new particle will be indispensable to experimen-
tally verify the Higgs mechanism and for identifying the underlying physics
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that is responsible for electroweak symmetry breaking.

• High precision measurements at GigaZ (high luminosity running at the Z
pole and at the WW threshold). These measurements provide a unique
opportunity for detecting effects of new physics at much higher scales. The
results from GigaZ and the other measurements at ILC(500) will allow the
detection of even tiny deviations from Standard Model expectations. The
high-precision physics at ILC(500) will provide stringent constraints on
any kind of new physics. It therefore sets the boundary conditions that
models for physics at higher scales will have to obey. This information
will be of utmost importance for constraining the scale of new physics and
thus to outline future search strategies in HEP.

• ILC(500) has very good prospects for detecting the light states of various
kinds of new physics in direct searches, for instance supersymmetric par-
ticles. The part of the spectrum accessible at ILC(500) is very likely to be
complementary to the LHC. The precise measurements at ILC(500) will
be crucial for revealing the underlying structure of the new physics, even
if only a few new particles are accessible. Since the lightest SUSY particle
is a promising candidate for cold dark matter in the Universe, studying its
properties in detail is of particular importance. The results from the LHC
and the ILC taken together will clearly outline which kind of energy up-
grade will be really needed. Possible overlap in running time between both
machines would strongly enhance the physics potential of both machines
and maximize the physics output of the HEP experiments [4].

Physics case for linear collider options based on LHC results

The physics case for the ILC(500) and in particular possible high-energy upgrade
options should be put into the context of possible LHC physics outcomes (see
also discussion at the Townmeeting at Snowmass 2001 [3]):

a) LHC has not detected any kind of new physics;

b) LHC has only detected a SM-like Higgs but no physics beyond the Stan-
dard Model;

c) LHC has detected some new physics beyond the Standard Model;

One has to distinguish between early LHC results, based on about three
years of LHC running, and results of the complete physics run. We concentrate
first on early LHC results.

• In the worst case scenario that the LHC has not yet any indication for the
Higgs or for physics beyond the SM, there would be a case for building
the ILC in order to see whether signals of new TeV-scale physics had been
missed, and/or to look for indirect signatures of new physics via precision
measurements. The results of both machines together will clearly indicate
whether there is some new physics at a very high scale. The precise
measurements at the ILC(500) could even constrain the new scale rather
precisely, so that future collider options could be based on reliable results.
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• In the scenario that only a SM-like Higgs has been found at the LHC,
the ILC would clearly be best-suited for studying the details of the Higgs
boson properties and to actually establish the mechanism of electroweak-
symmetry breaking. The ILC could reveal whether the detected particle
is really a SM Higgs boson or whether it is e.g. a SM-like Higgs state
of SUSY, implying that further, not yet detected, heavier Higgs particles
should also exist. Such measurements are important to base decisions
about possible LHC and ILC or multi-TeV linear collider upgrades on a
factual rather than speculative basis.

• If the LHC detects new light particles, the ILC with its tunable beam
energy and polarized beams will be ideally suited to study the properties
of the new particles with high precision. Even if the early LHC results
indicate that only a few light particles are accessible, the precision mea-
surements of the light particles at the ILC(500) would be sufficient to give
crucial information on the underlying model and to provide excellent pre-
dictions for the heavier spectrum [3]. Models could already be tested and
constrained without the knowledge of the full spectrum. Furthermore the
ILC(500) results would provide input for the possible LHC and linear col-
lider upgrade options. They would determine which of the LHC and linear
collider upgrade options (see next section) would be most appropriate and
which energy scale of a linear collider is best-suited to reveal the remain-
der of the expected spectrum. Even in case that the LHC results indicate
that the new physics scale will be unreachable, the precise environment of
the ILC(500) including polarized beams can reveal the underlying physics
in indirect searches in a largely model-independent approach [3].

Recommended strategy

In our opinion, the physics case for a 500 GeV ILC is compelling irrespective
of the results that emerge from the LHC [5]. To wait with the linear collider
until the complete LHC data have been analyzed is not reasonable on scien-
tific grounds: the measurements in the top sector and the expected results
on the electroweak symmetry breaking sector could only be obtained with the
ILC(500). No other accelerator option would offer a comparable physics poten-
tial in that energy region. Not to exploit such an accelerator option as soon as
it is practicable to build it would not only mean a loss in time, but also would
sacrifice a reliable physics basis for the choice of upgrades of the LHC and ILC
and to miss the opportunity of optimal interplay between the different HEP
facilities.

We believe that the work of the ILC GDE will lead to an ILC design that is
mature and feasible by around 2008. We therefore believe that it is vital:

• to build the ILC(500), ILC with
√

s = 500 GeV, as soon as possible
thereafter;

• to optimize the possible interplay between LHC, ILC, flavour factories and
astroparticle physics experiments.
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R&D for the multi-TeV option, CLIC, should be maintained and the decision
about construction of such a machine made after LHC and first ILC(500) re-
sults have been analysed in detail. The pros and cons of this choice should be
compared with other options including LHC and ILC upgrades.

Possible upgrade scenarios and future strategy

As mentioned before, several LHC as well as linear collider upgrade scenarios
are under discussion.

LHC upgrades
A luminosity upgrade by about a factor of ten is under discussion. R&D is still
needed to get the electron cloud effect under control. An energy upgrade of the
LHC would require a major redesign of the LHC and the replacement of all the
dipoles. Substantial R&D is still needed for this option since its feasibility has
not yet been shown. A decision about the final upgrade choice should therefore
be based on true physics results from the early LHC, the ILC(500), in combi-
nation with results from smaller related experiments.

Linear collider upgrades
In the current Baseline Configuration Document (BCD) [6] of the ILC an en-
ergy upgrade up to 1 TeV is foreseen, while higher energies are not excluded.
However, the correct definition of the energy scale requires reliable physics re-
sults from the LHC and ILC(500). On the basis of these experiments, one could
clearly decide whether an ILC upgrade is sufficient or whether a multi-TeV col-
lider is desirable. The completion of the CLIC R1 and R2 design requirements of
the ITRP [7] is planned for earliest in the year 2010. However, even after reach-
ing the ITRP goals, there is still a long way to go before a Technical Design for
a multi-TeV machine could be produced. We therefore recommend maintaining
the ongoing R&D activities. In the same time frame also feasibility studies of
a ν factory and a µ collider should have been performed. On the basis of the
LHC, ILC(500) and results of ongoing flavour and ν experiments, the optimal
decision concerning possible multi-TeV options could be made.

Further strategy

As outlined above, it is also important to maintain diversity in HEP experi-
ments. Neutrino facilities as well as flavour physics experiments, low-energy
precision measurements and astroparticle facilities should be pursued. There-
fore R&D for such facilities and further future accelerator designs should be
supported. The basic input from LHC and ILC(500) are together with already
ongoing flavour and ν experiments, however, absolutely crucial for outlining all
further design and experiment considerations.
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3 Concluding remarks

With the start of the LHC and the progress in the design of the ILC, so that
first ILC data could be available at the middle of the next decade, exciting
times are close ahead in HEP. Therefore the strongest effort should be made
to optimize the interplay of the currently feasible two major facilities taking
into account forthcoming results from the international neutrino programme
and from smaller experiments in HEP, astroparticle physics and flavour physics.
Furthermore, strong activities in accelerator R&D are needed to develop multi-
TeV collider designs such as CLIC or a µ collider. Also new accelerator concepts
should be studied. The coordination of all activities through ICFA and other
international bodies as necessary will be essential.
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