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STATUS OF PARTICLE PHYSICS

• Standard model has been highly 
successful 

• Higgs found in 2012 

• However, still many open questions 

• Validity of the SM is limited 

• At what energy does it break down? 

• No evidence yet for New Physics 

• Not clear at which energy scale to 
expect new physics
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NEXT STEPS
• Precision measurements of electroweak processes could provide answers 

to the open questions 

• precision measurements of the Higgs properties in order to understand 
electroweak symmetry breaking and the nature of the Higgs potential 

• precision measurements of top quark properties are a window for new 
physics 

• precision measurements of other electroweak processes to look for 
deviations from the Standard Model predictions (e.g. W and Z) 

• Direct searches for New Physics at higher energy scales, new regions of 
phase space (e.g. direct production of new particles)
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• An electron-positron collider is ideally suited for precision measurements 

• Most mature proposal: International Linear Collider (ILC) 
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ILC - MACHINE

• Superconducting RF acceleration structures  

• Staged operation, design energy 500 GeV, possibility to upgrade to 1 TeV 

• Two detectors share one interaction point (push-pull configuration) 

• Technical Design Report (TDR) published in 2013  

• Mature technology: being used in the construction of XFEL at DESY 

• Japan is considering to host the ILC: North of Sendai (Kitakami)
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Ecm 91 - 500 GeV (1 TeV)

Luminosity
2 x 1034 cm-2s-1 

(baseline at 500 GeV) 
x2 luminosity upgrade 

Acc. gradient 31.5 MV/m

beam size 474 nm

Polarisation e- >80%, e+ ~30%

Length ~ 31 km (~50 km)



DIS16 - Physics at the ILC - N. van der Kolk

ILC - DETECTORS

• Two detectors with 
complementary 
technology: SiD and ILD 

• Detailed Baseline 
Design 2013 

• Design optimisation 
ongoing
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DETECTOR REQUIREMENTS

• Precision measurements require: 

• excellent track momentum reconstruction 

• secondary vertex reconstruction  
(b/c tagging)  

• high energy resolution (Jet energy resolution) 

• hermetic (missing energy) 

• Final state will consist of many jets  

• Jet energy resolution  
dE/dx < 0.3/Sqrt(E[GeV])  
needs Particle flow (PFA) detectors:  
highly granular calorimeters,  
high separation power for nearby tracks
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ILC - PHYSICS PROGRAM

• e+e- collider offers a well defined initial state,  
absence of strong interaction background,  
controlled and calculable electroweak background 

• High precision tests of the Standard Model over a wide energy range to 
detect the onset of New Physics 

• Main focus on Higgs and top quark, W and Z 

• Machine settings can be “tailored” for specific processes: Ecm and 
beam polarisation (enhance cross section, remove background)
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HIGGS PHYSICS
• Precision Higgs physics can provide crucial information on the electroweak symmetry breaking mechanism 

• 3 major Higgs production channels; at 250 GeV “higgsstrahlung” (e
+
e

-
 -> Zh) dominant 

• Measure all major Higgs decay channels individually, including h->cc, gg, (very difficult at the LHC) 

• Model independent measurement of Higgs properties possible via recoil mass by looking only at the Z 
decay 

• total Higgs width, absolute normalisation of Higgs couplings 

• Higgs mass to better than 30 MeV via Z-> μ
+
μ

-
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Figure 2: Cross sections for the three major Higgs production processes as a function of
center of mass energy, from Ref. [1].

only via collisions of left-handed electrons with right-handed positrons. As a conse-
quence, its cross section can be enhanced by a factor of about 2 with the polarized
electron and positron beams available at the ILC. Figure 2 plots the cross sections
for the single Higgs boson production at the ILC with the left-handed polarization
combinations: P (e�, e+) = (�0.8,+0.3). The figure tells us that at a center of mass
energy of 250 GeV the higgsstrahlung process attains its maximum cross section,
providing about 160,000 Higgs events for an integrated luminosity of 500 fb�1. At
500 GeV, a sample of 500 fb�1 gives another 125,000 Higgs events, of which 60% are
from the W fusion process [14]. With these samples of Higgs events, we can measure
the rates for Higgs production and decay for all of the major Higgs decay modes.

The higgstrahlung process e+e� ! Zh o↵ers another special advantage. By identi-
fying the Z boson at a well-defined laboratory energy corresponding to the kinematics
of recoil against the 125GeV Higgs boson, it is possible to identify a Higgs event with-
out looking at the Higgs decay at all. This has three important consequences. First,
as we will describe below, it gives us a way to determine the total width of the Higgs
boson and the absolute normalization of the Higgs couplings. Second, it allows us to
observe Higgs decays to invisible or exotic modes. Decays of the Higgs boson to dark
matter, or to other long-lived particles that do not couple to the Standard Model
interactions, can be detected down to branching ratios below 1%.
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Full simulation study at 250 GeV



DIS16 - Physics at the ILC - N. van der Kolk

HIGGS PHYSICS

• Measure coupling to fermions and bosons through the individual Higgs decay channels 
(model independent) 

• 500 GeV: Coupling to top (from e
+
e

- 
->t tbar h) and Higgs self coupling (from e

+
e

-
 -> Zhh)  

• Deviations from the SM prediction point to New Physics and the nature of the Higgs 
boson (compositeness) 

• Deviations in general expected to be small ~5%
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Figure 5: Relative precisions for the various Higgs couplings extracted from a model-
independent fit to expected data from the ILC. The notation is as in Fig. 4.
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Figure 6: Two examples of models of new physics and their predicted e↵ects on the pattern
of Higgs boson couplings. Left: a supersymmetric model. Right: a model with Higgs boson
compositeness. The error bars indicate the 1� uncertainties expected from the model-
independent fit to the full ILC data set.

the Higgs field. The value of this coupling gives evidence on the nature of the phase
transition in the early universe from the symmetric state of the weak interaction
theory to the state of broken symmetry with a nonzero value of the Higgs field.

In the Standard Model, this transition is predicted to be continuous [21]. However,
if the transition were first-order, it would put the universe out of thermal equilibrium
and, through possible CP violating interactions in the Higgs sector, it would allow the
generation of a nonzero baryon-antibaryon asymmetry. This is not the only theory
for the baryon-antibaryon asymmetry, but it is the only theory in which all relevant
parameters can potentially be measured at accelerators, setting up a quantitative
experimental test.

The first step would be to test the nature of the phase transition. Models in
which the phase transition is first-order typically require the Higgs self-coupling to
di↵er from the value predicted by the Standard Model [22]. The Higgs self-coupling
can be a factor of 2 larger in some models [23].

At the High-Luminosity LHC, double Higgs production can be detected in well-
chosen final states, for example, the state in which one Higgs boson decays to ��, pro-
viding a clean signal, while the other decays to bb, providing the maximum rate. This
process should eventually be observed at the LHC, though current fast-simulation
studies are rather pessimistic [24].

At the ILC at 500 GeV, pairs of Higgs bosons are produced through e+e� ! Zhh.
All Higgs decay modes are observable and will contribute to the measurement. The
modes hh ! bbbb and hh ! bbWW have been studied in full simulation at the center

12

Supersymmetry Composite Higgs



DIS16 - Physics at the ILC - N. van der Kolk

TOP PHYSICS
• The top quark plays a key role in electroweak symmetry 

breaking, top mass is an important Standard Model parameter 

• Not measured before in e
+
e

-
 colliders 

• Pair production threshold around 350 GeV allows precise and 
theoretically clean measurement of the top mass 

• Cross section around the threshold is affected by top 
quark properties and QCD (mass, width,  
Yukawa coupling and αs) 

• Final precision on mass, < 100 MeV expected, most likely 
dominated by theoretical uncertainties 

• Experimental uncertainties (beam energy, luminosity, 
luminosity spectrum, event selection, impurities) < 50 MeV 

• Statistical uncertainties < 20 MeV (100 fb-1) 

• theory uncertainties from NNNLO QCD  
(M. Beneke et al. 2015) scale variations ~50 MeV
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TOP PHYSICS
• Top quark production and decay at 500 GeV 

Electroweak production dominant, no QCD 
background 

• Detailed measurement of weak and electromagnetic 
couplings 

• Weak couplings depend on polarisation 

• Coupling to W and Z for each polarisation state 
accessible 

• Total production cross section, forward-backward 
asymmetry and helicity angle for 2 polarisations 
fully constrain top quark couplings 
Precisions <2% can be achieved 

• New Physics predicts changes in these couplings 

• Exotic top quark decay modes, such as FCNC decays
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Figure 9: The heavy dots display the shifts in the left- and right-handed top quark cou-
plings to the Z boson predicted in a variety of models with composite Higgs bosons, from
Ref. [41]. The ellipses show the 68% confidence regions for these couplings expected from
the LHC [36,43] and the ILC [42].

violating interactions of the top quark [44,45], which provide the driving force in one
class of models of the cosmic matter-antimatter asymmetry.

4 New Particles

In addition to searches for new particles and forces through the precision study
of the Higgs boson and the top quark, the ILC will carry out direct searches for new
particles outside the Standard Model. The LHC has already carried out a broad
program of searches for new particles, setting upper limits on masses higher than
1 TeV in the best cases. Still, it is possible that new particles are being produced
at the LHC and yet are not visible to the experiments there. Such particles do not
appear only in artificial examples but even in some of the best-motivated scenarios
for new physics. We will review some specific models of this type below. At the ILC,
we can use the advantages of e+e� collisions to discover or definitively exclude these
particles.

A new capability that the ILC will make available is the ability to polarize the
colliding electron and positron beams. We have already discussed the use of beam po-
larization in studies of the Higgs boson and the top quark. For studies of an unknown
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Top Quark Physics at Electron-Positron Colliders

- Top quark production through electroweak processes 
  no competing QCD production => Small theoretical errors!  

- High precision measurements
  -Top quark mass at ~ 350 GeV through threshold scan 
  - Polarised beams allow testing chiral structure at ttX vertex
    => Precision on form factors F 
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Figure 3. The forward-backward asymmetry of tt̄ production at 500 GeV in a full simulation
study for two di↵erent polarisation configurations of the beams (± 80% e�, ⌥ 30% e+ polaristion)
(left). Figure taken from [10]. The precision achievable at ILC at 500 GeV with an integrated
luminosity of 500 fb�1 for the left- and right-handed couplings of the top quark, compared to the
expected precision achievable at the HL-LHC, together with the deviations from the Standard
Model values in a variety of models with composite Higgs bosons [11, 12] (right).

expected from the HL-LHC [11, 12]. This clearly illustrates the immense power of a polarised
high-energy electron-positron collider not only to discover possible new phenomena in the top
sector, but also to precisely pin down the underlying mechanism if deviations from the Standard
Model are observed.

4. Summary

The future linear electron-positron colliders ILC and CLIC provide excellent opportunities for a
precise study of the top quark sector. With polarised beams, the possibility for a scan of the tt̄
production threshold and with measurements of the electroweak couplings of the top quark at
energies substantially above the threshold they will provide high precision measurements of top
quark properties and significant sensitivity for various physics scenarios beyond the Standard
Model. A linear collider will determine the top-quark mass in the theoretically well-defined
MS scheme with a total precision of 100 MeV or better, and is capable of a percent-level
measurement of the top electroweak couplings, which provides sensitivity to new physics scales
extending substantially beyond the direct reach of present colliders.
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BSM PHYSICS

• Indirect searches via precision measurements of Standard Model processes  

• e.g. Higgs and Top physics 

• Direct searches for new particles up to ~Ecm/2 for almost any type of particle 
(extend into regions not covered by LHC) 

• Beam polarisation suppresses Standard Model background 

• Ecm can be tuned to production threshold, energy scan provides accurate 
mass and quantum numbers 

• Pair production rate at different polarisations provides quantum numbers 
under electroweak interactions
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BSM PHYSICS
• Dark matter searches 

• Coannihilation of charged and neutral DM particles, requires a 
small mass difference < 20 GeV, produces soft decay particles 

• Initial state radiation recoiling  
against invisible particles 

• Supersymmetric Higgs partners: light Higgsinos 

• Naturalness requires relatively light almost degenerate 
Higgsinos 

• Small mass difference ~ 10 GeV between charged and neutral 
Higgsinos (if susy partners of W and Z are heavy) 

• Recoil against initial state radiation photon, 
soft decay products determine mass difference 

• Polarisation gives access to quantum numbers 

• Additional Higgs bosons
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Figure 10: Energy distribution of hadronic decay products of the tau lepton in events
selected for e⌧+e⌧� pair production at the ILC, from Ref. [52].

The e⌧ pair production signal, shown in yellow in the figure, stands out clearly above
the various backgrounds. In the analysis of this model, the masses of the e⌧ and � are
determined to a precision of 200MeV and 400MeV, respectively. The electroweak
quantum numbers of the e⌧ are determined from the production rates with polarized
beams. By combining this information with other information available from ILC
measurements in this model, the annihilation rate of the � can be determined and
the cosmic density of � dark matter can be predicted to 0.2% accuracy.

4.2 Hidden Higgsino

Supersymmetry is an especially attractive principle to extend the Standard Model.
It gives a framework for the unification of the coupling constants of the strong, weak,
and electromagnetic interactions and a raison d’être for the appearance of fundamen-
tal scalar fields such as the Higgs field. New particles predicted by supersymmetry
have been searched for intensively at the LHC, though none have been found so far.
Supersymmetry at the weak interaction scale is often motivated by its possible role in
explaining the form of the Higgs potential. For this, some supersymmetric particles
must have masses near the weak interaction mass scale. The strongest arguments
can be made that the supersymmetric partners of the Higgs boson, called Higgsinos,
should be relatively light and accessible to collider experiments [53].

However, the Higgsinos are especially di�cult to discover at the LHC. They have
all of the problems described for dark matter in the previous section. They are
produced only by electroweak interactions. Though there must be both charged and
neutral Higgsinos, supersymmetry predicts that their masses are naturally compressed

21

Figure 11: Distribution of the missing mass for a system recoiling against an initial state
radiation photon in a model with Higgsino production at the ILC, from Ref. [54]. Left:
events selected for charged Higgsinos. Right: events selected for neutral Higgsinos.

if the supersymmetric partners of the weak interaction gauge bosons are heavy. Thus
it is not surprising that Higgsinos are hardly constrained by LHC data.

The observation of Higgsinos at the ILC has been studied in Ref. [54]. The more
di�cult model considered in this paper contains Higgsinos with masses near 165GeV,
with a mass di↵erence of about 1GeV between the charged and the lighter neutral
Higgsino. Nevertheless the signal of Higgsino production from initial state radiation
photons is substantial, as shown in Fig. 11. The various Higgsino masses are de-
termined to a precision of about 1GeV. In addition, it is possible to observe soft ⇡
mesons from the decay of the charged Higgsino, providing a very sharp determina-
tion of the mass di↵erence between the Higgsino states. The mass di↵erences provide
an estimate of the masses of the supersymmetric partners of the electroweak gauge
bosons, which are set to several TeV in this model.

From the rates for Higgsino production with polarized beams, we will be able to
determine the quantum numbers of these particles. In this case, the cross section
measurements can confirm that the particles discovered indeed have the quantum
numbers expected for a Higgsino.

4.3 Hidden pseudoscalar Higgs bosons

Another context in which the ILC can make important additions to the LHC
searches for new particle is in the search for additional Higgs bosons. We have already
discussed the prospects for searching for such bosons indirectly through shifts in
couplings of the known Higgs bosons to quarks and leptons. There are also many
scenarios in which additional Higgs bosons are relatively light but di�cult to discover
at the LHC. For example, a model with two Higgs fields contains a Higgs boson of
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Tracking Light Higgsinos at the ILC

Clear signal => ILC covers important corner of phase space for SUSY Searches 
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WIMP and Dark Matter Searches

Tomohiko Tanabe
ILD Meeting 2014
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BSM PHYSICS

• Two-fermion processes allow search for new gauge bosons, e.g Z’ 

• Z’ will perturb Standard Model cross sections 

• If found at LHC, ILC can measure all its couplings 

• Quark and lepton compositeness

14
Figure 12: Determination of the vector and axial couplings of a Z 0 resonance to leptons (left
panel) and b quarks (right panel) through measurement of e+e� ! `+`� and e+e� ! bb at
the ILC, from Ref. [1].

can fully identify the gauge boson and find its place in an extended gauge theory of
nature.

Other e↵ects can also perturb the two-fermion processes. If quarks and leptons
are composite, the first manifestation of this will be the perturbation of two-fermion
processes by the e↵ects of higher-dimension operators. This e↵ect can be searched for
at the LHC, but it requires careful calibration of quark jet signals at the highest ener-
gies. In addition, limits from the LHC are model-dependent because many operators
can potentially contribute. For this reason, the best current constraints on quark and
lepton compositeness still come from the data from the e+e� collider LEP, putting
limits on the compositeness scale at about 10 TeV. The ILC, with higher energy,
luminosity, and intrinsic precision and also the capability for electron and positron
beam polarization, should improve these constraints by an order of magnitude in the
compositeness scale [1].

5 Conclusion

In this report, we have surveyed the major elements of the ILC physics program.
We have reviewed the ILC capabilities to search for new particles and interactions
through precision studies of the Higgs boson and the top quark, and we have reviewed
the capabilities of the ILC to carry out direct searches for possible new particles.

The discovery of the Higgs boson at the LHC has completed the construction
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ILC RUNNING SCENARIO
• Standard running scenario H20 assuming 20 years of operation 

• The actual running scenario will depend on physics outcomes from LHC and ILC 

• Guarantees the fully independent profiling of the Higgs boson

15

DRAFT

3 TIMELINES OF THE RUNNING SCENARIOS

years
0 5 10 15 20in

te
gr

at
ed

 lu
m

in
os

iti
es

  [
fb

]
0

1000

2000

3000

4000

Lu
m

in
os

ity
 U

pg
ra

de

ILC, Scenario G-20
ECM = 250 GeV
ECM = 350 GeV
ECM = 500 GeV

Integrated Luminosities  [fb]

Figure 3: Accumulation of integrated luminosity versus real time for scenario G-20.
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Figure 4: Accumulation of integrated luminosity versus real time for scenario H-20.
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DRAFT

4 TIME DEVELOPMENT OF PHYSICS RESULTS

p
s

R
L dt Lpeak Ramp T Ttot Comment

[GeV] [fb�1] [fb�1/a] 1 2 3 4 [a] [a]
Physics run 500 500 288 0.1 0.3 0.6 1.0 3.7 3.7 TDR nominal at 5 Hz
Physics run 350 200 160 1.0 1.0 1.0 1.0 1.3 5.0 TDR nominal at 5 Hz
Physics run 250 500 240 0.25 0.75 1.0 1.0 3.1 8.1 operation at 10 Hz
Shutdown 1.5 9.6 Luminosity upgrade
Physics run 500 3500 576 0.1 0.5 1.0 1.0 7.4 17.0 TDR lumi-up at 5 Hz
Physics run 250 1500 480 1.0 1.0 1.0 1.0 3.2 20.2 lumi-up operation at 10 Hz

Table 7: Scenario H-20: Sequence of energy stages and their real-time conditions.
p

s
R

L dt Lpeak Ramp T Ttot Comment
[GeV] [fb�1] [fb�1/a] 1 2 3 4 [a] [a]

Physics run 500 500 288 0.1 0.3 0.6 1.0 3.7 3.7 TDR nominal at 5 Hz
Physics run 350 200 160 1.0 1.0 1.0 1.0 1.3 5.0 TDR nominal at 5 Hz
Physics run 250 500 240 0.25 0.75 1.0 1.0 3.1 8.1 operation at 10 Hz
Shutdown 1.5 9.6 Luminosity upgrade
Physics run 500 3500 576 0.1 0.5 1.0 1.0 7.4 17.0 TDR lumi-up at 5 Hz
Physics run 350 1500 448 1.0 1.0 1.0 1.0 3.4 20.4 lumi-up operation at 7 Hz

Table 8: Scenario I-20: Sequence of energy stages and their real-time conditions.

Shutdowns

• A major 18 month shutdown is assumed for the luminosity upgrade.

• The shutdown is for the TDR luminosity upgrade, where the number of bunches per
pulse is increased from 1312 to 2625. This requires the installation of an additional 50%
of klystrons and modulators, as well as the possible installation of a second positron
damping ring. It is assumed that linac and damping ring installation occur in parallel and
do not interfere with each other.

• This down-time may be on the optimistic side, but would appear to be roughly consistent
with the TDR construction installation rates, assuming that the same level of manpower
is available, and that all the necessary components for installation are (mostly) available
at the time the shutdown starts.

4 Time Development of Physics Results

In this section we present some examples of how important physics results evolve in time for the
three scenarios presented above. All plots in this section are preliminary since not all analyses
involved have been finished yet, so that some measurements are extrapolated, e.g. from other
center-of-mass energies.

4.1 Higgs couplings to fermions and gauge bosons
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ILC running scenarios: 
arXiv: 1506.07830
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CONCLUSION

• The ILC is an ideal machine for precision electroweak measurements 

• Precision studies of Higgs and top quark allow to find new particles and 
interactions and answers to the nature of electroweak symmetry breaking 

• The ILC is a discovery machine 

• Direct search for new particles in regions that are inaccessible for LHC 

• Mature technology - ILC is ready to be constructed 

• Japan is considering to host the ILC 

• Strong local support and also in government bodies 

• Political decision to be made in the coming years  

• Meetings between Japanese and American and European delegates 
ongoing and MEXT project review report underway

16
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• TDR:  
http://www.linearcollider.org/ILC/physics-detectors/Detectors/Detailed-Baseline-Design 

• Reference documents:  
ILC physics case           arXiv:1506.05992  
ILC running scenarios   arXiv:1506.07830

17

Thank you for your attention!



DIS16 - Physics at the ILC - N. van der Kolk

MODEL DEPENDENT COUPLINGS
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 (CMS-1, Ref. arXiv:1307.7135)-1 14 TeV, 3000 fbHL-LHC
 (CMS-2, Ref. arXiv:1307.7135)-1 14 TeV, 3000 fbHL-LHC

-1 250 GeV,   500 fb⊕ -1 350 GeV, 200 fb⊕ -1 500 GeV,   500 fbILC
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Figure 4: Relative precisions for the various Higgs couplings extracted using the model-
dependent fit used in the Snowmass 2013 study [18], applied to expected data from the
High-Luminosity LHC and from the ILC. Here, 

A

is the ratio of the AAh coupling to
the Standard Model expectation. The red bands show the expected errors from the initial
phase of ILC running. The yellow bands show the errors expected from the full data set.
The blue bands for 

�

show the e↵ect of a joint analysis of High-Luminosity LHC and ILC
data.
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ILC PROJECTED ACCURACIES
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Topic Parameter Initial Phase Full Data Set units ref.
Higgs m

h

25 15 MeV [15]
g(hZZ) 0.58 0.31 % [2]
g(hWW ) 0.81 0.42 % [2]
g(hbb) 1.5 0.7 % [2]
g(hgg) 2.3 1.0 % [2]
g(h��) 7.8 3.4 % [2]

1.2 1.0 %, w. LHC results [17]
g(h⌧⌧) 1.9 0.9 % [2]
g(hcc) 2.7 1.2 % [2]
g(htt) 18 6.3 %, direct [2]

20 20 %, tt threshold [34]
g(hµµ) 20 9.2 % [2]
g(hhh) 77 27 % [2]
�
tot

3.8 1.8 % [2]
�
invis

0.54 0.29 %, 95% conf. limit [2]
Top m

t

50 50 MeV (m
t

(1S)) [33]
�
t

60 60 MeV [34]
g�
L

0.8 0.6 % [42]
g�
R

0.8 0.6 % [42]
gZ
L

1.0 0.6 % [42]
gZ
R

2.5 1.0 % [42]
F �

2 0.001 0.001 absolute [42]
FZ

2 0.002 0.002 absolute [42]
W m

W

2.8 2.4 MeV [62]
gZ1 8.5⇥ 10�4 6⇥ 10�4 absolute [63]

�

9.2⇥ 10�4 7⇥ 10�4 absolute [63]
�
�

7⇥ 10�4 2.5⇥ 10�4 absolute [63]
Dark Matter EFT ⇤: D5 2.3 3.0 TeV, 90% conf. limit [61]

EFT ⇤: D8 2.2 2.8 TeV, 90% conf. limit [61]

Table 1: Projected accuracies of measurements of Standard Model parameters at the two
stages of the ILC program proposed in the report of the ILC Parameters Joint Working
Group [7]. This program has an initial phase with 500 fb�1 at 500 GeV, 200 fb�1 at 350 GeV,
and 500 fb�1 at 250 GeV, and a luminosity-upgraded phase with an additional 3500 fb�1

at 500 GeV and 1500 fb�1 at 250 GeV. Initial state polarizations are taken according to
the prescriptions of [7]. Uncertainties are listed as 1� errors (except where indicated),
computed cumulatively at each stage of the program. These estimated errors include both
statistical uncertainties and theoretical and experimental systematic uncertainties. Except
where indicated, errors in percent (%) are fractional uncertainties relative to the Standard
Model values. More specific information for the sets of measurements is given in the text.
For each measurement, a reference describing the technique is given.
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Topic Parameter Initial Phase Full Data Set
Higgs g(hZZ) 0.37 0.2 %

g(hWW ) 0.51 0.24 %
g(hbb) 1.1 0.49 %
g(hgg) 2.1 0.95 %
g(h��) 7.7 3.4 %

g(h⌧⌧), g(µµ) 1.5 0.73 %
g(hcc), g(htt) 2.5 1.1 %

�
tot

1.8 0.96 %

Table 2: Projected accuracies of measurements of Higgs boson couplings at the two stages
of the ILC program, from the model-dependent fit used in the Snowmass 2013 study [18].
The analysis is as described in [2]. The ILC run plan assumed is the same as in Table 1.
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