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The ILC Accelerator

• Candidate site in Japan has been studied
• Layout being targeted towards site

TDR Baseline: 31 km à ~500 GeV
Electron polarization: 80%
Positron polarization: 30%
Upgrade option to ~1 TeV 

Damping 

Rings

Main Linac

Main Linac

Electrons

31 km

Positrons

From the P5 report: An offshore Higgs factory, realized in collaboration with international partners, in order to 
reveal the secrets of the Higgs boson. The current designs of FCC-ee and ILC meet our scientific requirements.

• TDR has been delivered in 2012
• Technology installed in XFEL at DESY and 

LCLS-II at SLAC
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new scenarios: H-20-CD (-δBS)

64

lumi upgrade after 
∫Ldt ~ 500 fb-1 

(double bunches)

energy upgrade after 
∫Ldt ~ 2 ab-1 at 250 
GeV in ~15 (11)y

ILC500 starts with x2 
bunches directly

(same scenario for option D)
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EFT interpretation
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evolution of coupling precisions

68
end of 250 stage

(example for option C(D) with δBS, see backup more for other options)
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ILC Staging scenarios
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• Start at 250 GeV
• Runs at 500 GeV for full program, 350 GeV for higher precision of top properties
• Other thresholds possible, informed by LHC or early ILC Data
• Goal: per cent-level precision on (most) Higgs couplings 
• Possible upgrade to 1 TeV, ~10 years for 8 ab-1

• improve ttH, self-coupling measurements, searches for new particles

Includes machine ramp-up
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ILC Detectors
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5 T field
Silicon Tracking

3.5 T field
Gaseous TrackingPixelated Si-W ECAL

Highly Granular HCAL
Optimized for Particle Flow (calorimeter inside coil)

No Trigger
Shared Beam Time in Push-Pull setup

SiD ILD

Both can deliver the physics

Detectors 
not at same 
scale
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Higgs Production at the ILC
Baseline of 500 GeV
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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%.

6

Recoil method: ILC staple at all stages
Z ➞ ll for precision
Z ➞ qq for higher cross section

Vector boson fusion cross 
section increases at higher 
energies

2

This paper reports a study which evaluates the per-
formance of measuring �ZH and MH using the Hig-
gsstrahlung process with a Z boson decaying into a pair
of electrons or muons e+e� ! ZH ! l

+
l
�
H ( l = e or µ).

One of the major purposes of this study is to quantify the
impact of center of mass energy and beam polarization on
the precision of �ZH and MH; the analysis is carried out
for three center-of-mass energies (250, 350, and 500 GeV),
as well as two beam polarizations (P e

�, P e
+
) =(�80%,

+30%) and (+80%, �30%), which will be denoted as
e
�
L
e
+

R
and e

�
R
e
+

L
, respectively.[5] Unless otherwise speci-

fied, the total integrated luminosity is assumed as follows:
For each beam polarization 250 fb

�1, 333 fb
�1, and 500

fb
�1 are accumulated for

p
s = 250, 350, and 500 GeV,

respectively. The H20 program [6], one of the currently
proposed ILC run scenarios which covers startup, energy
stages, and a luminosity upgrade, designates that during
a 20 year period, a total of 2000, 200, and 4000 fb

�1 will
be accumulated at

p
s= 250, 350, and 500 GeV, respec-

tively. The analysis results in this paper will be scaled
to the luminosities of the H20 program, and will impact
the planning of future updates of the run scenario.

The model-independence of the leptonic recoil tech-
nique has been evaluated in the context of previous high-
energy e

+
e
�-colliders [7]. This paper demonstrates for

the first time that the bias due to Higgs decay mode-
dependence can be kept at the level well below the ex-
pected statistical uncertainty in the H20 scenario without
sacrificing signal selection efficiency[8].

This paper is structured as follows: Section II explains
the recoil measurement; Section III introduces the sim-
ulation tools, the ILC detector concept, and the signal
and physics background processes; Section IV presents
the methods of data selection; Section V gives the meth-
ods for extracting �ZH and MH, and discusses their ex-
pected precisions; Section VI demonstrates the model in-
dependence of the analysis; Section VII summarizes the
analysis and concludes the paper.

II. HIGGS BOSON MEASUREMENTS USING
THE RECOIL TECHNIQUE

The major Higgs production processes at the ILC
are Higgsstrahlung and WW fusion, whose lowest order
Feynman diagrams are illustrated in Figure 1, along with
the ZZ fusion process which has a significantly smaller
cross section than the other two processes at ILC center-
of-mass energies. Figure 2 shows the production cross
sections as a function of

p
s, assuming a Higgs boson

mass of 125 GeV. The Higgsstrahlung cross section peaks
around

p
s = 250 GeV, and decreases gradually as ⇠ 1/s,

whereas the WW fusion cross section increases with en-
ergy, exceeding the Higgsstrahlung process at around 450
GeV.

The Higgsstrahlung process with a Z boson decaying
into a pair of electrons or muons: e

+
e
� ! ZH ! l

+
l
�
H

( l = e or µ) will be hereafter referred to as e
+
e
�
H and

Z
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FIG. 1. The lowest order Feynman diagrams of the
three major Higgs production processes at the ILC: (top)
Higgsstrahlung process e

+
e
� ! ZH, (center) WW fusion

process e
+
e
� ! ⌫⌫H, and (bottom) ZZ fusion process

e
+
e
� ! e

+
e
�
H.

µ+µ�
H, respectively. The leptonic recoil technique is

based on the Z boson identification by the invariant mass
of the dilepton system being consistent with the Z boson
mass, and the reconstruction of the mass of the rest of the
final-state system recoiling against the Z boson (Mrec),
corresponding to the Higgs boson mass, which is calcu-
lated as

M2

rec
=

�p
s� El+l�

�2 � |�!p l+l� |
2
, (1)

where El+l� ⌘ El++El� and �!p l+l� ⌘ �!p l++
�!p l� are the

energy and momentum of the lepton pair from Z boson
decay. The Mrec calculated using Equation 1 is expected
to form a peak corresponding to Higgs boson production.
From the location of the Mrec peak and the area beneath
it the Higgs boson mass and the signal yield can be ex-
tracted. The signal selection efficiency, and hence the
production cross section is, in principle, independent of
how the Higgs boson decays, since only the leptons from
the Z decay need to be measured in the recoil technique.
In practice, however, this is not guaranteed since there is

e
+

e
� ⌫

⌫

W
H

e
�

e
+

e
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Discriminating power between 
new physics models – 250 GeV
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discrimination between BSM models (ILC250 stage)
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Discriminating power between 
new physics models – full ILC program
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pin down the story after 250 + 500 full ILC
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The role of 
polarization

��� ��� �ττ ��� ��� �γγ ��� �μμ ��γ Γ��� Γ����� Γ��� δ�� δλ��� ��� �ττ ��� ��� �γγ ��� �μμ ��γ Γ��� Γ����� Γ��� δ�� δλ

HL-LHC S2 + 2 /ab at 250 GeV
w/o top

HL-LHC S2 + 5 /ab at 250 GeV
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Figure 4. The role of beam polarization at
p
s = 250 GeV on the Higgs coupling precision

(upper) and Higgs operator constraints (lower) with (light shading) and without (dark shad-

ing) top e↵ects. The polarized (blue) dataset includes equal sharing of two opposite beam

polarizaitons (1 ab�1 each) of ILC, and the unpolarized (red) includes a higher luminosity of

5 ab�1 and enhanced Tera-Z precision for EWPO. HL-LHC S2 top data is added.

see Appendix C. The beam polarization e↵ectively doubles the number of independent

observables, which allows to better disentangle top and Higgs contributions.

– 22 –

T HE HL HL ' 3W WB BB WW H

HL-LHC S2 + 2/ab at 250 GeV
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Figure 4. The role of beam polarization at
p
s = 250 GeV on the Higgs coupling precision

(upper) and Higgs operator constraints (lower) with (light shading) and without (dark shad-

ing) top e↵ects. The polarized (blue) dataset includes equal sharing of two opposite beam

polarizaitons (1 ab�1 each) of ILC, and the unpolarized (red) includes a higher luminosity of

5 ab�1 and enhanced Tera-Z precision for EWPO. HL-LHC S2 top data is added.

see Appendix C. The beam polarization e↵ectively doubles the number of independent

observables, which allows to better disentangle top and Higgs contributions.

– 22 –

arXiv:2006.14631 
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The top quark mass
10.1. TOP QUARK 207
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from EPJ C73, 2530 (2013)

February 2019
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Figure 10.1: A simulated top quark threshold scan with a total integrated luminosity of 200 fb�1.
The bands around the central cross section curve show the dependence of the cross section on
the top quark mass and width, illustrating the sensitivity of the scan. The error bars show the
statistical uncertainties, taking into account signal e�ciencies and backgrounds. From [480].

interpretation of the MC mass parameter. The CLIC-DP collaboration has estimated that a sta-
tistical uncertainty of 30 MeV (40 MeV) is expected in the l+jets (all-hadronic) channel after
collecting 500 fb�1 at

p
s = 380 GeV [480].

A measurement of the di↵erential cross section of radiative e+e�
! tt̄� events, where the top

quark pair is produced in association with a hard photon from Initial State Radiation (ISR) can
yield a top quark mass determination [488]. The measurement of the photon energy gives an
event-by-event determination of the e↵ective center-of-mass energy and allows to map out the tt̄
threshold with data collected at any center-of-mass energy below ⇠ 1 TeV. The expected precision
is approximately 110 MeV for CLIC380 (1 ab�1 at

p
s = 380 GeV and approximately 150 MeV for

ILC500 (4 ab�1 at
p

s = 500 GeV), including theoretical and experimental systematic uncertainties.
This approach is competitive with the HL-LHC expectation, and the method maintains flexibility
in, and control over, the field-theoretical mass scheme. Moreover, a combination with the mass
obtained from the threshold scan moreover enables a study of the scale dependence (“running”) of
the top quark mass, testing the evolution predicted by renormalization group evolution.

Operation of the ILC at the top mass threshold and beyond can thus provide a top quark mass
measurement with a precision well beyond what is achievable at hadron colliders and also clarify
the various top quark mass definitions in terms of a well-understood field-theoretical framework.

JHEP 11 (2019) 003 

The top mass can be measured in 
decays at any mass above threshold.

However, this is usually happens via 
template fits using a generator.

The mass at threshold can be converted 
to different regularization schemes 
directly, so comparison between direct 
measurement and the threshold scan 
will help understand these MC generator 
effects. 

16 May 2024Jan Strube - PNNL and UOregon
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The benefits of higher energy
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Figure 6. Global-fit results for the ILC250+ILC500 scenario. The upper panel presents the

result in terms of the precision on the physical Higgs couplings. The lower panel presents the

1� bounds on the operator coe�cients, renormalized at Q0 = 1 TeVwith a suppression scale

v. In both panels, the first column corresponds to a 22-parameter fit without top operators,

that is used as a reference throughout the paper. The second column presents the result that

is obtained when the basis is extended with the seven top operator coe�cients described in

Section 3.2. In the third column, LHC run 2 top data are added. In the fourth column, ILC

top measurements at
p
s = 500 GeV are added. In the bottom panel, white marks are results

with only one operator. Results are tabulated in Table 13 and 14.
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Figure 6. Global-fit results for the ILC250+ILC500 scenario. The upper panel presents the

result in terms of the precision on the physical Higgs couplings. The lower panel presents the

1� bounds on the operator coe�cients, renormalized at Q0 = 1 TeVwith a suppression scale

v. In both panels, the first column corresponds to a 22-parameter fit without top operators,

that is used as a reference throughout the paper. The second column presents the result that

is obtained when the basis is extended with the seven top operator coe�cients described in

Section 3.2. In the third column, LHC run 2 top data are added. In the fourth column, ILC

top measurements at
p
s = 500 GeV are added. In the bottom panel, white marks are results

with only one operator. Results are tabulated in Table 13 and 14.
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Precision 
measurements of 
top quark 
electroweak form 
factors are an 
important probe 
of Higgs 
compositeness.



e
+

e
�

Z, �

t

t

H

11

Top Yukawa coupling at the ILC
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Coupling measurement at ILC500: 18%,
In full program w/ luminosity upgrade: 6.3%

Main production channel of ttH at ILC

Important to reach at least 500 GeV.
Potential at higher energy:
Measurement error with 4 ab-1 at 550 GeV: ~3%
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opportunity for top-Yukawa coupling
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after 250 stage, taking advantage of possible technology improvement, 
we may afford 550-600 GeV, dreaming for ~2% htt precision 
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Higgs self-coupling at future colliders
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4

[Physics Briefing Book, arXiv:1910.11775]

Starting point: ESU 2020

• based on global 
SMEFT fits 

• HL-LHC di-Higgs 
contribution was 
always combined

—> a list of questions suggested by expert team to advance the study of this topic 

[Physics Briefing Book, arXiv:1910.11775]
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Tri-Linear Higgs Self-Coupling
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In the SM, self-coupling terms fixed by mass. Other models can lead to 
potentially large deviations. Important to measure independently.

8/6/2015 https://upload.wikimedia.org/wikipedia/commons/7/7b/Mexican_hat_potential_polar.svg

https://upload.wikimedia.org/wikipedia/commons/7/7b/Mexican_hat_potential_polar.svg 1/1

Sensitivity of Higgs self-coupling � in BSM

‰ electroweak baryogenesis (THDM) large deviation expected in � (� �1.2 ·�SM)

‰ such physics scenario di�cult to be observed at LHC

‰ at ILC possible at 500 GeV with ZHH

example: � = 2 ·�SM

‰ �ZHH enhanced by 60%

‰ ��/� improved by factor of 2

estimated physics outcome
‰ � can be measured to 14% precision

‰ 7� discovery

‰ more than 3� deviation from SM

� (N)
LO
[fb
]

�/�SM

Te
SM

BSM @ 500GeVBSM @ 1TeV

Claude Fabienne Dürig | Higgs program at the ILC | EPS-HEP Vienna, July 22-29 2015 | 12/13λ / λSM
Deviations in λ lead to a change in cross section

Higgs Self-Coupling Measurement at the ILC

‰ precise measurement of SM Higgs potential via Higgs self-coupling

V(⌘H) =
1

2
m

2

H
⌘
2

H
+ �v⌘

3

H
+

1

4
�⌘

4

H

‰ existence of HHH coupling ! direct evidence of vacuum condensation

‰ one must observe double Higgs production

‰ very challenging measurement

! small production cross section, i.e. �(ZHH) ⇡ 0.2fb at 500GeV

! many jets in final state

! interference terms due to irreducible diagrams
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At the ILC: Measure the rate of double 
Higgs production
ZHH (500 GeV) or HHνν (1 TeV)
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Measurement of double Higgs 
Production at the ILC

16 May 2024Jan Strube - PNNL and UOregon

Mass resolution in double Higgs production and dominant 
background at 500 GeV

Experimental precision limited by jet clustering.
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Summary

• The LHC experiments have discovered a Higgs boson that is still consistent 
with various models (including SM). Higher precision is needed to discover the 
influence of BSM, which would give a path to new physics.

• This goal is strongly endorsed in the P5 report.
• Higgs – and top quark – precision measurements at √s > 250 GeV are an 

essential part of this program which will allow us to identify which BSM is a 
candidate for SM2.0.
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Disclaimer

• The numbers presented here are based on realistic simulation studies 
including beam background, with today’s reconstruction methods.

• The LHC experiments are demonstrating how much clever approaches in 
analysis and reconstruction can improve error bars.

16 May 2024Jan Strube - PNNL and UOregon
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Triple Gauge Couplings218 CHAPTER 10. ILC PHYSICS MEASUREMENTS AT 350, 500, AND 1000 GEV
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Figure 10.9: Expected precisions on the three triple gauge coupling parameters at the three energy
stages of ILC. The results at 500 GeV and at 1 TeV are based on the ILD full simulation analyses
of semi-leptonic W pair production, extrapolated to include improvements from the fully hadronic
channel and single-W production as well as for upgrading from a binned analysis of three angles
to an optimal observable technique [208]. The S1 scenario assumes the systematic uncertainties
from [208], the S2 illustrates the hypothetical reduction by a further factor 2-3 to the level of
1 ⇥ 10�4.

WW events as well as single-W events has been estimated [531] to improve these numbers by a
factor of 2.4 for gZ

1 and by a factor of 1.9 for � and �� . Assuming the full integrated luminosity of
ILC500 instead of only 500 fb�1 gives another factor of 2 improvement to (1.3, 1.7, 1.9) ⇥ 10�4. At
this level of precision, systematic uncertainties need to be considered. As shown in [210], the e↵ects
of a finite knowledge of the luminosity and the beam polarizations are negligible when including
them as nuisance parameters in a global fit. The e↵ect of di↵erent per mil-level uncertainties
on the selection e�ciency and percent-level uncertainties on the residual background has been
evaluated in [207] by propagation through the whole analysis chain, thereby treating them as fully
uncorrelated between data sets and observables, obviously a very pessimistic assumption. Based
on considerations of correlated uncertainties and nuisance parameters in global fits, more recent
studies expect that systematic uncertainties of (3, 3, 2) ⇥ 10�4 can be reached [208]. In total, the
expected precisions on the three couplings thus reach (3.3, 3.4, 2.8) ⇥ 10�4 for ILC500.

The full simulation study at 1TeV [530] found statistical precisions of (1.9, 1.7, 2.7) ⇥ 10�4 for
a luminosity of 1 ab�1 with the same analysis technique as at 500GeV (semileptonic W pairs,
binned analysis using three angles). A simple scaling to the full luminosity of 8 ab�1 renders the

16 May 2024Jan Strube - PNNL and UOregon
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Motivation for an effective field theory

• The most common formalism to interpret the measurements of Higgs 
branching ratios (times cross section) is the ϰ – formalism

• seven parameters:
§ multiply the SM Higgs couplings
§ use HL-LHC projection for H ➞ γγ / H ➞ ZZ
§ for the ILC: add two parameters for invisible and other couplings

This approach is appropriate for the fermion couplings.
However, it is not the most general for WW and ZZ couplings
→ Effective Field Theory to account for effects of new physics (dim-6)

§ 10 new parameters ci related to Higgs couplings (84 new parameters total)
§ allows to connect measurements to model 16 May 2024Jan Strube - PNNL and UOregon

This produces the second diagram in Fig. 1, which is not present at tree level in the
SM. The Z charge of the electron changes sign between e�

L
and e�

R
, (12�sw)2 ! (�s2

w
)),

while the A charge stays the same. This leads to a near-cancellation of the ⇣Z terms
for e�

R
, while there is constructive interference for e�

L
.

To illustrate these e↵ects, we carry out a simplified fit to the Higgs couplings in
the following framework: The starting point is the table of projected errors on the
total e+e� ! Zh cross section given in the Appendix. These error estimates are
based on full simulation studies with the ILD detector model [22,23]. The estimates
are provided for each of two configurations of beam polarization, an L beam with
electron and positron beam polarizations (�0.8,+0.3) and an R beam with electron
and positron beam polarizations (+0.8,�0.3). These errors are essentially identical
for the two beam polarizations, and so we can apply them also for unpolarized beams.
All of the analyses below are carried out at the linearized level.

A fit in the  framework would modify each Higgs couplings by

g
hAA

= g
hAA

(1 + �A) (8)

For reference, we carried out a  fit to this data from e+e� ! Zh with 7 parameters:

�Z , �W , �b, �c, �g, �⌧ , �µ . (9)

In addition, we allow branching ratios of the Higgs boson to invisible and to non-
invisible exotic decay modes. This modification of the Standard Model is usually
omitted in EFT fits, which concentrate on the e↵ects of heavy particles. However,
the search for Higgs decays to light invisible and exotic particles is an important part
of the full e+e� program, and the possibility of such decays adds an uncertainty to the
extraction of the Higgs boson total width that should be accounted. To parametrize
these possible exotic Higgs decays, we introduce two additional parameters �ainv and
�aother, for example,

�(h ! invis) = �h,SM(�ainv). (10)

It is extremely conservative to include the �aother parameter, since almost any exotic
decay will be observed and recognized as such at e+e� colliders, but this is the way
that all previous “model-independent” Higgs coupling fits for e+e� colliders have been
done.

The simplified fits in the EFT framework also uses 9 parameters. These are the
EFT parameters cH and cWW , the EFT parameters that shift the Higgs couplings b,
c, g, ⌧ , and µ, and the ainv and aother parameters described above (10) [24]. In this
simplified fit, cWB and cBB are set equal to zero. In the complete fit described be-
low, these latter parameters are determined by constraints from precision electroweak
measurements, e+e� ! W+W�, and �(h ! ��).
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Effective field theory approach

16 May 2024Jan Strube - PNNL and UOregon

With an effective field theory, the deviation from the SM 
Lagrangian can be written as

sensitive to spin structure, 
can not be probed by 
ϰ - formalism 

�L = ⇣AZ
h

v
Aµ⌫Z

µ⌫

�(e+e� ! Zh) = (SM) · (1 + ⌘Z + 5.5⇣Z)

�(h ! WW⇤) = (SM) · (1 + 2⌘W � 0.78⇣W)

�(h ! ZZ⇤) = (SM) · (1 + 2⌘Z � 0.50⇣Z)

additionally, we have:

➞ This leads to a formalism that lets us probe new physics models with 
polarized beams and precision measurements at different energies 
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Global Fit 
of Higgs couplings
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parameter ILC500 ILC500
LumiUp

𝚪H 3.8% 1.8%
g(HZZ) 0.58% 0.31%

g(HWW) 0.81% 0.42%

g(Hbb) 1.5% 0.7%
g(Hcc) 2.7% 1.2%
g(Hgg) 2.3% 1.0%
g(ττ) 1.9% 0.9%
g(Hγγ) 7.8% 3.4%
g(Hγγ)+LHC 1.2% 1.0%

g(Hµµ) 20% 9.2%
g(Htt) 18% 6.3%

Best measurement of cross section: 
σZH from recoil method. Error < 2.5%
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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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Precision Measurements 
are not optional
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ZH → μ+μ- + anythingprimary vertices in tth events

ILC 1 TeV

W-Z separation
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Detector Requirements are driven 
by Higgs physics
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Not only good 
calorimeter resolution, 
but excellent track-
shower matching and 
shower separation

Extremely low material 
budget in the main 
tracker, with high 
tracking efficiency

σ(1/p) ~ 2.5 × 10-5

Exceptionally good 
impact parameter 
resolution, time 
stamping, material 
budget in the vertex 
detector

250 GeV

ar
bi

tra
ry

 u
ni

ts
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The ILC TDR
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Volume 1 – Executive Summary:
 http://arxiv.org/abs/1306.6327

Volume 2 – Physics:
 http://arxiv.org/abs/1306.6352

Volume 3.I – Accelerator R&D in the
Technical Design Phase:
 http://arxiv.org/abs/1306.6353

Volume 3.II – Accelerator Baseline Design
 http://arxiv.org/abs/1306.6328

Volume 4 – Detectors:
 http://arxiv.org/abs/1306.6329

http://arxiv.org/abs/1306.6327
http://arxiv.org/abs/1306.6352
http://arxiv.org/abs/1306.6353
http://arxiv.org/abs/1306.6328
http://arxiv.org/abs/1306.6329
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Top Yukawa coupling at a 1 TeV ILC
doi:10.1140/epjc/s10052-015-3532-4
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Comparison with the LHC
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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.

9

The expected deviation of 
Higgs couplings from the SM 
are ~5%, depending on the 
model.

The HL-LHC program will 
measure several Higgs 
couplings to <10%. 

The ILC program will improve 
upon this precision by ~ one 
order of magnitude.

The combination of HL-LHC and ILC 
improves the ϰγ measurement by 
nearly one order of magnitude.
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The Higgs width at the ILC
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Expected Precision at full ILC: 𝚫𝚪H / 𝚪H = 1.4% 𝚫gHWW / gHWW = 0.28%

For precision measurements, at some point 𝚫𝚪H becomes a limiting 
factor Standard Model: 𝚫𝚪H ≅ 4 MeV

gHWW in both,
production and 
decay

At the LHC: Use rate of off-shell H → ZZ: σ(𝚪H) = 22 MeV, 
At the ILC: Use the fact that the same tree-level coupling enters production and 
decay and that ZH cross section can be measured inclusively


