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FIG. 1. Projected Higgs boson coupling uncertainties for the LHC and ILC using the model-dependent assumptions appropriate to the LHC Higgs coupling fit.
The dark- and light-red bars represent the projections in the scenarios S1 and S2 presented in [9, 10]. The scenario S1 refers to analyses with our current
understanding; the scenario S2 refers to more optimistic assumptions in which experimental errors decrease with experience. The dark- and light-green bars
represent the projections in the ILC scenarios in similar S1 and S2 scenarios defined in [6]. The dark- and light-blue bars show the projections for scenarios S1
and S2 when data from the 500 GeV run of the ILC is included. The same integrated luminosities are assumed as for Figure 2. The projected uncertainties in
the Higgs couplings to uu, tt, and the self-coupling are divided by the indicated factors to fit on the scale of this plot.
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Power of Polarization

Model Independent Fit LCC Physics WG

3 5 Impact of Luminosity, Energy and Polarisation
" B HL-LHC @e*e 2 ab” 250 GeV polarised
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] .. ®e*e 1.5 ab™ 350 GeV unpolarised
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Precision of Higgs boson couplings [%]

Polarized 2 ab-' is roughly equivalent to unpolarized 5 ab-1!
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New Manhattan Plots

w/ (S2*) and w/o (S1*) foreseen improvements Unpol. 5ab-1 ~ Pol. 2ab-1
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<1% level precision for most couplings

Significant improvement from HL-LHC

—_ ,
systematic errors included in the global fit X i Model Dependent EFT / x Fit (FBSM=0 & no anom. hZZ/hWW coupl.)
- LCC Physics WG B HL-LHC arXiv:1902.00134
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from experimental analysis ‘B 1
()
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same systematic errors are used for o

unpolarized case, except without item 3 0




EW Baryogenesis?

The answer is no in the Standard Model.

Strong 1st order EW phase transition
to bring the universe out of equilibrium
— Large deviation of Higgs cubic self-coupling

Enough CPV (6km too small)
— CPV source in Higgs sector

— Extended Higgs sector
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Electroweak Baryogenesis?

Example: 2 Higgs Doublet Model (2HDM)
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Region where EW

180 1 baryogenesis is
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plane containing
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6+, @+  direction of hx with respect to 1- boost in T+ rest frame
A angle between polarimeter planes
Wep CP mixing angle we want to measure

Minimum value of
Higgs self-coupling

Senaha, Kanemura

| | |
0.8 1.2 1.6 2
SOC/TC

Self-coupling Measurement at ILC

Constructive interference between signal and BG

diagrams @500GeV

— if +100% deviation, then AA/A=14% expected!

Ag at different Y,
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Ag distribution shifts by 2y,

ILC can address the idea of
baryogenesis occurring at the

electroweak scale.
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Strong 1st Order Phase Transition

Example: Doublet-Singlet Mixing Model (HSM)

1.00

Precision Higgs
Couplings 095

Uniform Shift
KV=Ki=K ’ 0.90

0.85

0.80

160 180 200 220 240

~ve =90GeV, yg =0 GeV, ygs =-80 GeV, yg'=-30 GeV -
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A
........ ......I.I..-.I....I...........--I.II.-I.“

L
-------

Self-coupling

AN R %~

@ eLISA C1
L@ cLISA C2
'@ elLISA C3

my[GeV]

GW

FIG. 2: The detectability of GWs and the contours of the deviations in the hhh coupling AM, ;.
in the my-k plane. The projected region of a higher sensitive detector design is overlaid with that

of weaker one. The region which satisfies both ¢./T, > 1 and T, > 0 is also shown for a reference.

The input parameters and legends are same as in Fig. 1

Fuyuno, Senaha: arXiv: 1406.0433

Hashino, Kakizaki, Kanemura, Matsui, Ko: arXiv 1609.00297
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Direct Searches
for
New Particles




ILC, too, is an energy frontier machine!

It will enter uncharted waters of e+e- collisions

Thanks to well-defined initial states,
clean environment w/o QCD BG, and polarized beams
ILC can cover blind spots of LHC
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Chargino / Neutrarino Searches
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Higgsinos

Radiatively driven Natural SUSY

u not far above 100GeV
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To be updated (S.-L. Lehtinen)

Prediction of heavy states
Example: ILC

* Heavier neutralino/chargino masses predicted to ~2%
> Sets the energy scale of ILC Upgrade, e.g. Vs = 1
TeV

* Rough predictions for heavy Higgs, stop, heavy

>' 1 i ! ! ILC1 H20 preliminary 10-parameter fit
) i ILC1 H20 preliminary 10-parameter fit i Predicted masses
— I Predicted masses | [ 1o environment
._0 8 | [ 1c environment B | I 20 environment
*~ | B 2c environment
I —— e
— f— —
s T T | N N T TN SO N N
| | ~0 ~0 ~+ 0 0 1tk ~ ~ ~ ~ ~ ~
0) ) ) L %, L, A H H T % 1 1 b b,
Xq Xy L,
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TeSt Of GUT-ScaIe PhySics (Ebe updated (S.-L. Lehtinen)
Example: ILC1 [20 year run]

. . 5;2000_'|'|w T T T T T T T T T T
In this scenario, the LHC ° | ILC1 preliminary 5 parameter fi
sees the gluino (M=1.4 TeV), 515003 § from HL-LHC

assume mass precision of

10% at LHC )
1000,

* Take determined _
parameters at 1 TeV 500k

* Run up to GUT scale with '
two-loop RGEs

O_""” RN BN BN BN B N B

* Other parameters fixed to 10° 10° 10° 10 10'° 10

model values Q [GeV]

Test of Gaugino Mass
Unification
| HC + 1L C Svnerav
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TeSt Of GUT-scaIe PhySics (Ebe updated (S.-L. Lehtinen)
Example: ILC2 vs. nGMMT
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- nGMM1 preliminary 5-parameter fit
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Two scenarios with similar higgsino
masses are distinguishable with ILC

precision
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G

Gauge Higgs Unification

PL B 775 (2017) 297 (arXiv:1705.05282) : Funatsu, Hatanaka, Hosotani, Orikasa
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Physics
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Linear vs Circular
Discussion




Political support: ILC has been considered in depth over a number of years by the government of Japan,
which, for the first time, officially showed its interest in the ILC.
Politicians, governments, and funding agencies in Japan have been discussing the ILC
with their counterparts in Europe and the US for a number of years, and have been
encouraged by these discussions.
Other large collider projects have not yet reached a similar stage.

Technical maturity:
The RDR (CDR equivalent) for the ILC was published in 2007 and the TDR in 2013.
Circular collider projects have only recently published their CDRs.
The ILC's quoted performance and costs are deeply understood and thus reliable.

Timeline: Given a go-ahead, the ILC will very soon be ready to start construction. First collisions can occur
within around 15 years from now.
According to current run plans, the ILC will complete its 2 ab-1 250 GeV run at about the time
FCCee begins its ZH run.

Physics: Beam polarization is a powerful tool not available at high energy circular colliders.

When measuring Higgs couplings, polarization compensates for the lower integrated
luminosity at 250 GeV compared to FCCee (2 vs 5 ab-1) not just by the increased rates
but also by its power to remove some correlations among different EFT operators.

In the case that ILC observes new phenomena other than in the Higgs couplings, polarization
will play an essential role in determining their chiral properties.

Polarization will also allow systematic uncertainties on many measurements to be significantly
reduced.

Upgradeability: The ILC's collision energy can be readily upgraded to 500 GeV and above.
A technical design for a 500 GeV stage exists.
Likewise, a technical design exists for upgrading the luminosity:
- by a factor 2 by doubling the number of bunches per pulse,
- another factor 2 by doubling the repetition rate.
The ILC250 infrastructure is reusable. It provides long-term perspectives beyond current technologies
(e.g. a plasma-based accelerator). 59



Single IP e"e Collider Luminosities
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