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J. Brau - LCB - Guangzhou - 9 Aug 2017 11based on J. Tian, AWLC 2017
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What happens if we don’t have 500 GeV data?

Staging from 250 GeV
So far LHC Run II saw no clear signal of 
physics beyond the Standard Model.

→No new particle in the ILC’s range or  
    it is in the LHC’s blind spot. 
→Importance of precision Higgs  
    measurements enhanced. 

1st stage as a Higgs factory
Potential drawback:  
    Γh determination

Solution: EFT 
    that relates hZZ and hWW couplings

For the same integrated luminosity, the 
250 GeV ILC performs equally well.

Beam polarization provides enough 
redundancy to test the validity of the 
EFT in case there is a light new particle

�(h � WW �) � �(��̄h)

�h =
�(h � WW �)

BR(h � WW �)

Small @ 250GeV

Many EFT coefficients will have to be 
constrained by various SM processes 
that involve EW gauge bosons. 
→possible at ILC250.
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Supersymmetry 
(MSSM)

Composite Higgs 
(MCHM5)

ILC 250+500 LumiUP

H20 Scenario
arXiv: 1506.05992
arXiv: 1506.07830

Fingerprinting models with
Precision Higgs Measurements

Upward shift only for 
down-type fermions

Downward shift for 
all the couplings

Complementary to 
direct searches at 
LHC: Depending on 
parameters, ILC’s 
sensitivity goes well 
beyond that of LHC!
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 Projected Higgs coupling precision (model-independent)ILC
-1

 250 GeV, 2000 fb⊕ -1
 350 GeV, 200 fb⊕ -1

500 GeV, 4000 fb

Model prediction

Multi-verse? 
(Standard Model)

No deviation at all

Which way to go?

MSSM Model Scan

sensitive 
region

Most model points 
accessible for 

mA<1.5 TeV

arXiv 1502.03959 Could be sensitive 
to mρ>10 TeV

Based on Contino, et al,  
JHEP 1402 (2014) 006
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Sensitivity of EFT Analysis
to sample new physics scenarios

9 sample models and expected deviations (%)

Discrimination power in σs

All new particles outside 
the projected reach of 
the HL-LHC

arXiv: 1708.08912



What we might lose
by staying at 250 GeV for long time 

Challenging Tasks 
for ILC250

Issues Possible Solutions/Measures

Higgs cubic self-
coupling 

A new interaction at the heart of EWSB, 
important in its own right. Large 
enhancement expected for models of 
EWBG. 500 GeV needed for e+e-→ZHH.

Models of EWBG often predicts shifts in other 
Higgs couplings, too. Synergy with HL-LHC, 
SuperKEKB, GW.

Precision top mass A parameter of SM, important in its own 
right. O(50) MeV desirable for vacuum 
stability test. Theoretically cleanest 
measurement requires ttbar threshold 
scan at around 350 GeV.

Direct top reconstruction at LHC with 
possible future theoretical progress to relate 
MC mass to pole mass (~200-300 MeV?). 

Anomalous Top 
Couplings

Being heaviest in SM, top couples to new 
physics that caused EWSB. Needs at 
least 350 GeV, the best sensitivity 
expected at around 500 GeV.

Most models of EWSB often predicts shifts in 
various Higgs couplings as well. Use the b-
quark (e+e-→bbbar) as another 3rd 
generation quark.

Top Yukawa 
coupling

6 (3)% at 500 (550) GeV, not available at 
250 GeV.

Synergy with HL-LHC (~7%).

New Particles Direct search limited by mX < Ecm/2. Natural SUSY prefers light higgsinos. Indirect 
search through oblique correction may reach 
~200GeV (e+e-→ffbar). DM searches by 
h→invisible. Exotic higgs decays. 
Synergy with HL-LHC.



Which Way to Go
after seeing the 250 GeV results

Study it in detail 
with beam 

polarizations

Next energy to find 
more associated new 

particles

Build specific 
models that can 
reproduce the 

observed 
deviation pattern

Next energy to find 
direct new physics 

signal

ILC E-upgrade 
or


a new E-frontier 
machine

yes

No

yes

No

ILC E-upgrade to 350 
GeV and measure mt 

to 50 MeV to test 
precisely the SM 
vacuum stability 

and then to 500 GeV 
and make sure no 

anomaly in the cubic 
Higgs self-coupling 

and the ttZ coupling.   

No

yes

Any nonzero EFT 
coefficients?

A new particle 
(higgsino/DM) 

found?

Finite CP mixing 
observed with 

deviations 
consistent with 

EWBG?

ILC E-upgrade to 500 
GeV and confirm the 

expected large 
deviation of the cubic 
Higgs self-coupling

ILC250 will tell us the next step to take!

Start

My Personal View



Summary

43



• The primary goal for the next decades is to uncover the secret of the EW 
symmetry breaking. Why μ2 < 0? To answer this question we need to go 
beyond the SM. 


• There is a big fork ahead of us. We have a very powerful probe: the H(125) 
itself. Different models predict different deviation patterns in various Higgs 
couplings. ILC will measure these couplings with unprecedented precision. 

• This will open up a window to BSM and fingerprint BSM models, otherwise it 
will set the energy scale for energy upgrade or the next machine.


• The ILC, too, is an energy frontier machine. It will enter uncharted waters of e+e- 

collisions and search for new particles, covering the blind spots of the LHC.

• In this way, ILC will pave the way towards the moment of creation.

• MEXT is seriously investigating various issues to be solved to host the ILC 

in Japan. 
• MEXT-DOE joint discussion group started and is meeting regularly.

• US-Japan joint effort on cost reduction is on-going.

• There are important political interactions happening also in Europe and Asia. 
• Serious discussions on staging from 250 GeV is on-going.

• 2017-2018 will be a very important time for the ILC.



Stay Tuned!
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Industry-Academia
Local area

JFY2016 JFY2017 JFY2018 JFY2019 JFY2020

ICFA
FALC

International Meetings

International Conferences

Gov. Panels

Government

US-Japan

2013~2016
Federation
US Visit

May: MEXT/DOE
Discussion Group

Cost reduction R&D tasks
ÆStart (Operational budget

+ 0.6 oku)
LCLS-II construction: use technology

US-Japan 2nd  year
(1st year R&D)

US-Japan 3rd year
Within US-Japan S&T Cooperation framework

International Design

June 2017

Aug.

ALCW2017

LP2017

LHC results

LCWS2016 LCWS2017

LCWS2018 LCWS2019

Aug Feb Aug Nov Feb Aug Feb Aug Feb Aug Feb

ICHEP2018 ICHEP2020LP2019

Staging Design
(Cost Reduction)

Japan
MEXT ILC Advisory Panel

Organization,
governance

Human resources
& devlopment

Hon. Kawamura Keynote Speech

Federation
US Visit

Technical Design Report (2013)
(includes staging scenarios)

Cost reduction

Interim Report

Europe

Asia

Scientists

International Effort
Cost reduction

Report

Staging, 
Cost, Physics

Studies on international organization (commissioned)

Technology, cost reduction, local cost,
distributed centers, private funds, logistics

HEP community: consensus
Future plans, ILC staging

� Budget
Request

Budget Request Budget Request

Budget Request

Budget Request Fiscal
Strategy

Fiscal
Strategy

Fiscal
Strategy

US-Japan 4th year
(conclusion)

KEK
consensus

Federation
Europe Visit

Cooperate with 
new administration
& Congress

Risk studies (commissioned)

Domestic Outreach
Toward domestic consensus

Federation: US-Europe-Japan cooperation 
Æ Support Parliament/Government/Inter-government discussion

Pre-discussion Discussion Æ Proposal

European Strategy

Summer 2018 2019, Jan-Dec

EC S&T minister, gov’ts

� With Europe (EU countries & CERN): need start concrete discussion on 
sharing of cost, technology, human resources

� With US: need start serious discussion on management and possibility of cost sharing

Æ Next 5-year plan

ESFRI (revised every 2 years; target 2019 spring)

ICFA: “staging” endorsement

IEEE

Germany-Japan
Hon. Riesenhuber

IEEE

End of October

Europen Strategy (2013)

P5 report (2014)

Input
(by second half of 2018)

P5 report

Detailed design, automation (cost reduction, stability), reduce cost risk, detector engineering design

Toward international consensus, technology applications, human development,  management cores

Phase-0 Phase-1

Europe

United States

Æ International
Agreement

Report

Report

2019

ICFA critical decision 
Keep or stop ILC Activities

Advisory
Panel
Conclusion

ILC promotion
Schedule V-2017.June Apr.                    Aug.        Dec. Mar.

NOW CRITICAL Aug.

ALCWS, SLAC 26-30 June 2017

Lyn Evans, June 29AWLC2017 @ SLAC, June 26-30, 2017
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研究者による検討結果：主に技術的観点
国際設計チーム

北上サイトでの国際詳細設計を進行中

Kitakami Site

Satoru Yamashita @ JPS 2017 fall



Morioka

Tohoku tourism ad

seen on Tokyo Metro

OUTREACH and SUPPORTS 
by LOCAL AREA

Local Support

Satoru Yamashita @ JPS 2017 fall



Ecm 0.25-1 TeV 
Lab. frame = CM frame

Ecm 7-14 TeV 
Pileup 

Initial state not very well defined

pp

LHC: Collision of protons 
which are composite

ILC: Collision of e+e- which 
are elementary

clean and and able to detect everything produced!
proton is composite ⇒ events are complicated but maximum 
reachable energy is high!

3 Powerful Tools

e- e+

Huge QCD BG 2. Clean environment 
w/o QCD BG

3. Polarized Beam

1. Well-defined 
initial state



Power of Beam Polarization
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SU(2)L

e+

−eL

W+

W−W0

e

−eL

W+

W−

SU(2)Lνe+

W+W- (Largest SM BG in SUSY searches)

Y   = -1    : R
−eR

Y   = -1/2 :L
−eL⎧

⎨⎧

In the symmetry limit, σ    = 4 σ  !R L

µ ∼ 
R 
+ 

e+ 

e − µ ∼ 
R 
−

B

U(1)Y

Y

R/L

In the symmetry limit, σ       → 0   for       !
−eRWW

Right-handed Smuon Pair

e   BeamR
−

H ∼ + 
e+ 

e − 
R

B

U(1)Y H ∼ − 

Only        components
in        contribute !

H ∼ ±
χ ∼ 

1 
± 

e  e  → W  W+ + −−cf.)

==       .          +        .χ ∼ 
1 
± W∼ ± H∼ ± 

〈            〉⎪H ∼ ± χ ∼ 
1 
± 

Chargino Pair

BG Suppression

Decomposition

Signal Enhancement
ν

ν−

W

W

H

e
+

e
−
L

R e

e

WW-fusion Higgs Prod.
ILC

Pol (e-) -0.8
Pol (e+) +0.3
(σ/σ0)vvH 1.8x1.3=2.34



Precision Higgs 
Analysis with EFT
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By A Pomarol

preferred

preferred

Supersymmetry

Hyung Do Kim



arXiv: 1708.08912
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L = LSM + �L

EFT Lagrangian Before EW Symmetry Breaking

10 parameters of which C6 only affects Higgs self-coupling analysis.

5 parameters to account for Higgs coupling to b, c, τ, μ, g.


+ 2 parameters to account for invisible and exotic Higgs decays.

+ 4 parameters to account for the shifts of g, g’, v, and λ

Manifestly SU(2)xU(1) gauge invariant
∵ BSM must be SU(2)xU(1) symmetric
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EFT Lagrangian After EW Symmetry Breaking

Coefficients, η’s, ζ’s, θh are given in terms of C’s and hence 
interrelated, for instance

Custodial SU(2) Symmetry

which come to our rescue  in Γh determination at 250GeV where 
the WW-fusion cross section is small.



Recently appeared in arXiv: 1708.09079

The details of the EFT formalism is described in



There are many coefficients to decide.  
But remember that WL and ZL are NGBs 
from the Higgs sector. 
We can use all kinds of SM processes 
involving W and Z to constrain them!  

→ Global Higgs+EWPO+TGC fit

58



All the SM processes suddenly 
become equally important!

59

Higgs

• e+e-→Hγ 
• H→Zγ 
• … 

Precision EW

• TGC 
• e+e-→Zγ (ALR), γγ, … 
• …



At ILC 250, we will have enough redundancy 
(#observables > #unknown) to test the validity 
of EFT. 
If we see inconsistency, it suggests ΛBSM ~ Ecm. 
We then expect to see significant deviations 
from the SM, or to find some new particle. 
In this case, we forget about EFT and try to 
build specific models to explain the observed 
deviation pattern and/or the new particle and 
test these specific models. 
For new particle searches, we will work on 
particular models anyway.

60
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comments on beam polarizations

34

• not changed: important for systematics control, nature 
of new particle (once found), e.g. Higgsino, WIMPs 

• new roles in EFT

Z

Z
He+

e− γ
-> separate hZZ and hγΖ couplings

-> improve ALR in Z-e-e coupling
Z

Z
He+

e−

important to constrain contact interaction
Z

Z
He+

e−

 

J.Tian

Polarization is one of the most important tools that 
provide redundancy in EFT analysis!
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ILC Scenario H-20-CD-dBS

evolution of coupling precisions

68
end of 250 stage

(example for option C(D) with δBS, see backup more for other options)

end of 250 GeV stage



Kappa vs EFT
arXiv: 1708.08912



ILC250 vs Others arXiv: 1708.08912



Beam Polarizations

Beam polarization essentially doubles the number of independent 
observables and provides enough redundancy to test the validity of the 
EFT in case there is a light new particle!

arXiv: 1708.08912



Sensitivity of 
Precision 

Measurements to 
New Physics Scale
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SMSM
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Fingerprinting
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Snowmass ILC Higgs White Paper (arXiv: 1310.0763)

(SUSY?)

(rad. seesaw?)

Kτ

2HDM

ILC TDR

Kb

Multiplet Structure

4 Possible Z2 Charge Assignments  
that forbids tree-level Higgs-induced FCNC

KV2 = sin(β-α)2 =1 ⇔ SM

Given a deviation of the 
Higgs to Z coupling: ΔKv2 = 
1-Kv2 = 0.01 we will be able 
to discriminate the 4 
models!

Model-dependent

7-parameter fit


ILC: Baseline lumi.

Kanemura et al (arXiv: 1406.3294)


