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Prologue:

Japan is deliberating on construction

of International Linear e+e- Collider (ILC) 

• stage 1:
p
s = 250 GeV Higgs factory: e+e� ! Zh

• stage 2: upgrade to
p
s ⇠ 380� 500 GeV explore tt̄ threshold

•
p
s ⇠ 500 GeV: e+e� ! Zhh Higgs self-coupling

• then: operate above tt̄h threshold: top Yukawa coupling

A guaranteed program of exciting measurements!

BUT!



Important question from Japan MEXT committee:

given the prospect of no new physics beyond the SM at LHC, 


what are prospects for new particle discovery at ILC?

Short reply to MEXT from ICFA:

backed up by lengthier Linear Collider Collaboration Physics Working Group report

arXiv:1702.05333



Stage 1: Higgs factory
• At

p
s = 250 GeV, e+e� ! Zh allows measurement of Higgs boson cou-

plings to fermions/gauge bosons/invisibles to < 1% precision

• A program of Higgs fingerprinting: distinguish e.g. SUSY pattern from
composite Higgs models

• at
p
s = 500 GeV, measure Higgs self coupling � via Zhh

• ultimately measure top Yukawa coupling via tt̄h production



ILC as precision top factory:

• At

p
s = 350 � 500 GeV, e+e� ! t¯t allows precision scan of top pair

production threshold

• measure mt to 50 MeV precision

• using polarized beams: measure top quark left-/right- couplings to high

precision

• test composite/ED models even if Q(new physics) ⇠ 10 TeV



ILC potential to discover new force particles:

explore the multi-TeV range via real or virtual effects

e+e� ! �, Z, Z 0 ! ff̄



While previous results are guaranteed testable, 

can ILC weigh in on the biggest possibility: 


the discovery of SUSY?

Or do recent LHC results, m(glno)>2 TeV, m(t1)>1 TeV

pre-empt any possibility?

So far, the bulk of LHC searches take place within

either unnatural or simplified models

What is the most natural, simplest version of SUSY?




``Everything should be made as simple as possible, 

but not simpler’’  


A. Einstein

``The appearance of fine-tuning in a scientific theory 

is like a cry of distress from nature


complaining that something needs to be better explained’’

  S. Weinberg

SUSY motivation: simplicity and naturalness

Needed: a natural theory which contains SM: the MSSM



MSSM+naturalness=> light higgsinos with mass~100-200 GeV
m
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+mixing + rad.corr. (MSSM)

naturalness:

all independent contributions to some observable O 


should be comparable to or less than O

otherwise: 

if one contribution is >>O, then some other


must be fine-tuned to large opposite-sign to maintain O 

at its measured value: this is unnatural 

(i.e. highly implausible; likely wrong)

• m2
Hu

is driven small negative (radiatively driven naturalness)

• Higgs/higgsino mass µ ⇠ 100� 200 GeV (the smaller the better)

• radiative corrections to m2
Z relation minimized for highly mixed TeV-scale

top squarks

LHC has only begun to explore natural SUSY parameter space!
[m(glno)<~4-5 TeV; m(t1)<3 TeV at little cost to naturalness]

light higgsinos are difficult, perhaps impossible, to see at LHC



How much is too much fine-tuning?

Visually, large fine-tuning has already developed by µ ⇠ 350 or �EW ⇠ 30

HB, Barger, Savoy

Nature is natural ) �EW < 20� 30 (take 30 as conservative)



Smoking gun signature: light higgsinos at ILC:

ILC is Higgs/higgsino factory!

3-15 GeV higgsino mass

gaps no problem


in clean ILC environment

ILC either sees light higgsinos 

or natural MSSM dead

�(higgsino) � �(Zh)

HB, Barger, Mickelson, Mustafayev, Tata
arXiv:1404:7510





















Conclusions
• ILC stage 1: Higgs factory, Higgs fingerprinting


• ILC as precision top factory


• new forces: Z’


• simplest, most natural SUSY=> light higgsinos


• ILC should be a higgsino factory as well!


• lightest Higgsino is WIMP: but only part of DM (with axion?)


• precision measurements at ILC can test nature of higgsino-like WIMP and 
probe e.g. SUSY GUTs vs. stringy mirage mediation models


