
Welcome to

113年7月16日火曜日



How did the Universe begin?
What is its fate?

What is it made of?
How does it work?
Why do we exist?

interdisciplinary institute of astronomy, 
physics and mathematics

10-year program by Japanese 
government since 2007
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Oct 2009
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Oct 2010
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Oct 2011
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Oct 2012

picture will be taken on Oct 19

>50% non-Japanese
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+25 graduate students, 35 support staff≈145
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designed specifically for 
interdisciplinary research
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Introduction to ILC
Hitoshi Murayama (Kavli IPMU & Berkeley)
Kavli IPMU School on the Future of Collider Physics
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TOD
I A S

TODAI INSTITUTES FOR ADVANCED STUDY

東京大学国際高等研究所

I  ODIAS
東 京 大 学 国 際 高 等 研 究 所
TODAI INSTITUTES FOR ADVANCED STUDY

I  

東 京 大 学 国 際 高 等 研 究 所
TODAI INSTITUTES FOR ADVANCED STUDY

A案

A案
マークのみ

C案

C案
マークのみ

E案

E案
マークのみ

TODIAS

TOD
I A S

1213年7月16日火曜日



Why ILC?
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It’s the Higgs, stupid!
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theory：1964

concept：1984

construction：1998

discovery of 
Higgs-like boson

2012.7.4
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webcast watched @
Kavli IPMU

I’m on TV connection 
from Berkeley
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Higgsdependence Day
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A Higgs boson discovered!
decayed into two photons
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Amazing!

Huge efforts over last months to prepare for high lumi and pile-up expected in 2012: 
 optimized trigger and offline algorithms (tracking, calo noise treatment, physics objects)  
     mitigate impact of pile-up on CPU, rates, efficiency, identification, resolution  
 in spite of x2 larger CPU/event and event size  we do not request additional computing  
     resources (optimized computing model, increased fraction of fast simulation, etc.) 

The BIG  
challenge  
in 2012:  
PILE-UP 

Z μμ 

Z μμ event from 2012 data with 25 reconstructed vertices 

2012: ~30 events/xing  
at beginning of fill  
with tails up to ~ 40.  

37 

2011: average  
12 events/xing,  
with tails up to ~20 

pick up tens out of 1015
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Fermi scale

• Fermi told us the 
energy scale to probe 
back in 1933

• GF
–1/2 = 300 GeV

• We finally got there!

20
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New Era
• ∼1900 reached atomic scale 10–8cm≈1/(αme)

• ∼1970 reached strong scale 10–13cm≈Me–2π/αs b0

• ∼2010 reached weak scale 10–17cm=TeV–1

• known since Fermi (1933), finally there!
• fundamental scale?

• extra dimensions?  TeV string theory?
• a derived scale?

• from SUSY breaking? composite dynamics?
• rich spectrum of new particles?
• We’ll start with Higgs boson(s)

21
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1993 UK competition
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Cosmic Superconductor
• In a superconductor, magnetic field gets repelled (Meissner effect), 

and penetrates only over the “penetration length”

	
 ⇒ Magnetic field is short-ranged!

• Imagine a physicist living in a superconductor

• She finally figured:

• magnetic field must be long-ranged 

• there must be a mysterious charge-two condensate in her 
“Universe”

• But doesn’t know what the condensate is, nor why it 
condenses

• Doesn’t have enough energy (gap) to break up Cooper pairs

 That’s the stage where we are!

23
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Universe has 
been cooling

disorder　　　　 ⇒ 　　　　order

4 quadrillion degrees

symmetry breaks spontaneously
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nucleus
electron

atom
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uncomfortable

• Higgs boson is the only spin 0 
particle in the standard model
• one of its kind, no context
• but does the most important job

• looks rather artificial
• also superficial, doesn’t explain 

dynamics behind the condensate
• Higgsless theories: now dead

26
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Theory for Scalar Bosons?
Supersymmetry

• Higgs just one of many scalar bosons
• SUSY loops make mh

2 negative

composite
• unitarity solved by KK states or form factors
• condensate by a strong attractive force, holography

Extra dimension
• Higgs spinning in extra dimensions
• new forces from particles running in extra D

27
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• having discovered a Higgs boson

• Higgs boson may connect the Standard 
Model to other “sectors”, i.e. dark matter

hidden
sector

Higgs
sector

Higgs as a portal

28

SU(3)CxSU(2)LxU(1)Y

quarks
leptons

L = OhiddenH
†H
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lucky for experiments

29window to new world?
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History of Colliders
1. precision measurements with e– accelerator 

(i.e. polarized e– d) predicted mW, mZ

2. UA1/UA2 (ppbar) discovered W/Z particles
3. LEP (e– e+) nailed the gauge sector
1. precision measurements of W and Z (i.e. 

LEP + Tevatron) predicted mH

2. LHC (pp) discovered H-like particle
3. LC (e– e+) nails the Higgs sector?
1. precision H measurements at LC predict ???

30
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Need many probes
for full understanding
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ILC

• e+, e– are elementary 
particles

• well-defined energy, 
angular momentum

• uses its full energy

• can produce particles 
democratically

• can capture nearly full 
information

LHC

ILC

p
p

e
+

e
-

32
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amazing high-tech

• collide electrons and 
positrons: “cherry pits”

• accelerate beams 15km

• focus beams down to a 
few nanometers and 
make sure they meet!

• extendable

• high beam polarization

• superconducting cavities 
with many possible 
industrial applications

International Linear Collider (ILC) 
electron sources
(HEP and x-ray laser)

linear
accelerator

linear accelerator

x-ray laser

electron-positron collision
high energy physics experim

ents

positron source

aux. positron and
2nd electron source

dam
ping ring

dam
ping ring

positron
preaccelerator

e -

e +

e -

33 km
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LHC vs ILC
(oversimplified)

total energy 14TeV 0.5-1 TeV

usable energy a fraction full

beam proton (composite) electron (point-like)

signal rate high low

background rate very high low

analysis easy particles only nearly all particles

events lose info along the beams capture the whole

status being upgraded just finished design!
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Why linear?

• circular e+e– machine 
suffers from the 
synchrotron radiation 
loss

• P∝E4/R

• If scaled from LEP with 
the same luminosity 
and bunch size, 1TeV 
machine with same 
power loss would 
require R=14000km

35
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linear = R→∞
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3.1.
T

he
ILC

TechnicalD
esign

Table 3.1. Summary table of the 250–500 GeV baseline and luminosity and energy upgrade parameters. Also included is a possible 1st stage 250 GeV parameter set (half the original main
linac length)

.

Baseline 500 GeV Machine 1st Stage L Upgrade ECM Upgrade

A B
Centre-of-mass energy ECM GeV 250 350 500 250 500 1000 1000

Collision rate frep Hz 5 5 5 5 5 4 4
Electron linac rate flinac Hz 10 5 5 10 5 4 4
Number of bunches nb 1312 1312 1312 1312 2625 2450 2450
Bunch population N ◊1010 2.0 2.0 2.0 2.0 2.0 1.74 1.74
Bunch separation �tb ns 554 554 554 554 366 366 366
Pulse current Ibeam mA 5.8 5.8 5.8 5.8 8.8 7.6 7.6

Main linac average gradient Ga MV m≠1 14.7 21.4 31.5 31.5 31.5 38.2 39.2
Average total beam power Pbeam MW 5.9 7.3 10.5 5.9 21.0 27.2 27.2
Estimated AC power PAC MW 122 121 163 129 204 300 300

RMS bunch length ‡z mm 0.3 0.3 0.3 0.3 0.3 0.250 0.225
Electron RMS energy spread �p/p % 0.190 0.158 0.124 0.190 0.124 0.083 0.085
Positron RMS energy spread �p/p % 0.152 0.100 0.070 0.152 0.070 0.043 0.047
Electron polarisation P≠ % 80 80 80 80 80 80 80
Positron polarisation P+ % 30 30 30 30 30 20 20

Horizontal emittance “‘x µm 10 10 10 10 10 10 10
Vertical emittance “‘y nm 35 35 35 35 35 30 30

IP horizontal beta function —ú
x mm 13.0 16.0 11.0 13.0 11.0 22.6 11.0

IP vertical beta function —ú
y mm 0.41 0.34 0.48 0.41 0.48 0.25 0.23

IP RMS horizontal beam size ‡ú
x nm 729.0 683.5 474 729 474 481 335

IP RMS veritcal beam size ‡ú
y nm 7.7 5.9 5.9 7.7 5.9 2.8 2.7

Luminosity L ◊1034 cm≠2s≠1 0.75 1.0 1.8 0.75 3.6 3.6 4.9
Fraction of luminosity in top 1% L0.01/L 87.1% 77.4% 58.3% 87.1% 58.3% 59.2% 44.5%
Average energy loss ”BS 0.97% 1.9% 4.5% 0.97% 4.5% 5.6% 10.5%
Number of pairs per bunch crossing Npairs ◊103 62.4 93.6 139.0 62.4 139.0 200.5 382.6
Total pair energy per bunch crossing Epairs TeV 46.5 115.0 344.1 46.5 344.1 1338.0 3441.0

Executive
Sum

m
ary

ILC
TechnicalD

esign
Report:

Volum
e

1
11

~1011@LHC

9cm
20µm

Yokoya
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beamstrahlung
Yokoya
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amazing high-tech

• collide electrons and 
positrons: “cherry pits”

• accelerate beams 15km

• focus beams down to a 
few nanometers and 
make sure they meet!

• extendable

• high beam polarization

• superconducting cavities 
with many possible 
industrial applications

International Linear Collider (ILC) 
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competing requirements

• luminosity

• beamstrahlung

• power consumption

• need nanobeam!

• still need to achieve a 
very good efficiency 
~6% ⇒ Hayano

43
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damping ring
• Liouville’s theorem says 

phase space volume cannot 
be reduced in a closed 
system

• need to create a very high 
quality beam with small Δp 
and small Δx

• make the curse into a 
benefit

• use radiation damping
• achieved 72.8nm @ 1.3GeV! 

on Dec 21, 2012
• needs to go down to 37nm

44
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production mechanisms

Volume 1: Physics 2.4. Higgs measurements at ILC at 250 GeV
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Figure 2.4.8: Higgs recoil mass distribution in the Higgs-strahlung process e+e� !
Zh, with (a) Z ! µ+µ� and (b) Z ! e+e�(n�). The results are shown for
P (e+, e�) = (+30%, �80%) beam polarization. These distributions give the Higgs
boson mass with no assumptions required concerning the Higgs decay modes.
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Chapter 2. Higgs Boson
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Figure 2.4.6: Feynman diagrams for the three major Higgs production processes at
the ILC: e+e� ! Zh (left), e+e� ! ⌫⌫H (center), and e+e� ! e+e�H (right).

measurements of the properties of the Standard-Model-like Higgs boson candidate
found at the LHC.

The precision Higgs program will start at
p

s = 250GeV with the Higgs-strahlung
process, e+e� ! Zh (Fig. 2.4.6 (left)).The production cross section for this process
is plotted in Fig. 2.4.7 as a function of

p
s together with that for the weak boson

fusion processes (Figs. 2.4.6-(center and right)). We can see that the Higgs-strahlung
process attains its maximum at around

p
s = 250GeV and dominates the fusion

processes there. The cross section for the fusion processes increases with the energy
and takes over that of the Higgs-strahlung process above

p
s >⇠ 400 GeV.

The production cross section of the Higgs-strahlung process at
p

s ' 250 GeV is
substantial for the low mass Standard-Model-like Higgs boson. Its discovery would
require only a few fb�1 of integrated luminosity. With 250 fb�1, about 8.⇥104 Higgs
boson events can be collected. Note that, here and in the rest of our discussion, we
take advantage of the ILC’s positron polarization to increase the Higgs production
rate over that expected for unpolarized beams.

The precise determination of the properties of the Higgs boson is one of the main
goals of the ILC. Only after this study is completed can we settle the question of
whether the new resonance is the Standard Model Higgs boson, a Higgs boson of a
more general theory, or a particle of a di↵erent origin. Particular important for this
question are the values of the Higgs boson mass, mh, and the Higgs production cross
sections and branching ratios.

In this section and the following ones, we will present the measurement accu-
racies for the Higgs boson properties expected from the ILC experiments. These
measurement accuracies are estimated from full simulation studies with the ILD and
SiD detectors described in the Detector Volume of this report. Because these full-
simulation studies are complex and were begun long before the LHC discovery, the
analyses assumed a Higgs boson of mass 120 GeV. In this section and the next two

42 —DRAFT— Last built: March 31, 2013
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Figure 2.6.19: Production cross sections for the Higgs-strahlung, e+e� ! Zh, the
WW fusion, e+e� ! ⌫⌫H, and ZZ fusion processes as a function of the center of
mass energy for mh = 125GeV and beam polarization (Pe� , Pe+) = (�0.8, +0.2).

1000 GeV will provide a higher statistics sample of Higgs bosons, as discussed above.
We thus expect about 100 events for the h ! µ+µ� mode. Since the cross sections
for the e+e� ! W+W� ! µ+⌫µµ�⌫µ and e+e� ! ZZ ! µ+µ�ff backgrounds
will decrease, while the signal cross section will increase at higher energies, we would
expect a meaningful measurement of the muon Yukawa coupling. An earlier fast
simulation result showed that a 5 � signal peak would be observed with a 1 ab�1

sample for mh = 120 GeV [122,123]. More recent full simulations by SiD and ILD
showed that indeed we would be able to measure � ⇥ BR(h ! µ+µ�) to 32% for
mh = 125GeV even with the full beam-induced backgrounds. Together with the
tau Yukawa coupling from the h ! ⌧+⌧� branching ratio, this measurement will
provide an insight into the physics of lepton mass generation. With the charm
Yukawa coupling from the h ! cc branching fraction, this also will allow us to probe
the mass generation mechanism for the second generation matter fermions.

The new high-statistics sample of Higgs boson allows branching ratio measure-

60 —DRAFT— Last built: March 31, 2013
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Coupling measurementsVolume 1: Physics 2.8. Conclusion

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10

W    Z     b   g    a����o�����c      t  inv.

g(hAA)/g(hAA)|
SM

-1  LHC/ILC1/ILC/ILCTeV

Figure 2.8.20: Estimate of the sensitivity of the ILC experiments to Higgs boson
couplings in a model-independent analysis. The plot shows the 1 � confidence
intervals as they emerge from the fit described in the text. Deviation of the central
values from zero indicates a bias, which can be corrected for. The upper limit on
the WW and ZZ couplings arises from the constraints (2.3.31). The bar for the
invisible channel gives the 1 � upper limit on the branching ratio. The four sets of
errors for each Higgs coupling represent the results for LHC (300 fb�1, 1 detector),
the threshold ILC Higgs program at 250 GeV, the full ILC program up to 500 GeV,
and the extension of the ILC program to 1 TeV. The methodology leading to this
figure is explained in [65].
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Coupling measurementsChapter 2. Higgs Boson
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Figure 2.8.21: Expected precision from the full ILC program of tests of the Standard
Model prediction that the Higgs coupling to each particle is proportional to its mass.
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Is Higgs alone?

• Many models that try 
to explain mh=125GeV 
require additional 
Higgs bosons

• precision 
measurements reveal 
their existence

• e.g. “Dirac NMSSM”

49
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Physics at ILC

• now guaranteed at <500 GeV:
• precision study of a Higgs particle
• window to new physics?
• top quark threshold

• also possible at higher energies:
• Higgs self-coupling
• discovery reach on electroweak particles
• window to unification?

50

5013年7月16日火曜日



What about new physics?
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What did you find?

• Specify the fields
• mass
• spin ⇒ 0, 1/2, 1

• SU(3)xSU(2)xU(1) quantum numbers
• mixing of states

• Specify their interactions
• SU(3)xSU(2)xU(1) quantum numbers 

determine gauge interactions
• Yukawa couplings
• trilinear and quartic scalar couplings

52
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What did you find?

• Specify the fields
• mass
• spin ⇒ 0, 1/2, 1

• SU(3)xSU(2)xU(1) quantum numbers
• mixing of states

• Specify their interactions
• SU(3)xSU(2)xU(1) quantum numbers 

determine gauge interactions
• Yukawa couplings
• trilinear and quartic scalar couplings
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μ→μχ0
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0
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• fit to the kinetic 
distribution

mµ̃ = 132.0±0.3 GeV
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Two-body kinematics

• In the CM frame of two particles of mass 
m1 and m2
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μ→μχ0

• In the smuon rest frame

• In the lab frame

• muon momentum in the lab frame

• Therefore, the muon energy is

~
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threshold scan

mµ̃ = 132.0±0.09 GeV
mc̃0 = 71.9±0.05 GeV
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LHC/LC synergy
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What did you find?

• Specify the fields
• mass
• spin ⇒ 0, 1/2, 1

• SU(3)xSU(2)xU(1) quantum numbers
• mixing of states

• Specify their interactions
• SU(3)xSU(2)xU(1) quantum numbers 

determine gauge interactions
• Yukawa couplings
• trilinear and quartic scalar couplings

60
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Spin
• production angle 

distribution well above 
the threshold:

• spin 1/2

• spin 0

θ

sin2θ

(1+cosθ)2

θ
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“New particle” has
spin 1/2

1+cos2θ

sin2θ

θ

sin2θ

(1+cosθ)2

θ
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“New particle” has
spin 1

Corrected Data 1992

Vector Gluon, LO
Vector Gluon, LO + Fragment.
Scalar Gluon, LO
Scalar Gluon, LO + Fragment.
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Figure 13: Distributions of the x variable for τ → eνν̄ (a), τ → µνν̄ (b), and τ → hν (c).
Distributions of the ω variable for τ → ρν (d) and τ → a1ν: a1 → 3h (e) and a1 → h2π0 (f).
The dotted and dash-dotted lines correspond to the contributions of left- and right-handed
τ ’s respectively. The shaded area is the non-τ background contribution.
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Smuon production
•  
• once masses known, you can solve 

kinematics up to a two-fold ambiguity
• muon momenta measured:
• neutralino momenta: 

• neutralino mass constraint:
• smuon mass constraint:

• momentum conservation:

• Now know
• Know    up to a two-fold ambiguity
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Smuon has spin 0

false solution

1
0

2
0

R R
~ ~

cos R
~

69
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can reconstruct with 
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θ

P-wave

S-wave

θ

Spin
• threshold behavior

non-relativistic limit: 
L, S separately 
conserved

180 200 220 240 260 280 300

m=100 GeV

ECM

spin 1/2

spin 0

mµ̃ = 132.0±0.09 GeV
mc̃0 = 71.9±0.05 GeV70
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What did you find?

• Specify the fields
• mass
• spin ⇒ 0, 1/2, 1

• SU(3)xSU(2)xU(1) quantum numbers
• mixing of states

• Specify their interactions
• SU(3)xSU(2)xU(1) quantum numbers 

determine gauge interactions
• Yukawa couplings
• trilinear and quartic scalar couplings
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polarization
• Use polarized electron 

beam
• can ignore mZ

2≪s

• eR couples only to Bμ
• eL couples to Bμ+Wμ0

f
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B
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a new gauge boson

Volume 1: Physics 3.2. Z 0 physics

Figure 3.2.1: Sensitivity of the ILC to various candidate Z 0 bosons, quoted at
95% conf., with

p
s = 0.5 (1.0) TeV and Lint = 500 (1000) fb�1. The sensitivity of

the LHC-14 via Drell-Yan process pp ! `+`� +X with 100 fb�1 of data are shown
for comparison. For details, see [14].
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Figure 3.2.3: 95% confidence regions in the plane of the couplings of left- and right-
handed leptons to a Z 0 boson, for the ILC with

p
s = 500 GeV and 1000 fb�1 and

80%/60% electron and positron polarization, for MZ0 = 2 TeV (left panel) and 4
TeV (right panel). For further details, see [16].
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What did you find?

• Specify the fields
• mass
• spin ⇒ 0, 1/2, 1

• SU(3)xSU(2)xU(1) quantum numbers
• mixing of states

• Specify their interactions
• SU(3)xSU(2)xU(1) quantum numbers 

determine gauge interactions
• Yukawa couplings
• trilinear and quartic scalar couplings

74
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Supersymmetry
• access to color-neutral SUSY 

particles

Colored SUSY particles are 
constrained from below by LHC 
 

We need mass splitting between 
the colored sector and the 
uncolored sector 

Typical cMSSM scenario 

Typical GMSB scenario 

Typical AMSB scenario 

S. Heinemeyer 

Sleptons Sleptons 

Sleptons 

Colored 

Colored 
Colored 

ILC 1000 

31 
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electroweak states
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Figure 8: 95% CL exclusion limits for (a) right-handed, (b) left-handed, and (c) both right- and left-
handed (mass degenerate) selectron and smuon production in the m�̃0

1
–m ˜̀ plane. (d) 95% CL exclusion

limits for �̃±1 �̃
⌥
1 pair production in the simplified model with sleptons and sneutrinos with m ˜̀ = m⌫̃ =

(m�̃±1 +m�̃0
1
)/2. The dashed and solid lines show the 95% CLs expected and observed limits, respectively,

including all uncertainties except for the theoretical signal cross-section uncertainty (PDF and scale).
The solid band around the expected limit shows the ±1� result where all uncertainties, except those on
the signal cross-sections, are considered. The ±1� lines around the observed limit represent the results
obtained when moving the nominal signal cross-section up or down by the ±1� theoretical uncertainty.
Illustrated also are the LEP limits [38] on the mass of the right-handed smuon µ̃R in (a)–(c), and on the
mass of the chargino in (d). The blue line in (d) indicates the limit from the previous analysis with the
7 TeV data [35].
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Composite Higgs

• effect of 
compositeness appears 
as higher dimension 
operators

• precision Higgs 
measurements

• window to high-energy 
physics beyond TeV

77

equations of motion this term can, however, be rewritten as

1

m2
ρ

[
m2

HHα + λH†HHα + yf(FLfR)α
]2

, (12)

corresponding to effects that are all subleading to more direct corrections from the strong

sector.

For completenes we should also list the dimension-6 operators involving only covariant

derivatives and field strengths

O2W = (DµWµν)
i(DρW

ρν)i O2B = (∂µBµν)(∂ρB
ρν) O2g = (DµGµν)

a(DρG
ρν)a

(13)

O3W = εijkW
i
µ

ν
W j

νρW
k ρµ O3g = fabcG

a
µ

νGb
νρG

c ρµ. (14)

As we show in the appendix A, see eq. (117), the three operators in eq. (13) can be generated

at tree level through the exchange of massive vectors transforming respectively as a weak

triplet, as a singlet and as a color octet. Their coefficients are therefore in general of order

1/(gρmρ)2. The two operators in eq. (14) cannot arise at tree level in minimally-coupled

theories. For instance O3W contributes to the magnetic dipole and to the electric quadrupole

of the W . They are thus generally expected with a coefficient ∼ 1/(4πmρ)2.

2.3 The SILH effective Lagrangian

We now basically have all the ingredients to write down the low-energy dimension-6 effective

Lagrangian. We will work under the assumption of a minimally coupled classical Lagrangian

at the scale mρ.

Using the rules described in sect. 2.2, we obtain a low-energy effective action for the

leading dimension-6 operators involving the Higgs field of the form

LSILH =
cH

2f 2
∂µ

(
H†H

)
∂µ

(
H†H

)
+

cT

2f 2

(
H†←→DµH

)(
H†←→D µH

)

−
c6λ

f 2

(
H†H

)3
+

(
cyyf

f 2
H†Hf̄LHfR + h.c.

)

+
icW g

2m2
ρ

(
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9Giudice, Grojean, Pomarol, Rattazzi

ILC500 ⇒ 4πf~40 TeV
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• Most exciting thing 
about superpartners 
beyond existence:

They carry information of 
small-distance physics to 
something we can 
measure

	
 “Are forces unified?”

LHC+LC
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Physics at LCs

• now guaranteed at <500 GeV:
• precision study of the Higgs-like particle
• window to new physics?
• top quark threshold

• also possible at higher energies:
• Higgs self-coupling
• discovery reach on electroweak particles
• window to unification?

80
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Sounds great,
but are we going 

to have one?
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A Proposal for a Phased Execution of the International Linear Collider Project

In March 2012, the Japan Association of High Energy Physicists (JAHEP) accepted 
the recommendations of the Subcommittee on Future Projects of High Energy 
Physics(1) and adopted them as JAHEP's basic strategy for future projects.  In July 
2012, a new particle consistent with a Higgs Boson was discovered at LHC, while in 
December 2012 the Technical Design Report of the International Linear Collider 
(ILC) will be completed by a worldwide collaboration.

On the basis of these developments and following the subcommittee's 
recommendation on ILC, JAHEP proposes that ILC be constructed in Japan as a 
global project with the agreement of and participation by the international 
community in the following scenario: 

(1) Physics studies shall start with a precision study of the "Higgs Boson", and then 
evolve into studies of the top quark, "dark matter" particles, and Higgs self-
couplings, by upgrading the accelerator.  A more specific scenario is as follows: 

　(A)  A Higgs factory with a center-of-mass energy of approximately 250 GeV shall 

  be constructed as a first phase.  

　(B)  The machine shall be upgraded in stages up to a center-of-mass energy of
 ~500 GeV, which is the baseline energy of the overall project. 

 
　(C)  Technical extendability to a 1 TeV region shall be secured.

(2) A guideline for contributions to the construction costs is that Japan covers 50% 
of the expenses (construction) of the overall project of a 500 GeV machine.   The 
actual contributions, however, should be left to negotiations among the 
governments.  

                 October, 2012      The Japan Association of High Energy Physicists

Reference
(1)  http://www.jahep.org/office/doc/201202_hecsubc_report.pdf

             The subcommittee’s recommendations are attached in the next page. 

JAHEP statement Oct 2012
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Is this a pipe dream?
• There is a lot of momentum in Japan:

• Community
• Industry & local regions
• National Politics

• It crucially depends on international interest 
& support on its scientific case

• European Strategy supports the proposal 
for Japan to host an ILC, already helping

84
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European Strategy

There is a strong scientific case for an electron-positron 
collider, complementary to the LHC, that can study the 
properties of the Higgs boson and other particles with 
unprecedented precision and whose energy can be upgraded.  
The Technical Design Report of the International Linear 
Collider (ILC) has been completed, with large European 
participation.  The initiative from the Japanese particle physics 
community to host the ILC in Japan is most welcome, and 
European groups are eager to participate. Europe looks forward 
to a proposal from Japan to discuss a possible participation.
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HEPAP%Facili+es%Subpanel:%
Report%on%Energy%Fron+er%Facili+es%

S.%Dawson,%BNL%
March%11,%2013%

1%S.%Dawson%

US%Par+cipa+on%in%Japanese%Hosted%ILC%%
•  Science%drives%the%need%for%e+e]%collider%

–  ILC%%addresses%absolutely%central%physics%ques+ons%and%is%
complementary%to%the%LHC%

–  Japanese%hosted%ILC%could%be%under%construc+on%before%
2024%

•  Parameters%of%a%poten+al%US%contribu+on%are%not%
known%and%depend%on%interna+onal%agreements%
–  The%US%has%made%substan+al%contribu+ons%to%detector%and%
accelerator%development%through%the%global%effort%

–  Should%an%agreement%be%reached,%%the%US%par+cle%physics%
community%would%be%eager%to%par+cipate%in%both%the%
accelerator%and%detector%construc+on%

22%S.%Dawson%

Need discussions 
at the diplomatic 

levels
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Prime Minister
Shinzo Abe

• Dec 2012 election

• another one July 2013

• LDP policy documents 
for both elections 
mention ILC twice

87
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Inaugural Speech by PM Abe
(Japanese version of ‘State of the Union’)

Feb 28, 2013

• ‘Japan is driving global innovation in cutting-edge areas, including 
among others the world's first production test of marine methane 
hydrate, a globally unparalleled rocket launch success rate, and our 
attempts to develop the most advanced accelerator technology in the 
world.’

88

PM Abe at the
83rd session of Diet
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Press conference by 
the MEXT minister Shimomura

Jan 18, 2013 

‘(On ILC) We would like to consider the plan 
for the near future, while as the government 
actively negotiating with relevant countries in 

the first half of this year … we are now 
studying  the legal framework.’

MEXT
Ministry of
Education
Culture
Sports

Science &
Technology
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Federation of Diet Members
for Promotion of ILC

• Established in 2008, expanded to a multi-partisan 
group

• Re-invigorated after the Higgs discovery:           
now >150 members!

• New chair: Mr. Kawamura (former MEXT minister)
• Meet twice a month

90
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Lyn Evans meets Prime Minister
Mar 27, 2013

91

I understand ILC is a dream for humankind.
I need to monitor the developments
carefully to see what role Japan can play.
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Science-Industry Alliance
• ‘Advanced Accelerator Association for promoting science 

and technology (AAA)’ 
• Established in 2008
• Headed by a former CEO of Mitsubishi Heavy Industries: Mr. 

Nishioka
• Hitachi, Toshiba, Mitsubishi, etc.
• ~90 industries + ~30 universities

92

Intensive activities: 
•  Lecture series, symposiums
•  Civil engineering study
•  Studies on large projects
• Science-industry cooperation
•  …
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Apr 30 Symposium
in Washington

Director 
DOE/HEP

Siegrist

acting 
secretary of 

DOE
Poneman

former 
MEXT 

Minister 
Kawamura

current MEXT 
Minister 

Shimomura
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Two Candidate Sites
• Kyushu

• Sefuri mountains
• Tohoku

• Kitakami mountains

In order to focus the design efforts:
  one of them will be chosen by mid Aug based on:
1. Geology and other technical aspects
2. Infrastructure and economic ripple effects
3. Political aspects

‘ILC site evaluation council’
Co-chairs: Kawagoe, Yamamoto
Evaluates 1. and 2. (hopefully that is enough information for decision)

Sefuri

Kitakami

9413年7月16日火曜日



95
9513年7月16日火曜日



ILC TDR worldwide event June 12

43 reporters
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National Coverage of the ILC

• Many TV and newspaper coverages
• ‘Close-up Today’ Feb 2013

NHK’s flag-ship news program (30 min)
‘Go beyond Higgs – Japan’s Large Accelerator Project’

97

Anchor: Hiroko Kuniya

317,000
copies!
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This Summer

• Science of Council of Japan was asked by 
MEXT to evaluate scientific merit of ILC 
without comparison to other projects

• site selection committee will select one site 
very soon

• International committee to evaluate viability 
of the chosen site later this month

98
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Possible Timeline
long-term

End 2013
• Japanese government announces its intent to bid

2013~2015
• Inter-governmental negotiations
• Completion of R&Ds, preparation for the ILC 

lab.
~2015

• Inputs from LHC@14TeV, decision to proceed
2015~16

• Construction begins (incl. bidding)
2026~27

• Commissioning
99
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Conclusion

• ILC has a very strong physics case

• with upgradability, beam polarization

• concrete program with Higgs

• starting at 250 GeV, up to 1 TeV

• keep our eyes on potential new physics on 
the way

• a lot of momentum building in Japan

100
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Big Questions

• Is this worth ~$10B?

• If so, how do we convince others?

• If not, what should be the next machine?

101
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LEP
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テキスト
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LEP-II
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