
Pathways to
a Higgs Factory:

Intl Linear Collider
SRF 2013 Paris

Hitoshi Murayama (Berkeley, LBNL, Kavli IPMU Tokyo)
September 27, 2013

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



basic science addresses 
fundamental questions

How did the Universe begin?
What is its fate?

What is it made of?
What are its fundamental laws?

Where do we come from?



Religions



Philosophy



Evolutionary biology
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nucleus
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380k yrs

13.8B yrs

atoms built in Big Bang
H:He ~ 3:1 in mass

agrees well with observation!
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hydrogen
helium

We are star dust
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Seminar at July 4th 

• How does it observed?  
• What should we do next? 

July 13th, 2011 IPMU seminar 5 

July 4, 2012

~50 years in the works



Higgsdependence Day
July 4, 2012



Higgs boson decays into two photons
look for hundreds of cases out of a quadrillion collisions
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Spin

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

• looks very artificial
• we still don’t know dynamics behind the 

Higgs condensate
• Higgsless theories: now dead



Spin

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

• looks very artificial
• we still don’t know dynamics behind the 

Higgs condensate
• Higgsless theories: now dead
• is it composite?
• is it spinning in extra dimensions?

What is Higgs?
Is it alone?

Any siblings?
Any relatives?
Why frozen?





Multiple Wavebands
in Astronomy



Intl Linear Collider

• 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
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Intl Linear Collider

• 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-

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 



SRF technology chosen in 2004, TDR in 2013
We now know the energy needed for the Higgs



look more closely

My son on Halloween!Einstein?

need a sharper image



Very clear signal
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Inclusive view  

• These plots were not used for the any sensitivity 
calculations, but just illustrating purpose. 

• CMS events are weighted by sensitivity. (1.67GeV/bin ??) 
July 13th, 2011 IPMU seminar 14 

CMS ATLAS 

need to make assumptions
on theory for measurements

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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model-independent
measurements
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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 2.4.6: 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.
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p

s = 250GeV with the Higgs-strahlung
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s together with that for the weak boson
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and takes over that of the Higgs-strahlung process above
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The production cross section of the Higgs-strahlung process at
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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
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also precision top physics, search for new EW particles



380k yrs

13.8B yrs

CMBHiggs

1 trillionth sec
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History of Colliders
1. precision measurements of neutral current 

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

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

LEP + Tevatron) predicted mH

2. LHC discovered a Higgs particle 
3. LC nails the Higgs sector?
1. precision measurements at ILC predict ???

ILC points to the future of the field



“State of the Union” address
2013/2/28

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.

the 183rd
congress



July Election

• Election of the Upper 
House on July 21

• LDP campaign pledge 
document mentions ILC 
twice among 356 bullets

• “leading role in developing 
technology for ILC”

• LDP won by a land slide

実感を、その手に。

あなたの一票を自民党に。

第23参　自由民主党届出パンフレット　第1号　頒布責任者：〒100-8910　東京都千代田区永田町1-11-23　自由民主党本部　栗林啓二
印刷者：〒104-8411　東京都中央区築地1-11-10　株式会社電通テック

2013

参
議
院

選
挙
公
約
日本を、取り戻す。

政策パンフレット_H4-H1　表紙



Lyn Evans meets Prime Minister
Mar 27, 2013

26

I understand ILC is a dream for humankind.
I need to monitor the developments
carefully to see what role Japan can play.



27

Federation of Diet members to promote a construction of 
international laboratory for LC (non-partisan)

>20% of Diet members signed up to support ILC

March 27
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They passed a 
resolution on June 12 

1. The site must be chosen purely based on scientific reasons.
2. After the selection, we provide nationwide support.
3. Government must start a process to decide whether to 

host the ILC ASAP.
4. Government must create a headquarter within the cabinet 

to work across the ministries.
5. Government must announce its process to relevant 

countries.
6. Further studies must be conducted to maximize the 

technological and economic benefits.

✓
✓



Aug 23 press conference
HM

62 reporters



MEXT budget request

• MEXT ≈ DoE+DoEd in US
• So far, ILC effort in Japan has been funded 

through KEK operating budget unofficially 
(approx. $10M/year M&S)

• MEXT submitted an official budget line for 
ILC for the first time in August, ~$0.5M

• chosa-hi is always the beginning of any 
projects

• to be approved by MoF by end of Dec



Science Council

• MEXT asked SCJ to evaluate case for ILC 
on: science, society, readiness

• official report will be released Sep 30

• Then MEXT can be set in motion

• crucial question is whether SCJ will 
recommend Japanese government to 
initiate international negotiations



THE ILC 
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The Jump-Start Scenario
 (Very optimistic but not impossible) 
2013 July Site evaluation by scientists will be completed in Japan 
2013 fall   New organization within Japanese government is 
                 expected to be formed and in preparation to bid to host   
                  the ILC
2014-15    Intergovernmental negotiation
                  Linear  Collider Collaboration (Lyn Evans and ILC 
                  sector) continue to refine the design and organization of 
                   the global lab for ILC
2015        International Review of the ILC project  (LHC physics         
                 @13-14 TeV)
               
2016    Construction starts (accelerator + detectors)
2026    Commissioning of the ILC machine          

Sachio Komamiya, LCB Chair, EPS2013@Stockholm





LCWS13
11-15 November 2013, The University of Tokyo

Website:
http://www.icepp.s.u-tokyo.ac.jp/lcws13/

Contact:
lcws13@icepp.s.u-tokyo.ac.jp

The workshop will be devoted to the study of the physics case for a high energy linear 
electron-positron collider, taking into account the recent results from LHC, and to review 
the progress in the detector and accelerator designs for both ILC and CLIC projects.

11-15 November (registration is open)
http://www.icepp.s.u-tokyo.ac.jp/lcws13/



ILC
mysteries

of the
Universe


