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LCWS WORKSHOPS 

 LCWS – stands for “Linear Collider Workshop” 

 Devoted to the physics and detectors associated with e+e- linear colliders.  

 Established in 1991. 

 
2013 – Tokyo, Japan 
2012 – Arlington, TX, USA 
2011 – Granada, Spain 
2010 – Beijing, China 
2008 – Chicago, IL, USA 
2007 – Hamburg, Germany 
2006 – Bangalore, India 
2005 – Stanford, CA, USA 
2004 – Paris, France 
2002 – Jeju Island, Korea 
2000 – Fermilab, IL, USA 
1999 – Sitges, Spain 
1995 – Morioka, Japan 
1993 – Hawai, USA 
1991 – Saariselka, Finland 
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LCWS 2013 OVERVIEW 

Detector Accelerator 

RD1: Higgs/EWSB AWG1: Sources 

RD2: BSM/Cosmology AWG2: Damping rings 

RD3: Top/QCD/Loopverein AWG3: Beam Delivery & MD Interface 

RD4: Gamma-Gamma AWG4: Beam Dynamics 

RD5: Simulation/Detector Optim. AWG5: Conventional Facilities 

RD6: Detector Integration/MDI/Polarization AWG6: System tests and performance 

RD7: Tracking & Vertexing AWG7: SCRF Technologies 

RD8: Calorimetry & Muons 

FZÚ contributions to RD1 (Higgs) and RD7 (Calorimetry) in Detector section: 
 T. LASTOVICKA:  MEASUREMENT OF THE TRILINEAR HIGGS SELF-COUPLING AT 1.4 TEV AND 3 TEV CLIC 
 J. KVASNICKA:    OPTICAL FIBER CALIBRATION SYSTEM AND ADAPTIVE POWER SUPPLY 
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LCC COLLABORATION 
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LCC COLLABORATION 

 The Linear Collider Collaboration is an organization that brings 
the two most likely candidates, the Compact Linear Collider 
Study (CLIC) and the International Liner Collider (ILC), together 
under one roof. 

 New body to promote world LC activities (est. Feb 2013). 

 It is headed by former LHC Project Manager Lyn Evans. 

 Some 2000 scientists — particle physicists, accelerator 
physicists, engineers — are involved in the ILC or in CLIC, and 
often in both projects. 

 Represents the linear collider community as a whole. 



Page  7 

LCC STRUCTURE 

ICFA 

Linear Collider Board 

 

Program Advisory 

Committee 

Directorate  

Lyn Evans 

 

Deputy (Physics)   

Hitoshi Murayama 

ILC  

 Mike Harrison 

 

Physics & Detectors 

Hitoshi Yamamoto 

 

CLIC  

Steinar Stapnes 

 

Regional Directors 
Brian Foster (Europe) 

Harry Weerts (Americas) 

Akira Yamamoto (Asia) 

FALC 

 International Committee for Future 
Accelerators 

Funding Agencies for Large Colliders 

LCC 
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WHY LINEAR COLLIDER? 

THE SCIENCE CASE 

– ILC will complement LHC. 

– Clean environment of e+e- collisions, tunable to √s required. 

– Precision Higgs and top physics (H→fermions, access to Higgs self-coupling,etc.) 

– New Physics beyond Standard Model and Higgs physics and the main drivers for LC. 
  

TECHNOLOGY BENEFITS 

– ILC RF cavities (XFEL, FLASH, gamma colliders) 

– Application in medicine and biology (proton therapy, X-ray sources) 

– downsizing equipment and power consumption, new sources 

– HW+Computing 

– Fast DAQ, fast time-stamping, beam focusing, data processing (Grid), etc. 

EDUCATION   
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ILC ON ONE SLIDE 

 Based on super-conducting RF cavities, approx. 30 MV/m gradient. 

 Expected to be realized in 2 (or more) stages: √s = 250 GeV and 500 GeV 

 Technical Design Report (TDR) published in June 2013: 

http://www.linearcollider.org/ILC/Publications/Technical-Design-Report 

Center of mass energy 250/500 GeV 

Number of bunches 1312 

Collision rate 5 Hz 

Beam Current  5.8 mA 

Average gradient 31.5 MV/m 

Bunch separation 554 ns 

σx / σy 574 nm / 6 nm 

σz 300 um 
Total footprint is ~31km long. 

http://www.linearcollider.org/ILC/Publications/Technical-Design-Report
http://www.linearcollider.org/ILC/Publications/Technical-Design-Report
http://www.linearcollider.org/ILC/Publications/Technical-Design-Report
http://www.linearcollider.org/ILC/Publications/Technical-Design-Report
http://www.linearcollider.org/ILC/Publications/Technical-Design-Report
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TWO DETECTOR CONCEPTS SID AND ILD 

 SiD (USA), ILD (merging former EU and Asian concepts LDC+GLD) 

 5T field in SiD vs 3.5T for ILD 

 

 

 

 

 

 

 

 

 

 Tracker radius: 1.2m (SiD), 1.8m (ILD). 

SID 
ILD 
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CLIC ON ONE SLIDE 

 Multi-staged approach 

– 350 GeV stage motivated by better luminosity and 
sizeable WW fusion cross section (vs. 250 GeV ILC) 

 CLIC will be operated at room temperature 

 100 MV/m gradient enabling multi-TeV CME 

 Pre-collaboration state 

– FZÚ signed MoC with CLICdp (Detectors and Physics) 

– Member of Institute Board (TL) 

 CDR published in 2012/2013                                                      
http://clic-study.org/accelerator/CLIC-ConceptDesignRep.php 

Center of mass energy 350 GeV 1.4 TeV 3 TeV 

Bunch spacing 0.5 ns 

Bunches per train 354 312 312 

γγ → hadrons per BX 0.3 1.3 3.2 

http://clic-study.org/accelerator/CLIC-ConceptDesignRep.php
http://clic-study.org/accelerator/CLIC-ConceptDesignRep.php
http://clic-study.org/accelerator/CLIC-ConceptDesignRep.php
http://clic-study.org/accelerator/CLIC-ConceptDesignRep.php
http://clic-study.org/accelerator/CLIC-ConceptDesignRep.php
http://clic-study.org/accelerator/CLIC-ConceptDesignRep.php
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CLIC DETECTORS 

 Two detector concepts: CLIC_SiD and CLIC_ILD 

– Based on SiD and ILD detector concepts for ILC, adapted to CLIC environment. 

– Full simulation and reconstruction of events, beam induced background overlaid. 

– Particle Flow Algorithm calorimetry. 

 

 CLIC_SiD CLIC_ILD 
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ILC IN JAPAN 
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JAPAN – SITE SELECTION 

 Two mountain sites were 
pre-selected 

– SEFURI (South) 

– KITAKAMI (North) 

 

From left: Sachio Komamiya (Tokyo), Satoru Yamashita 
(Tokyo), Kiyotomo Kawagoe (Kyushu), Hitoshi Yamamoto 
(Tohoku), Mike Harrison (Brookhaven), Brian Foster (Oxford) 

“Issues that could lead to particularly serious difficulties 
for the Sefuri site are that the route passes under or 
near a dam lake, and that the route passes under a city 
zone. Also, the lengths of access tunnels are longer for 
the Sefuri site than for the Kitakami site leading to a 
large merit for the latter in terms of cost, schedule, and 
drainage.” 

→ KITAKAMI 
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JAPAN – SITE SELECTION II 

 Site advertisement was taken seriously by both site candidates representatives. 

 

Site selection review committee: 
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JAPAN – KITAKAMI SITE 

 Mountainous region 

– 200m up to 700m above sea level 

– Granite rock, very stable 

– about 4-5h from Narita       
(not too far from Sendai) 

 Wide tunnel foreseen 
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KITAKAMI SITE 
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JAPAN – KITAKAMI SITE 

 

Access Tunnel Access Hall 
(Slope <10%) 

Damping Ring 
Detector Hall Ring To Main Linac (RTML) 

RTML turn-around 

(Slope <7%) 

(The background photo shows a similar site image, but not the real site.) 

Surface Structures 

PM-13 

PM-12 
PM-10 

PM-8 

PM-ab PM+8 
PM+10 

PM+12 PM+13 

(Center Campus) 
PX 

Kitakami-site cross section 

Need to establish the IP and linac orientation; the access points and IR infrastructure; linac 
length and timing. 
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ACCESS TO KITAKAMI SITE 

Transport of magnets 
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ILC CENTRAL CAMPUS – MAY 2013 CONCEPT 

residence buildings, assembly halls, central 
buildings  

100 000 m2 floor area 

80ha area (more compact options considered down to 40ha) 
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SITE SELECTION COMMITTEE CONCLUSIONS (L. EVANS) 

The Committee is convinced that the site presented has been chosen with great care. More 
than 300 hours of meetings of the Japanese Site Evaluation Committee have been 
necessary to reach this conclusion. 

The proposed site is in good geological conditions for tunnelling and stability with no active 
fault zones and low seismic noise. Most of the geological investigation has been made with 
non-destructive methods with only five core samples taken. This is adequate for the 
present purpose but should be considerably augmented during Project preparation. 

The possibility of adding a Free Electron Laser Facility at a later date should be kept in mind. 
This would require that the laboratory for photon physics should be in a location that is not 
too deep.        

Although the recommended site offers good conditions for the installation of the collider it 
could present logistic difficulties for the installation, maintenance and possible upgrade of 
the experiments due to the site access. The needed logistics should be developed early 
before finalizing the region of the interaction region. 
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SITE SELECTION COMMITTEE CONCLUSIONS (L. EVANS) 

Other issues such as transport and the provision of primary services have been thoroughly 
studied. The possibility of powering the site through two independent power lines to 
ensure base services in any situation should be investigated. 

Clear criteria must be developed for the design of the machine and detectors under worst-
case earthquake scenarios. 

Social infrastructure for international staff in Sendai is probably adequate although the 
commute is quite long. Access for international travelers through Tokyo/Narita airport 
takes about 4 hours and the recent expansion of international routes from Tokyo/Haneda 
airport, which has a direct link with Sendai provides another alternative. 

Development of the social environment for non-Japanese in cities close to the central 
campus, particularly Ichinoseki should be discussed with the local authorities once the site 
is formally decided. 
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LYNN EVANS MEETS PRIME MINISTER SHINZO ABE 

 In March 2013 

Hitoshi Murayama, LCC 
Deputy Director, 
Masatoshi Koshiba, 2002 
Nobel laureate in Physics, 
Lyn Evans, Shinzo Abe, 
Takeo Kawamura, Chair of 
the Diet members 
association for ILC. 
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SCIENCE COUNCIL OF JAPAN 
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SCIENCE COUNCIL OF JAPAN 

 Based on the viewpoints above, the Science Council of Japan proposes that the Japanese 
Government funds budget for the necessary investigations on various issues in order to 
judge as Japan for the realization of the ILC project, and for 2 to 3 years intensively 
conduct investigations involving experts from outside the field and corresponding 
Government bodies. 

 In deciding to host the ILC in Japan, it is indispensable that the issues and concerns raised 
by this report are fully investigated and reviewed, and clear prospects are obtained for 
questions such as the whole pictures of project cost for the construction, operation, 
upgrades, up to the final disposition and the prospects of international cost sharing 
thereof, as well as issues of sharing of human resources, and international governance 
structure. 

 In parallel with the above investigations, negotiations should be conducted with research 
laboratories and responsible funding authorities of primary countries and regions to 
clarify the prospects for the international cost sharing. 

 Upon fully examining the various conditions for the ILC project to be implemented in 
Japan and to be highly successful, it is important to form a consensus within the Japanese 
academic community and to seek understanding of the Japanese public. 

(Satoru Yamashita - private translation) 
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JAPANESE BUDGET ALLOCATION IN 2014 

 On Dec 24, Japanese cabinet has released the government budget proposal for 
JFY 2014 which will be voted on in Diet early next year. It includes an official 
budget line for the ILC. This is highly important as it represents a qualitative 
change in the status of the ILC in the Japanese government and indicates that it 
is now a recognized project. 

 Part of “the economic growth strategy” which is a reference to “Abenomics”, a 
proactive economic policy by Prime Minister Shinzo Abe. 

 The amount itself is small, about $500K. However, this is highly significant 
symbolically, as the ILC is *recognized* as a project of the Japanese 
government.  

– Note that this is *not* an R&D budget, which is supported through KEK.  

– It is rather a specific budget for the Japanese government to seriously study the 
feasibility of an international framework for the ILC as a global project (2-3 years?). 

(Hitoshi Murayama) 
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ILC IN THE WORLD 
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SITUATION IN EUROPE 

 Mostly lead by Germany 

– in the context of XFEL, FLASH 

– and Russia, in terms of FTE. 

 Monotonous decrease in FTE 

– Signs for reversal in 2013 

– Many countries are restarting 
initiatives and getting ready to 
respond to a Japanese initiative. 

– Consequently, everything 
depends on such a Japanese 
initiative. 

– A statement from the Japanese 
government that they wish to 
negotiate to site ILC in Japan is 
essential. 

(note careful wording) 
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SITUATION IN AMERICAS 

 USA: Snowmass process completed, P5 is underway. 

– 2013: funding was set to zero 

– Keeps expertise and keeps building until “ILC is ready to go”. 

– Cryomodules (Fermilab, Jefferson Lab, Argonne Lab, Cornell University, SLAC) 

– Snowmass: There is a clear and convincing science case for the ILC (250 → 500GeV). 

– P5: Currently requires “more inputs”. 

– Waiting for a clearer sign/indication from Japan.  

 

 Canada: The Linear Collider figures prominently in the current NSERC long range 
plan for subatomic physics, 2011-2016 

– Detector R&D at the $75k-100k /year funding level: 

• Centered on TPC development (Carleton/TRIUMF) with the LCTPC collaboration  

• calorimeter development (McGill/IPP) with the CALICE collaboration. 
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SITUATION IN ASIA (OTHER THAN JAPAN) 

 China 

– ATF2 collaboration, ILC positron source 

– RF cavities etc. 

 Korea  

– ATF2 experiments: IP-BPM monitor 

 India 

– 1.3 GHz SCRF cavity tuners 

 Perspectives 

– Mastering key ILC technologies before ILC 
realization. 

– More coordinated efforts on ILC in Asia are 
needed under ACFA. 

– Large accelerator facilities: mostly advanced 
light sources, Carbon therapy, protons, XFEL 
(China, Taiwan, Korea) 

 Vietnam is becoming involved. 
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TOWARDS REALIZATION 
TECHNOLOGY STATUS 
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TOWARDS ILC REALIZATION 

 Large project, requires synchronization in various 
sectors. 

 NB Japanese society is focused on success and 
there are many what ifs… 

– On top of that, MOFA’s survey in 2013 in various 
countries/regions was “disappointing”. 
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ILC RE-ORGANIZATION 

 Try to establish an organization that can evolve into a construction project in a 
reasonable way – a virtual prelab. 

 Allow for a more continuous work flow.  Since the end of the GDE the 
accelerator effort has essentially been centered around workshops. 

 Boxes are populated incrementally as resources permit: 

 

ww = world 
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ILC TECHNOLOGY STATUS 

 XFEL series production cavity testing 
at DESY 

– 2-phase process, similar to ILC TDR 

• Additional high pressure rinse 

– 800 cavities in total, 100 tested up to 
2nd phase by October 31st 

 

 

 Simplification in the process to lower 
the costs (Cornell, FNAL) 

 Raising gradient above 40 MV/m 
(JLAB, FNAL) 
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ILC 8 CAVITY WITH QUADRUPOLE CRYOMODULE 

FNAL splittable, conduction-cooled quadrupole, 

In the center of the cryomodule. 

STF 2 Cryomodule CM -1 
(Superconducting rf Test Facility)  
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CLIC TECHNOLOGY STATUS 

 CLIC main linac structure (12 GHz Cu TW) : 

 100 MV/m gradient (loaded) 
– Rf pulse length: tp = 240 ns 

– BDR < 3 x 10-7/pulse/m (breakdown rate)      

 Gradients depends on BDR and pulse-length, the lines represent the scaling to 
the correct BDR and pulse-length   

 TD24 structure (blue) at 106 MV/m unloaded (expect 0-16% less with loading) 
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FABRICATED RF MOCK-UPS 

8 Accelerating Structures 

RF network 

PETS 
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CLIC NEAR CERN 

Tunnel implementations  (laser straight) 

Central MDI & Interaction Region 
Push & Pull Design 
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FZÚ CONTRIBUTION TO LCC (2013) 
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HIGGS PHYSICS AT LC 

 The LHC can investigate the Higgs mechanism and tell us a lot. 

 We need a linear collider to fully establish the Higgs mechanism. 

– Measuring Higgs couplings to fermions, vector bosons, Higgs and invisible is essential. 

 FZÚ contributes to CLIC studies 

– H→bb ̅, H→cc̅, H→gg and Higgs mass 

– Higgs self-coupling  

SFitter 2013 

LHC requires theory assumptions 
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HIGGS PRODUCTION AT CLIC 

Higgs-strahlung 
dominates below 500 GeV 

WW fusion 
dominates above 1 TeV 
highest cross section 

ZZ fusion 
10x smaller than WW 

350 GeV 1.4 TeV 3 TeV 

e+e-→HZ  134 fb 9fb 2fb 

e+e-→Hνν ̅ 52 fb 279 fb 479 fb 

e+e-→He+e- 7 fb 28 fb 49 fb 

Unpolarised cross sections 
Hνν̅ signal increased by a factor of 1.8 (2.34) for 

P(e-) = -80% ( P(e-) = -80%, P(e+) = 30% ) 



Page  42 

DOUBLE HIGGS AND ttH̅ PRODUCTION AT CLIC 

ttH̅ production 
 

Double Higgs 
production 
 
Higgs self-coupling 
 
 
 
 
 
Quartic HHWW coupling  
 

1.4 TeV 3 TeV 

e+e-→tt̅H  1.6 fb 

e+e-→HHνν ̅ 0.164 fb 0.63 fb 

Unpolarised cross sections 
HHνν̅ signal increased by a factor of 1.8 (2.34) for 

P(e-) = -80% ( P(e-) = -80%, P(e+) = 30% ) 
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MEASUREMENTS AT 1.4 TEV  (1.5 ab-1) 

 Higgs measurements (mostly) in Hνν̅ channel (279 fb): 

Measurement Observable Stat. precision 

σ(Hνν)̅ x BR(H→τ+τ-) g2
HWW g

2
Hττ/ΓH 3.7% 

σ(Hνν)̅ x BR(H→μ+μ-) g2
HWW g

2
Hμμ/ΓH 28% (prel.) 

σ(Hνν)̅ x BR(H→bb̅) g2
HWW g

2
Hbb/ΓH 0.3% 

σ(Hνν)̅ x BR(H→cc)̅ g2
HWW g

2
Hcc/ΓH 2.9% 

σ(Hνν)̅ x BR(H→gg) 1.8% 

σ(Hνν)̅ x BR(H→γγ) 15% (prel.) 

σ(Hνν)̅ x BR(H→Zγ) tbd 

σ(Hνν)̅ x BR(H→ZZ*) g2
HWW g

2
HZZ/ΓH 3% † 

σ(Hνν)̅ x BR(H→WW*) g4
HWW/ΓH 1% † 

σ(He+e-) x BR(H→bb̅) g2
HZZ g

2
Hbb/ΓH 1% † 

Δ(mH) ≈ 40 MeV 

as
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 † analysis ongoing, result estimated 

Estimated from Higgs mass 
distribution in H→bb̅. 
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MEASUREMENTS AT 3 TEV  (2ab-1) 

 Large Higgs cross section:  479 fb corresponds to 830k Higgses (including beam spectrum) 

Measurement Observable Stat. precision 

σ(Hνν)̅ x BR(H→τ+τ-) g2
HWW g2

Hττ/ΓH tbd 

σ(Hνν)̅ x BR(H→μ+μ-) g2
HWW g

2
Hμμ/ΓH 16% 

σ(Hνν)̅ x BR(H→bb̅) g2
HWW g

2
Hbb/ΓH 0.2% 

σ(Hνν)̅ x BR(H→cc)̅ g2
HWW g

2
Hcc/ΓH 2.7% 

σ(Hνν)̅ x BR(H→gg) 1.8% 

σ(Hνν)̅ x BR(H→γγ) tbd 

σ(Hνν)̅ x BR(H→Zγ) tbd 

σ(Hνν)̅ x BR(H→ZZ*) g2
HWW g

2
HZZ/ΓH 2% † 

σ(Hνν)̅ x BR(H→WW*) g4
HWW/ΓH 0.7% † 

σ(He+e-) x BR(H→bb̅) g2
HZZ g

2
Hbb/ΓH 0.7% † 

Δ(mH) ≈ 33 MeV 

as
su

m
in

g 
u

n
p

o
la

ri
ze

d
 b

ea
m

s 

 † analysis ongoing, result estimated 

Estimated from Higgs mass 
distribution in H→bb̅. 
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DOUBLE HIGGS PRODUCTION AT 1.4 TEV AND 3 TEV 

 The HHνν ̅cross section is sensitive to  

– Higgs self-coupling λ 

– Higgs quartic coupling gHHWW 

 Small cross section process 

– 0.164 fb (0.63 fb) at 1.4 TeV (3 TeV) 

– Requires large luminosity, large CM Energy 

 

1.4 TeV 3 TeV 

Δ(gHHWW) 7% (prel.) 3% (prel.) 

Δ(λ) 28% 16% 

Δ(λ), P(e-) = -80% 21% † 12% † 
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NOVEL TECHNIQUES: NEURAL NET POLL 

 A poll of 100 FANN neural nets is used instead of a single neural net 

– Median of the poll votes is regarded as the NN output classifier; 

– Delivers stable and reproducible results; 

– Performance is not an average performance of all nets, it is actually matching the 
best performing ones. 

 Nets checked against overtraining. 

 Number of NN inputs: 23 

 

 

 
NB: BDTs have deterministic nature 
but they are not immune, instability 
(if present) reflects in a sensitivity to 
BDT parameters. 
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JET FLAVOUR TAGGING AT 3TEV WITH ΓΓ OVERLAY 

 LCFIVERTEX package 

– FANN neural net package used throughout the 
Higgs analysis both for the flavour tag and the 
event selection. 

– Presence of γγ overlay (60BX considered) degrades 
both the jet-finding and the jet flavour tag quality 
(shown for di-jet events). 

Forward jets 
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OPTICAL FIBRE CALIBRATION SYSTEM 

 FZÚ contribution to CALICE: J. Cvach, J. Kvasnička, I. Polák 

» Light emitted via notches in fibres (size varies along the fibre) 

» Development of LED driver and adaptive power supply for SiPM 

First notch Middle notch End position notch 

Emission from the fiber (side view) 
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THE LED DRIVER – QMB1 

 Quasi-Resonant LED driver 

 Modular system 

 Dec 2012: QMB1a 

– External coil pads (for ~30 ns pulses) 

– New connectors, minor changes for 

higher repetition rates and shorter 

pulses 

– Boards are performing well 

– Performance measurements ongoing 

 Main parameters: 

– Smooth pulse shape (half-sine shape) 

– Variable amplitude (~1A peak) 

– Repetition rate up to 100 kHz 

– Fixed pulse width (2.4–3.5 ns) 

– PCB size 30 × 140 mm2 

QMB1 

QMB1a 
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ADAPTIVE POWER SUPPLY 

 The gain of SiPM depends on bias voltage and temperature 

 We want to keep gain constant → adjust bias according to temperature 

 Goal: to build a regulator, that keeps the gain constant (<1%) 

 Linear slope 1 to 100mV/K (measured @CERN) 

 Designed for positive compensation slope (dV/dT), negative possible 

 Vout: 10 to 85 V 

 Analog feedback. Temp sensor has to be thermally coupled 
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SUMMARY 

Due to the Japanese initiative and the Higgs discovery the ILC 
project has received a new impulse. 

– Higgs discovery at the LHC gives arguments both for and against the ILC. 
   

The ball is on the side of the Japanese government 

– An expression of interest to investigate the situation of realizing the ILC in 
Japan is essential to proceed further and to exploit accumulated momentum. 

– When this is going to happen is not in hands of the ILC community. 
   

 If we wish to participate, we should be prepared for an official 
expression of interest from Japanese political circles. 

– Embassy, Scientific Attaché, … 
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MICHAEL PESKIN (SLAC) – SNOWMASS 2013 

 ILC received three important boosts in the past year: 

– The completion of the ILC TDR and its acceptance by the global accelerator 
physics community. 

– This discovery of the Higgs boson at a mass at which the ILC gives a perfect 
setting for the measurement of its properties. 

– The encouragement of ILC by the Japanese government, and the hope for its 
inclusion in the Abe government’s stimulus plan.     

These developments, changed the debate on ILC in a crucial way 

– They set up a situation in which the Japanese government could inject new 
and very large resources into particle physics. 

– These resources would support a project -- the study of the Higgs boson -- 
that is universally believed to be of high importance for particle physics. 

– The community began to understand that it would be foolish not to 
encourage this. 

 



Page  53 

ACKNOWLEDGEMENTS 

 Materials from 

– S. Yamashita, H. Weerts, M. Peskin, L. Evans, M. Harrison, B. Foster, J. Gao, 
H. Murayama and many more  

– J. Cvach, J. Kvasnička, TL 

 

 

 

 

 

 

 

“The author would like to acknowledge the use of the Oxford Particle Physics Computing Cluster in 
carrying out this work.” –  Higgs studies 



Page  54 

BACKUPS 
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MEASUREMENTS AT 350 GEV  (500 fb-1) 

 Higgs-strahlung events enable Higgs mass reconstruction from Z recoil mass. 

– Model independent measurement of mH and gHZZ 

 

 

 

– Higgs branching ratio analyses 

e+e–→HZ, Z→μ+μ– 

Δ(mH) ≈ 120 MeV 

σHZ = 134 fb 

Measurement Observable Stat. precision 

σ(HZ) x BR(H→τ+τ-) g2
HZZg

2
Hττ/ΓH 5.7% 

σ(HZ) x BR(Z→l+l-) g2
HZZ 4.2% 

σ(HZ) x BR(H→bb̅) g2
HZZg

2
Hbb/ΓH 1% † 

σ(HZ) x BR(H→cc)̅ g2
HZZg

2
Hcc/ΓH 5% † 

σ(HZ) x BR(H→gg) 6% † 

σ(HZ) x BR(H→WW*) g2
HZZg

2
HWW/ΓH 2% † 

σ(Hνν)̅ x BR(H→bb ̅) g2
HWW g

2
Hbb/ΓH 3% † 

 † analysis ongoing, result estimated 
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CAVITIES 

  XFEL series production cavity qualification testing (800 cavities  
total) at DESY 

• Use “two-pass” processing method, similar method in ILC TDR 

• 100 cavities tested up to 2nd -pass processing as of Oct. 31, 2013 

  Process simplification for lowering cost 
• Vertical EP at Cornell: latest 1-cell cavity result 37 MV/m at Q01.8E10 

• “chemistry free” CBP, HF free EP at FNAL: 1-cell 44 MV/m at Q01E10      

  Understanding and reduction of field emission 
• Field emission instrumentation from vertical test to cryomodule at JLab   

  Raising gradient and Q0 
• Alternative cavity shapes: RE at Cornell, LL at IHEP, LSF at JLab 

• Ingot niobium material cavities at JLab, PKU, IHEP and DESY 

» XFEL cryomodule XM3 containing 7 ingot Nb cavities tested 

• Quench studies at HiGrade Lab at DESY 

• Studies of Q-slope up to 45 MV/m through series 1-cell cavity testing at JLab     

 


