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Background
• Construction of the full 500 GeV ILC from the start 

remains the preferred plan of the LCC

• In 2013 it was suggested (JAHEP) that a staged 
approach might be necessary, starting at a lower 
energy for a few years, before upgrading to 500 GeV.

• The WG was first charged to prepare a discussion on 
staging should it be necessary - the full 500 GeV 
machine remains the official LCC for the ILC.

• Second study recently has been to compare various 
running scenarios for a 500 GeV machine.
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Original Charge - early 2014
• Charge:

• The ILC parameter working group reports to the LCC 
Directorate. It consists of members from both the ILC 
accelerator and the physics & detector groups where each team 
selects a co-convener for this working group.

• This working group prepares information on ILC machine 
parameters and staging scenarios as well as potential upgrade paths 
in a form readily usable by the LCC. In doing so, the WG will take 
into account technical machine constraints and physics and 
detector needs regarding the fundamental ILC machine 
parameters such as energy, luminosity, crossing angles, etc.

• The first task for the working group is to prepare multiple 
scenarios for staging up to about 500 GeV. The report should 
contain the pros and cons of each scenario as well as luminosities 
needed at each energy to produce corresponding physics results.
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LCC created Joint WG early in 2014 

• Joint WG Membership:

• machine: Jie Gao, N. Walker (co-convener), K. Yokoya,

• physics & detectors: T. Barklow, J. Brau (co-convener), 
K. Fujii, J. List

contributions to study from 
Mikael Berggren, Roberto Contino, Christophe Grojean, Benno List, 
Maxim Perelstein, Michael Peskin, Roman PÖschl, Juergen Reuter, 
Tomohiko Tanabe, Mark Thomson, Junping Tian, Graham Wilson and all 
members of the ILC Physics Working Group.

   
please refer to the draft report for specific references (not listed in this talk)
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• Presented to LCC (+LCB chair) on Oct 1, 2014

• Presented in plenary session at the Belgrade LCWS, Oct 8, 
2014

LCC declared staging no longer scenario of immediate interest       
-    directed our attention to scenarios for 500 GeV machine
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Construct 500 GeV 
from start

• After completing staging study, WG moved on to 500 
GeV scenarios study
• TDR Baseline
• Emphasize higher energy - strength of ILC

• Study parameters
• assume 20 years of operation
• compare 3 scenarios (studied more)

• G20, H20, I20
• Snowmass white paper studied also for comparison 
(arXiv:1310.0763 [hep-ph])
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Assumptions
• Full calendar year is assumed to be 8 months at a 75% efficiency (the RDR 

assumption). This corresponds to Y = 1.6 x 107 seconds of integrated 
running. (significantly higher than a Snowmass year of 107 seconds.)

• A ramp-up of luminosity performance is in general assumed after: 
• (a) initial construction and after ‘year 0’ commissioning; 
• (b) after a downtime for a luminosity upgrade; 
• (c) a change in operational mode which may require some learning 

curve (e.g. going to 10-Hz collisions).
• For initial physics run after construction and year 0 commissioning, the RDR 

ramp of 10%, 30%, 60% and 100% is assumed over the first four years.
• The ramp after the shutdowns for installation of the luminosity upgrade is 

assumed slightly shorter (10%, 50%, 100%) with no year 0.
• Going down in centre of mass energy from 500 GeV to 350 GeV or 250 GeV is 

assumed to have no ramp, since there is no machine modification.  
• Going to 10-Hz operation at 50% gradient does assume a ramp (25%, 75%, 

100%), since 10-Hz affects the entire machine.
•   A major 18 month shutdown is assumed for the luminosity upgrade.
•   Unlike TDR: 10-Hz and 7-Hz operation assumed at 250 GeV and 350 GeV
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Polarization

• TDR: |P(e-)| = 80%, |P(e+)| = 30%

• Cross sections depend on polarizations

• s-channel Z/γ allowed for eL-eR+  & eR-eL+, where Z favors eL-eR+

• t-channel Z/γ allowed for eL-eL+ and eR-eR+

• BSM t-channel allows like sign helicities, but W or νe t-channel 
exchange only for unlike sign helicities 
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G-20 Luminosity profile
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H-20 Luminosity profile
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• Briefer initial 500 
GeV operation 
than G-20

• Return to 250 
GeV operation 
after lumi 
upgrade
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I-20 Luminosity profile
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• Briefer initial 500 
GeV operation 
than G-20 (like 
H-20)

• Return to 350 
GeV operation 
after lumi 
upgrade
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Snow Luminosity profile
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• Start at 250 GeV
• Stop 500 GeV 

operations after 
13.8 years
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HZZ
evolution
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HWW
evolution
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Hbb
evolution
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Htt
evolution
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Snowmass precision due 
to 1 TeV run at year 11-14
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Higgs couplings

• fully model independent
• Higgs recoil from 

hadronic decaying Z is 
nearly model independent

• H-20 preferred for
• slightly better early 

precision (compared 
to G-20)

• current reliability of 
mh and σ(e+e- → Zh) 
measurements when 
done at 250 GeV
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• Higgs recoil from Z → μμ (expect 1 MeV systematic uncertainty)

• Note - direct reconstruction at 500 GeV in h → bb and → WW shows 
similar level of promise

Higgs mass
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Top electroweak couplings

• Left-handed 
top coupling, 
and the 
derived mass 
scale 
sensitivity for 
Kaluza-Klein 
excitations in 
and extra-
dimensions 
model
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Higgs self-coupling
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500 GeV vs. 550 GeV
&   ttH

22

550 GeV is 2.4 precision improvement over 500 GeV

σ"H$$
|Δyt/yt$|�
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500 GeV vs. 550 GeV
&   ttH
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550 GeV is 2.4 precision improvement over 500 GeV
- Failing to achieve 500 GeV loses reach quickly

σ"H$$
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Other issues being considered

• Light Higgsinos and WIMP dark matter
• Follow up energy scans for any new particle 

discoveries
• Polarization mix

• importance of positron polarization
• Model independency of ZH → qqH
• WW threshold
• Z-pole for physics
• Z-pole for calibration
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Issues for experiments

• Detectors
• data taking at various repetition rates 

• 5, 7, 10 Hz
• Z pole calibration requirement

• Physics
• prospects for mh  measurement from 

kinematic reconstruction
• model-independency of hadronic recoil
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Recommendations on TDR 
running scenario

• After considering various running scenarios for a 500 
GeV machine, we put forward a preferred scenario 
based on current knowledge

• H20 
• 500 GeV startup, 20 yr duration

• luminosity upgrade after 8 years

• after several years of 500 GeV operation with upgraded 
luminosity, return to 250 GeV

• tth benefits from stretching to 550 GeV capability

• actual running scenario will depend on physics results 
of LHC and early ILC

26



J. Brau/ILC Parameters Jt WG    -    April 13, 2015

Recommendations on TDR 
running scenario

• After considering various running scenarios for a 500 
GeV machine, we put forward a preferred scenario 
based on current knowledge

• H20 
• 500 GeV startup, 20 yr duration

• luminosity upgrade after 8 years

• after several years of 500 GeV operation with upgraded 
luminosity, return to 250 GeV

• tth benefits from stretching to 550 GeV capability

• actual running scenario will depend on physics results 
of LHC and early ILC

27

We look
forward to
the PAC

comments 
on these 

recommendations


