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ILC Physics program 

m
Z

ee->ZH

tt-threshold

top-continuum

  tth-threshold
~machine design

1 TeV2xm
W

● All Standard Model particles within reach of ILC
● High precision tests of Standard Model over wide range to detect

onset of New Physics
● Machine settings can be “tailored” for specific processes

● Centre-of-Mass energy
● Beam polarisation

● “Background free” searches for BSM through beam polarisation 

New Physics

L/1034 cm-2s-1
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The ILD concept 

Detector Baseline Design 2013 – Based on full detector simulation

Performance goals:

Impact parameter:

Track momentum:

Jet energy:

3-4% over
total energy range

Return Yoke

Coil

Forward components
(QD0 magnet – FCals)

HCal

ECal

TPC

VTX
SIT
FTD

ETD

SET
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ILD – Transition regions  
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An enigmatic couple

 

Higgs Boson 

Elementary Scalar? Composite object?

Top quark

Courtesy of S. Rychkov

- Higgs and top quark are intimately coupled!
  Top Yukawa coupling O(1) !
  => Top mass important SM Parameter

- New physics by compositeness?
  Higgs and top composite objects?

- LC perfectly suited to decipher
  both particles
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Top Quark Physics at Electron-Positron Colliders

- Top quark production through electroweak processes 
  no competing QCD production => Small theoretical errors!  

- High precision measurements
  -Top quark mass at ~ 350 GeV through threshold scan 
  - Polarised beams allow testing chiral structure at ttX vertex
    => Precision on form factors F 

 

σ
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Top Mass Threshold Scan
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Mass & Width 2D Template Fit ILC, CLIC, FCCee
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Top Mass – Alternative Method

P. Gomis

Detailed simulation study in the making
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Top Mass, Higgs Mass and BSM – SM vs. MSSM

Precise Top (and W) mass
crucial to test compatibility 
of measured Higgs mass

MS might not be sufficient
to explain Higgs mass

LHC may not reach sufficient
discriminative power

A lepton collider will   
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Top Quark and Flavor Hierarchy

  

Strong motivation to study chiral structure
of heavy quark vertices in high energy e+e- collisions 

- SM does not provides no explanation
   for mass spectrum of fermions (and gauge bosons)

- Fermion mass generation closely related
  to the origin electroweak symmetry breaking

- Expect residual effects for particles with 
  masses closest to symmetry breaking scale
  - A

FB
 anomaly at LEP for b quark 
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Testing the Chiral Structure of the Standard Model

Couplings and Form Factors: 

f
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           Top quark - Sensitivity to New Physics

Top is primary candidate to be a messenger new physics in many BSM models
Incorporating compositeness and/or extra dimensions 

Precision expected for top quark couplings will allow to distinguish between models
Remark: All presented models are compatible with LEP elw. precision data

arxiv:1505.06020
see also: arxiv:1608.07537
               arxiv:1503.01325 

Statistical error:
√s ~ 500 GeV 
L = 500 fb-1
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           Top quark Form Factors- Matrix Element Method

Yo Sato et al.



  

15Roman Pöschl AWLC 2017

           Top quark – CP Violating Form Factors
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           Heavy quark analyses - Main challenge

● b-quark charge measurement
● Important for top quark studies, indispensable for ee->bb

● Control of migrations:
● Correct measurement of vertex charge
● Kaon identification by dE/dx 

Both options accessible with ILDPhD thesis: S. Bilokin
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           Vertex charge 

● Need to measure all prongs to get charge right

● Tracks can be missed or discarded for 
   secondary vertex reconstruction
   (Details see backup)

● Recovery procedure developed 

● Significant drop on inefficiency
-> increase of efficiency ~0.96 -> 0.946  for neutral hadrons  

Integrated
Inefficiency: 10.4% 

Integrated
Inefficiency: 5.8% 
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           Kaon ID 

Kaon ID via dE/dx:: Purity 94% Efficiency 88%
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           ee->bb – Polar angle spectrum 

● Even after improvement of b-charge measurement residual migration that pollute the backward region
● Developed method to correct for these migration w/o using generator knowledge (in-situ correction)
● Acceptance drop towards large polar angles  
● Benchmark reaction for 250 GeV running
● Long lever arm in  in cos θ

b
 to extract excellent physics

                     
 

● Interpretation, see also Physics session

Form factors/couplings
from S and A
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           Xbb Form Factors and EFT 

● ILC 'beats' LEP in particular on the right-handed coupling
● Results on b and t couplings complementary for EFT interpretation
  Scales up to Λ=10 TeV are reachable
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Direct searches of New Particles

- Hadron colliders have a great potential
  to discover supersymmetric particles
   - coloured and neutral

- Hadron colliders cannot exclude low mass
  SUSY with light neutralino and chargino(s) 
  Degenerated in mass

- Example: scenario with light higgsinos
  μ ~ O(v)
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Tracking Light Higgsinos at the ILC

Clear signal => ILC covers important corner of phase space for SUSY Searches 



  

23Roman Pöschl AWLC 2017

Light Higgsinos – Event Display

J. Yan, LCWS2016
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Light Higgsinos – Dilepton spectra

J. Yan, T. Tanabe, AWLC2017

ILC2, (Pe-,Pe+) = (-0.8, +0.3), N1N2 dimuon fnal state

Mass extracton is done separately for each channel (N1N2 and C1C1)
Example for N1N2 channel:
The maximum invariant mass gives mass splitng ΔM=M(N2)-M(N1) (here ~4 GeV)
The maximum di-lepton energy is a functon of M(N1) and M(N2)
 Solve for M(N1) and M(N2)

Edge extracton is key

M(N1), M(N2) can be extracted at the 1% level
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LHC ILC Interplay – Natural SUSY example

Mass parameters M
1
 and M

2
 from fit based on previous analysis, gluino from LHC 

● Determination of mass unification scales by RGE
● Different mass unification schemes can be distinguished

NUHM2 NGMM1

S.-L. Lehtinen
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WIMP and Dark Matter Searches

Tomohiko Tanabe
ILD Meeting 2014
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Results of monophoton studies

M. Habermehl

Analyses for √s=500 GeV, L = 500 fb-1

●  Steadily improvement of results 
  here better rejection in forward region (empty detector)

● Scale reach depends on beam polarisation 
● Largest scale reach for positive electron beam polarisation
● Positron polarisation makes a difference

Vector operators

Axial-Vector operators

Scalar operators
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Summary

- The ILC is versatile machine for precision physics in the range m
Z
 – 1 TeV 

       Polarised beams to test chiral theory!

- Powerful heavy quark programme
   Precise determination of top quark mass
   Very precise and complementary determinations of top and bottom couplings
   Heavy quark program requires full ILC energy but significant results already at √s=250 GeV 
    
 - Heavy quark results are either difficult to achieve or 
   unaccessible at LHC and circular e+e- machines

- Discovery potential for Supersymmetry and Dark Matter
  Sensitivity in phase space left by LHC and Dark Matter Experiments

- All studies presented here are based on full ILD simulation and 
  reconstruction
  Benchmark studies (not only) for ILD



  

Backup ....



  

30Roman Pöschl AWLC 2017

Top Quark Mass – Influence of Luminosity Spectrum

● Initial State Radiation
Lowers effective L at top energy

● BeamStrahlung
   Lowers effective L
   at top energy
   Not at FCCee Gaussian spectrum 

● Luminosity spectrum &
Initial State Radiation
broadening
Smearing of cross section
Due to beam energy spread 
ILC and FCCee comparable
Worse at CLIC 

1) Main effect on L spectrum is ISR
    => Reduces Luminosity, smears out 1s bound state peak
2) LC somewhat smaller L due to BeamStrahlung 

F. Simon
AWLC14
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           Vertex charge 
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           Vertex charge – In situ correction 
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Results of full simulation study for DBD at √s = 500 GeV

ArXiv: 1307.8102

Precision:  cross section ~ 0.5%, Precision A
FB

 ~ 2%, Precision λ
t
  ~ 3-4%

Accuracy on CP conserving couplings

- ILC might be up to two orders
  of magnitude more precise
  than LHC (√s = 14 TeV, 300 fb-1)
  Disentangling of couplings for ILC 
  One variable at a time For LHC 
  However LHC projections from 8 years old study

- Need to control experimental (e.g. Top angle)
  and theoretical uncertainties 
  (e.g. Electroweak corrections)
  -> Dedicated work has started

- Potential for CP violating couplings at ILC
  under study

ILC promises to be high precision machine for electroweak top couplings
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Model discrimination
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Supersymmetric Higgs Boson (MSSM)

Exclusion of pMSSM points via Higgs Couplings – arXiv 1407.7021

Precision Higgs coupling measurements are sensitive probe for heavy 
Higgs Bosons m

A
 ~ 2 TeV reach for any tanβ in high energy e+e- collisions

See Chapter 2
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Dark Matter Search – A spectacular example

Z' with vector couplings to Dirac type Dark Matter X and axial couplings to ordinary matter

-> Monophoton search
-> Background suppression through polarised beams

arXiv:1411.0088
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Light Higgsinos – Benchmarks

• √s = 500 GeV
• full ILD detector simulaton

4 light HiggsinosCharginos (χ1+ χ1-) Neutralinos  (χ10
χ20) 

Process (Pe-,Pe+) ILC1 ILC2 nGMM1

C1C1 (-1,+1) 1799.9 1530.5 1520.6

C1C1 (+1,-1) 334.5 307.2 309.5

N1N2 (-1,+1) 490.9 458.9 463.5

N1N2 (+1,-1) 378.5 353.8 357.3
Event Generator: WHIZARD v1.95, DBD setup, TDR beam parameters

Unit: GeV ILC1 ILC2 nGMM1

M(N1) 102.7 148.1 151.4

M(N2) 124.0 157.8 155.8

ΔM(N2,N1) 21.3 9.7 4.4

M(C1) 117.3 158.3 158.7

ΔM(C1,N1) 14.6 10.2 7.3

Good precision achievable even for
challenging ΔM with sof leptons/jetsΔM complies with naturalness  (no use of ISR tag) 

Cross sectons for √s = 500 GeV
Similar for all benchmarks
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Light Higgsinos – Dilepton spectra

J. Yan, LCWS2016
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Results of monophoton studies

M. Habermehl
ICHEP 2016

Vector operators: √s=500 GeV, L = 500 fb-1

●  Steadily improvement of results, here better rejection in forward region (empty detector)
●  Larger scale reach for polarised beams
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ILC Roadmap
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