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HEPKIT2015:  

ñéthe discussion and interpretation of LHC results in 

the SM and beyond, the presentation of new results and 

challenges in theoretical particle physics and the 

outlook on future research at upcoming colliders.ò  

 

 

ÅWhat would a future e+e- collider add to the LHC results? 

ïSo far: discovery of a SM-like Higgs boson coupled with the 

absence of other phenomena  

ïAre these ónewô phenomena to be found at higher energies, or have 

they escaped detection because of very small couplings?  

Ą Precision, model-independence of analyses 

Ą Discovery  
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Å Precision measurements with lepton beams require: 
ï High luminosity 

ï known centre-of-mass energy 

ï Polarized beam(s ) 

Ą Well defined initial state 
 

Å Physics program of future e+e- colliders:    
ï Higgs boson    

ï W, Z boson physics 

ï Top quark 

ï Beyond the Standard Model  

ï Physics at the Z pole  
 

Details see also  in:  

 ILC Technical Design Report, CLIC Conceptual Design Report, TESLA TDR, Snowmass study 2013,   

Fuji et al., arXiv:1506.05992, Barklow et al., arXiv:1506.07830,  and reference therein,  

FCC-ee physics studies 

 
 

Beam polarization at future lepton colliders needs efforté 
ï Benefit  with polarized beams 

ï Beam polarization   

ï Polarimetry 

Summary 
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Future lepton collider projects   

Linear collider ( e+e-) 
Å ILC; CLIC  

Å ILC: technology at hand, 
realization in Japan?? 

  

Ecm  
Å ILC: 250GeV ï 1TeV, 91GeV 

              Length 31km 

Å 350GeV ï 3TeV (CLIC) 

              Length up to 50km 

 

L å 2Ĭ1034cm-2s-1 (few 100fb-1/year)    

Ą Rel. stat. uncertainty ~ 10-3é10-2 

 

Beam polarization 
e- beam    P = 80-90% 

e+ beam   
  ILC:  P = 30% baseline;         

                  60% upgrade 

 CLIC: P Ó 60%  upgrade 

Circular collider  
Å FCC-ee 

Å CEPC 

Projects are under study 
 

 

Ecm (FCC-ee) 

91 GeV, 160GeV, 240GeV, 350GeV  

      ~80km circumference   
  

 
L å 1036cm-2s-1  (Z pole) 
   å 7Ĭ1034cm-2s-1  (ttbar threshold)  
 

Beam polarization 
Å Desired 

 

    

 

 

 

 
 
 

Åm Collider 
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Lessons from LEP/SLD   

Measurement of sin2qW
eff 

 

 

LEP 
Å Unpolarized e+, e- beams,  
Å 17x106 Z events 
Å relative precision on sin2qeff(lept)   

           å 1.8x10-3 (AFB lept final states) 
           å 1.2x10-3 (AFB b-bbar final state) 
 

 

SLD:  
Å Polarized e- beam, unpol e+ beam    
Å 5x105 Z events 
Å relative precision on sin2qeff(lept)   

                  å 1.1x10-3 (ALR measurement)  

 
Beam polarization increases precision substantially 
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Polarized lepton beams  

Goal 
ïAdditional observables:  
ÅLeft-right asymmetry 

ÅForward-backward left-right asymmetr 

For example, at the Z pole: 

 

 

 

 

 

 

 

ïModelïindependent determination of left- and right-handed 
coupling   

ïHigher sensitivity to physics beyond the SM                         

ïSuppression of background  

ïenhancement of signals 
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Beam polarization (PeÑ) 

Consider s-channel processes (eeĄff) 
 

 

 

 

 

 

 

 

 

 

 

If both beams are polarized 

 
 

                              s0 - unpolarized cross section 
 

If only e- beam is polarized, e+ beam unpolarized Ą measure only sL and sR   

Contribution  
due to polarization 

( )( )effLRee0

meas

ij PA1PP1 +-s=s +-
+-

+-

-

-
=

ee

ee
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P
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Beam polarization (PeÑ) 

Consider s-channel processes (eeĄff) 
 

 

 

 

 

 

 

 

 

 

 

If both beams are polarized 

 
 

 s0 - unpolarized cross section 
  

Measurement with equal  number of (+ -) and (- +) helicity pattern only       
increases effective luminosity 

Leff = (1-Pe+Pe-)        Ą  for   ( Pe+;Pe-) = ( 80%; Ñ60%): L is factor ~1.5 higher  

 

Contribution  
due to polarization 

( )( )effLRee0
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P
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Left-Right asymmetry ALR 

Å ALR is sensitive to parity violation 

 
 

 

ÅAt measurements with high statistics polarization uncertainty 
could dominate DALR Ą limited precision 

ÅError propagation ė  D Peff  < D PeÑ Ą e+ polarization helps!!   
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 SLD:  (Phys.Rept. 427(2006)257)  

              DP/P ~ 0.50% 
 ILC (goal): (List et al., JINST 4:P10015,2009)  

               DPe/Pe    = 0.25% 
            DPeff/Peff = 0.12% (Pe-=0.8, Pe+ =0.3) 
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Polarized lepton beams  

Goal 
ïAdditional observables:  
ÅLeft-right asymmetry 

ÅForward-backward left-right asymmetry 

ïModelïindependent determination of left- and right-handed 
coupling   

ïHigher sensitivity to physics beyond the SM                         

ïSuppression of background  

ïenhancement of signals 
 

With polarized e+ and e- beam: 
ÅEnhancement of luminosity ė  important for linear colliders 

ÅDecrease of polarization uncertainty for LR asymmetry 
measurements 
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e+e- Colliders:  Higgs factory 

Higgs within achievable accuracy at LHC: SM-like  

Å Could be the only SM Higgs   

Å Could be a SUSY Higgs (one has to be close to a SM-like one)  

Å Could be a composite state  
 

 

 

 

 

 

 

 

 

 

 

                                                                                   P(e+,e-) = (0,0) 
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e+e- Colliders:  Higgs factory 

Higgs within achievable accuracy at LHC: SM-like  

Å Could be the only SM Higgs   

Å Could be a SUSY Higgs (one has to be close to a SM-like one)  

Å Could be a composite state  
 

 

 

 

 

 

 

 

 

 

 

                                                                                   P(e+,e-) = (0,0) 
 

 

 

 

 

 

 

10/6/2015 S. Riemann, HEPKIT2015, Karlsruhe 12 



Goal with polarized beams 

 

Linear collider with                                                                   

polarized beams: 

ÅEnhancement of                                                            

Higgs Strahlungs                                                                             

process by factor                                                                

(1-Pe-Pe+) if e+ and                                                                                                  

e- are polarized                                                                                               

 

ÅEnhancement of                                                                       

WW, ZZ Fusion                                                                         

processes  Ą selection of                                                         

of Higgs reactions  
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Higgsstrahlung:  Coupling to the Z boson  

e+e- Ą ZH     
Å Reconstruct Z in lepton and quark channels 

Å Higgs becomes visible in the mass spectrum 

recoiling against the Z  

 

Ą Higgs mass and coupling: 
     (without reconstructing H) 

      Peak position  ė H mass, Dmh < 30 MeV  

      Peak height     ė sHZZ ~ gHZZ
2  

 

ĄModel-independent measurement 

of HZZ coupling    

    DgHZZ/gHZZ å 0.6%   (ILC 500) 

                      å 0.3%   (ILC500 high L) 

 Higher lumi improves precision 

ILC:  Li et al., arXiv:1202.1439 
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( )2Zee

2
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Top-quark Yukawa coupling at LC  

Å Strongest coupling to Higgs boson  

Å gHtt is sensitive to unexpected effects 

Å Should be measured model-independent 

Å E > 480GeV is required 
 

  

    e+e- Ą Htt 

                 H Ą bb 

 

 

 

 

 

 

 

  

  

  

10/6/2015 S. Riemann, HEPKIT2015, Karlsruhe 15 

DgHtt/ gHtt ILC 500 GeV ILC 500GeV, 
Lumi upgrade 

500GeV 18% 6.3% 

550GeV ~9% ~3% 

Increase ãs by 10% Ą precision improves 

by   factor 2 for same integrated luminosity 

arXiv:1506.07830,  Duerig EPS2015 

stt and relative precision of top Yukawa coupling 
Higher lumi improves precision 
 



Trilinear Higgs coupling at LC 

 

 

 

 

 

 

 
 

Å Also at LC very challenging due to small rates ~0.2fb  and huge 
background  

Å Full ILC data set  (500GeV) Ą precision of 27% can be achieved 
ï This would already be more than 3s evidence for the existence of the Higgs 

self-coupling at the Standard Model value  

Å Upgrade to 1TeV:  ~16% for 2000fb-1 and 10% for 5000fb-1    

 

Polarized e+ and e - beams improve selection of processes  
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Electromagn. and weak top quark coupling 

Å Polarized beam, measure forward-backward                                                                                    
asymmetry for two  beam polarizations  

Ą measurement of left- and right-handed top coupling                                 

     to g and Z  
 

    Top coupling is sensitive to  new  physics:  
     Comparison of gL,gR (SM) with several composite Higgs models 
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Physics beyond the SM at LC 

Å Precision measurements allow indirect search for new phenomena, 
even beyond the LHC reach  

Å Deviations from SM prediction ė  new physics models  

Å Polarized beams ė resolve ambiguities, improved distinction 
between models 

 

Model-independent determination of Zô coupling 
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ZΩ vector and axial vector couplings to leptons and b quarks from fermion-pair 

production (c model reproduced in a model-independent fit)  



Physics at the Z Pole 

 

 

ÅUltra-precision electroweak measurements 

ÅPlanned Luminosity 

ïGigaZ (ILC):  109 Z bosons 

ïFCC-ee:  up to 1013 Z bosons 

ÅBeam polarization important for  

ïALR measurement   
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ALR measurement at the Z pole 
ñBlondel Schemeò with polarized e+ and e- 

Å Most sensitive to weak mixing angle: ALR 

 

 

    polarization error DP could dominate DALR 

Å Perform 4 independent measurements with different helicity  
combinations 
 

                                                                             
 

Å determination of Pe+ and Pe-, and ALR  simultaneously   

 
 

 

 

 

Å ALR can be measured independently from polarimeters 

Å Loss in precision is small if only 10% of luminosity is used for s++ and 
s- -  
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Key physics explorations at high-energy e+e- colliders 
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Enhancement of lumi  
 

Enhancement of lumi  

 
 

Enhancement of   
process  
 

 

Enhancement of lumi  
 

Enh.  of  process  

 

Suppr. of SM process 
 

Suppr. of SM process 

Left-Right asymmetry 

Left-Right asymmetry 

Enhancement of lumi  
Left-Right asymmetry 


