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Excluded Region 
(GeV,  95 % CL) 

 
MH  <  115.5 

 
127  <  MH  <  600 

SM 

MH ∈ [ 115.5 , 127 ]  GeV 



Higgs  Hunting    (2012 preliminary) 

A. Pich                                                                         Benasque 2012 3 

Excluded Region 
(GeV,  95 % CL) 

 
MH  <  117.5 

 
118.5 < MH < 122.5 

 
127.5 < MH < 600 

SM 

MH  (GeV)   
∈  

[ 117.5 , 118.5 .5]  
∪ 

[ 122.5 , 127.5 .5] 
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QCD  Exotics         (V. Ilisie – A. Pich) 
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Exotic fermions in higher-colour 
representations could only exist 

provided their masses are not 
generated by the SM Higgs 

mechanism 

X ∈  SU(3)C  representation  R 

Non decoupling: 
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The top quark: 
  
  Sensitive probe of Electroweak Symmetry Breaking 

  Non-perturbative (strong) dynamics  

  Very different from other quarks 

  Is it really a SM quark? 

So far, we only know the decay   t → b W+ 



TOP  MASS 

b

W

t
Jet 

Which mass definition ? 

Kinematic mass  (Jets)   →   Colour Singlet   →   It cannot be (only) the top mass! 

{ }MC pole 1t tM M= ± ∆ QCD 0.3% , 5%S

tM
a
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Implications  for  MH  from  electroweak  tests 
8 A. Pich                                                                         Benasque 2012 



Global  Electroweak  Fit 
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Top  Mass  Definition : 

•  Pole  Mass                :     Pole of perturbative propagator 

 Not  well  defined.  Problematic  renormalon  contributions  

•           Mass                 : pole 4( ) 1
3

s
q q qm m M α

π
 = − + 
 

( )qm µMS

pole
qM

pole( ) 7 GeVt t tm m M 

The top mass can be obtained from          :      



Threshold  Scan      (M. Martínez – R. Miquel ‘03) 
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The simulation assumes:   mt(1S) = 175 GeV ,  αs(MZ) = 0.120 ,  MH = 120 GeV ,   ∆σth = 3% 

Multi-parameter  fit 
300 fb-1,  TESLA conditions,  ∆σsys = 3% 

∆mt = 20 MeV   ,   ∆Γt = 30 MeV   ,   ∆αs(MZ) = 0.0012   ,   ∆yt = 35% 

Assumed theory uncertainties not very relevant 
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P. Ruiz-Femenía, 1203.0934 

QCD NNLL 
+ QED 
+ hard EW 
+ Γt 
+ N3LL phase space  

Coulomb  enhancement: 

Hoang-Stahlhofen 

QCD 

NRQCD: 

Well-defined top mass:   m t (1S) 

t

t

, Zγ
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Jet-Mass  Scheme        (Fleming et al ’08) 

The measured mass depends on the way in which soft radiation is treated 

Q  mt    Γt  > ΛQCD 
 
 

Use EFT techniques to 
sum large logarithms 

Ongoing effort to relate “Jet” 
 and “short-distance” masses 
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F.F. related to Effective Operators: 

(Aguilar-Saavedra) Sensitivity to New-Physics 



Bounds on Effective Operators 
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Zhang-Greiner-Willenbrock ‘2012                                                        (TeV 

−2  units) 



Observables 

A. Pich                                                                         Benasque 2012 16 

  Cross section 
  Forward-backward  asymmetry    (either in top production or in top decay) 
  Polarized beams 
  Final polarization  (top decay distribution) 
  Spin correlations   (similar to τ physics)  
  W polarization:  spin density matrix    (Aguilar-Saavedra  ̶  Bernabèu) 

  T-odd asymmetries 

Glover et al, hep-ph/0410110 

Sizeable EW corrections 
ISR photons 

 (UV) EW   log(E/MW) 

Born 

+ EW 



Sensitivity to New Physics 
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Glover et al, hep-ph/0410110 
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Preliminary  ILC  Study       (F. Richard et al) 

Statistical 
errors only 



Top  Decay 
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1/ 2+ 1+

WR  forbidden (mb=0): 

Polarization 
Fractions 

NNLO  QCD 
Czarnecki et al 

ATLAS Tevatron 

F0 0.687 (5) 0.67 (7) 0.72 (8) 

FL 0.311 (5) 0.32 (4) 1-F0-FR 

FR 0.0017 (1) 0.01 (5) -0.03 (5) 

D0: 



FCNCs 
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Strongly  suppressed  in  the  SM  (GIM):   t → c γ ,  t → c Ζ ,  t → c g ,  t → c h 
 

FCNCs  present in multi-Higgs models      (suppression mechanisms needed)  

Good sensitivity  
to new physics 

Glover et al, hep-ph/0410110 



Custodial  Symmetry 
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Chiral Goldstone Bosons:    SU(2)L ⊗ SU(2)R  →  SU(2)C 

  Invariant  under  global     SU(2)L ⊗ SU(2)R  ⊃  SU(2)L ⊗ U(1)Y 
 
 

 

  Same Lagrangian than QCD pions:     0 0 0v , , , ,L Lf W Wπ π π ϕ ϕ± ± ±→ → →



Higgsless  Theories of EWSB 
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  Dynamical Symmetry Breaking:      SU(2)L ⊗ SU(2)R  →  SU(2)C 
 
  Goldstone Dynamics                 Effective Chiral Lagrangian 
 
  Strong Electroweak Dynamics                    Heavy  Resonances 
 
  Many possibilities:   Technicolour,  Walking Technicolour,    
    Conformal Technicolour … 
 
  Light scalar resonances                  Composite Higgs       (Grojean) 
 
  W± and Z self-energies are sensitive to Vector and Axial states 
 
    Can be studied with known QCD techniques    (RχT) 
 
     Electroweak  Chiral Effective Theory 

  

  

  



Gauge  Boson  Self-Energies 
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S  Constraints on Higgssless Theories 
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Rosell, Pich, Sanz-Cillero  
LO 
 
MV > 1.5 (2) TeV 
       @ 3 (1) σ 

 
 
NLO 
Asymptot.-Free 
Theories 
 
MV > 2.4 (6) TeV 
MA > 4  (10) TeV 
 
 
NLO 
General Fram. 
 
MV > 1.8 (5) TeV 
 
 

MV (TeV) 

Lower bound Lower bound 



The Big Question:    Nature of  EWSB 
 
  Higgs Boson:           Just one possibility 

         Does it exist?       (wait for new LHC data) 
 
  Top Quark: 

  Sensitive probe of EWSB 

  Non-perturbative (strong) dynamics  

  Is it really a SM quark? 

High  Precision  data  needed 

SUMMARY 
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Single-top production:  Vtb  
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|Vtb| 

ATLAS ‘12 1.13 ± 0.14 > 0.75   (95% CL) 

ATLAS ‘12 1.03 ± 0.19 

CMS ‘12 1.14 ± 0.22 ± 0.02th > 0.68  (95% CL) 

CDF ‘12 0.96 ± 0.09 ± 0.05th > 0.78   (95% CL) 

D0 ‘12 1.02 ± 0.11 > 0.79   (95% CL) 

Tevatron ‘09 0.88 ± 0.07  > 0.77   (95% CL) 

b

W

t
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