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TC 	
  
!
Ø Not just BSM of choice for the rich and 

famous !!

!

!
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•  Predictive:!
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•  Predictive:!
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Model	
  

LaGce	
  
QCD	
  analogy	
  

LHC	
  

SM	
  
perturbaJve	
  
correcJons	
  

No	
  new	
  parameters	
  in	
  TC+SM	
  sector!	
  	
  Of	
  course	
  not	
  the	
  full	
  story	
  



TC 	
  
!
•  Predictive:!
•  We have data!!

!!
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Outline	
  
!
Ø  Scalars in QCD!
!
•  Light and SM Higgs-like scalar in QCD!

Ø  TC Higgs !

•  Light and SM Higgs-like (?)!

Ø  Phenomenology!

!!

!

!

!
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Mass of the QCD σ	
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f0(500) the lightest resonance in QCD (non GB)!
!
!
PDG 2012: mσ=400-550 MeV, Γσ=400-700 MeV!
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  (Pelaez	
  ’13)	
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•  QCD	
  is	
  a	
  Higgs-­‐full	
  theory	
  

•  Expect	
  that	
  TC	
  is	
  Higgs-­‐full	
  

•  Light	
  TC	
  Higgs	
  	
  
•  from	
  dynamics	
  (TC-­‐dilaton?)	
  
•  Scaling	
  (gauge	
  geometry)	
  
•  Scalar	
  mixing	
  	
  
•  top	
  correcJons	
  
•  ...	
  

(See	
  talk	
  by	
  F.	
  Sannino	
  )	
  



Couplings of the TC - Higgs	
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Parameterising	
  the	
  deviaJons	
  of	
  TC	
  Higgs	
  couplings	
  from	
  the	
  SM	
  Higgs	
  

In	
  the	
  SM	
  we	
  have	
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Parameterising	
  the	
  deviaJons	
  of	
  TC	
  Higgs	
  couplings	
  from	
  the	
  SM	
  Higgs	
  

In	
  the	
  SM	
  we	
  have	
  

In	
  TC	
  by	
  custodial	
  symmetry	
  have	
  

Πa	
  the	
  eaten	
  technipions	
  (SM	
  GB’s)	
  	
  

L =



Couplings of the QCD σ 	
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Similarly	
  in	
  QCD:	
  	
  

In	
  terms	
  of	
  pi-­‐pi	
  sca`ering	
  parJal	
  wave	
  amplitude:	
  

L =



Couplings of the QCD σ 	
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( )

σ-­‐GB	
  couplings	
  are	
  SM-­‐Higgs	
  like!	
  

L = L =
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σ-­‐GB	
  couplings	
  are	
  SM-­‐Higgs	
  like!	
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(1	
  keV	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3	
  x	
  10-­‐6	
  GeV	
  	
  	
  SM	
  Higgs	
  10-­‐5	
  GeV)	
  

σ-­‐GB	
  couplings	
  are	
  SM	
  Higgs-­‐like!	
  

QCD	
  
Scale	
  up	
  	
  

σ-­‐γγ	
  couplings	
  SM	
  Higgs-­‐like	
  (?)	
  

L =



Couplings of the σ 	
  
!
•  QCD σ light (wrt to vector resonances)!
•  SM Higgs-like (GB and photon couplings)!
    …but not really light!

!
!!
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If	
  TC-­‐Higgs	
  couplings	
  arises	
  from	
  ’QCD-­‐like’	
  dynamics	
  
And	
  it	
  is	
  driven	
  light	
  because	
  of	
  EW-­‐correcJons	
  
	
  
Then	
  expect	
  a	
  narrow	
  SM-­‐Higgs	
  like	
  TC	
  Higgs:	
  
(compare	
  f0(980)…)	
  
	
  
	
  
One	
  candidate	
  the	
  SU(3)	
  MWT	
  model	
  (NMWT/sextet)	
  	
  
	
  
	
  

~	
  1	
  



Techni-Higgs fermion couplings	
  

Typical	
  scenario:	
  couplings	
  to	
  SM	
  fermions	
  from	
  ETC	
  four	
  fermion	
  interaJons:	
  

If	
  all	
  SM	
  top	
  mass	
  generated	
  by	
  ETC	
  and	
  rt	
  	
  ~1	
  then	
  SM	
  like	
  Yukawa	
  
	
  
For	
  a	
  techni-­‐dilaton,using	
  Ward-­‐idenJJes	
  and	
  TD	
  pole-­‐dominance:	
  
Where	
  γm	
  is	
  the	
  anomalous	
  dim.	
  of	
  TC	
  mass	
  operator	
  and	
  FTD	
  the	
  
dilaton	
  decay	
  constant	
  	
  	
  	
  

	
  (Bando,	
  Matumoto	
  &	
  Yamawaki	
  ’86	
  
Yamawaki,	
  Matsuzaki	
  ’12;	
  	
  
Choi,	
  Hong	
  &	
  Matsuzaki)	
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TC-Higgs vs SM Higgs	
  
!
Ø  Some deviation in Higgs couplings – could be small 

work in progress…!

Ø  Presence of additional resonances – coupled to TC 
Higgs!

!

!!

!

!

!



Phenomenology of a light TC Higgs	
  
•  Massive vector and fermion couplings can be SM like!

•  Di-photon decay sensitive to new technifermions!

•  Resonances coupled to the TC-Higgs!
!

(e.g.	
  A.	
  Belyaev,	
  MTF	
  et	
  al	
  ’08,	
  
Hapola	
  &	
  Sannino	
  ’11;	
  	
  
Andersen	
  et	
  al	
  ’11;	
  
MTF	
  &	
  Sannino	
  ’12)	
  

pp ! HZ ! bb̄ll
pp ! HV ! V V V

	
  (Belyaev,	
  Foadi,	
  MTF,	
  Jarvinen,	
  Pukhov	
  &	
  Sannino	
  ’08)	
  
	
  (T.	
  Hapola	
  preliminary)	
  

Mads Toudal Frandsen!



Phenomenology of a light TC Higgs	
  

Mads Toudal Frandsen!

Dilepton	
  limits	
  on	
  vector	
  resonances	
  



Phenomenology of a light TC Higgs	
  

Mads Toudal Frandsen!

Dilepton	
  limits	
  on	
  vector	
  resonances	
  

	
  (A.	
  Belyaev,	
  MTF	
  et	
  al	
  ’08)	
  
	
  (ATLAS	
  ’12)	
  



Phenomenology of a light TC Higgs	
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Dilepton	
  &	
  diboson	
  limits	
  on	
  vector	
  resonances	
  

	
  (ATLAS	
  ’12)	
  
	
  (ATLAS	
  ’13)	
  



Summary 	
  
!
•  TC natural theory of EWSB!
•  Rumours of its death exaggerated!

!!

!

!

!
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know	
  what	
  ya’	
  mean!	
  



Summary 	
  
!
•  TC natural theory of EWSB!
•  Rumours of its death exaggerated!
•  Predictive!!

!!

•  TC can feature a light Techni-Higgs: !
•  Dynamics (Techni-Dilaton), !
•  Radiative corrections (top), !
•  Mass Mixing (e.g. low-scale TC, Ultra Miminal TC)!

•  Light TC-Higgs expected have SM Higgs-like couplings!
•   fermion couplings, depend on ETC!

•  Signatures: Self-coupling, Resonances!!
!

!

!

Mads Toudal Frandsen!


