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Search for SM Higgs boson: production  Higgs Boson Production 

Javier Cuevas, University of Oviedo 
26 

 
 
 

• Dominant production mode:  gluon-­‐gluon fusion followed 
by Vector Boson Fusion (VBF) 

• All production modes exploited (gg, VBF, VH, ttH) 
– Latter 3 have smaller σ but better S/B in many cases 

~25-30% higher V�
than at 7 TeV at 
low mH 
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Search for SM Higgs boson: decay modes  

 * SM Higgs decay modes 
    - high mass: WW-, ZZ- 
    - low mass:  γγ-, ττ-, bb-,  
                        ZZ*-, WW*-  
 
 * Low mass challenges: 
    ττ-, bb-   huge background 
 
 * High resolution mass (~1%): 
    ZZ->4l and γγ- modes 
 
 * ZZ->4l   low background 

Higgs Decays 

Javier Cuevas, University of Oviedo 
27 

 
 
 

• Five important decay modes: 
• High mass: WW, ZZ 
• Low mass bb, WW, WW, ZZ, 

JJ 
• Low mass region really reach 

and challenging:  
• Main identifiable decay 

modes, bb and WW hard to 
identify in a huge 
background  

• Two high resolution mass (~ 
1%)  decay modes: H → JJ and 
H → ZZ → 4l 

• H → ZZ → 4l  has in addition 
very low background 

Many other channels also analyzed 
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Search for SM Higgs boson: cross sections  
53

Physics processes
● production relative to σ

tot
:

─bb at 10-3,

─W→ℓν at 10-6 and

─Higgs (m=110 GeV) at ~10-11

● 32 MHz beam crossing, only 
about 300 Hz tape writing: 1/105

● fast and sophisticated selection 
process essential: trigger

Trigger
● trigger has to work: otherwise no 

useful data registered
● already in first data taking: rate 

enormous and trigger important
● core trigger organization: use 

electron, muon, jet and energy 
signatures

Higgs Hunting Basics
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Бозон Хиггса Стандартной Модели: свойства 

Спин-четность и тензорная структура JPC=0++ в согласии с СМ 
 
Исключены: спин-2  - 99% и спин-1 при любой смешанной четности - 99.999%  

ATLAS: PLB 726 (2014) 120 CMS: PRD 89 (2014) 092007 

ATLAS: ATLAS-CONF-2014-009    CMS: CMS-PAS-HIG-14-009    

Первые измерения констант связи нового бозона с бозонами и фермионами: 
согласие сечения образования и вероятностей распадов с СМ на уровне ~80% 
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Бозон Хиггса Стандартной Модели 

  

ATLAS: PRD 90 (2014) 052004    
CMS: CMS-PAS-HIG-14-009 
          EPJC 74 (2014) 3076 
          PRD 89 (2014) 092007  
 
    

Измерения массы ATLAS и CMS согласуются между собой  

Новый бозон открытый ATLAS и CMS при 7 и 8 ТэВ:  
 - сечение образования согласуется с СМ 
 - констаты связи согласуются с СМ 
 - свойства спин-четность согласуются с СМ 
 
 
 ATLAS и CMS продолжат исследования  
 при 13 ТэВ в 2015 году 

Higgs searches at CMS!
Jose Benitez  !
for the CMS collaboration!
!
Miami 2013: Topical Conference!
Fort Lauderdale, Florida!
December 12-18, 2013!
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SM Higgs boson: 
 

Backup slides  
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SM problems:  
Naturalness, fine tuning, ierarchy 

 ∗ Non-naturalness of scalar fields 
 

Fermions: Chiral symmetry  m2=m0
2 +C Log[Λ2] 

K. Wilson (1970)  
Susskind (1979), ‘t Hooft (1979)    
  
Scalar: mass divergence: m2 ~ m0

2 + Λ2 

Higgs mass ~ Λ2 

in SM strong EW interaction at 2-4 TeV 
 
* Naturalness in SM extends up to 6-10 TeV 
   G. Pivovarov & V. Kim (2009) 
 
If no quadratic divergences -> SM with Higgs boson 125 GeV  
                            validity extends up to to Planck mass scale 
                            (stable vacuum … )  
M. Shaposhnikov et al 
 
 


