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Year of Physics 
2005 
 

2 M. Krawczyk, Photon2015 

Warsaw 



2015: International Year  
of Light 

http://www.unesco.pl/644/ 

• Optics                                    -Ibn Al Haytham  1015  
• Wave nature of light             - Fresnel 1815  
• Electromagnetic waves        - Maxwell 1865  
• Photoelectric effect (photon) -Einstein 1905 
• Special relativity  (space-time, velocity of light c) 
                                                - Einstein 1915  
• Cosmic microwave radiation  
                                               - Penzias, Wilson -1965  
 

• Use of optical fiber in  telecommunication – Kao 1965  
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My perspective 
 From the structure of photon to the Higgs 
 From the structure of photon to the photon 

(linear) collider PLC: γγ and eγ modes                              
 

 Higgs  resonance at the PLC  
                                                    
 
                                                   I. Ginzburg, V. Telnov 
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 SM Higgs-resonance decaying in bb  
                         extracting Γγ γ  

Studies (simulations)  for  Mh=120 GeV:      
 Ohgaki, Takahashi, Watanabe   1997  
 Jikia, Soldner-Rembold              1999          
 Asner, Gronberg, Gunion           2001 
 Niezurawski, Zarnecki, MK         2002     
 Moenig, Rosca                            2003 
 Cross section x Br       ~ 2 %  
 (+Br to bb from e+e- )   →    3 % accuracy for Γγγ       

Γγ γ sensitive to SUSY particles, charged Higgs bosons 
charged new particles (new generations..). 

    Distinguishing SM-like scenarios possible 
                                       Note that  hγγ vertex  has a phase !! 
 

h 

γ 

γ 
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SM Higgs at PLC  
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Higgs-like particle with mass125 -126 GeV 
observed  by ATLAS+CMS (+Tevatron) 

 
   

 LHC    4.07.2012  

26.06.1964 27.07.1964 

12.10.1964 



125 GeV particle H 
What it is?  
   HSM - Higgs boson of SM ? 
   h  or  H of CP-conserving 2HDM ? 
   other scalar particle ? 
SM-like scenario observed         negative tth 
   all measured  H couplings  
   are close to  the SM- 
  prediction for absolute value  
                                                              
2001 I. Ginzburg, P. Osland MK 
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Production and decay of Higgs    
                                particle at LHC  

        
       main decays  
 
 
 
        
        decay to γγ  
       loop t,b,W…  
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Invisible decay 
     (Dark Matter) 
  

 
 

 ATLAS 
    BR <  0.27 (95% CL) 

 
 CMS 
    BR <  0.32 (95% CL) 
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   Dark matter  

WMAP 

PLANCK 
3 sigma: 

Higgs portal 
models 
 
SM-like h  

              Morsolli, Corfu 2014 

relic density  

direct detection 
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DM  
DATA? 

DM        DM 

N             N 

direct exp. 
10-45 cm2 

10-45 cm2 
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Inert Doublet Model (IDM) 
- a model with two SU(2) doublets 
   with exact Z2 symmetry (L & vacuum) 
 
Higgs and Dark Matter sectors 
                          in agreement with data 
 

  Strong enough first-order phase transition needed for 
  baryogenesis (G. Gil  Msc'2011, G.Gil, P.Chankowski, MK PL.B 2012) 

Various type of evolution from EWs to Inert phase 
possible in one, two or three steps, with  1st or 2nd 
order phase transitions (T2 evolution, Ginzburg et al..PRD 2010) 

  Metastability of vacua in IDM  (B. Świeżewska ‚15)  

      IDM+complex singlet Bonilla,Diaz-Cruz,Sokołowska,Darvishi,MK ’14 



Z2 symmetric 2HDM 
Potential  

  V = ½λ1(Φ₁†Φ₁)²+½λ₂(Φ₂†Φ₂)² 

+λ₃(Φ₁†Φ₁)(Φ₂†Φ₂)+λ₄(Φ₁†Φ₂)(Φ₂†Φ₁)+½[λ₅(Φ₁†Φ₂)²+h.c] 

 - ½m²₁₁(Φ₁†Φ₁)- ½m²₂₂(Φ†Φ₂)                                                                 Ginzburg, MK’;Gunion,Haber’04) 
 
    Yukawa interaction 
 
Model I – one doublet Φ₁  couples to all fermions 

Z₂  symmetry transf.: Φ₁→Φ₁  Φ₂→ - Φ₂ 

Vacuum state ? Various possible 

λ345 
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   Higgs boson h (SM-like) 
 

ϕ+ 

V+h+i ζ 
  ΦS   = 

    
 
                                     (no Higgses!)  
       4 scalars  H+,H-,H, Α 
      no interaction with fermions   
                                    

      

Η+ 

 H+i A 
   ΦD  = 

 

 
      
 
 
 
 
 
 
 
      ΦS as in SM (BEH) 
 

 
 
 
 
 
 
       ΦD – no vev  
 

D symmetry ΦS → ΦS   ΦD→- ΦD exact →  
       D parity                                                
              only ΦD has odd D-parity                          
                      the lightest scalar stable - DM candidate (H) 
                                   (ΦD dark doublet with dark scalars)  
IDM: An Archetype for Dark Matter,  Lopez Honorez,..Tytgat..07 
 LHC phenomenology (Barbieri., Ma.. 2006,…)  
    

√2 

Inert Doublet Model Ma,…'78 
Barbieri..'06 
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Testing Inert Doublet Model  

           D couple to V = W/Z (eg. AZH, H⁻ W⁺H),  not  DVV! 
              Quartic selfcouplings D4 proportional to  λ2  -hopeless   
                                                                      DM data 

 LHC       Couplings with Higgs:  hHH ~ λ345  h H+H-  ~ λ3 

λ345 

Ma'2006,.Barbieri 2006, Dolle,Su, 
Gorczyca(Świeżewska), MSc T2011, 
 1112.4356, ...5086, ..1305. Posch 2011, 
Arhrib..2012, Chang, Stal ..2013 

    
 Detailed study of  
      - the SM-like h 
            M2

h= m11
2 = λ1 v2 

 
 Study of dark scalars  D                                        
      - masses depend on  
      - the dark scalars  D  in pairs!  
             
 
 
 
 
 
              
    

LHC 



 IDM vs DATA 
Many (scans) analyses of IDM… 
    theor. conditions (stability(positivity),pert.unitarity. 
                                   condition for Inert vacuum ) 
    STU parameters (some LEP data) 
LHC data:  
    Rγγ :  sensitive to invisible decays (λ345

2  and MH) 
               H+ loop (λ3 (sign !) ; if λ3 <0  also λ345 <0) 
               enhancement only if λ3  (λ345 ) <0 
     Brinv < 20%;  total  Higgs h width < 22 MeV 
Dark matter exp: relic density 
                            direct detection (LUX) 17 
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narrow width approx. 

Swiezewska  

signal strength μ 



B. Świeżewska 19 



λ3 

B. Świeżewska 20 
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Rγγ as a function of mass  H and 
H + Invisible decays makes  
enhancement impossible 

Light H+ with proper sign of  
hH+H- coupling (λ3 <0) makes  
          enhancement possible 

narrow    m22
2 range 

Rγγ(2sigma) 



Invisible decay in IDM  constraining 
                               coupling hHH 
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Zgamma  vs gamma gamm 
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Relic DM density 

LHC data 

 
hep-ph/ 
1305.6266 
JHEP 2013 

 Rγγ > 1 possible 
 DM mass only  above 62.5   
 GeV allowed 
 
 
 
 
 

DM mass  below 62.5 GeV 
allowed only if 
Rγγ < 1  
 

1.12 ± 0.24 



Relic density constraints on 
masses and couplings of DM  
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Coannihilation possible  
for small (AH) splitting 



WMAP window for light H (DM) 
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Low mass H – excluded by LHC! 

Sokołowska/Świeżewska 

Rγγ >0.7 
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Relic density for DM  
       with mass  64,…,80 GeV 

D. Sokołowska, 2013 

HA coannihilation  
∆ [50,8] 

above 76 GeV  asymmetry due 
to annihilation to gauge bosons 

70 GeV 



Using PLANCK data 

29 



Direct detection – comparison 
with LHC, Xenon 100 and LUX 

          … stronger  than the dedicated DM experiments 30 



Photons are perfect tools to study 
                                              BSM 
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