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 Search for Hidden Sector Scalar Bosons in X→γγ Channel  

  with Intense Medium Energy Electron Beams 

        (a proposal for new search experiments) 



Physics Motivation 

(Search for Hidden-Sector (Pseudo)Scalars) 
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 Spin-zero particles usually arise in field theories from spontaneous U(1) symmetry  

      breaking effects (massless Goldstone particles) 

 explicit symmetry breaking effects add mass (pseudo - Goldstone particles) 

 
• Scalar bosons (Jp=0+) 

 Higgs’, milli-Higgs [Pospelov&Ritz] 

 Light inflaton mass ~90 MeV [Bezrukov et al., JHEP 1005:010,2010] 

 Dilatons (from string compactification) 

• Pseudo-scalar bosons (Jp=0-) 
 Axions and axion-like particles (solving strong CP-problem) 

 Neutral pion “impostor” [McKeen & Pospelov, [arXiv 1112:2207]  

     (new- particle scenario for pion-photon transition form factor from BaBar) 

 Phenomenology of pseudo Nambu-Goldstone  bosons [Frigerio et et al,  

      Phys.Rev. X1 (2011) 021026] (masses ~ 1 MeV) 

 Recent renewed activities in search for hidden gauge vector bosons (A’→e+e- experiments) 

  

 We propose to search for their (pseudo)-scalar  partners in X→γγ  channel  

      within [1 - 100] MeV mass range (complimentary to A’ searches). 



The Proposed Experimental Method 
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 Electromagnetic calorimeter (HyCal at Jlab, 118x118 cm2 ) 
 1200 PbWO4 crystal counters (2x2x18 cm3 each) 

 700 Pb-glass counters (4x4x40 cm3 each) 

  We propose to search for hidden sector scalar bosons in  
  electro-production experiments: 

 

                             e- + Au → e’ + γ* + Au → e’ + X + Au     

                                                                        with X → γγ 

  Using: 

 zero-degree photon tagging technique (virtual photon tagging)  

 upgraded PbWO4 crystal calorimeter (HyCal) (1x1 m2 ) 

* 

* 

Au Au 

 These particles, if exist, have very small coupling with 

ordinary matter, therefore: 
 maximize the production mechanism  

 maximize the detection efficiency 
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The Proposed Experiment with 300 MeV Electron Beams 
(schematic view) 
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Characteristics of the Proposed Experiment (with 300 MeV Beams) 
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Search Experiment with 6 GeV Tagger in Hall B at JLab 

6 GeV e- beam 

γ 

γ 

γ-beam 
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 To use: 
 existing high resolution high intensity photon tagging facility in Hall B at JLab  

 upgraded PbWO4 crystal calorimeter (HyCal) (1x1 m2 ) 

 tagger magnet for charged backg. cleaning 

 PS dipole as second cleaning magnet  



Characteristics of the Proposed Experiment (with 6 GeV Beam) 
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MX =  20 MeV 

σ = 0.43 MeV 
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Elasticity 

σ = 81 MeV 
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Solution with Two New Magnets for 11.5 GeV Tagger 
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 Current tagger is limited to ~ 6 GeV electron beam 

 We propose to add two identical superconducting magnets: 
 length 1.0 m 

 integral BdL 5.5 Tm 

Beam dump 

HyCal 

PS Dipole 

Tagger magnet 

New 

Dipole #1 

11.5 GeV e- beam 

 initial bend angle: θ = 6.50  

 entrance height change: -7.5 cm  

 exit height change: -4.5 cm 
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 Tagger field map from D. Sober 
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New  

Dipole #2 

 Mγγ acceptance [30 – 120] MeV 

New magnets 



Combined Invariant Mass Range 
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Estimated Count Rates 

 Based on model predictions we estimated to be:  

   X  400 pb for MX = 50 MeV  
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Estimated Background Rate on the HyCal Calorimeter 

(Trigger Rate) 
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 Monte Carlo simulations 
 target: 0.5% Au 

 beam intensity: Ie = 0.1 A 

 run equiv. time 0.2 msec 

 

  Total rate (single clusters) on HyCal:  

   60 MHz 

 Applied Cuts: 

  (Ecluster)  > 4 GeV 

 more than one cluster 

 Ecluster > 0.1 GeV 

 (cluster separ.) > 15 cm 

 

 Trigger Rate  3 / 0.2 msec 

                                    15 KHz 

           (a reasonable rate for current DAQ) 

 

 Work is in progress to finalize 

simulations  and optimize the trigger  



Possible “Kinematical Reflections” in this Type of Experiments 
(usually claimed as missing new particles) 
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 PrimEx data set has large statistics of multi-photon events, though it was optimized for π0  decay  

 Mγγ spectrum of multi-cluster events (without energy constraint) shows ~6σ “effect” at Mγγ =47 MeV 

     (left plot) 

 empty target  10 r.l. Si target 



Possible “Kinematical Reflections” in this Type of Experiments 
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 Apply more kinematical constraints (ex., the reaction elasticity) 

 empty target  10 r.l. Si target 

 With Energy Constraint  Without Energy Constraint 
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Summary and Outlook 

 An experimental program is proposed to search for hidden sector scalar bosons  

       in neutral channel decays: X    with intense, medium energy electron beams: 

 
 implement virtual photon (zero-degree)  tagging technique  

 use high resolution large acceptance PbWO4 crystal calorimeter 

 low-cost exploratory search experiments 

 complimentary to current on-going heavy photon search experiments 

   Advantages of the proposed experiments: 

  large acceptance range for Mx (1 – 120) MeV 

 high resolution in invariant mass (0.5 MeV @ MX = 50 MeV) 

 high detection efficiencies (~20%) 

 relatively low experimental background (practically no charged background) 

 

 Work in progress for evaluation of sensitivity limits in X-boson parameter space  

       and optimization of experiment s 

 

 Enrich search program in Physics Beyond the Standard Model 
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Full Monte Carlo Simulations Including All Possible Known Processes is Critically 

Important 
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 Double-photon events from radiative Compton process: 

      

      γ + e-  → γ + e’ → γ + e’ + γ → γ + γ 

                                             with e’ deflected in magnetic field 

 

 



Proposed Experiment Limitations with the Current Hall B Tagger 
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tagger exit pipe limit 
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Invariant Mass Range with 11.5 GeV Beam 
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MX =  80 MeV 

σ = 0.83 MeV 
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PrimEx Experimental Setup 
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Physics Motivation 

Neutral Pion “Impostor” 
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  Introduced new pseudo-scalar or scalar neutral particles   

      with masses close to π0 

  coupling to leptons to explain the BaBar experimental  

      result. 

  predicts a 1.8% change in π0 lifetime it is within  

      uncertainty of PrimEx current 2.8% result. 



Physics Motivation 

Phenomenology of Pseudo Nambu-Goldstone  Bosons 
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Physics Motivation 

Phenomenology of Pseudo Nambu-Goldstone  Bosons 
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  More detail questions to A. Afanasev 



Physics Motivation 

Inter-quark Exchange of a New Scalar Boson 
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Physics Motivation 

Inter-quark Exchange of a New Scalar Boson 
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  However, these results are unpublished (arXiv:1202.1739v2) 



Anticipated Sensitivity vs Beam Dump Experiments 

• Beam dump constraints compiled in Andreas et al, arXiv 

1005.3978 

 Estimated region of parameter  
space to be probed in the 
proposed measurement 
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