
Search for a new dark (U) boson in 
WASA-at-COSY experiment

Damian Pszczel
             National Centre for Nuclear Research (Warsaw)              

Uppsala University

1



2

New boson hypothesis

● Hardly explainable astrophysical observations
– 511 keV gamma-ray signal from the Galactic center:

 SPI-INTEGRAL

– Annihilation of dark matter via U boson (Fayet)

● KTeV collaboration: BR (π⁰ → e⁺e⁻ ) = (7.49 ± 0.29 
± 0.25) · 10⁻⁸ which exceeds theoretical predictions 
(Dorokhov et al.) by 3.3σ

[arXiv:hep-ph/0607094]

[arXiv:0704.3498]

[arXiv:astro-ph/0309484]



3

New models beyond the SM
● Scalar boson:

– Signature in very rare 

meson decays

● Vector boson (dark photon):
– Signature in Dalitz decays of mesons
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WASA-at-COSY experiment

● Wide Angle Shower Apparatus

● Cooler Synchrotron located at Forshungszentrum Jülich

● Designed to study light meson production and decays                   
in hadronic interactions

● p/d beams up to 3.7 GeV/c (stochastic and e⁻ cooling)

● High density p/d pellet target

● Internal experiment

● Up to 10³² cm⁻² s⁻¹ luminosity
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Search for a new boson in meson Dalitz 
 decays

● Dalitz decays of mesons
– η/π⁰ → γ U (→ e⁺e⁻) has the same topology as the 

Dalitz decay!

SM – same for π⁰
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Two methods to look for a new boson

● η/π⁰ → γ U → γ e⁺e⁻ 
– If U decays inside the detector: e⁺e⁻ invariant mass 

or γ energy

– If U escapes the detector: γ energy in CMS

● We need to make some assumptions about the 
boson lifetime (also about its coupling to leptons 
and its decay width)  
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Simulation 
●  BR(η → γU) = 10⁻⁴, BR(U → e⁺e⁻) = 1
● U width ~ 24 MeV

U mass = 100 MeV/c² U mass = 200 MeV/c²
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Data: π⁰ Dalitz decay
● Huge statistics collected

● Good agreement between data and simulations achieved

–   Data
--- MC sum
--- MC π⁰ → e⁺e⁻γ 
--- MC conversion
- - - MC π⁰ → e⁺e⁻γ plus false e⁺ from π⁺

Search for a dark photon in π⁰ → e⁺e⁻γ decay [arXiv:1304.0671]
Carl-Oscar Gullström talk at MesonNet 2013 Prague: 
http://www-ucjf.troja.mff.cuni.cz/mesonnet13/talks/Gullstrom.pdf
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Exclusion plot for the coupling 
parameter Є² vs Mass of Dark Boson 

Search for a dark photon in π⁰ → e⁺e⁻γ decay [arXiv:1304.0671]
Carl-Oscar Gullström talk at MesonNet 2013 Prague: 
http://www-ucjf.troja.mff.cuni.cz/mesonnet13/talks/Gullstrom.pdf
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Data: η Dalitz decay
● Data analysis in progress

●  2.5∙10⁸  η mesons produced in pp @ 1.4 GeV

● Lower statistics than in π⁰ case but up to higher masses  

Preliminary

~ 900 events in 1/12 statistics 
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Data: η Dalitz decay

● We expect around 11000 η Dalitz events in full 
data set

● In comparison PDG data are based on the 
following statistics:
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Rare η → e⁺e⁻ decay

● Limit on BR(η → e⁺e⁻) set by M. Berłowski:

BR(η → e⁺e⁻) < 4.6 ∙ 10⁻⁶ @ CL 90%

[arXiv:1301.6040]

● Improvement (on an eight times larger statistics) in 
progress

● Standard model: BR ~ 10⁻⁹ 
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Summary and outlook
● Upper limit established for dark photon-photon 

coupling parameter: Є² < 5 ∙ 10⁻⁶ @ 90% C.L.
● Upper limit established for η → e⁺e⁻ decay:

BR(η → e⁺e⁻) < 4.6 ∙ 10⁻⁶ @ CL 90%
● Analysis of η Dalitz channel in progress based on 

~ 2.5 ∙ 10⁸  η mesons produced in pp collisions @ 
1.4 GeV

Supported by the Polish 
National Science Centre
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